
GEND-INF--Ob� 

Tt9(; 002347 

on informal report intended for use as a prelim1nory or work1ng document 

11 Publk Utilities • Electrk Power Research Institute • U.S. Nuclear Aegulotorv Commission • U.S. Deportment of Energv 

LYSIS OF THE TMI-2 

E RADIATION MONITOR 

1ael B. Murphy 
Ffrey M. Mueller 
I i am C. Jernigan 

:lred for the 
)epartment of Energy 

\ .. ; :--.,' . ' . ' ·.·: . .. 

r-;ov o s mBs 

� Mile island Operations Office 
r Contract No. DE-AC07-761D01570 



GEND-INF-063 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or as.�umes any legal liability or responsi­
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its usc would not infringe privately owned rights. Refer­
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise docs not necessarily constitute or imply its endorsement, recom­
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect th.ose of the 
United States Government or any agency thereof. 

ANALYSIS Of THE TMI-2 
DOME RADIATION MONITOR 

M1chael U. Murphy 
Geoffrey �. Mueller 
W1111am C. Jern1gan 

Pub11shed August 1985 

Sand1a Nat1onal Laborator1es 
Albuquerque, New Hex1co 87185 

Prepared for EG&G Idaho, Inc. 
and the U.S. Department of Energy 

Three H11e Island Operat1ons Off1ce 
Under DOE Contract No. DE-AC07-76ID01570 



ABSTRACT 
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I. SUMMARY AND RECOMMENDATIONS 

The Dome Rad iation Mon i tor a t  TMI - 2  i s  the only ins t r ument  inside 
cont a i nment capable o f  measur i ng the  h ig h  r ad ia t i on l evels  wh ic h  
might  b e  prese nt dur i ng a loss-o f-cool ing acc ident  ( LOCA ) .  As 
such, pl ant technical spec i f ica tions ( Re fe r ence 1 )  r e qu ir e  it to 
be ope r a t ive th r o ughou t a LOCA . The Dome Monito r  prov id e s  ope r a­
tor s  with r ad ia t ion level in forma t i on wh ich can be u sed to a ssess 
popula t i on exposure  hazards i.n the eve n t  o f  a containment fa il ur e  
and t h e  a t tend ant r ad ia t i on r e lea se. The Dome Mo nitor r e ad ing � 
itsel f  can be u sed to  d ec l a r e  a Ge neral  Emerg ency . Since the ac-
c id e nt a t  TM I-2,  the Dome Mon itor has  bee n  assig ned a more impo r ­
tan t r o l e  in Reg ul a tory Gu ide 1 . 9 7 ( Re f e r ence 2 )  which addresse s 
po st a ccident monitoring equipment . It has been r ecognized t hat 
a h igh r a nge monito r can be use f ul i n  contr o l l ing an acc ident by 
provid ing ope r a tor s  with one mor e  use ful bit o f  info rmation r e ­
gard ing pl ant  status.  

Du r ing the acc ident at TM I - 2 ,  ope r ato r s  u sed the Dome Mo nitor 
r e ad ing s as r equ ired and declar ed a Gene r al Eme rg e ncy based on an 
8 R/hr h igh  al arm . La ter,  they calcul ated o ff- site rad iation 
exposu r e  l eve l s  based on a 3 0 0  R/h r  r e ad ing . Our ex amination o f  
t h e  Dome Monitor has r ev ealed tha t, whil e  t he dec l ar ation o f  a 
Gene r al Eme rge ncy was prope r ,  the r ad iation l eve l s  measur ed we r e  
probab ly inaccur ate a t  that time . Muc h  l ater  in the acc id ent, 
they we r e  c e r tainl y inacc ur ate . We show in this r e po r t  that 
c ircuit fail u r e s  occ u r ced at var ious t imes dur ing and following 
the f ir st days o f  the acc ident . The accur acy o f  the monito r was 
al so decreased by the presence o f  a thic k  l e ad and stainless 
stee l shie l d used to prote c t  the detector  and it s e le c t ronic s. 

Faii1lr es in the in- conta inment detecto r  e l ectronic s packag e as 
we l l  at: char t scal ing and othe r pro bl ems encountered in the 
cont r o l  r oom confused ope r ato r s  dur ing t he ac c id ent and h av e  
seve r e l y  c ompl icated at tempts by acc id e nt invest ig ato r s  t o  d e ­
termine the t r ue r ad iation l ev e l s  insid e cont ainment . Our anal­
ysis o f  this rad iation monitor ing channe l  h as led u s  through a 
l abyr inth o f  po ssibil itie s and thus throug h  o ften confl ic t ing 
d ata . I n  our  at t emp t s  to d e te r mine fa il ur e  c ause s  and to re con­
str uc t  the r ad iation t ime history insid e cont ainment, we h av e  had 
to col le c t  data r ang ing f r om the characte r ization o f  l ig h t  t r ans­
mit tance prope r t ie s  o f  ir r ad iated myl ar to the e f fects o f  hum id i­
ty on e l ec t r ical c ir cuits. I t  has been a mo st d if f ic ul t  and 
compl ex task. 

I n  this r e po r t  we pr e sent f ind ing s on our primar y  o bje c tive--that 
o f  dete rmining the Dome Monito r  d e tector  f ail ur e  mod e s  and our 
best e stimate s of when they occur r ed . I n  conjunc tion with this 
we make spec if ic r e c ommendatio ns fo r desig n  impr oveme nts.  Our 
second ar y  objective has bee n that o f  determining r ad iation l e ve l s  
inside cont ainme nt , bo th t:ot al integ r ated g amma dose and gamma 
dose r ate as a func tion of t ime . Wh il e we are h ighly confid ent 
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in most o f  our f ind ing s ,  we have r eservat ions r eg a r d i ng the 
accuracy of our  e s t ima ted g amma dose r a te t ime h is tory . 

In  gene r a l , however , the accid ent a t  TMI-2 demon s t r a te s  the need 
fo r improvi ng r ad ia t ion meas u r ements  dur i ng a los s -o f-coolant 
acc id ent . The Dome Mo ni tor f a i l ur e s  ind icat e  tha t .  s im i l ar 
sys tems s hould be recons idered . Fi na l ly,  the acc ide nt i nd icates 
tha t equ ipment u sed i n  conta inment should undergo more e xtens ive 
env i r o nmental tes t i ng pr ior  to insta l la t ion . A s ummar y  of our 
spec i f ic f ind ing s  fo l l ows . 

A. FAILURE MODES 

The Dome Moni tor detector cons is t s  o f  dual  ion c hambe r s  a nd a 
fa i r l y  comple x  electronic s  pac k ag e . These  t wo c ompone nt s  a r e  
housed i ns id e  a sealed conta iner wh i c h  i s  i tse l f  i ns id e  a seal ed , 
le ad-l i ned pr e s s ur e  vessel . The fa i l u r e  modes  d e sc r i bed be low 
we r e  gene r nl ly the r e sul t o f  the sever e, but not u nr easona ble , 
conta i nme nt e nvi ro nment . 

1. Mo i s ture  i nt r us ion i nto the detector e lec troni c s  packag e .  
The pr ote c t i ve s ta i nless  s tee l , pr essur i zed vesse l seal lea ked 
a nd al lowed moi s tu r e  f r om the conta i nment a tmosphe r e  to e nter t he 
vessel . Th i s  mo i s t u r e  eas ily pe rmea ted i nto the d e tector ele c ­
tronic s  package because o f  a n  i nad ver tent e r ror  i n  seal ing the 
detector moun t i ng br acket to the detecto r . Th i s  mo i s t u r e  r ed uced 
the r e s is tance to g round i n  the h ig h  imped ance i on c ham be r c i r ­
cu i t  a nd thus d eg r aded the detecto r  r ad i a t i on meas ur ement ac cu ­
r acy s ig ni f icantly .  Mo i s ture  may h a ve e ntered the e lec troni c s  
some t ime wi th i n  the f i r s t 3 hou r s  o f  the acc ide nt . 

2 .  DC feed back i n  the pr e ampl i f ie r . The e f fe c ts o f  moisture  
we r e  fur thec accentua ted by d e  feedbac k pa ths in  the t wo pr e­
ampl if ier  c i r c u i ts . The lowe r i ng of preampl i f ie r  i npu t impe ­
dances by the presence of mo i s t u r e  coupled wi th the d e  feedbac k 
paths ca used the d etec tor to, a t  t imes , i nd icate h igher  and l owe r 
l e ve l s  o f  r ad i a t i on than we r e  actua l l y  pr esent . 

3 .  MOS t r ans i s tor degradat i on. Bo th ion c ham be r s  use 3Nl63 
Sol itron MOS t r a ns i s to r s  to fo rm h igh i nput imped ance c i r c u i ts .  
These MOS trans i s tor s we r e  s eve r e l y  d eg r ad ed by r ad i at ion 
expo su r e  a nd e ventua l l y  caused i r r egul a r  jumps i n  r ad ia t ion 
r e ad i ngs.  

4 .  E l e c tr o l yt i c  c �pac i tor f ai l ur e .  Capacitor Cl7  leaked 
e l e c t r o l yte onto the c i r cu i t  boa r d  some t ime afte r 4 16 d ays from 
the s tar t o f  the acc ident .  Th i s  l e a kage not onl y  r educed t he 
capa c i tance of  Cl 7 ,  bu t al so co r rod ed c ompl e tely th r o ugh a 
t r a ns i s to r  lead �  

5 .  Ree d  s wi tch r e l iability.  We do no t think that e i ther r eed 
s wi tc h  i n  the preampli f ie r  c ir c u i ts f ai l ed d u r i ng the a c c id ent 7  
howeve r , d ur i ng o u r  fa i l u r e  ana lys i s  bo th a c tual l y  bro ke i n  h al f .  



Eithe r they we r e  both d eg r ad ed ,  o r  they we r e  unac cepta bl y 
fr ag il e .  

B. DESIGN IMPROVEMENT RECOMMENDATIONS 

Our ex amination r es ul t s s trong ly ind ic a t e  th e fol l owing des ig n  
changes  to impr ove h igh l evel  r ad ia tion monitor ing . 

1. Fabr icate th e d etecto r  to be mor e n ea r ly hermetic a l ly sea l ed. 
A sing l e  0- r ing g a sket of suc h  a l a r g e  c ir cum fer ence a nd wi th the 
pa r t icula r s eal i ng a r ra ng ement on HP-R- 2 14 is no t su f f i c i ent. 
Per iod ic a l ly sea l a n d  l eak tes t the dev ice to v er ify tha t i t  is 
s ea l ed. 

2 .  Do no t u se th e detec tor inside a th ick, l ead- shi el ded vessel 
sin c e  it i s  impossi bl e to pr edic t l evel s ou tside suc h  a shi el d. 
If th i s  r ecommenda tion is impl emented, the detec to r el ec troni c s  
mu s t  ei ther be r edes ign ed t o  oper at e  a f ter a c c umul a t i ng extr emely 
h igh to tal r ad ia tion do ses o r  mu s t  be r emoved from conta inment 
a l to geth er . It is qu ite dif f i c ul t  to des ign a r adia tion-ha r dened 
c i r cu i t  to oper a te in t he Mr a d  reg io n1 th er efo r e, we r ecommend 
pl a c i ng the el ec tronic s  outside o f  conta i nment . ( Th e  proper 
sea l s  a r e  sti l l  r equ ir ed for  th e ion c ham ber s. ) If th i s  i s  done, 
th e maximum detec tion l evel shoul d be inc r eased from 10 KF/hr to 
a t  l ea st 1 M R/hr . The m i nimum detec tion l evel can  be i nc r ea sed 
fr om 0 . 1 mR/hr to 10 0 m R/h r . Th i s  can  be done because thi s  
i nstr um ent is i ntended to oper ate i n  a LOCA and no t simpl y to 
monito r no rmal low l evel s o f  r adiat ion. 

3 .  Do no t u se MOS tr a nsisto r s  o r  MOS i ntegr a ted c irc u i ts in a ny 
appl ica tio n wher e r a dia tion exposur e i s  a po ssibil ity . Mo st MOS 
dev i ces a r e  a bno rmal ly r a diation sensi tiv e and degr a de dr amat i ­
c a l l y  at r ea sonabl y low doses. 

4 .  Use mil itar y gr ade, o r  better , compo nents i n  the el ec tr oni c s  
pa c kag e.  Mil Sta nda r d  8 8 3  Cl a ss B c omponents shoul d be su ffi ­
c ient fo r this appl ica tion. These c ompo nents under go r i go rous 
i nspec tio n a nd tes ti ng pr o c edur es a nd have a muc h impr oved r el i a­
bil ity over sta nda r d  commer c ial  g r a de compo nents. The el ec tr o ly ­
tic capa c i to r s, pl as tic- encapsul a ted tr a nsi sto r s, and r eed 
swi tc hes a r e  not su ited fo r u se i n  suc h  a n  impo r tant p i ece of 
equ ipment, pa r ti c ul a r l y  wher e s ever e env i r o nments a r e  po ssi bl e.  

5. Con fo rma l ly coat a l l  pr inted wi r ing boa r ds. Thi s  m i nim i zes 
ef f ec ts in the event tha t  mo istu r e  is a bl e  to c i r c umvent a 
herm etic seal . 

C. GAMMA TOTAL DOSE ESTIMATES 

Usi ng tr a nsi sto r cur r ent gai n  (HF E ) degr a dat i on and el astomer i c  
ma t er i a l  degr adation pr oper t i es, we have estimated the tota l  



g amma r ad i a tion d o se r ece i v ed by the Dome �on i tor ( H P-R - 2 1 4 }  
e l e c t r on ic �  in side the  s t a i n le s s  stee l vesse l and the  dose  i n  the 
mul ticonduc tor c a b l e  outs ide the v e s se l . We ana l yzed both a t  
Sand ia Na t ional La b or a to r i e s  ( SNL ) . I n  add i t i on , we h ave s um­
ma r i zed the d o se s  r ece ived b y  o t h e r  r ad iat ion de tec to r s  wh ich 
h ave been a n a ly zed a t  SN L .  The s e  doses , shown be l ow i n  Table  1 ,  
a r e  i nd icat iv e  o f  l ev e l s  seen by o the r i n s t r um en t s  a nd c ab l e s  
ins ide conta i nme n t . The s e  e s t ima te s  r e f e r  on l y  to g amma- induced 
d amag e and not be ta d ama ge s ince beta d amag e is g e ne r a l ly a 
s ur face phe n omenon . 

Ta b l e  1 .  To tal  Gamma Rad ia t ion Do ses Re ce ived by TM I - 2  Rad ia t ion 
De i.:�ctor s .  

Con t a inme n t  
El eva tion 

{Fe e t )  

3 0 5  
3 0 5  
3 4 7  
3 7 2  

3 72 

I n s t r ument 

HP-R -2 1 1  
HP-R- 2 1 2  
HP-R- 2 1 3  
HP-R- 2 1 4  

Ca b l e  
HP-R- 2 1 4  
De tector 

D. RADIATION TIME HISTORY 

Do se ( r ad s )  

2 . 5 X 1 0 E 5  
4 . 5  X 1 0E 5  
9 . 9  X 1 0E 5 
7 . 9  X 1 0E 6  

2 . 2  X 1 0E 5  

The o r ig ina l Dom e Mon itor s t r ip cha r t  r eco r d ing is e r r oneous be ­
caus e t he ou t pu t  wa s pl o t ted o n  f ive d e c ad e  log pape r ra t he r  
than o n  e ig h t  d ec ad e  paper a nd the r ec o r d er wa s impr ope r ly sca l ed . 
F igur e 1 sno ws t he uo me Mo n1to r  ou tput a s  it s ho u ld hav e  been 
r e corded , i. e .  we have c o r r e cted t he o r ig in a l  s tr ipc ha r t  t o  
account for the l og pape r and scal ing e r ro r s .  Th is plo t  pr e s u m­
a b l y  g iv e s  t he r ad ia t ion l ev e l s  in s id e  the l ead- l ined s ta in l e s s  
s t e e l  v e s se l . We have found , howeve r ,  tha t some , if not a l l , o f  
t he se r ad ia t ion mea s u r em en t s  a r e g ro s sl y  inaccur a te .  

Ou r f ind ings ind ic a t e  tha t r ad i a t ion l ev el s  rec or d ed in t he t ime 
pe r i od f r om 8 0 0  hour s a f t:.e r  1:he a c c id e n t  began un t il the m on itor 
wa s f in a l ly turned o f f  a r e  inco r r e c t  bec a u s e  of bo t h  mo is t u re 
i n t r us ion in to the d e te ctor and c ompo n en t  f a i l ur e s .  D ur ing t he 
f i r s t  8 0 0  hou r s  o f  t he acc iden t ,  t he ava i l a b l e  d a t a  suppo r ts t he 
p r opo s i t ion o f  two hypo t he s e s  r eg a r d ing a ccur acy . Hypo t he s is 1 
p ro po s e s  that t he Dome Mon ito r wa s r e l a t ive ly accur a t e  even 
thoug h  some mo i s t ur e  had pro bably e n t er ed the d e tec tor hou s ing . 
Hypo t he s is 2 says t hat t he m on ito r wa s inaccur a te for s ubstan­
t i a l ly a l l  o f  the acc ident bec a u s e  o f  m o istu r e  i n t r u s ion into t he 
d e t e c t o r  a s  e ar l y  a s  7 : 0 0 a . m. on the d a y  o f  the acc id e n t . 
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HOURS SINCE MARCH 28 
Figure 1.  HP- R-214 Co r r ec ted S t r ipc har t .  The o r iginal  HP- R-2 1 4  
s t r ipchar t  r ecording h a s  been pl otted on t h e  pr oper log paper a n  
cor r ected f o r  r ecorder sca l ing er r o r s .  

If we adju st the peak r ad ia tion l ev el bas ed o n  o u r  confid ence in 
o u r  r ad ia t ion to ta l dos e mea s ur emen t s ,  the pea k  l evel asso'--ia ted 
with Hypo thes is 2 is some 2 5  t imes h igher than tha t  ac tually 
r ecorded .  Hypoth es is 1 is suppor ted in pa r t  by th e fac t  tha t the 
r ad ia tion dose r ec eiv ed by the detec tor el ectr onic s  c o r r espo nds 
c lo s ely to the in teg r a t ed a r ea und er th e cor r ec t ed s tr ipc ha r t  
r ecord ir.g . 

The major d if f icul ty with Hypo thes is 1 is tha t  the ind ica ted 
r ad iation l evel s  in the 60 t o  800 ho ur t im e  fr ame a r e  muc h  h igh er 
than pr ed ic ted bas ed o n  the r el eas e o f  nobl e g as. No plaus ible 
r ad iation sou r c e  h a s  been found wh ic h would prod u c e  s uc h  h igh 
l ev el s  so late in the accid ent, inc l ud ing the s h ine f r om the 
s t eam g ener a to r  candy cane s .  
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Hypothesis 2 is pl ausible s ince the detector has s uc h  an unusual 
r esponse in the presence o f  e v·en smal l  amounts o f  moisture . Our 
l aboratory tests show th� detec tor in the pr esence o f  mois tur e to 
read  too low for high r ad iation input levels and too h igh fo r l ow 
rad iation input l ev el s .  While we ha vt.· found the detector to  be 
s ubs tantia l l y  in e r ror  in the presence o f  moisture,  the magnit ude 
cf t�e e r r o r s  a r e  not l arge enoug h  to f ul ly expla in bot h  the peak 
r a te as soc iated with Hypothesis 2 or the rate in the 6 0  to aoo 
hour t ime f r ame . Another problem with Hypothe s is 2 is that of  
e xpla in ing how moistu�e ente r �d the  detector so  qu ic kly . 

We favor the secon d  hypo thesis pr ima r ily because o f  our ina bil ity 
t o  ex pl a in the Dome Monitor s t r ipcha r t  recor ding in th e 6 0  to 8 0 0  
hour t ime f r ame. Someth ing appea r s  to be wr ong. We min im ize th e 
d iffic •Jl ties associa ted with Hypothes is 2 s in c e  mois tu r e  int r u­
sion and moistur e  effects a r e  so v a r iable . 

Gam ma radia t ion r a tes a s  a func tio n o f  t ime both ins ide t he 
•Jesse! shi�ld and in the outs ide containment a tmosphe r e  a r e  
e s t ima ted in Figur e 2 .  Her e, we a s s ume that Hypothe s is 2 is 

lcf 

� to' 

lff � 

� lrf 
� 

§ tel 
� td 

1cf1Cf 

II II I I I I I II I 

Rate Outside SS Vessel 6 
Integrated Dose = 

6 x 10 1ads 

..-- Rate Inside SS Vessel 5 
Integrated Dose = 1. 5 x 10 rads 

Model: 
Noole Gas-Like Spectrum 
and Decay Characteristics 

td 1Cf 
HOURS SINCE MARCH 2B 

1<f 
Figure 2 .  TM!-2 Gamma Rad ia tion Time History . This is our  bes t  
estima te o f  r ad ia tion his tory both insid e  and outside the 
stainless  s tee l ves se l ( Hypot hesis 2 ) . We have as s ume d a nobl e 
gas  spectrum and d ecay cha r ac te r is t ics in o r der to  c a l cul ate the 
l eve l outside the v ess e l . 



II. INTRODUCTION 

'A Site Emel."'gency at.  TMI - 2  was dec l a.red a t  6 : 5 5 a . m .  on Ma r c h  2 8 ,  
1 97 9  and wag based o n  h ig h  r ad iation r ead ings f r om sev e r a l  
process a n d  a r e a  r:ad iat ion mon itor s  located ins id e  the TMI -2 
Containment Bu il ding ( Re fe r ence 3}.  Rad iation l evel s had 
actua l ly begun to  r ise ins id e  containmen t  at approx ima t el y  6 : 27 
a . m .  a s  r e cor de d  by a l ow r ange a rea  r ad iation mon itor , H P- R- 2 13 .  
This monitor i.s located a t  the 3 4 7  foot l evel o f  conta inmen t .  

'At 6 :32 a .m .  the h igh r ang e Dom e  Rad iation Mon itor , HP-R-2 1 4 , 
a l so began to show inc reased l evel s  o f  r ad ioa c t ivity . At  7 : 1 0 
a . m .  r e a c tor  oper a tor s mad e o ffs i te expo sur e c a l c ul a t ions should 
a containment breach occur . These c al c ul a t ions wer e mad e i n  a c-
cordance with r eg ul ations to estimate the o f f s i te expo sur e r a te 
downwind in Gold sbo r o , Penns ylvania . Go ldsbo r o  i s  s i tu a t ed 1. 2 
m il e s  we s t  o f  the pl ant . Us 1ng a 3 0 0  R/hr r ad ia t ion r ead ing f r om 
the Dome Monitor ,  e ng inee r s  e s t imated tha t  the whol e  body expo­
sure  r a te could be as h ig h  as 40  R/hr in Go ldsbo r o .  I nv es t ig a tor s 
we r e  l a te r  to d iscove r the 3 0 0  R/h r  read ing was i ncor r ec t  because 
ope r a tor s had m isread the l evel o ff the Dome Monitor readout 
meter . Th is e r r or was of no g r ea t  con s equence ,  however . 

'At 7 : 27 a . m .  a Gene ral  Emerg ency wa s decl ared i n  accor dance with 
licens ing pr ovis ions , based on a Dome Monitor r ea di ng o f  g r eater 
than 8 R/hr . The shif t  supervisor contac ted the Pennsyl va nia 
Bureau o f  Radiolog ic a l  Heal th and the C iv il Defens e to info rm 
them o f  the d irec t ion o f  the wind and s ug g ested they be prepa r ed 
to evacuate the area  west o f  the plant . However , because o f  a 
low Conta i nm ent Build i ng pr essure o f  only 1 ps ig a nd his f eel ing 
tha t the 4 0  R/h r c a l c u l a t ion wa s unrel iabl e, th e supervi sor 
o r dered r ad iation sur veys to be mad e a r ound the pl a nt boundary  
prior  to r ecommend ing an  evacuat ion. 

By 8 : 0 0  a . m .  r ad iat i on surveys had been mad e a nd no s ig ni f ic ant 
l eve l s  �f r ad ioac t iv i ty h ad been d etec t ed .  Th e C iv il Defens e wa s 
adv ised o f  th i s  and wa s a s ked to s tand by .  Mo r e  r a diat ion sur veys 
we r e  then cond uc t ed , a nd th e r es ul t s  o f  thes e  and th e f ac t  tha t  
Dome Monitor r ead i ng s  had stabil ized a nd a conta i nm ent br eac h  wa s 
unl ike l y  conv i nc ed o f f i c i al s  tha t a l a rg e  sc al e evacuation was 
unnecessar y .  Ev entua l l y ,  the i ni t ial  4 0  R/hr  c a l c ul at ions wer e 
s hown to be in e r r o r . Th e sequenc e o f  events ju s t  d esc r i bed 
d emonstrate s  the wa y i n  wh ich  Dom e Mo ni tor r ead i ng s  c a n  be a nd 
we r e  used dur ing an acc ident . 

Th e Dom e Moni tor s t r ipc ha r t  r ecord ing r epr esents the only r ecord 
ava il a bl e  of the r ad i a t ion l evel s  i ns id e the TMI - 2  Conta i nment 
Buil d ing a s  a func t ion o f  t im e. I f  th i s  r ecord could be i nter ­
pre ted prope r ly , containmen t  r elea s e  mod el s  us ed i n  r ea c tor  
sa fety stud ies could  be  a t  l ea s t  par t ia l ly val id ated .  Thes e  
mod el s a r e  u s ed t o  pr ed ic t  LOC'A r ad ia t ion l evel s  l i kely t o  be 
pr e s en t  ins id e  conta i nm ent, a nd c a n  thus es tabl ish equi pment 
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qual ification s tandards and d es ig n  guid el ines . The s t r ipc ha r t  
record in the Control Room , howeve r ,  wa s in er ror . 

Un for tunately,  the Dom e Monitor r a diation d etec tor appea r s  to 
have failed  over the cour s e  of the acc id en t  in at  least three  
ways . Th is r epo r t  d isc usses t:he r esul ts o f  our ex am inations o f  
the r ad iation d etector ( Figure  3 )  and its stain l es s- s teel , lead­
lined container ( se e  +-he s s  v essel in Figure 4 ) ,  the r a temeter 
readout mod ule , and the d etec tor  s ignal and power cabl e.  The 
various f a il u r e  mod es o f  the d etec tor a r e  d esc r ibed , and these 
are used to better interpr et the s t r ipchar t r ecord . Cor rec tion 
factor s a r e  appl ied to the r ecord to accoun t  for both failur es 
and r ecording er ror s . Th e r es ul t is a "cor r ected s tr ipcha r t" 
r ecording o f  the r ad iation l ev el s  in sid e  the shielded s s  v essel . 
Est imat es o f  rad ia t ion l evel s  ou ts ide the container a r e  then 
mad e .  

Fig ure 3 .  Dome Monitor Dete cto r ,  Vic toreen 
Model 847- 1 . 

Th is r epo r t  wil l focus on: 

Fa il ure mod es of the detec tor �  

Rad ia tion dose absor bed by the detec tor and cabl e� 

Rad ia tion l evel s as  func tion o f  t ime, ins id e  the vessel ;  and 

Rad iation l ev el s  as  function of tim e, outsid e  the v essel . 

The r ad ia t ion detec tor wa s r emoved and examined as  a par t  o f  the 
DOE TM I -2 Instrum entation and El ec t r.ica l  Equipment Examination 
Prog r am wh ic h is administer ed by the DOE/EG&G Technical Integ r a-
t ion Of f ic e  ( TIO} at Thr ee Mil e Is l and. 
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correct, a n d  we calcul a te the t ime h is tory based on total gamma 
dos e  meas u r ements  on ly. To  do  this ,  we  h ave a s s umed the  r a dio­
nuc l id e  energy spe ctrum and decay characte r is t ic s  to be that o f  
nobl e gases . Unae r the se cond itions the pea k  g amma r a te in the 
uppe r par t  of containment was on the order of 2 0 0 , 0 0 0  R/h r .  I f  
we a s s ume a 6 0 %  nobl e g a s  release , othe r  r ad ionucl id e s  mu s t  
account fo r a bout 8 5 %  of  the l evel o f  a c tiv ity. Th is seem s  h igh ; 
therefo r e ,  it is our guess tha t  2 0 0 , 0 0 0  R/h r  is a n  uppe r bound of  
the  a c tual r a te .  We pl ace no e r ror bars on these e s t imates 
because of the n umerous potent ia l sour ces  of e r ror . 

No t ice that a s  t ime pas s es a nd the energy spectrum becomes 
softe r ,  the rate ins ide the l e a d-shie ld ed vesse l dr ops dr a mati­
cal ly with respec t  to that outsid e  the vessel. Th is shows the 
impor tance of having a detector wh ich does no t requ ire extens ive 
shielding to survive. Th is de tector is e s sentia l ly useless a f te r 
20 hour s ,  even tho ugh externa l r ad iation l eve l s  a r e  s t il l  qu ite 
high . 
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Figure 4 .  Dome Monitor , Stainless 
Steel  Containe r . Notice the elec t r ical 
cable and the hole po sitions. 
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III. DOME MONITOR DESCRIPTION 

A. PHYSICAL LOCATION AND CONTAINER 

The Cont a i nmen t  Bu ild i ng Dome Rad i a t ion Mon i to r  a t  TM I- 2  is 
loca ted o n  top o f  the e l e vato r  s h a f t  e n c l o sur e r oo f  a t  a n  
e l e va t ion o f  3 7 2  fee t . F igur e 5 shows a pl an v iew o f  the 3 4 5  
foo t  ope r a t i ng l evel  wi th the Dome Mo ni to r  loca ted n e a r  the  
Con ta i nment Bu ild i ng wa l l .  Figur e 6 s hows the pla c e me n t  o f  the 
Dome Mon i to r  in conta inment . Th i s  l oc a tion , al thoug h  a good 
d i s tance f r om the top o f  th e 4 7 3  foo t d ome , pr ov id e s  a good v iew 
of the e n t i r e  uppe r l evel . F ig u r e  7 i s  a pho tog r aph o f  the  Dome 
Mon i to r  befo r e  r emova l: as can be seen, i t  is in a r ela t ively 
unc lu t t e r ed a r ea . 

The a c tual r ad ia t ion d e tector . i s  packed in fibe r g l a s s  in sul a t ion 
and is housed ins id e  the s ta in l e s s- s tee l vesse l . The ves s e l  
( se c t iona l v iew , F ig u re 8 )  h a s  l ead be twe e n  its d ouble wa l l s .  

Bo th the in ne r a nd outer  wa l l s  a r e  s s  a nd e a c h  is 3 . 1 7 5  mm t hic k. 
Mol te n  lead has  been pou r ed in to two open ing s a t  the top uppe r 
r im and c ompl e te l y  f il l s the  3 . 96 2  em gap . T he in ne r a nd ou t e r  
stee l wa l l s  h ave b e e n  we lded in s uc h  a way a s  to fo rm a n  a ir t ig ht 
conta i ne r . The e n t ir e  conta iner we ig h s  appr o x imately 2 5 0  Kg . 

The l id- to- con ta ine r sea l  i s  � c ir c ul a r , fl a t, s i l icone , r ub-
be r g a s k e t  63 mm w id e  and 3 . 8  mm t h i c k . When the l id is bol ted 
down in pl ace , the conta i n e r  is mean t to be s e a l e d  aga ins t 
in t r us ion by r ad ioac t iv e  g a s  and wa te r .  T he e x te r na l  conne c to r, 
t h r o ug h  wh ic h  powe r and s igna ls a r e  suppl ied to the d e te c t o r  
in s id e  the  c onta ine r , is he rme t ic sl l y  s e a l ed a nd we l d ed t o  a 
stee l p ipe ex it ing the ve sse l . The pur pose o f  the l ead s hie ld is 
t o  a t te nuate the e x t reme l y  h ig h  gamma leve l s  a s soc ia ted w it h  a 
L OCA so tha t  the in s t r umen t  in s id e  can be kept in r ange . Of 
co ur se ,  the a ttenua t ion f a c tor is hig hl y e ne rgy d e penden t .  Fo r 
0 . 8 MeV g amma energ ie s  t he s hie ld w il l  r e d uc e  t he l eve l s  (a s s e e n 
by th e d e tec tor ins id e )  by a f a c tor o f  7 4 . 7 , w he r ea s  f o r  1. 3 Me V 
g amma ene rg ie s  the a ttenua t io n  fac tor  is o n l y  17. 8 .  

Du r ing a LOCA t he f ir s t  r ad ia t ion to be r e lea sed is the r ad io ­
act ive g a s  wh ich f il l s  the gap be twe e n  the  f u e l  rod c l add ing a nd 
the fue l  pe l l e t s . Th is gas has  a ma jor e lement  o f  t he noble  g a s , 
XE 1 3 3 .  wh ich em its g amma r ay s  w ith e n e r g ie s  o f  only 8 1  KeV .  I n  
o r d e r  to d e te c t  X E  1 3 3  a s  e a r ly a s  po ss ib l e , two ho l e s  we r e  
d r il l ed t h r o ugh the oute r s s  wa l l  and t h r o ug h  t he l e ad up t o  ( bu t  
no t t h r oug h )  t he inner wa l l .  T he s e  ho l e s  a r e on t he s id e  o f  t he 
v e s s e l  d ir e c t ly oppos i te the conne cto r ( Fig u r e  9 )  a nd a r e  1. 27 em 
a nd 3 . 1 7 5  mm in d iamete r .  The l a rg e r  h o l e  is s itua ted a ppr ox ima­
t e l y  1 2 . 7  em up fr om the ba sepl a te . The ve sse l is o r ie n ted so 
t ha t  the h o l e s  po int towa r d  t he cente r of t he Co n t a in me n t  
Bu ild ing . 
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Figur e 5. TMI Un i t  2, 345-Foot Pl an Layo u t .  The Dome Mon i tor 
Detector P.P-R- 2 1 4  is loca ted on top of e l evator shaft a s  sho wn by 
the bol d ar r ow .  



HP-R-214 
372' 

3117' 

305' 

282' 

· 6 �r ea Ra diation Monitor s a t  TMI -2 . F1gur e • n 

F ig u r e  7 .  HP·-R-2 1 4  Do nte Mon i to r .  Th e stainless  s tee l 
vessel i s  shown in pl a c:e on top o f  the elevator  shaft.  
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F ig ur e 8 .  Dome Mon i to� HP-R- 2 1 4  Vessel . 
Cross sec t ion o f  s ta in l ess ste�l conta iner . 

Figur e 9 .  Cl oseup o f  the Two Vess el Hol es . 



B. CHANNEl. DESCRIPTION 

The Dome Mon i to r  Rad iat ion Me asur ement Channe l con s i s t s  of the 
Victoreen Mode l 8 4 7-1 d e tec to r  wh ich is ins id e  the s s  ve s s e l  a nd 
the Vic toreen Mod e l  8 4 6 - 2  readout modul e wh i c h  i s  l oca ted i n  the 
TMI - 2  Con t r ol Room . A multichannel s t r ipcha r t  recorde r , HP-UR-
1 90 1  is connec ted to the r eadout modul e ; t h i s  r ecorder is a l so i n  
a r ac k  i n  the Con t r o l  Room . F ig ur e  1 0  shows the cabl i ng and i n­
te r connect ion d iag r am o f  the s ystem . Appr o x im a t e ly 130.5 metP.rs 
of  cable sepa r a te the two ins t r umen t s . Victor een d e s igne� the 
c hanne l and a l so s upplied the ss vesse l . 
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Figure  10 . Cabling and Interconnect D i ag ram .  
The approx imate leng t h  in fee t  o f e a c h  cabl e 
i s  shown. 

C. SPECIFICATIONS AND OF•ERA TION 
The d e tector and readout fo rm a stand a r d  Victo r e e n  8 4 5 Ar ea 
Mon i to r ing System . The spec i f icat ions fo r the System ( ex c l ud i ng 
the ss vesse l )  a r e  g iven in Table  2 .  Th is system is i ntended to 
sa t isfy NRC r egul a t ion s  wh ich r equ i r e  a h ig h  r a ng e r ad i a t ion m on-
i to r  capable  o f  measur i ng rad i a t ion l eve l s  a s  h ig h  as 1 0E7 R/h r 
( Re fe r ence 2 ) . The r ad i a t i on mon i to r  is r equ i r ed to wi thstand 
the t empe r a t u r es , pr essur es ,  and steam e nv i r o nmen t  assoc i a ted 



Table 2. Specifications for the 845 Area Monitoring system. 

Rang e: 

Full-Scale .... .... ..... � .... �' ... .. � . .......... ..... ............... 8 decades from 0.1 to 10 mR/h . . . 
2 3 4 Three-Decade ...... ... .. .. ......... ... ...... ....... .......... O.l to 10 , 1 to 10 , 10 to 10 4 

· · 

102 to to=>, to3 to 106 and 10 
to to7 mR/h 

Precisio�·····································•············································+ 10 % in any decade 
Circuitr[••••••••••••••••••••••·········································••••••••••e••················AU Solid State 
Type o Radiation Detected ......................................................... Gam.ma or X-Ray 
Energy Def endence ...................................... �···················BO keV to 3 MeV+ 10% 

Directiona Dependence ........................ Less than 10% in any direction with 60co 
Type of Detector .....••.•.• Dual coaxial ionization chamber of atmospheric pressure 
Pressure Limits ............................... 1S psig for both detector and readout module 
Temperature Limit�: 

Detector ................................................. -40F to+ 1400F (-20°C to+ 60°C) 
Readout Module ....................................... J20F to+ 1400F (0°C to+ 60°C) 

Humidity ....... ....... ...................... O to 95% for both detector and readout module 
Alarms ...................................... ALERT and HIGH, adjustable, set point of either 

shows on meter when J!Ushbutton is depressed 
External Alarm Contacts ............................... One set of Form C (SPOT) contacts 

rated at 115V, SA de 
Alarm Reset ............................................................. Optional-manual or automatic 

. Fai1 ���dicator .................................................... Gre-en light, normally on, goes off 
to indicate failure of my type 

Recorder Output ....... .... .... ... O to 10 mV + 0.14 mV (always indicates 8 decades) 
Computer Output ... ..... ........ O to 50 mV + &.68 mV (always indicates 8 decades) . 
Internal Power Supply .............. . f! •••••••••••••••••••••••••••••••••••••••••••••••••• 14.0 V + 10 mV 

w i th a f ul l - sc a l e  LOCA . De t a i l ed d e sc r iptions o f  how the 
de tec to r a n d  r eadou t ope r a te is g iven in  Append ix A o f  th i s  repo r t  a nd i n  Re fe r ence 4 .  

B r i e f l y ,  t h e  detector i s  c apable o f  meaF.u r i ng g amma o r  x- r a y  
r ad ia t ion l eve l s  r a ng i ng f r om 0. 1 mF/h r to 10E4 F/h r ( 8  decad e s ) . 
The d e tecto r  u ses dual  coax i a l  ion c hambe r s  w i th h ig h  a nd l ow 
r a ng e  ion cur r e n t  outpu t s . The l a rg e r  vol ume , ou t e r  chambe r 
mea sur e s  the l owe r four d ecades: ; the sma l l e r  volume , i nne r 
chambe r mea s u r e s  the uppe r four  decades . 

The e le c t r i c a l  c i rcu i t r y  a s  soc :i. a ted wi t h  the ion c hambe r q� i s  
con ta ined o n  th r ee pr in ted wi r i ng boa r d s  wh ich a r e  mounted·  o n  a 
b r acket a f f ixed to the i on c hambe r a ssembly . F i g ur e 11  s hows a n  
expl oded view o f  t h e  dete c to r a1s s embly . A hous i ng cove r i s  
pl aced over t h e  electron i c s  a nd s ea l s  t h e  e l e c t r on i c s  e n c l o su r e  
to the i o n  chambe r a s s embl y v ia1 a r ubbe r 0- r i ng .  Powe r and 
s ig na l  l ines ex i t  the e n t i r e  assembly thr oug h  a h e rm e t i c a l lv 
s e a l ed connector moun ted i n  the! hous i ng . Pr e s uma b l y , the as­
sembly i s  then h e rme t i c a l l y  se.:tled . ( We wi l l  see l a ter  i n  t h i s  
r epo r t  tha t  the seal wa s v io l a ted . )  



142-1·13 LEFT PRINTED 
CIRCUIT BOARD BRACKET 

le7·1·10 ION CHAMIEII ASSEMBLY 

r-•Ct41AMIIIEII COLLECTING PLATE 
1147·1·30 POWER SUPPlY CIRCUIT BOARD ASSEMBLY 

1147 1·7•1 AMPLIFIER CIRCUIT BOARD ILOWI ASSEMBLY 

,.----1147·1·111 AMPLIFIER CIRCUIT BOARD IHIGHI ASSEMBLY 

1142·1·14 RIGHT PRINTED CIRCUIT BOARD BRACKET 

1·211 AUXILIARY CIRCUIT BOARD ASSEMBLY 

141-1-84 "V" BAND COUPLING 

F igur e  11 . Ex pl oded View o f  Do me Mon i tor De tecto r . 

The top·two c i r c u i t  boa r d s  a r e  the amplif ier s for  the two ion 
chambe r o u tpu t s , and the th i r d  boa r d  cons i s t s  o f  a powe r supply , 
a summ i ng ampl i f ie r ,  a t im ing sig nal g ener ator , a nd m i sce l l aneou s  
c i r cu i t r y . The two i o n  cur r e n t  ampl i f ie r s  a r e  a lmo s t  iden t i c a l . 
The i on c u r r ent f r om the c hambe r s  i s  sampl ed e v e r y  3 3 3  msec by a 
r eed s w i tc h  c lo s ur e . Th i s  cur r e n t  s ampl e i s  conve r ted to a v o l ­
tag e by charg i ng a capac i tor i n  the h ig h  impedance i npu t c ircu i t .  
An MO S t r ans i s to r  fo rms a so u r ce fo l l owe r i n  the i npu t c i r cu i t  to 
ach ieve the h ig h  imped ance r e qu i r ed .  

The o u tpu t s ig n a l  f r om th i s  c i r cu i t  i s  l a t e r  s ampl ed ag a i n  and 
ampl i f ied i n  s tag es of  xl , x 9 , x 1 0 ,  a nd xl O .  The o u tpu ts f r om 
each o f  these ampl i f i e r  s t ag e s  a r e  cl i pped a t  9 . 5  vol t s  and 
summed i n  an ampl i f ie r , a l ong wi th s im i l a r  o u tpu ts f r om the  o ther  
ion chambe r ampl i f i e r  s t r i ng .  Thus , an  ion  cur r e n t  d e r ived 
s ignal vol tag e is mul t iplied by 9 0 0  by the t im e  i t  r e a c he s  the 
l a s t  s t ag e  of each ampl i f i e r  s t r i ng .  

Whe n  a l l  e ig h t  ampl ifier  ou tputs a r e  s ummed , 8 decad es o f  l ev e l  
can be d i spl a yed o n  the me ter and t h e  sca l e  i s  l inea r be tween 
d ecad es . The  r ead o u t  i s  shown in  F ig ur e 12. Bo th the ion  
cur r e n t  bu f fe r/pr e ampl i f i e r  c i r cu i t  and the method o f  s ummi ng 
ampl i f ie r  oPtpu ts pl ay impo r ta n t  r o l e s  wi t h  r e spe c t  to d e tector  
fa i l u r e  mode s . The s e  s ub j e c t s  a r e  d i scussed i n  d e ta i l  l a t e r  i n  
th i s  r epo r t .  



Figure 1 2 .  HP-R-2 1 4 Ra temeter , Victor een 
Mo d el 8 4 6 -1 .  



IV. EXAMINATION FINDINGS* 

A. HANDLING AND DECQNTAMINATION 
The Dome Mon i to r , HP-R-21 4 , wa s r emoved fr om conta i nment in Ma y, 
1982 and was sh ipped to Sand i a  Nat ional Labo r a tori e s � i t  a r r ived 
in Al buque rque , Ne w Me xico on Jun e  24, 1982. At TM I-2 ( unde r  the 
d i rect ion o f  Bechte l ,  Inc.) the un i t  was un bol ted f r om the e l ev a ­
tor shaft r oo f  and hoisted v ia a s tee l-ca ble bel t  a r r ang em ent 
( a ttached to the po l a r  cr ane r a il s )  to the 3 4 7  foot Conta inment 
Bu i l ding l evel. Su bsequen tl y ,  the unit wa s moved to the 30 5 foot 
l eve l whe r e  it wa s placed into a specia l ly des igned,  steel box 
fo r protection. Un fo r tunate ly ,  whi l e  pl acing t he u nit into t he 
box i t  wa s inadve r tently tur ned 9 0  d eg r e e s  f r om its pr oper 
o r ientation a nd force ful ly jammed into the box. This sha t t er ed 
the he rmetica l l y  sealed connecto r and thu s viola ted the conta iner 
seal . The unfo r tuna te acc\dent is t he only d amag e the unit 
susta ined f r om its r emova l to its unpa c k ing . Shoc k monitor s 
which had been mounted on the unit be fo r e  its shipm ent f r o m  TMI- 2 
confi rmed tha t it had r e �eived gentl e  hand l ing in tra nsit . 
Figure  13 shows the vesse l ins id e  the box. Handl ing t he unit a t  
TMI -2 a nd SNL ha s bee n d iff ic ul t  because o f  its weight. 

The damag ed connector wns r emoved, a nd the open p ipe wa s sea l ed 
be fo r e  deconta mination could beg in .  Numerous swipe samples and 
meta l f il ing sa mpl es we r e  ta ken be fo r e  d econt�m ination. On June 
29, 19 8 2  the unit was d econtamina ted by r epeated wash ings a nd 
sc r ubbing with Br il lo pad s. Tr ifluo r ethyl ene, Rad ia c  foa m, Tu r co 
4 3 2 4 and Tid e  wer e a l l  use d  in the process. Aver ag e bet a/gamma 
rad iation lev el s mea su r ed at a d istance o f  2. 5 em f r o m  the ss 
vessel sur faces befo r e  Jecontamination using a geiger co unter 
wer e: 

To p 

Sides 

Ba sepl ate 

3 5  mR/hr 

14 mR/h r 

17 0 mR/hr 

y 
10 mR/hr 

6 mF/hr 

5 0  mR/hr 

Decontamina t ion r educed these l eve l s  by a fac to r  o f  abou t two. 
After decontamination, t he sta inless steel wa s br ight and shiny 
a nd the entir e uni t wa s sprayed with Kr yl on to t r ap a ny cont am­
inant p a r ticl es. Fig u r e  14 shows the unit a f ter d econta mina tion. 

* Muc h o f  the d a t a  pr esent ed in this chapter is conta ined in 
l a boratory notebooks kept dur ing our ex amina t ion to a ccur at ely 
doc ume nt our f ind ing s. See ref er enc es 5, 6 ,  a nd 7. 
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Figur e 13 . HP- R- 2 1 4  a nd Shipping Co nta i ner . 
The crushed connector is  s hown on the le f t .  

Figure  14 . HP-R- 2 1 4  Af te r Dec ontamina tion a nd Sea l ing .  

7A 



B. PRESSURE VESSEL SEALS 
,_ �- ' ·-_.· ' 

1. ·Leak Ra te . A maj or cot'lce rn r eg a r d ing the a ccur a cy o f  the 
riome Mon itor read ings dur ing the a ccid en t  wa s whether or not the 
lead shie l d  had some how be en cir cum ve n ted by rad ioact ive g a s  and 
suspended or dissolved rad 'ioactiv e  particl e s. The damag e to the 
conne ctor incur red d ur ing re mova l  from conta inmen t  b reached the 
seal a nd undoubted ly a l lowed some ce sium contaminat ion to pene -· 
t rate to the insid e  o f  the containe r ,  ma k ing it d if f icul t  to 
d eterm ine when contamination o ccurr �d . Nev ertheles s , our e x am­
ination r evea l ed tha t probably only  a smal l q ua nt ity o f  contam i­
nants would hav e  been able to e nter t�e containe r in this 
way , s ince the conne cto r st il l partia l ly cove red the 2 . 5  ern 
diameter tube e nd .  

We mounted a spe cia lly d e s ig ned f itting to t he und amag ed t ube end 
which a l lowed us to leak- te s t  the s s  vesse l . We the n  pr essur ized 
the conta ine r to 10 ps ig a nd o bse rved the pressure a s  a func tion 
o f  t ime . La ter in our  ex aminat ion, we injec ted a ir into the 
d e tector  itse l f  t hr oug h the hermetic connector a nd measur ed t he 
lea k r a te o f  the detector. We d id this by inse r ting a hypode rm i c  
s yr inge need l e  through the r ubbe r c e nter po r tion o f  the conne c tor 
a nd pumping a ir into it . The r e s ul t s  o f  both the s e  tests  a r e  
shown in Fig ur e  15 . 

-� � 
{/) P-4 ..._, 
rz1 P:: � rz1 P:: P-4 

8.0 

8.0 

4J) DETECTOR CASE 

2.0 

40.0 80.0 80.0 100.0 l?.O.O 14-0.0 160.0 180.0 TIME (MINUTES) 
F igure 1 5 .  Lea k R,stes.  The sta in l e ss stee l  vesse l 
and detector conta ine r l e a k  rates. 
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The ss vessel i s  seen to have an approx imate exponential  l e ak 
rate with a t ime constant o f  approx imately 3 . 0 hours. The leak  

. r ate of t he detector case is a l so approximately exponential  wi th 
a t ime constant of 12 . 5  minutes.  We were not able to f ind pre ­
cisely whe re the se vessel was leaking; however, we feel that the 
leak was probably under the large , fl a t  gasket which seal s the 
vessel to the l id .  The leak in the detector e lectronics port ion 
wa s through two unsealed screwhol e s  used to mount the wal l ­
mounting bra cke t to the detector ca se . The 0- ring seal  appeared 
to be intact . This brea ch of seal  is a seriou s oversight in the 
d etector mechan i cal desig n as wil l be shown l ater in this report 
with refe rence to a path for h umid ity to enter the detector 
e l ectronics package . 

2. Sta inless Steel Ve sse l Internal Contamin ation. As stated 
earl ier,  it wa s very important to dete rmine whether signif icant 
rad ioa ctive contaminants we re able  to  get  in side the  ss vesse l . 
Becau se o f  this conce rn , we removed the vesse l  l id care f ul ly to 
reduce the po ssibil ity that containment "dust" would fal l into 
the vesse l . Al l twe lve top retaining bol t s  were t ight, having a 
minimum o f  60 inch- pound s brea kaway torque . After the l id wa s 
removed , it wa s apparent from the spre ad ing o f  the gaske t tha t 
the top wa s indeed se cure ly fastened . Figure s 16 throug h 17 show 
the ve sse l  and detector in various stages o f  d isa ssembly . 

Figure 1 6 .  Stainless Steel Con taine r Rim . The 
1 id has ju st been n�moved . Not ice how "d irty" 
the rim area which wa s und er the g aske t is. The 
rad iation l evel mea j;ured 3 m R/hr in appro:c imately 
the probe location 1;hown in the pho tog raph . 



Figure 17 . -Sta inless Stee l  Conta ine r Opened . 
The top layer o f  in sul ation has been removed 
exposing the�e tector . 

With the l id o f f ,  g e iger  counter reading s showed g amma l evel s  to 
be 1.3 mR/hr approxima tely in the center of the insid e of the 
vesse l near the top and around 3 mF/h r a round the r im und e r  the 
gaske t7  this ind icates that contaminants we re pr esent ins id e  the 
vesse l . The insid e  surface wa s some what d ir t y  a nd appe a r ed to be 
sl ightly oil y .  Its appearance suggests that a fter fabr ication, 
it had not bee n  thoro ughly cleaned . Nume rous discolorations a nd 
pr ecipitant col lec tion po int s we r e  found o n  the u nder sid e  o f  the 
l id and underneath the gaske t. 

A serie s of r ad iation a nd chemical tests we r e  conduc ted at this 
poin t to dete rmine whe ther contaminants had actua l l y  lea ked into 
the vesse l during the accid ent or whe ther the r ad iation measured 
wa s a res ul t  o f  it s e nt r y  thro ugh the broken connecto r .  These 
te st s a re summar ized be low7 detail ed data is given in Appe nd ix B. 

a .  Swipe s amples  ta ken from the va�iou s  ves s e l  a nd 
detec tor sur faces wer e counted . 

b .  Fiberglass sampl es  ta ken from va r ious locations 
insid e the vessel we:r e counted . 

c .  Ch emical  analys is of: mate ria l s  on the ves sel  l id 
under sid e  we r e  mad e. 

d .  Chemical  tests looking fo r boron o n  the swipe 
a nd cotto n  s wab s amples  we r e  cond uc ted . 



The swipes i nd i ca ted t hat Cs 13 7 wa s d is t ribu ted throug hou t  the 
vesse l ,  but that t he d istribut�io n  was not unifo rm. The ave r aged 
data below ind i ca tes  t ha t  t he bottom had s ubstantia l ly hig h e r  
con centra t ion s o f  cs 1 3 7  than othe r  part s  o f  the vessel . ( Cs 1 3 7  
wa s by far t he most prevalent rad ioi so tope and wa s used a s  a n  
indica to r  o f  rad i a tion a ct ivity.)  

Bo ttom 
Lid 
S id es 

. 14 

.0 19  
. 00 3 1  

uCi /swipe 
uCi/swipe 
uCi/ swipe 

Had contaminants d i f fused t hr oug h the connector t ube after the 
conne ctor wa s damag ed o r  had t he contam inants s impl y fallen  o ff 
the l i� d uring removal ,  the contaminant  leve l s  o f  the s ides  wo uld 
have been l a rger  than t ho se on the vessel bottom . It t hus  ap­
pea r s  as t ho ug h  a l iqu id wa s conde nsed on the ins ide s ur face s  a nd 
fl owed to t he bottom . Fiberg l ass a ctiv ity m easur ement s  
summa r ized be low fur ther supports  this conclusion. 

Middle Bo t tom 
Geomet ric Center 
Ou ter Top 

3 4 0 0 1 6  
2 4 6  

5 1 3 3  

counts/6 0 0  sec 
co unt s/6 0 0  sec 
count s/6 0 0  sec 

The f iber g l as s  was taped a r o und the dete ctor and c ame out o f  the 
vessel as a s ing l e  unit . The "mid d l e  bottom" sampl e wa s in 
d ir e ct contact with the vessel bot tom7 the "oute r  top" was in 
contact with the vessel  l id 7  t he "g eome t r ic ce nter" wa s c lo sest 
to the d etector and c ompletely sur rounded by othe r fibe rg l a ss. 
I f  we po stul ate that r ad ioa ctiv e  g as a nd ae rosal with s uspe nded 
pa rticle s  in it had freely e nte r ed the vesse l ,  we wo uld suspec t  
that pl ateout a nd a ttachme nt wo ul d be somewhat unifo rm throug hout 
the f ibe rg l a s s .  Th is was definitely no t the case .  The po r tion 
o f  the f ibe rg l as s  wh ich wa s in d ir e c t  contac t with vesse l 
sur face s ( top o r  bot tom ) had subs tantia l l y  h ighe r  concentra tions 
o f  contamina nts than tho se po r tions towa r d  the center o f  the 
bund le.  

Four s ampl e s  o f  pa rtic ul ates on the und e r sid e  o f  the l id we r e  
examined us ing a scanning ele ctr on micro scope a nd x-r a y  energy 
d ispe r siv e  spe ctr o scopy. This analysis showed major elements t o  
be Si, ca , and Ti7 the minor el ements were Al , Pb, and Fe . we 
wo ul d expect these e lements on the vessel  be ca use o f  manufac­
t ur ing , we would al so expe ct these e l ements  if tap wa ter  had 
evapo r a ted a nd l e f t  pr ecipita tes. 

Bor on is an  e l eme nt used in containme nt sprays and unl ike sod ium 
hyd r oxid e  is not commonly found in tap wa te r , ne ither is it a 
re s ul t  o f  t he manut'_ac t ur ing proce s s . Emissioll_ �pe ct r o scopy tests 
we r e  mad e on swipe sampl esarid mois t  cotton swab sa mpl e s  we r e  .. 
ta ken  fr om ins ide the vessse l .  The s e  tests  showed smal l  but 
s ig nif icant amounts of boron ( 2 0 0  ug/ sampl e )  in the vesse l .  



These r ad ia t i on �nd chemical tests strong ly ind i ca te tha t  con­
ta inment spr ay and r ad ioactive l iqu id entered the ss vessel  
dur i ng the a ccident . The mos t  probable entry was bene � th the 
flat gasket under the vessel l id .  I t  does not appear as  thoug h  
s ig n i f i cant amount s  o f  r ad ioact ive g a s  entered,  instead ,  o ur 
g uess  i s  that l iqu id wh i ch had a ccumul ated in the l ip a r ea gap 
( be tween the l id and the vesse l )  ente r ed the vessel  by cap il l ary 
action and that the  l iqu id ran down both the  i nner s id es o f  the 
vesse l and on the unde r s ide o f  the l id .  The pr e s s ur e  d i f fe r-
ential  ( appr ox imately 3 ps ig at var ious t imes ) be tween the con­
ta inmen t  a tmosphe r e  and tha t  ins id e  the vessel he lped to for c e  
the l iquid i n s id e .  Rad ia tion l ev e l s  ind icate that only smal l 
amo un t s  o f  l iquid ( even in  the manne r j us t  d e sc r i bed ) actua l l y  
entered t h e  vesse l . 

C. DETECTOR EVALUATION AND FAILURE MODES 

1 .  Me thod s .  After  the s s  vessel wa s d econtam inated, a l eng thy 
series  o f  gamma facil ity tests we r e  conduc ted in an e f fo r t  to 
character ize t he TM I - 2  d etec to r ' s  response to a r ad ia tion 
s t imul us . These  tests  we r e  pe r fo rmed a t  the SNL Ve r tica l  Ra ng e 
( VR ), Gamma I r r ad iation Fac il ity ( G I F ) , and the High Intensity 
Ad j ustable Cobal t Ar ray ( H IACA ) facil itie s . 

The VR is cal ibr a ted to Na tional Bureau o f  Stand a r d s ( NBS ) 
spec if ications and is c apable o f  produc ing max im um gamma l ev e l s  
o f  appr ox imately 6 0 0  R/h r . The G I F  and H IACA fac il itie s  bo th 
r equire tha t r ad iation detector pr obe s  be used to measur e  leve l s .  
The probe s  can detect  l eve l s  a s  h igh a s  1 5 0, 0 0 0  R/h r .  Al l so urces  
a r e  Co  60  ex cept that  GIF  can  be conver ted fo r use �ith a Cs  13 7 
so ur ce .  Both the G I F  and H IACA so ur c e s  a r e  imme r sed in wa ter  and 
are mechanically  r a ised up and o ut of the wa t e r  fo r expo sur e .  
Many o f  o ur tests  used these so ur c e s  both und e r  and out o f  the 
wa ter,  us ing the wa ter a s  a shie ld to  ad j us t  r ad iation l evel s .  
Th is me thod und o ubted l y  sof tened and broadened the sour c e  
spe c t r a ,  however,  we we r e  not a bl e  to d is ting uish a s ig nif icant 
d ifference in d e tector  r esponse be tween  the Co 60 and Cs 13 7 
so ur ce s . We conc l ud e  that the spe c t r um  so ftening does not  
appreciably af fect o ur r e s ul ts .  

2 .  S S  Ve ssel  At tenuation . Afte r  the TM I - 2  detec tor wa s r em oved 
fr om the s s  vessel,  a new V:i c toreen 8 4 7- 1  detec tor wa s pl aced 
ins id e  and exposed at G IF . Th is wa s done to get a c r ud e  e s t ima te 
of g amma a t tenua t ion by the SS v essel . With the sour ce total ly 
above wa ter  and the r ad iation l eve l a t  approx ima tely 1 4 4, 0 0 0  R/h r  
on t h e  o utsid e  o f  t h e  vessel,  the d etecto r  ins id e  measur ed 4 0 0 0  
R/h r . The stain l e s s  steel  and lead ves s e l  thus attenua ted th e 
level by a fac tor  o f  36 . Co 6 0  sour ce em its 1. 1 7  MeV a nd 1.3 3  
MeV g amma s  and the attenua t :lon should  be somewh e r e  be tween 2 2  and 
3 5 . The sl ightly h igher  a tten ua t ion o f  the s s  vessel  mea s ur ed 
va l ue is proba bly a r e s ul t  o f  the spa c ia l  fal l o f f  as  one moves 
awa y  from the sour ce .  



No appr e ciable d if fe rence in a t tenua tion wa s found by rotating 
the vesse l  by 9 0  d egrees.  As  long a s  the source was not shining 
d ir e ctly into the 1 .  27 em ss vesse l hol e , e ssentia l ly no e ffec t 
o f  the hole wa s seen . However ,  with the source d irec tly opposite 
the hol e  ( and thereby pr ov id ing a d irec t  path entry ) , l ev e l s  
inside wer e  a factor o f  two higher . No e f fo r t  wa s made in these 
more qual itativ e  measur ements to determ ine pr e c ise ly the e ffects 
of the hole o r  the vesse l attenua tion factor , because the be-
havior in the r ad ioac tiv e  g as i nsid e containment wo ul d be quite 
d iffere nt since the g a s  unl ike the Co 6 0  source c ompl e te l y  
surround s t h e  vesse l . 

3 .  I nitia l  De tector Checko u t  a nd Ex amina tion. The conne c to r  
tha t  a ttaches t o  the detecto r  insid e the ss vesse l was bro ken �nd 
thus wa s repl aced . A set o f  e le c trical measurements we re mad e  
a nd c ompa red to those mea surement s· simil a rly ta ke n u sing the 
"new" Vic toreen detector and ra temeter. The TMI-2 ra temeter  wa s 
used with the TMI-2 detector.  Ta ble 3 l ists those mea sureme nts. 
Vo l tag e l ev e l s  for HP-R- 2 1 4  a re fairly c lo se to tho se of the new 
detector; however,  the me te r re ad ing wa s some t imes consta nt at  20 
mR/hr a nd sometimes varied from 0 .8 rnR/hr to 5 0 0  mR/hr . Re si s­
ta nce measurements be twe e n  a l l  pins we re approx ima te l y  equal tc 
tho se measured on the new ra temeter. The se l ev e l s  a nd t he 
e rra tic behavio r  a re consiste nt with those mea sured by Technol og y 
for Energ y  I nc .  ( TEC ) during in- situ testing a t  Th ree Mil e  
I sl a nd . ( See Re fere nc e  8 . ) 

Ta bl e  3. Qu i e scent DC Mea surements. The test d etec tor vol tag e 
a nd curre nt charac ter i st i c s  a re c ompa red with those o f  the HP-R-
21 4 d etec tor . 

Measur ement 
Mea sur ed Parame ter Test De tec tor HP- R- 21 4  Det ec tor 

( C . S }  + 20V ( V }  20 . 58 21 . 8 8 
+24V ( V) 1 3. 9 9 1 3. 35 
FA IL IN ( V )  2. 92  2. 6 7  
S IGNAL (V} 0 . 1 5 0 . 8 7 
MTR ( mR/hr } 0 . 20 0. 8- 5 0 0. 0 
+24V I ( rna )  7 5. 0 0 7 4. 9 0  

( C . S )  + 2 0V I ( rna )  20 . 50 1 8� 50  

The unopened ss vessel wa s exposed in the GIF fac il it y �  the 
r esul t s  a r e  g iv en i n  Fig u r e  1 8 .  The r ad iation l ev e l s  m ea sur ed 
i nsid e the ss vessel by HP-R- 2 1 4  a r e  consid e r a bl y  below those o f  
t he new d e tector when it wa s l a te r  pl aced insid e t he v essel a nd 
s im i l a r  d a ta ta ken.  
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Fig ure 1 8 .  HP-R- 2 1 4  Detector Re adout Vs . Co 6 0  So ur ce Str e ngth . 
The c urves show the r e spo nse o f  the detec tor in the v ar ious 
stages  o f  d is assembly and repair whe n exposed to a Co 6 0  so ur c e . 
The c urve  in the l owe r r ight-hand c o r ne r  is that meas ur ed upo n 
receipt at Sand ia National Labo r ato r ie s  af ter decont amination o f  
the o utsid e  o f  the vesse l .  The c urve  d ir e c tly above is the 
detector r esponse outs id e  the s s  vea s e l  but with no r epair wo r k  
done .  The somewhat l inear  c urves o n  the l e f t  ar e tho se o f  a 
par tia l ly a nd a f ul ly r epal ired unit with low h umid ity . 

The HP�R- 2 1 4  detector  was fo und to be o nly sl ig htl y cont am inated 
o n  the outs ide and vir tual ly uncontaminated ins ide af ter it was 
opened . Rus t  was ev id e nt al l ar ound the r ubbe r g as ket s eating 
g roove . Immed iately upo n opening ,  be ads o f  mois t ur e  we r e  ev id ent 
on many o f  the compo ne nts o n  t he pr inted c ir c uit boar d s . Ev en 
the board s  we r e  sh iny, ind icating a th in f ilm o f  mois t u r e .  This 
water r apid ly evapo r ated . 

4 .  Capac itor C l 7  F ail ur e. Trouble shooting o f  t he detec tor at 
the Ve r tical Range and i n  the l abo r atory r ev e al ed a n  intermit­
tent , low- r ange ampl if ie r  board . The probl em was t r ac ed to a 
f aul ty e le c t rolyt ic c apac itor C l 7  whic h is in t he r eed switc h  
d r ive r cir c ui t , The c apac itor is a we t e le c t r o lytic 2 7 5  uf, 2 5 -



vol t capacitor u sed to pr ov id e  the e ne rgy sto r ag e  nece ssar y  to 
t ransfer  the r eed switch . A por t ion of the capa cito r e l e c­
tro lyte h ad l ea ked onto the pr inted wir ing boa rd a nd wa s q uite 
ev id en t . The e l e ctrolyte had pa r t ia l ly cor roded away the base 
l e ad of �ransistor 01 4 .  This fail ur e  is a lmost ce r ta in ly the 
cause of the e r ratic behavior noticed during the in-s itu tests 
be fo r e  the unit wa s r emoved from the Containment Bu ild ing . The 
fa ilure  mu st h ave occur r ed some t ime after  the unit was ta ken out 
o f  service at TM I-2  on Apr il 1 6 ,  1980 � this wa s 3 8 4  days a fter 
the accid�n t began. 

We can only spe cul ate about the cause of the e le ctrolyte l eakag e 
s in ce this is a common fa il ur e  mod e fo r this c l as s  o f  capacitor .  
Howeve r , it is po ssible that r ad iation deg r ad ed the r ubbe r seal 
on the capa cito r can. 

5 .  MOS Tr ansistor  Deg r adat ion. Even a f te r  C l 7  and 014 we r e  
repl a ced , t h e  unit behaved somewha t  e r r a t ical ly. We t r a ced the 
pr obl em to a 3Nl 6 3  MO S t r ansistor  ( 0 15 )  in the input cir cuit of 
the l ow- rang e  ampl if ie r  boa rd. The t r ansis tor  nominal ly should 
have a g a te to so ur ce thr e shhold vol t ag e (VGSth ) o f  appr ox imately 
- 4 .0 vol ts. Th is t r ansis tor  had a VGSth o f  - 9.0 vol ts. Since 
the suppl y vol t ag e  fo r this portion o f  the cir cuit is on l y  11. 8 
vol ts a nd s ince the vol tag e s uppl ied to the sour ce o f  0 15 is even 
l e ss ,  it is probabl e tha t 015 wa s on occas ion ope r a t ing outs ide 
it s normal , active r eg ion. 0 15 wa s most ce r ta in ly deg raded by 
r ad iation dose accumulation. 

6 .  Hum id ity Ef fects. Since wa ter d ropl e ts we r e  found on the 
cir cuit boards ins id e  the dete ctor when it wa s f ir st opened , we 
cond ucted tests to dete rmine wha t ,  if any , e f fect h igh h um id ity 
and/or l iquid water  might have on detector ope r ation. �� found 
that h umid ity by itsel f has a d r amat ic •? ffect on the de tector 
r e adout , even in the absence o f  r ad iation ; moistur e condensation 
is not n�cessary to cause these e f fects.  Fig ur e  19 shows the 
r e sul ts of one o f  many expe r iments involving hum id ity. 

Fo r the pa r ticul a r  test shown in Fig ur e  1 9 ,  a we t sponge was 
pl aced insid e  the detecto r e l e ctronics cav ity a nd the unit wa s 
cl amped shut. The mounting bracke t hol e s  h ad been sealed with 
RTV ad hes ive � this e n sur ed a good sea l . To simul a te tempe r a tur e 
cond itions insid e  the TMI-2  reactor a t  the t ime o f  the accident , 
the unit wa s pl aced insid e  a tempe r a tur e chambe r wh ich maintains 
a t empe r ature  of  1 3 0 °  F. No r ad iation sour ce was pr esent. Af te r 
the spong e  wa s pl aced in to the detecto r , the detector wa s imme­
d ia te l y  pl a ced ins ide the ch ambe r  and the chambe r was tur ned on.* 

*The pur po se o f  the we t spong e wa s to e s tabl ish a known r e l ative 
h um id it y  ( RH ) of  100%  ins id a  the  dete ctor . Ear l ie r , we  h ad 
condu cted tests in a s tand ard hum id ity chambe r  but at h um id ities 
g re a t e r than 9 0 %  RH fo und tha t a ccur ate  control  o f  the l evel 
co ul d not  be mainta ined. 
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The r e adout immed ia tely r o se t o  3 x 10E 4 mR/h r a s  is c h a r a c te r ­

is t i c o f  the sta r t- up k i c k . As t im e  passed , t he r e adou t l ev e l  
fe l l  a t  fir st a nd then beg a n  to r ise a s  the h um id ity in s id e  t he 
c h ambe r incr ea sed , instectd o f  fal l i ng to some l ow bac kg r ound 
r ad ia tion r ead ing . The d etector o utput l ev el ed o f f  a t  a ppr ox i­
mately 10 0 0  m R/h r . The d e t e c t o r  wa s r emoved f r om t h e  c h ambe r 

appr ox ima t ely 70  m in ute s a f ter the t e s t  beg a n  a nd wa s a l l owe d to 
s ta bili ze at r o om t empe r a t u r e . Th e l evel i nd ica tion fir st d ipped 
and then a t  t h i s  tempe r a tu r e  r o se eventually to 3 0 0  mR/ hr .  At  
225 minutes after  the tes t  beg a n, the d etec to r  wa s ope n ed . Th e 
readout l eve l a br uptly fell to 10 mR/hr  a nd r em a i ned t he r e . 

The t e s t  r e sul t s  we r e  r e pe a ted i n  n um e r o u s  s im i l a r t e s t s . I n  
these te s t s  t h e  qu i e scen t r e ad o u t r e ad i ng wa s g e ne r a l l y be t we e n  
3 0 0  mR/hr a nd 5 R / h r  a t  r oom tempe r a tur e . I n  the te st s  we we r e  
never a bl e  t o  d ete rm i ne �'hy HP-R- 2 1 4 would r eg i s t e r  any whe r e  f r o m  
5 to 3 0  mR/hr i n  the a bsEmce o f  r ad ia t ion o r  h ig h l ev e l s  o f  
h um id i ty . We c a n  only spe .__· ula te tha t s ome cur r e n t  le a k ag e  pa t h  
ex is ts in  t he pr e- amp c ir cu it . 

3 7  



The r e sul ts o f  o ther tests pe r fo rmed to i nv e s t ig a te the e f fects 
o f  h um id i ty a r e  g iven i n  Re fe rences 5 and 6 .  I n  s umma ry , we 
found that h ig h  hum id ity a ffec ted the h igh ampl i f ier  outpu t more 
than the low ampl i f i e r  outpu t . Howeve r ,  the low ampl i f ie r  wa s 
a f fe c ted a l so .  Hum id ity a f fec ted the new d e tector i n  muc h the 
s ame way , bu t not to the same ex te n t . Hum id ity cau s e s  the 
r e adout to r ise even i f  the h igh vol tag e  to the i on c hambe r s  i s  
d i sconnec ted . 

Each o f  the Vi c toreen 8 4 7-1 detector i on chambe r s  has  a g rounded 
gua r d  r i ng a ro und the chambe r e lectrod e  to sepa r a te i t  f r om the 
- 1 5 0  vol t pl ate po ten t ia l . Th i s  i s  t ypica l l y  d one on e x t r emely 
h ig h  impedance c i r cu i t s  to m i n imi ze any lea kag e  f r om the h igh 
vol tage pl ate to the outpu t e l ec t r ode . Sur face conduc t ion is a 
maj o r  probl em , and i t  is  enhanced by contaminant s  ( notably so­
d ium ) and m o i s tur e .  Re s is tance f r om the e lectrode to a vol tag e  
source a s  h ig h  a s  l OEl O t o  1 0E l 2  ohms i s  s t i l l  sma l l  e nough to 
typically cause i naccur a te r ead ing s .  Wi th r e fe r ence to the guard  
r i ng ,  the d e s ign o f  HP-R - 2 1 4  appe a r s  to  be prope r . We we r e  not 
able to d e t e rm ine pr e c i s e ly wh ich l e a kag e paths we r e  caus ing 
imprope r r eadou ts fr om HP-R- 2 1 4 .  Howeve r ,  we can state that they 
we r e  e i ther  1 )  i n s i d e  the sh ielded pr e ampl i f ie r  boxes in both the 
low and h ig h  pre ampl i f ie r s , 2 )  on the ion chambe r s  whe r e  the 
e l ec trode e x its , or 3 )  in both pl ace s . ( Se e  Figur e s  20 and 2 1 . )  

F ig ur e 20 . H P-R-2 1 4  De tector Lo Amp Boa r d . 
The cove r has bee n  r emoved f r om the pr e ampl i f i e r  
sh ield box . The i on c hamber e l ec trode e n te r s  
the box o n  the down s id e  o f  the pho tog r aph . The 
appl icat ion o f  h igh hum id ity i n  th i s  box o r  a r ound 
the e lectrod e  �l ug caused the d e tector to r e ad h ig h  
wi th n o  r ad iat 1on pr e sent . 



F igure 2 1 .  End View o f  De tector Elect rode Pin . 
The p i n  ex its  the c hamber assem bly and pl ug s  i nto 
a r eceptor j ac k  in the end of the pre ampl i f ie r  
s h ie ld box . The box i s  shown a s  i t  i s  mounted 
on the pr inted wi r i ng assembl y j u s t  pr i o r  to 
i n se r ti on into the chambe r as sem bly connec tor s .  

I n  any event , our tests 
the ampl i f ie r  boa r d s  o r  
sen s i t ive to h um id i ty . 
h ig h  r ange preampl i f i e r  

showed tha t  n o  o the r c i r cu i t r y  ( e i th e r  on 
the a ux il i a r y  boa r d }  wa s inord inately 
The e f fe c t  of s uch a lea k ag e  pa th i n  the 
c i r cu i t  wi l l  now be d isc ussed . 

Lea kage Pa ths--The c i r c u i t  d iag ram shown in Figur e 22 is a 
s impl i f ied schemat i c  o f  the h igh r ang e preampl i f ie r . Le t u s  
assume tha t a res i s t ive pa th ex i s t s  on t h e  e l ec t r od e s id e  o f  the 
r e ed swi tch . The DC v o l tag e on the em i t ter of Q l 9  i s  0 . 7 vol ts . 
A pa r t  o f  th i s  vol tag e  i s  fed bac k to the g a te o f  Q l 5 .  With the 
r e ed swi tch c l o sed , the gate vol tag e wo ul d have a v a l ue s e t  by 
the r e s i s t ive d iv id e r  act ion of the 1 0E9  ohm r e s i s to r  and the 
m o i s tu r e- induced r e s i s tance . When the r eed swi tch i s  ope n ,  the 
pote n t i a l  would abruptly chan� e s ince the mo i s t u r e  r e s i s t ive path 
wo uld no l onge r  be the r e . Th 1 s  c hang e , even thoug h  it is sm al l ,  
would appea r as  a n  AC s ig n a l  ou t o f  the pre ampl i f i e r  and wo uld be 
ampl i f ied by 9 0 0  by the t ime it r e ached the o u tput o f  the l a s t  
ampl i f i e r  i n  the ampl i f i e r  cha i n  fol l ow i ng the pr eampl i f i e r . The 
s ig na l  coul d thus cause a s ig n i f icant d e f l e c t ion o f  the r eadout 
mete r even in the absence of a r ad i a t ion f i e ld . 
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Figure 2 2 .  HP-R-21 4 Detector Pr e-Amp Equ ivalent Ci rcu i t .  
Feed back from R41 coupl ed wi th a hum id i ty- induced r e s i s t ive 
path on the ion chamber e lectrode and r eed switch action 
can pr oduce an AC s ig nal out o f  the pr eampl i f ie r . Th i s  
s ignal i s  then ampl i f ied by 9 0 0 .  Th i s  er roneou s s ignal 
cause s  the detector to lnd icate r ad iati on whe re  ther e  i s  none . 

7 .  Rad i a t ion Me a su r ement Cha r a c te r i za t ion 

F igure 18 shows the d e tector  r e adout  as a func t ion of Co 6 0  
r ad iat ion l evel i nc ident o n  the outs ide o f  the s s  vessel  wi th the 
detector s t i l l  ins id e . F igure 1 8  a l so shows s eve r a l  othe r plots  
of  detector r eadout a s  a fun c t ion of  r ad i a t ion a ft e r  the d e tector 
h ad been r emoved fr om the s s  vesse l . No te tha t  the d e tector  a s  
rece ived i s  i n  e r r o r  by more than o n e  o r de r  o f  mag n i tud e .  Af ter 
Cl7 wa s r e placed , bu t wi th the d eg r aded Ql S MO S trans i s t o r  st i l l  
i n  the c i r c u i t r the accur a cy wa s g reatly impr oved . The e ffect ·  o f  
the d eg r aded trans isto r  caused the detector t o  gene r a l ly r e ad 
h ig h  i n  add i t ion to be i ng e r r a t i c . Once the un i t  wa s ful l y  r e­
pa i r ed , the detec to r ( except a t  ve r y  low r ad i a t ion l eve l s )  wa s 
qu i te accur a te . As expl a i ned e a r l ier , we have been unable to 
e x pl a i n  f ul ly the qu i e scent 20 m R  read i ng w i th no r ad i a t ion 
pr e sent . 

The d a ta u s i ng the ful l y  r epa i r ed un i t  wa s ta ke n  a t  the Ve r t ical 
Ra ng e whe r e  6 0 0  R/h r i s  the max imum ach i evable l evel . F igure  2 3  
s h ows the  d ata und e r  d i f fe rent tempe r a tu r e  a nd h um id i ty cond i­
t io n s . Aga i n , the r o om t empe r a t u r e , l ow h um id i ty case i s  qu i t e  
l in e a r  a nd accur ate . The e f fe c t  o f  1 0 0 %  r e l a t ive h um id ity i s  

4 0  



101 

101 

101 

101 108 106 
CQ-60 SOURCE ( mR/H) 

50% RHI 72 ° 

F ig u r e  2 3 . H P - R- 214 Detecto r Feado u t  o n  the Sand ia Ve r t ic a l  
Ra ng e .  The e f fects o f  m o i s tu r e  and tempe r a tur e  o n  the d e te c t o r  
accur acy a r e  ev ioe n t . 

pronounced . The bac kg r ound l eve l appe a r s a s  appr ox ima tely 1 . 0 R/ 
h r  a nd the s l ope o f  the c ur v e  i s  muc h  l owe r .  I n  f a c t ,  i t  i s  
s omewh a t  fl a t  ove r the r a ng e  o f  5 R/h r t o  6 0 0  R/h r o f  inpu t r ad i­
a t ion l ev e l  whe r e  i t  r ang e s  f r om only 5 0  t o  2 0 0  R/h r . Ra i s ing 
the t empe r a t u r e  f r om 7 2 ° F to 1 4 0 ° F r e s ul t s  in an appr o x ima t e  
doubl ing o f  r eadout level . A tempe r a tur e o f  1 4 0 °  F wa s s e l e c ted 
fo r tes t i ng because t empe r a t u r e s  ins id e  conta i nmen t  fl uc tua ted 
betwe e n  1 4 0 °  F a nd 1 2 0 °  F fo r a n  e x tend ed pe r i od o f  t ime dur i ng 
the  acc ide n t ( Re fe r ence 9 ) . 

F i g ur e 24  combines the r e l a t iv e l y  l ow l ev el � ad i a t i on d a t a  f r om 
the Ve r t i c a l  Ra ng e w i th the much h ig h e r  l eve l s  a t t a i n a b l e  � t  
H IACA . A t  l ow r ad iat ion l ev e l s the  " d r y" d e te c to r  i s  s ig n i f i­
ca n tl y  mor e  accur a t e  than whe n  mo i s t u r e  i s  i n t r od uced . A t  
r a d iat ion i npu t l evel s a bove 1 0 0  R/hr , t h e  r eadout r e soo nse i s  
s ubstant i a l l y  be l ow wha t  i t  should b e  fo r bo t h  d r y  and -

1 0 0 % RH 
c a s e s . 

4 1  
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Figure 24 . BP-R- 2 1 4  Readout Vs . Source Level . Ve r t ic a l  
r ange and B IACA d a ta are  shown fo r both dry a n d  h ig h  
hum id i ty cases . 
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The r e a sons fo r the h igher  r ead ing s a t  l ow r ad iat ion l ev e l s ,  a s  
d i scussed ea r l i e r , is d u e  i n  pa r t  t o  the e r r oneous h igh ampl i f ie r  
con t r i bu t ion t o  the outpu t s ig na l  because o f  the pa r t i cul a r  DC 
feedbac k  s ignal  wh ich r es ul ts when h um id i ty i n t r od uces a 
r e s i s t ive path to g r u und . At v e r y  h ig h  r ad iat ion l ev e l s  t h i s  
e f fe c t  i s  ove r shadowed by the r ad i a t ion s ig n a l  i tsel f .  The 
r e a son fo r the a bnormal ly l ow r ead ing s a t  v e r y  h ig h  i npu t l ev e l s  
appe a r s  t o  b e  the r e s ul t o f  a r ed uc t ion i n  low ampl i f ie r  ou�pu t .  
The pho tog raphs s hown i n  .Fi g u r e  2 5  o f  the h ig h  a nd l ow r ang e 
pr e amp! i f ie r  ou tpu ts d emon�1:. r a te both the e r r oneous h ig h  r. a ng e  
ampl i f ie r  s ig na l  a t  l ow r ad i a t ion l ev e l s  ( Figur e 2 5  D ,  E ,  F and 
G )  and the r ed uced l ow r a nge ampl i f i e r  s ig n a l  ( F ig u r e  2 5  H )  a t  
h ig h  r ad iat ion l evel s .  ( The o sc i l l a t ion present o n  the h ig h  
r a ng e  pr e ampl i f i f i e r  ou tpu t wa s caused by the tes t se tup . )  
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A .  D r y , S o u r c e  l R/ h r . 
M e t e r  . O S R / h r . 

D .  W e t , S o u r c e  B a c k g r o u n d  
M e t e r  2 . 5  R / h r . 

B .  b r y , S o u r c e  l O R / h r . 

Z>l. e t e r  9 R/ h r , 

c .  D r y  S o u r c e  S O O R/ h r . 
M e t e r  S O O R/ h r . 

l o  

h i  . 

l o  

h .i  

E .  We t ,  S o u r c e  l R/ h r . 
Me t e r  S . S R/ h r . 

F .  W e t ,  S o u r c e  l O R / h r . 
M e t e r  4 0 R/ h r . 

F i g u r e  25 . H P-R - 2 1 4  Lo Am:p a nd H i  Amp Ou tpu t s . The d e t e c tor wa s 
e xposed to r ad i a t i o n  l eve l s  va r y i ng f r om ba c kg r o und t o  5 0 0  R/h r  
u n d e r  both dry ( low hum id i ty )  and we t ( 1 0 0 %  R H ) cond i t i on s . 

A ':I 

h i. 

l o  



H i  H i  

L o  

L o  

G .  W e t , S o u r c e 5 0 R/ h r . 

M e t e r  5 0 R/ h r . 

I .  W e t , S o u r c e B a c k g r o u n d  # 2  

M e t e r  B R/ h r . 

H .  Wet , S o u r c e  5 0 0 R/ h r . 

M e t e r  5 5 R/ h r . 

H i  

L o  

J .  W e t , S o u r c e  B a c k g r o u n d  

# 2  + l h r . 
M e t e r  B m R / h r . 

F i g u r e  2 5  ( C o n t i n u e d ) . 

We have shown the inaccur ac ies observed when moisture  i s  
i n t r od uced into the detector . I n  add i t ion to th i s , howeve r ,  
these inaccur ac ies a r e  v a r iable wi th t ime a f te r expo su r e  to 

H i  

L o  

r ad ia t ion . Th i s  can be d emon s t r a ted by c ompar i ng F igure 2 5 ,  
Pho tog raphs D ,  I ,  and J .  Pho tog r aph D i s  backg round before the 
pn i t  vas exposed to the source and i t  r e ads 2 . 5 R/h r . Photog r aph 
I i s  a f ter  going f r om 1 R/hr to 5 0 0  R/hr and then back to back­
g r o und , and it now read s  8 R/h r . After  l e t t i ng it s tab il i ze a t  
bac kg round fo r one hour , the r e ad ing h a s  gone to 8 mR/hr a s  shown 
in Pho tog r aph J. These var i a t ions vs . t ime and h um id i ty ma ke i t  
v e r y  d i f f icul t to make r epea table measur ements . I t  i s  no wo nder 
that the  s t r ipcha r t  r ecord i ng of the Dome Mon i tor dur i ng the 
acc id ent  is con fus ing . 
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V. RADIAl)lON TOTAL DOSE 
: ·  ; ·. . . 

The total g amma r ad i at ion dose s  rece ived by the  d e tec to r  
e l e c t r on i c s  and the HP-R-2 1 4  powe r and s ig nal c able , wh i c h  i s  
outs ide the s s  vessel,  a r e  e s t imated i n  th i s  sect ion . Tr ans i s to r  
g a i n  d eg r ad a t ion wa s u sed a s  t h e  d o se i nd icator f o r  t h e  d e tecto r , 
and ela s t omer ic d eg r ad a t io n  prope r t ie s  we r e  used for the cable . 
I n  add it io n , we have compiled d o se s  e s t im a ted for o th e r  i n s t r u-
men t s  ins ide conta i nment wh ich wer e  s im ila r l y  e s t imated . ( See 
Re ferences 1 0 , 1 1 , 1 2 ) .  Table 1 s umma r i ze s  these d o se s . 

1 .  De tec to r  Gamma Do se--I t i s  po s s i b l e  t o  e s t im a te the 
g amma d o se r ece ived by the detecto r  by compa r ing the g a i n  
d eg r ad a t i on o f  s im ila r t r a n s i s to r s wh ich h ave been exposed to 
known lev e l s  o f  r ad ia t ion ( Re fe rence 10 ) .  I n  o r d e r  to g ene r a te 
th i s  cal ibr a t ion d a t a , a n umbe r o f  trans i s t o r s o f  each type wa s 
expo sed i n  a Co 6 0  f a c ility . Expo sur e s  we r e  mad e i n  i n c r em en t s  
i n  o r d e r to cha r a c te r i ze t h e  t r ans i s to r s  a s  d o s e  was accumul a ted . 
The s e  t r a n s i s to r s had colle c to r  cur r ents o f  1 0 0  uA a nd we r e  thus 
act ive d ur i ng e x po s ur e .  

F i g u r e  26 shows a n  ex ampl e o f  the d a t a  g ene r a ted fo r ten 2N 3 5 6 5  
Fa i r c h i l d  t r ans i s t o r s .  The uppe r curve i s  tha t  mea s ur ed o n  the 
pa r t icul a r  t r a n s i s to r  hav ing the h ig h e s t  g a i n  of the  t e n . The 
m id d l e  cu rve is the ave r ag e  of the ten , and the l owe r  curve shows 
the m in imum g a i n  d ev ice . The t r ans i s to r  g a i n  ( HFE ) fo r t h i s  
pa r t i c ula r s e t  o f  d a t a  wa s mea s ur ed a t  1 0 0  u A  o f  collector  
cur r en t . The av e r ag e  HFE o f  the H P-R -2 1 4  t r an s i s to r s  wa s 11 5 .  
Fr om the curves th i s  cor r e s pond s to a tot a l  dose o f  be twe e n  2 . 5  
and 3 , 6  x 1 0E 5  rad s .  Appe nd ix G conta i n s  c a l ibr a t ion d a t a  o f  
th i s  type on o the r trans i s to r  type s . _ Tabl e 4 s umma r i ze s  o u r  dose 
e s t imate f ind ing s fo r each of 4 t r ans i s to r  t ype s .  The av e r ag e  
H F E  o f  each type o f  t r a n s i s to r  r emoved f r om HP-R- 2 1 4 i s  g iven . 
Be l ow each o f  these av e r ag e s  a r e  the e s t im a t e s  we mad e  u s ing the 
proced u r e  d e sc r ibed above . To obta i n  the ove r a l l  ave r ag e  dose 
e s t imates , we s impl y un i fo rmly we igh ted each set of mea s u r emen ts . 
The ave r ag e  o f  th i s  d a t a  shows tha t the d e tec tor rece ived a dose 
o f  appr o x imate l y  2 . 2 x 1 0E 5  rad s .  

The a ccur acy o f  t h i s  method o f  a r r iv ing a t  d o se e s t im a te s  i s  
unce r t a i n  fo r a va r i e ty o f  r e a sons . Manu fac t u r e r - t o-manu fac tur e r  
and l o t- to- lo t d i f fe r ences i n  t r ans i s tor s a s  we l l  a s  pr ocess ing 
d i fferenc�s a l l  con t r ibu te to �r r or s J howeve r ,  we f e e l  tha t  by 
c ha r ac te r 1 z i ng a n um be r  o f  d 4�V lces we c a n  obta i n  a r ea sonable 
dose e s t imate . Ano the r  mod i f i e r  i n  th i s  proce s s  i s  th a t  o f  � r a� s i s tor g � i n  a nneal ing . Undoub ted ly , anne a l ing took pl ace 1 ns 1de con ta 1 nme n t  betwe e n  the t ime o f  eX J?OS U r e  a nd the t im we r e  a b l e  t o  mea sur e the g a i ns o f  the d ev lce . 

e we 
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Table . 4 .  Tr ans i s tor Total Do se Es t imate s . FSC , GE , MOT r e fer to · 
the manufactur e r s  o f  the trans istors wh ich we characte r i zed . The 
numbe r s  immed iately ad j acent to the manufacturer  a r e  the _ numbe r s  
o f  trans istors characte r i zed . The n umbe r s  i n  the col umns a r e  the 
m i n imum , max imum , and ave rage g amma dose e s t imate s .  

Est imated Dose 
Trans i s tor Type M i n imum 

2N3 9 0 4  ( HF E  = 3 8 ) 
FSC ( 3 )  1 .  9E S 

GE ( 3 ) 4 . 4ES 
MOT ( 4 ) 0 .  8E S 

2N3 6 4 3  ( HFE = 1 8 ) 
FSC ( 1 0 )  1 .  7E S 

2N3 5 6 5  ( HFE = 1 1 5 ) 
FSC ( 1 0 )  2 .  SE S 

2N4 249  ( HFE = 1 6 3 ) 
FSC ( 1 0 )  

Ove r a l l  Ave rag e  
To tal Do se 2 . 1E S  

to• 

z -� to• · · · · ·  · ·  · ·  · · ·  · ·  · ·  · ·  · · ·  · · · ·  · · · · · ·  · · · · · · ·  · · · ·  

E-t z I 

Average 

2 . 1E S  
4 . 8ES 
3 . 3E S  

2 . 1E S  

3 .  OE S 

0 .  3E S 

2 .  2E S 

( Rad s )  
Max imum 

2 .  2E S 
7 .  SE S 

1 0 .  OE S 

2 .  7E S 

3 .  6E S 

0 .  SE S 

3 .  3E S 

101 ;--,rorrrnorr--.--r,,,,,n,�,n,r1 --,,-�, ;.,,,,, rrl irj --.-������ �• •�• l - �  � � � � GAM:MA DOSE {RADS) 

Figure 26 . 2N3 5 6 5  Fa i rchild NPN Tr ansistor Ga i n  Deg r ad at i on .  



Fig u r e  2 7  s hows d a ta tha t we took to dete rm i ne the e ffec t s  o f  
anneal ing . I n  these t e s ts , t r an s i s to r s  we r e  b ia sed a t  c o l l ec to r  
cur r en t s  o f  1 0 0  uA and we r e  exposed t o  5 x l OES r ad s . Th� ga i n s  
we r e  mea s u r ed fo r t h r e e  d ev ices o f  each t ype a s  t ime passed a f ter 
the e x po s ur e . We s e e  fr om the se c u rves that anneal i ng d id occur , 
but not  to a ny g re a t  d eg ree . S i nce the  total d o se e s t imates have 
fa i r ly w id e  e r r o r  ba r s  a s soc i a ted w i th them , we h ave e lec ted to 
ignore the e f fec ts o f  a nneal ing . By d o i ng t h i s , our total d o se 
e s t imates w i l l  be sl igh tl y  l owe r than the doses the d ev ices 
a c tual ly r ec e ived . 

2 .  Ca b l e  Gamma Do se--The HP-R-2 1 4  cable has  2 0 - conduc tor & 
o f  No . 1 6  w i r e � e a c h  conduc tor h a s  a s il icone i nsul a t ion wh i c h  i s  
cove r ed w i th g l a s s  b r a id . The bund l e  o f  2 0  conduc t o r s  a r e  
w r a pped wi th 2 m i l  a l um inum and myl a r  fo i l . The o u t e r  j acke t i s  
a sbestos b r a id . A p i c t u r e  o f  t h e  c a b l e  i s - s hown in  F igure  2 8 . 
In  o r d e r  to e s t imate the r ad iat ion d o se r ece iv ed by the cable , 
r ad i a t io� d eg r ad a t ion c h a r a c te r i s t i c s  o f  the s il icone i n s ul a t ion 
and myl a r  fo i l  we r e  mea sur ed . 

The g l ass  br a id f r om the wi r e s  wa s r emov ed a nd the w i r e  wa s 
pul l ed ou t o f  the s il icone cove r i ng .  The cove r i ng wa s then 
tes ted on a n  I n s t r on mach ine to d e te rm i ne pe r ce n t  e l ong a t ion a t  
brea k and i t s  tens i l e  b r ea k  s t r e ng t h . As w i t h  the t r ans i s to r s ,  
new c a b l e  s ampl es we r e  e x po sed to i nc r e a s ing l ev e l s  o f  Co 6 0  
r ad ia t ion and cal ibr a t ion c u rves we r e  pl o t ted . The s e  s amples 
we r e  f r om the s ame spool  o f  c a b l e  at  TM I-2  f r om wh i c h  t he HP-R-
214  cable had c ome . The s e  d eg r ad a t ion cha r a c te r i s t i c curves a s  
we l l  a s  the HP-R-2 1 4  mea sured d ate a r e  s hown i n  Fig u r e  2 9 .  Ta b l e  
5 shows t h e  pe rcent e l o ng a t ions and brea k s t r e ng th s  meas u r ed fo r 
the HP-R-2 1 4  cable s ampl e .  The e s t im a t e s  o f  r ad i a t ion d o se a r e  
a l so shown . The se d a t a  i nd ic a t e  tha t  the cab l e  wa s exposed to 
appr o x imately 7 . 9 x 1 0E 6  rad s .  S im il a r t e s t s  u s i ng l ig h t  t r a ns­
m i t tance cha ng e s  a s  the dose i nd i c a t o r  o f  myl a r  wr ap ind ica ted 
dose l evel s of 2 . 0 X 1 0E 6  rad s ( Append ix G ) . We have more con­
f idence in  the s il icone mea s ur eme n t ; the r e fo r e ,  we pr e s e n t  o u r  
be s t  e s t imate a s  7 . 9  x 1 0E 6  rad s .  

S i nce the cable , u n l i ke the d e t e c to r  t r a n s i s to r s ,  wa s expo sed to 
bo th be ta and g amma r ad i a t ion , we we r e  conce r ned th a t  the do s e s  
mea su r ed m ig h t  conta in b e t a  d amag e a s  we l l .  Be ta d amag e shoul d 
be l ow i n  the s i l icone because the r a ng e  o f  be t a s  i s  qu i te 
l im i ted a nd the a sbe s to s  a nd a l um inum/myl a r  l aye r s  s hould s h i e ld 
the s il icone ins ul a t ion . 
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F i g ur e 27 . Tr a n s i stor Anne a l ing Ch a r a c te r i s t ic s . The top 
plo t  s hows HFE anneal i ng o f  th r ee 2N3 5 6 5  tr ans i s tor s  wh ich 
we r e  e x po sed to a n  abrupt 5 Jc l OE S  rad s .  The  l owe r pl o t  
shows a s im i l a r  expo s u r e  o f  l:h r ee 2N3 9 0 4 trans i s to r s .  



Fig ur e 28 . H P-R-2 1 4  cabl e .  Th i s  photog r aph 
shows the cable end tha t mated to HP-R-2 1 4 .  

Table  5 .  H P-R-2 1 4  C a bl e  To tal Do se Es t imate s .  The n um be r s  i n  
pa r enthe s i s  a r e  our  dose e s t imates fo r tha t pa r t icul a r  s e t  o f  
w i r e s . 

Wi r e  
Numbe r 

1 
2 
3 
4 
5 
6 
7 

8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  

1 - 2 0  

E l o ng a t ion 
Pe r ce n t  Ave r ag e  

2 2 3  
2 5 0  
1 9 8 
2 1 5  
2 0 1  
1 9 2 
2 0 1  

1 7 6 
1 8 6 
2 0 0  
2 1 0  
2 1 8  
2 1 8  
2 3 6  
2 2 1  
1 9 3  
2 1 3  
2 3 3  
1 8 6 
1 9 8  

2 1 1 . 4  
( S . O x l 0 E 6  rad s )  

2 0 6 . 8  
( 6 .  2 x l 0 E 6  rad s )  

Te n s i l e  B r e a k  
S t r e ng t h  ( Lb s )  Ave r ag e  

8 . 5 8 
1 0 . 3 6 

7 .  56 
8 . 9 6 
8 . 0 2 
7 . 7 8 
7 .  7 2  

7 . 1 2  
8 . 1 8 
8 . 1 8  
8 . 6 0 
9 . 1 8 
8 . 6 0 
9 . 4 2 
8 . 7 8 
7 . 7 6 
8 . 6 8 

1 0 . 0 0 
7 . 5 6 
8 . 3 6 

8 . 4  

( 1 . 0 :11 OE7 rad s )  

8 . 5  

( l . O x1 0E7 rad s )  

A v e r ag e  o f  S ampl e s  

2 0 8 . 4  ( 5 . 8 xl 0E 6  r ad s )  8 . 4 7 ( 1 .  O x l 0E 7  
r ad s )  

Average o f  E1ortgat ion and Ten s i l e  Br eak .. 7 .  9 x 1 08 6  rc.ds.  
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VI. TMI-2 RADIATION TIME HISTORY 

By f a r �  the mos t  d i f f ic ul t  task  o f  th i s  analys i s  h a s  been that o f  
e s t imat i ng the t r ue r ad ia t ion l eve l s  i n s id e  con t a i nment over the 
the cour s e  of the acc ide n t .  To d o  th i s , pre s uma bly , we can u s e  
the HP-R-2 1 4  f a i l ur e  m odes , the r ad iat ion t o t a l  d o se i n fo rmat ion , 
the s s  vesse l a ttenua t ion cha r ac t e r i s t ic s , the r ad ion uc l id e con­
tent e s t imates , a nd the events o f  the TM I - 2  a cc id en t .  Th i s  t a s k  
i s  impo r ta n t  because t h e  i n fo rma t i on g a ined f r om s uc h  a n  a nalys i s  
could b e  qu i te use ful i n  val id at ing LOCA r e l ea s e  mod e l s  a nd pro­
v id i ng the indus t r y  wi th a t r ue , sma l l- sca le , LOCA r ad i a t i on pr o­
f il e . We cannot ove r empha s ize the fac t that the HP-R-2 1 4  wa s the 
only ins t r umen t  i n s id e  conta i nment tha t could be used fo r t h i s  
pur po se . Wha t  fo l lows i s  a d isc uss i on a bout t h e  s a l ient fea tur e s  
o f  t h e  s t r ipcha r t  r ecord i ng a nd r ad ia t ion l eve l s  ins id e  the s s  
vesse l . F r om th i s , we pr esent two h ypo theses a bout t h e  t r ue r a­
d ia t ion l eve l s  bo t h  ins id e  and outs id e the vessel . 
Un fo r t un a te ly , the r e  i s  con fl ic t i ng d a t a  as soc i a ted w i th each 
hypo thes i s  ma k i ng i t  d i f f icul t t o  d e te rm ine wh ich is  a c tua l l y  
mor e  l i ke l y  to be t r ue . 

A. DOME MONITOR STRIPCHART CORRECTION 

The Vic to r e e n  8 4 6 - 1  Re adout Mod ul e ( SN1 0 3 0 ) wa s d e l ive r ed to 
Sand ia in Fe b r u a r y  1 9 8 2  a f te r  be i ng r em ov ed f r om t he c a b i ne t  i n  
the TM I - 2  Cont r o l  Room . In  the pr oce s s  o f  check i ng the 
c a l ibr a t ion of the r eadout , we fo und tha t the s t r ipc ha r t  r ec o r d e r  
ou tpu t c i r cu i t  h a d  b e e n  chang e d  f r om tha t shown i n  the d r awing 
schema t i c .  Re s i s tor s R l  a nd R 2  had been chang ed f r om 8 0 . 6 KD 
and 4 0 2 Q  to 6 2  KH and 2 0 KD r e spec t ively . Th i s  wa s pr e s umably 
done to i nc r ease the r e adout o u tpu t f r om 5 0  mV ful l s c a l e  to 0 . 8  
V f ul l sca l e . Th i s  chang e  wo uld s e em to be appr opr i a t e excep t 
that the ful l s c a l e  r ead i ng wi th a n  i npu t vol tag e o f  8 . 0 v wa s 
only 0 . 7 5 V. Ano the r pr obl em wi th the chang e  i s  tha t the ou tpu t 
imped ance to the s t r ipc ha r t  r ecorder  i n s tead o f  be i ng 
approx ima tely 3 0 0 0 i s  now about 1 0  K D  • Th i s  could cause 
sc a l ing e r r o r s  if  the s t r ipc ha r t  r ecorder  i npu t imped ance wa s not 
fa i r ly h igh . Appe nd ix C shows o u r  mea s u r ed cal i br a t ion c u rves 
fo r the r e corder output a nd the r eadout mete r . We found the 
me te r ou tpu t to be accu r a te with i n  spec i f i c a t ions . The 
cal ibr a t ion e r r o r , ta ken by i tsel f ,  wo uld c a u s e  the r ecorder  to 
ind icate l eve l s  lowe r  than pr ope r by a f a c t o r  of exac tly 2. 

The H P-UR-1 9 0 1  mul t i channel s t r ipc ha r t  r ecorder  wa s a l so found by 
Donald Ni t t i  o f  Babcock and Wilcox to be impr ope r l y  c a l i b r a ted 
d u r i ng the a c c id ent . Append ix D c onta ins a l e tter  wr i t ten by 
Don a ld Ni t t i  on J une 2 7 ,  1 9 7 9 on the s ub j e c t  " Conta i nme n t  Dome 
Rad ia t ion Mon i to r . "  In t h i s  l e t te r , Ni t t i  d i scusses the fol­
low i ng two probl ems i n  i n te r pr e t i ng the Dome Mon i to r  r e ad i ng s : 
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1 .  " Th e  r ecorder  i s  a 5 decad e l og r ecorder , wh e re a s  the d ome 
mon itor  is an 8 d ecade i n s t n1 me n t wh ich is l i nea r  with i n  each 
decad e .  ( Th u s , the r ecorder wa s pr i nt i ng a n  8 decade s ig na l  o n  5 
d ecade !£g pape r ) . "  

2 .  " Th e r e  wa s a c a l ibr a t ion e r ro r  betwe e n  the dome mon i tor 
ind icator and the record e r  s uc h  that the 8 decad e  s ig n a l  wa s 
pr i nted only ove r  the f i r s t  3 . 78 decades o f  the 5 decade c h a r t  
pape r . "  

N i t t i  u s ed t h i s  i n fo rma t ion to cor r ec t  the s t r ipc ha r t .  H e  then 
ver i f i ed the accur acy o f  h i s  wo r k  by c ompa r i ng pe r iod ic me ter 
r e ad ing s  r ecorded b y  Co n t r o l  Room ope r a to r s .  

We d id not ex amine  the HP-UR-1 9 0 1 s t r i pcha r t  r ecord e r , because 
fo l lowi ng the a cc ident i t  wa s u s ed f o r  v a r ious o ther  r ecord ing 
f unct ions and wa s mos t  l i ke ly r e ad j us ted to record othe r s ig n a l s .  
Wi th t h i s  l o s s  i n  c a l ibr a t ion d ata , we must r e ly on N i t t i ' s  wo r k .  
The r e fo r e , even tho ug h  the r a t eme t e r  recorde r outpu t wa s found to 
be unca l ibra ted , we mus t  assume that the combina t i on o f  r a temeter  
and r ecorde r  we r e  s e t  as  outl ined by Ni t t i .  We bel i eve tha t  th i s  
i s  acceptable because o f  N i t t i ' s compa r i sons o f  m e t e r  r ead ings 
with h i s s t r ipcha r t  cor r ec t ions . We h av e  used Ni t t i ' s  cor r e c t i o n  
facto r s  a nd h a v e  r e r ead t h e  s t r ipcha r t  a nd cor r e c ted t h e  r ead i ng s  
pe r the fo l l owing equa t ion : 

Cor r ec ted l eve l =( 5 H{5a_) [log { str ipc ha r t  v a l ue x 1 0  >] 
� 3 .  78  

- 1  

The r e sul t i s  the cor r e c ted s t r ipc ha r t  shown i n  Fig ur e 3 0 .  Th i s  
ag r e e s  close ly w i t h  Nit t i ' s r e s ul ts .  The a c t u a l  d a t a po i n t s  a r e  
g iven i n  Appe nd ix D .  The d e tecto r  qu iescent r ead ings both a t  
TM I - 2  { i n s i t u ) and a t  SN L a r e  shown . The d e tector  wa s beh av i ng 
e r r a t ica l ly d ur i ng both o f  these r ead ing s .  

B. TWO HYPOTHESES REGARDING RADIADON LEVELS 

I f  we accept Figure  3 0  a s  an accurate r epr esenta t ion o f  the Dome 
Mon i tor outpu t ,  wh a t  can we say a bout the accur acy o f  the r ad ia­
t ion mea s u r ements themselve B ?  I n  th i s  and the nex t sect ion , we 
a t tempt to t i e  tog ether the i n fo rm a t i on we have on the Dome 
Mon i to r  a nd the eve n t s  ta k i ng pl ace ins ide conta i nment d ur i ng -the 
acc ident . We a r r iv e  at two e s t imates of wh a t  the t r ue r ad i a t ion 
l eve l s  we r e  ins id e  the ss  vesse l . Fr om the ins ide e s t imates , we 
c a n  a l so e s t imate l ev e l s  o u t s i d e  the vessel  u s i ng a f i ss ion 
r e l e a s e  mode l .  Howeve r ,  the r e  is con fl i c t i ng d a ta . The d a t a  
s ug g e s t  two d r ama t ic a l l y  d i f fe rent r ad ia t ion l ev e l  hypo theses : 
Hypothe s i s  1 says tha t r ad ic:1 t i on l eve l s  a s  me a s ur ed by HP-R- 2 1 4  
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Figur e 3 0 .  HP-R- 2 1 4  S t r ipc har t .  The o r ig inal s t r ipc ha r t  
h a s  been cor r ected i n  th i s  plo t  t o  account fo r the inco r rect  
log pape r and  sca l ing . The " i n s i tu• a nd • sa nd ia" nota t i ons 
refe r  to measurements made i n  place by TEC a t  TMI - 2  and those  
mad e a t  Sand ia . The ver t ical l ines show the var iabil i ty o f  
l eve l ind ica t ions . Th i s  cha r t  a l so shows t h e  g amma i nt eg r a ted 
do se a t  three po ints i n  t ime . These do ses we r e  calc ul a ted by 
integ r a t i ng the area und e r  the str ipcha r t  cu rve . 

we r e  e s sent i a l ly c o r r e c t  dur i ng the f i r s t 8 0 0  hour s o f  the 
acc iden t ; Hypothe s i s  2 s u rm i f; e s  th a t  the d e tec to r wa s n eve r 
cor r e c t  and that t r ue l ev e l s  we r e  cons id e r a bly h igher  than those 
mea s ur ed . It  m ig h t  appe a r  tha t one could r e a sona b l y  po s t ul a te a 
n um be r  o f  o t h e r  hypo theses bE� cause o f  the s t r i k i ng d i f fe r e nces i n  
these two ; howeve r ,  the r e  i s  qu i t e  a l o t  o f  i n fo rma t i o n  wh ich 
suppo r ts each  hypo thes i s . N o  other  r e a sonable theo r i e s  we r e  
d i scove r ed . 

Hypo the s i s  1 .  De t e c to r  mea surements dur i ng the f i r s t 8 0 0 
hour s o f  the a c c id e n t  w� r e  e s sent i a l ly cor r e c t , even t houg h  
mo i s tu r e  had  a t  s ome t ime c i r c umvented t h e  ss  ves s e l  s e a l . Af te r 



8 0 0  hour s ,  the measurements we r e  inco r r e c t  because o f  th i s  mois­
tur e . Th i s  hypo th es i s  "is s uppo r ted by conv inc i ng i nd icat ions tha t  
the ea r ly pa r t  o f  the s tr ipc ha r t  i s  c o r r ec t .  Noble g a s  concen­
t r a t ions tho ugh t to be ins id e  conta i nmen t  a t  the t ime could have 
pr oduced the a ppr o x imate l ev e l s i nd icated . The we a kn e s s  o f  t h i s  
hypo thes i s  i s  the d r ama t i c  r i se t o  ve r y  h igh l eve l s  o f  r ad ia t ion 
be tween 6 0  and 8 0 0  hour s .  The total r ad ia t i on do se r ece iv ed by 
the detec to r  e l e c t r o n i c s  wa s mea s u r ed to be 2 . 2 x 1 0E5 and tha t  
i n  the d e te c to r  cable outs id e  the s s  vessel wa s 7 . 9  x 1 0E 6  r ad s .  
Mos t  o f  the 2 .  2 x l OE S  r ad s  wou l d  h ave bee n  depo s i ted i n  the 
detector e le c t r o n i c s  dur i ng the 6 0  to 8 0 0 hour t im e  pe r iod . On ly 
1 x 1 0E4 r ad s  wo uld h ave been a c c umula ted in the f i r s t  2 0  hour s 
u s i ng t h i s  m od e l � Wh a t  we hav e  been unable to c l e a r ly d e te rm i ne 
i s  a r ad ia t ion sou r c e  capab l e  o f  produc i ng s uc h  h ig h  l eve l s  
i n s id e  the vessel  s o  l a te i n  the a cc id en t . To fur ther expand : 

1 .  As we sha l l  see , the r e  i s  good ev idence tha t  the Dome Mon i t o r  
wa s r e a so nably a cc ur a te · fo r  t h e  f i r st 3 0  hour s a f te r  the 
beg inn i ng o f  Ma r c h  2 8 ,  1 9 7 9 .  

2 .  The r e  i s  0ood ev id ence tha t f r om 3 0  t o  6 0  hour s r ad i a t i on 
l eve l s  we r e  be low 1 0 0  R/h r . We canno t say w i th much cer ta in ty 
how l ow they we r e . The Dome Mon i to r  may or may not hav e  been 
accur a te dur i ng th i s  pe r iod . 

3 .  The r e  i s  con fl ict ing ev id e nce on the a ccur a cy f r om 6 0  to 
appr ox ima te ly 8 0 0  hour s .  Neve r th e l e ss , a wea k  case  can be made 
that the r ead ing s  we r e  r e a sonably accur a te over th i s  pe r i od a l so . 

4 .  The r e  i s  ove rwhe lm i ng ev idence tha t f r om approx ima tely 8 0 0  
hour s a n d  l a te r  the Dome Mon i tor wa s tota l ly i naccur a te .  

The s e  conc lus i on s  a r e  based i n  pa r t  on the fo l l ow i ng po ints . 

1 .  Mo i s tu r e  may h av e  e n t e r ed the vessel  a nd d e te c tor dur i ng the 
f i r s t  8 0 0  hour s , bu t the e f fec t was negl ig ible except fo r the 
br i e f  pe r iod f r om 3 0  to 60 hour s .  The e ffects o f  m o i s tu r e  a r e  
ev ide n t  a f te r  8 0 0  hour s .  

2 .  Rad ioac tive gas  i n  sm a l l  quan t i t ie s  pr obably d id enter  the 
vesse l . Howeve r ,  the e f fect on r ad ia t ion r e ad i ng s wa s sma l l  when 
compa r ed to r ad iat ion i ntens i ty f r om sources outs id e  the vesse l . 

3 .  The 1 .  27 em ho l e  and breach o f  the outer  s s  vessel  j acke t had 
l i t tl e  e f fect on r ad ia t ion r e ad i ngs . 

4 .  Th e d eg raded MOS t r ans istor s ,  a l thoug h  bad f r om a d e s ig n  
poi n t  o f  v i ew , had l i t t l �  e f fect on accur acy . 

5 .  tapac i tor C l 7  f a i l ed somet ime a f te r 1 0 , 00 0  hour s .  



6 .  Th r o ughou t the acc iden t. , the Dome Mon i to r  wa s mea s ur i ng 
r ad i a t i on f r om o ne o r  more o f  the fo l l owi ng a t  any g iven t ime : 
r ad ioact ive g a s , pa r t i c l e s  suspend ed o r  d i s so lved i n  the ae ro sol , 
pl a teout on s u r face s ,  a nd d i r e c t  s h i ne f r om the s team g ene r a to r  
" B" candy cane . As the d i scuss ion l a t e r  w i l l show , the r e  i s  
confl ic t i ng ev id ence r eg a rd ing ev ents h appe n i ng i n s id e  
conta i nment a nd the ac tua l scur c e  o r  sou r c e s  o f  r ad ia t ion . 

7 .  The r i se i n  r ad iat ion l ev e l s  a t  6 0  hour s a nd the h ig h  l ev e l s 
unt i l  approx ima te l y  8 0 0  ho u r s  could be r e a l  a s  ev idenced by , 
among other  t h i ng s ,  the r ad i a t i on dose r ece ived by the d e tector 
ele c t r on i c s . 

Hypo the s i s  2 .  The d e tecto r  wa s n ever  c o r r ec t  a nd r ad iat ion 
l ev e l s  ( pa r t icul a r ly d u r i ng the f i r s t 20 hour s )  we r e  po ss ibly 25 
t imes h ighe r than the d e te c t o r  r eg is te r ed . I f  we a s s ume a f i s­
s ion pr oduc t r e lease spe c tr· um wh i.ch i s  s im i l a r to that o f  noble 
g a s , the cor r e c t  dose o f  7 . 9  x 1 0E 6  r ad s  outs id e and 2 . 2 x 1 0E 5  
r ad s  i n s id e  the s s  vessel  could h av e  accumul a ted i n  th i s  wa y .  
Th i s  hypothes i s  i s  fur th e r  suppo r ted by the unu sual  manne r i n  
wh ich the d e tec tor r esponds i n  the p r e s ence o f  m o i stur e .  A l so r  
these h ig h  l eve l s  a r e  suppo r ted in  pa r t  by meas u r emen t s  by HP-R-
2 1 3 .  Wha t  is d i f f icul t to e x rl a i n i s  how a s u f f ic ient q u a nt i t y  
o f  mo i s tu r e  c o u l d  have v i o l e te u  t h e  s e a l  s o  e a r l y  i n  the 
acc id ent . Mo i s tu r e  wo ul d have had to e n t e r  the d e tector some t ime 
a f te r  7 : 0 0 am . S ince Conta i nment Bu ild i ng pr e s s u r e a ve r aged only 
2 ps ig dur i ng the f i r s t 14  hour s ,  the fo r c i ng fun c t i on wa s l ow .  
Us i ng the ide a l  g a s  law PV = NkT we s e e  th a t  the n umbe r o f  g a s  
molecul e s  i n s id e  c a n  i nc r e a s e  b y  only 2 0 % fo r a c hange i n  
pr e s s u r e  o f  3 ps ig . I f , howeve r , l iqu id wa t e r  wa s for ced i n s ide , 
the hum id i ty i n s id e  the vessel  coul d h av e  r i sen cons id e r ably . A s  
i s  t h e  c a s e  with Hypo the s i s 1 ,  t h e  e f f e c t s  o f  r ad i oac t ive g a s  i n  
the v e s s e l  a nd o f  sh i ne thr oug h  the 1 . 2 7 em h o l e  we r e  sm a l l .  The 
d eg r ad ed MO S t r a n s i s to r  and capac i to r  f a i l u r e  we r e  not  
s ig n i f icant e a r ly in  the a c c id en t . The  fo l lowi ng d i sc u s s ion 
abou t s t r ipcha r t  fea tur e s  g iv e s  mor e d e ta i l  r eg a r d i ng Hypothes i s  
1 a nd Hypo thes i s  2 .  

C. DISCUSSION OF STRIPCHART FEATURES 

Le t u s  now ex am i n e  the s t r ipcha r t  i n  d e ta i l  and d i sc u s s  i t s  
sal ient featur e s . Th e s t r ipc ha r t  has  been b r o ke n  i n to four 
sect ion s ( F ig u r e s  3 1  and  3 2 ) .  Eac h  sec t i on u s e s  l i nea r t ime 
sc a l e s  in o r d e r  to s how f i n e r  deta i l . C i r c l ed l e t te r s  i nd icate 
the va r i ous po i n t s  to be cove r ed in  the d i scu s s i on wh i c h  fol l ows . 
Please  r e fe r  to Re f e re nce 15 f o r  r e l ev ant conta i nment ev ents 
d u r i ng the acc iden t . I t  should b e  noted tha t the s t r i pc ha r t  
t imes may be i n  e r ro r  by a s  muc h  a s  2 t o  3 m in u te s o 
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� The 5 mR/h r read i ng pr i o r  to reactor t r ip 4 : 0 0 a . m .  on 
Ma r c h  2 8  ( four hour s s ince the beg inn i ng )  is  cons i s tent w i th the 
1 0 0  mR/hr Hp-R-2 1 3  read ing s ( Refer ence 1 2 ) . HP-R- 2 1 3 i s  located 
n e a r  the i ncor e  tubes on the 3 4 7 - foot conta inment l ev e l . Bo th 
detecto r s  we r e  probably r e ad i ng N 16 g amma emi s s ions f r om the 
pr ima r y  l oo p  r ea c to r  coolant wa ter  f l owi ng thr oug h  the s te am g en­
e r a to r , " ca ndy cane"  inpu t-po r t  p i p i ng . These candy canes a r e  
above the 3 4 7  foot ope r a t i ng f l oo r  a nd a r e  sepa r a ted f r om HP-R-
2 1 3  by fou r  fee t  o f  conc r e te . A d i r e c t  l in e-o f- s ig h t  i s  
av a il able fo r H P-R-2 1 4  pa r t icul a r ly f r om Steam Ge ne r a tor B ( see 
Append ix E ) • 

N 1 6  has 6 . 1 2 9  and 7 . 1 1 5  MeV gamma em i s s ions wh ich wo ul d be only 
sl igh tl y  a ttenuated by the s s  vesse l . The a b r upt d r op in d e te c­
tor outpu ts a t  r ea c to r  t r i p i s  i nd ica t iv e  o f  the decay o f  N 1 6  
whos e  ha l f  l i fe i s  only 7 . 1  seconds . 

QD At r e a c to r  t r ip both d e tector o utpu ts decr eased to 
m i n imum sca l e  and s ta yed the r e  un t i l  bo th rose a t  a r o und 6 : 3 0 
a . m .  Th i s  i s  c le a r  ev id ence that a s ig n i f icant am oun t o f  
mo i s t u r e  h ad not ente r ed the s s  vessel  by th i s  t ime . Up t o  th i s  
t ime , Re acto r  Bu i l d ing pr e s s u r e s  we r e  f l uc tua t i ng a r ound 2 p s ig . 
Since the pr e s s u r e  ins ide the s s  ve sse l beg a n  a t  - 1  ps ig ,  the r e  
wa s a func t ion t o  fo rce s a t u r a ted a tm osphe r e  i n to the vesse l . 
Hum id i ty tests  on the d e tecto r c l ea r ly s how tha t  h ad any s ig n i­
f icant am oun t o f  moi s tu r e  ente red the vesse l , the d e tector r ead­
i ng would have been at least 1 0 0  m R/h r . 

� The abr upt r i se i n  r ad iat ion r ecor ded a t  6 : 27 a . m .  by 
HP-R- 2 1 3  and at 6 : 3 2  a . m .  by the Dome Mon i to r  is the f i r s t i nd i­
cat ion of  f a i l ed fue l r od s .  The p r e s s u r i ze r  block va lve wa s 
c losed a t  6 : 2 2 a . m .  The r ad i a t ion a s  seen by HP-R- 2 1 3 a nd HP-R-
2 1 4  coul d h av e  come f r om r ad ioac t ive g a s  r e l eased thr oug h  the 
bloc k valve j u s t  pr io r to its c l o s u r e , f r om s h i ne fr om the u n­
covered c o r e , o r  f r om sh ine f r om g a s  t r a pped i n  the s team g ener­
tor  candy cane s . At l e a s t  a sma l l  amount o f  r ad ioac t ive g a s  wa s 
i n s ide con t a i nment a t  tha t t ime s ince the Re a c to r  Bu i l d ing u i r  
pa r t i cul a te s ampl e mon i to r  a l so reached i ts a l a rm setpo i n t . 
Pr obably , o n ly sl igh t  c l add ing d amage h ad occur r ed a t  th i s  po i n t  
and o n l y  a sma l l  amount o f  g a s  wa s r e lea sed . I t  then too k 
sev e r a l  m i nutes fo r the gas  to be seen a t  the 3 4 7  foot l ev e l . 

@ At th i s  t ime , HP-R-2 1 3  reached i t s  uppe r 1 im i t o f  1 0  
R/hr . HP-R - 2 1 4  wa s r ead ing a pp1� ox imately 0 . 1 8 5  R/h r  i n s id e  the 
ves s e l at a h ighe r e l eva t i on . These two n umbe r s  a r e  con s i s tent 
i nd ica t i ng that  H P-R- 2 1 4  wa s pr obably cor r e c t  to th i s  po i n t . 

t® At appr ox ima tely 7 : 1 1 a . m .  the Dome Mon i to r  shows a 
m a r ked i nc r ea se i n  l evel . Two ev ents happe ned n e a r  th i s  t im e : 
Fea c to r  Coo l a n t  Pump 2B wa s s t a r ted a t  6 : 4 5 a . m .  and the b l o c k  
v a l ve wa s opened a t  7 : 1 3 a . m .  Appr ox im a t e ly B O O  hour s l at e r , 
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the o pe r a t ion o f  coolant pumps seems to be t ied t o  r ad iat ion 
l eve l chang e s � Howe•1e r ,  dn th i s  case , · the d etec to r s  a r e  probably 
see i ng gas r e l ea sed t h roug h  the block v a l ve . The t im e  d i f fe rence 
is probably a r e s ul t  of t·imi ng e r r o r s .  

� Rad i a t ion l ev e l s  appea r ed t o  be r e l a t iv e l y  constant a t  
around 8 3 0  F/h r , for a bou t s even hour s .  The b l o c k  valve wa s 
r e pe a ted ly cyc l ed f r om 7 : 40 a . m .  un t i l  5 : 08 p . m .  when i t  wa s 
f i n a l l y  c lo sed . The sou r ce r a ng e  neu t r on d e te c to r s  i nd i c a te t h a t  
the c o r e  f inal l y  wa s covered a t  a round 7 : 3 0 a . m .  The r e  wa s s t i l l 
no loop flow eve n  whe n  Reactor  Cool a n t  Pump 2B wa s r un n i ng . 

I f  we a s sum e  a n  e x po ne n t i a l  r e l ease o f  noble g a s  f r om the c o r e  
i n to conta i nment v i a  the block  v a l v e  u s i ng a t ime con s t a n t  o f  two 
hour s ,  a nd a ccount fo r d ecay o f  noble g a s  r ad io i so topes , the 
r ad ia t ion l eve l s  meas u r ed by the Dome Mon i to r  wo uld be r e l a t ive ly 
fl a t  over t h i s  pe r iod . Th i s  i s  shown in the nex t sec t ion of t h i s  
r e po r t  wh ich d i scuss e s  f is s ion prod uc t r e l e a s e  and l eve l s .  These 
c a l c ul a t ions sug g e s t  t h a t  f r om 20  t o  4 0 %  o f  the cor e ' s noble  g as 
i nven to r y  wo uld h ave h ad to be r e l e a sed d u r i ng th i s  pe r i od i n  
o r d e r  to m a t c h  the Dome Mon i to r  s tr ipc h a r t  ( Hypo th e s i s  1 ) . Th i s  
s e ems fa i r ly r e a sonabl e  s ince th i s  amount o f  i nvento r y  could 
conce iv ably be i n  the z i r ca l l oy to f ue l  pe l l e t  gap a nd wo ul d thus 
be e a s i l y  r e l e a s ed . O f  cour se , o t h e r  vol a t i l e  f i ss ion prod uc t s  
would h av e  been r e l e a sed a l so .  

Fad i a t ion l eve l s  d u r i ng th i s  t ime could a l so h ave been muc h  
h ig h e r  ( Hypo the s i s 2 ) . I f  we a ssum e  that m o i s tu r e  e n t e r ed t h e  
d e tector  in  the 7 : 0 0 a . m .  t o  1 1 : 0 0 a . m .  t ime f r ame , pea k l eve l s  
wo uld have had to have been o n  the o r d e r  o f  20 , 000  R/hr i n s id e  
the ves s e l  t o  account fo r the r ad i a t i o n  dose . F igure  2 4 ,  wh i c h  
pl ots  r eadout v s .  C o  6 0  sour ce s t r eng th , shows t h a t  a d e tecto r  
read i ng o f  8 3 0  R/h r c o u l d  e i th e r  be a 9 0 0  R/h r source  s t r eng th 
fo r a dry d e tec tor o r  a 5 0 0 0  R/hr so ur ce s t r eng th f o r  a 10 0 %  R H  
a tmosph e r e . Un fo r tuna t e l y  because o f  t h e  va r i ab i l i ty o f  l a bo r a­
to r y  measur ements o f  d etecto r  r e sponse to r ad i a t ion 1 n  a m o i s-
ture  a tmosphe r e  and spa t i a l  cal i b r a t ion o f  our  i n s t r uments , we 
be l ieve that our mea s u r em t�nts coul d e a s i l y  be i n  e r r o r  by a f ac­
to r o f  2 .  Th i s  appl i e s  to tot a l  dose es t ima t e s  a s  we l l  a s  Co 6 0  
c h a r a c te r i za t i ons . The s e  po ten t i a l  e r r o r s a nd o the r s  m ig h t  make 
up the d i f fe r ence betwe e n  5 0 0 0  a n d  2 0 , 0 0 0  F/h r . 

@ HP-R-2 1 4  measur e s  a ppr ox im a te ly 8 3 7  R/hr a t  th i s  po int  
i n  t ime . Fo r tuna te ly , we h ave anoth e r  i nd i c a t o r  of  r ad i a t ion l e­
vel . We can u se the mul t iv a l ued behav ior o f  HP-R -2 1 3 . H P-R- 2 1 3  
was pegged a t  i t s  uppe r l im i t  o f  1 0  R/h r ( Append ix F )  un t il a t  
1 1 . 75 hour s i ts output beg an t o  d e c r e a se . A t  1 4  hour s i t  r ead 1 
R/h r . Our ex am i n a t ion o f  HP-R- 2 1 3 ,  HP-R- 2 1 1 ,  and HP-R� 2 1 2 s howed 
that when t r a n s i s to r s i n  these d etec to r s a r e  d eg rad ed by 
r ad ia t ion , they can ind icate l ow r ad i a t i on l eve l s  whe n  in f a c t  
t h e y  a r e  qu i te h ig h  ( Re fe r ences 1 0 , 1 1 , 1 2 ) .  Th i s  behav ior  i s  
shown i n  F ig u r e  3 3 .  The d i scuss ion wh i c h  fo l l ows i nd icates  t h a t  
r ad iat ion l ev e l s  a t  14  hour s we r e  cons id e r ably h ig h e r  than H P-R-
2 1 4 wo uld i nd ic a te . 
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F igure 3 3 .  Mu1 t iva 1 ued Fesponse . These cu rves d emonstrate 
the mu1 t iv a 1 ued r e sponse o f  HP-F- 2 1 1 ,  HP-R- 2 1 2 ,  and HP-R - 2 1 3  
whe n  exposed to r ad i a t ion 1 �ve 1 s  f a r  a bove l OR/h r wh ich i s  
the uppe r l im i t  o f  these d e tec to r s .  

I f  we f i r st a s s um e  that Hypo thes is 1 i s  the c a se , the total do se 
rece ived by HP-R-2 1 3  at 1 4  hour s wo uld h ave been at mo st 4 x 1 0E4 
r ad s .  ( Se e  nex t sec tion fo r a 20 % r e l ease of noble g a s . ) A d o se 
o f  only 4 x 1 0E 4  r ad s  i s  probably too l ow fo r the d e tector  to 
e x h i b i t  a mul t ivalued behav io r . ( Fo r  e x ampl e ,  H P-R - 2 1 1  r e ce iv ed 
a dose o f  2. 5 x 1 0E 5  r ad s . )  

I f  on the other  hand , we a ssume that l evel s we r e  2 5  t imes h ig h e r  
a s  pos ed i n  Hypothe s i s  2 ,  t h e  d o s e  rece ived by HP-R- 2 1 3 at 1 4  
hour s i s  a t  most 1 x 1 0E 6  rad s .  T h e  d i f fe r ence i n  e l evat ion a nd 
s h i e ld i ng , howeve r , probably acco unt fo r the factor o f  7 . 9  d i f­
f e r ence betweeen d o ses measur ed fo r HP-R - 2 1 3  and the HP-R - 2 1 4  
c a b l e . Thu s ,  i f  we r ed uc e  the 1 x 1 0E 6  r ad s  by th i s  fac to r , the 
d o se fo r H P-R -2 1 3  at 14 hour s coul d have po s s i bly been 1 . 4 x 1 0E 5  
r ad s . I f  we e x t r a po l a te the mul t iva l ued beh av i o r  c u rves fo r th i s  
do se , we s e e  that the gamma rate  could have been a s  h ig h  a s  
2 0 0 , 0 0 0  R/h r . Th i s  i s  s t r ong ev idence t h a t  l eve l s  we r e  ve r y  h ig h  
a t  th i s  po i n t  i n  t im e .  
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the h ydrogen bur n wh ich occurred a t  9': 50  a .m .  At that t ime , the 
s t r ipc ha r t  recorder outpu t ,  shown in Figure  3 4 ,  c lea r ly ind icates 
that HP-R-2 1 3  wa s lost . We attr ibu t e  the f a i l ur e  of HP-R-2 1 3 to 
the pr e s su r e- induced shock . At th i s  t ime , the s t r ipc ha r t  
ind icates a n  abrupt drop fr om 59 0  t o  5 1 7  R/h r i n  the Dome Mon i to r  
l evel . Th i s  wa s pr obably caused b y  t h e  s hock s ince we found the 
detec tor to be qu i t e  shock sens i t ive . Wh a t  i s  l e f t  o f  the 
s t r ipc ha r t  be fo r e  it pr inted in pl ace i s  s ig n i f icant . A f te r  the 
abrupt d r op , the Dome Mon i to r  str i pcha r t  l eve l cont inues to 
decrease at the same s l ow r a te as be fo r e  the shock , even thoug h  
the bu i ld ing spr ays a r e  r unn i ng . The spr ays s tay o n  fo r a total  
of  6 m inutes , a nd a ppr ox imately 5 m inutes of  s t r ipc ha r t  a r e  
ava ilable be fo r e  t h e  str i pcha r t  s topped advanc i ng a nd began 
pr int ing over  i tsel f .  
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� ig ure  3 4 .  Ac tual HP-:-R- 2 1 ·4 Str i pcha r t  Record i ng .  Th e t ime ax i s  1 s  r ever sed a nd t ime 1 nc r eased towa r d  the l e f t .  H P-R- 2 1 4  i s  Channe l 1 2  and HP-R-21 3 i s  Channe l 1 1 .  The cha r t  shows tha t HP-R-2 1 4  wa s funct ional a f ter the hyd r ogen bur n s hock . 



The r e  i s  no ma r ked d ec re a se i n  r ad i a t ion l ev e l  dur i ng t h i s  t im e .  
Th i s  s eems t o  i nd icate tha t  the sprays we r e  not r emov i ng 
s ig n i f icant a e r o so l  r ad ia t ion . Th i s  i s  r e a sonable only i f  noble 
gas wa s the pr ime r ad ia t ion sour ce . I t  d o e s  s e em a s  thoug h  
l ev e l s  would d e c r e a s e  m o r e  t h a n  t h e y  d id ,  howev e r , s ince there  
cer ta in l y  we r e  s ome amount s  of  vol a t i l e s  and it  is  possible tha t  
the spr ays d id n o t  come o n  u n t i l  a fte r the r ecord wa s l o s t .  Ev en 
though the recorde r  pr inted ove r i tse l f , the record of ove r­
pr i nt i ng is m o r e  or l e s s  un i fo rm i n  d a r kn es s , po ss i bly i nd icat ing 
that l eve l s  d ec r eased somewha t  un i fo rmly . Aga i n , th i s  i s  
ind ica t iv e  o f  the d ecay o f  noble g as .  Un fo r tuna te ly , the r ecord 
wa s l o s t  fo r the next 1 0  hour s . The ev idence f r om th i s  
d isc uss ion i s  tha t the pr ime r ad iat ion source wa s noble g a s  a nd/ 
o r  s t :lin e  f r om the B loop candy cane . 

QD Th i s  r i se i s  d i f f icul t to expl a i n .  The block valve 
wa s n o t  opened aga i n  a ft e r  17  hour s ,  and a r ev iew of the 
ope ra to r ' s  l og s hows that no vent i ng to conta i nment occur r ed 
d ur i ng th i s  t ime . Un l e s s  s ome ven t i ng occur r ed , we conc l ud e  that 
f inal ly the e f fects of m o i s tur e i n  the vessel and d e te c to r  a r e 
be i ng seen . I f  we look a t  the s t r ipc ha r t a f te r 1 0 0 0  hour s ,  we 
s e e  tha t  the l eve J the r e  i s  betwe e n  5 0  and 7 0  R/h r j u s t  as  i t  i s  
dur i ng th i s  pe r i od o f  be twe e n  3 0  and 6 0  hour s .  Ou r hum id i t y  
t e s t s  on t h e  d e tector  a s  shown i n  Figure 2 4  show th at fo r l ow 
r ad ia t ion l evel inpu t s , the d e tecto r  coul d r eg ister  i n  the 5 0  
R/h r r a ng e ; th i s  i s  pa r t i c ula r l y  t r u e  i f  the un i t  we r e  ope r a t i ng 
a t  an e l evated tempe r atur e .  

The e f fects o f  hum id i ty w i l l  be d i sc ussed i n  more d e ta i l  l a ter in 
th i s  r e po r t .  I t  is impo r tan t , howeve r , to note that i n  a l l  o f  
our  d e te c tor tests ( even w i th m o i s tu r e  p r e s e n t )  h ig h  r ad i a t i on 
l eve l s  can be mea s ur ed i f  they a r e  h ig h  enough to swamp o u t  the 
e f fe c ts o f  m o i stur e .  Th i s  i s  t r ue , s impl y because o f  the wa y the 
d e tector  c i r c u i t  ope r a tes . Dur i ng th i s  t ime pe r iod , we can say 
wi th con f id ence that r ad iat ion l evel s we r e  e i ther  h ig h  e no ug h  t o  
prod uce the l eve l s  shown on the s t r i pc ha r t ,  or e l s e  they we r e  
l owe r  than i nd ica ted , i . e . ,  r ad iat ion l evel s we r e  not  h ig h e r  t h a n  
th i s . 

QD Th i s  r a p id r i se and the s ub sequent h ig h  l ev e l  r ead ing s  
u p  to appr ox ima te l y  8 0 0  hour s w i l l now b e  d i sc u s s ed . Th i s  po r-
t i on o f  the s t r ipc ha r t  has been the most d i f f icul t to expl a i n  be­
c a u s e  it does not s e em r e a sonabl e  th a t  l eve l s , days  or even wee k s  
a f t e r  the a c c ident beg an , coul d b e  a lmost a s  h ig h  a s  tho se a t  the 
beg i nn i ng s imply because o f  the r ad ioac t ive decay pr ocess . To 
und e r s tand t h i s  po r t ion o f  the s t r ipc ha r t ,  we m u s t  l ook a t  
r ad i at ion r e l e a s e  i n to conta i nmen t  v i a  was te g a s  o r  pr ima r y  
v en t i ng , HP-R - 2 1 4  c i r c u i t  ope r a t ion , r ea c tor coolant f l ow and 
pos s i b l e  sh i n e  fr om i t , and the r ad i a t io n  dose rece ived by HP-R-
2 1 4 .  
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1 .  Ve n t i n�- -The r i se in r ad i a t ion l ev e l s  at 6 4  hour s 
i s  pr a c t 1c a l l y  coinc 1d en t  w i t h  vent i ng o f  wa s te g a s  f r om the 
was te gas d ecay tanks into conta i nment a t  6 2 . 5 hour s . At th i s  
t ime and sub seque ntly fo r hund r e d s  o f  hour s ,  ope r a to r s e i the r 
vented g a s  fr om the decay ta n k s  v i a  Va lve WDG -V- 3 0B o r  d i r ec tly 
f r om the pr ima r y  v ia RC-V-1 3 7 .  Ven t ing o f  wa s te g a s  wa s 
nece s s a r y  beca u s e  the two tan k s  we r e  be i ng f i l l ed w i t h  g a s  f r om 
the l etd own a nd pur i f icat ion sys tem a nd we r e  i n  d ang e r  o f  be i ng 
ove r pr e s s u r i zed . The l e tdown sys t em pr od uced l a rg e  quant i t i e s  o f  
g a s  beca use o f  the l a rg e  r ed uc t ion i n  p r e s s ur e .  Th i s  g a s  wa s 
a l so qu i t e  "d i r t y" s ince the pur i f ic a t ion f il te r s  rap id l y  bec ame 
i ne f fe c tu a l  as they we r e  c l ogged wi th f u e l  d e b r i s . Ve n t i ng f r om 
the pr ima r y  wa s done to a t t empt to r id the pr ima r y  o f  i t s 
hyd r og en " bubbl e" . 

Th i s  v en t i ng pr obably r e l e ased both a e r o so l- su spended pa r t ic l e s  
a s  we l l  a s  t h e  r e s t  o f  t h e  co r e ' s  r ema i n i ng i nventory o f  noble 
g a s . The vent ing s  a r e  s hown on the e xpanded s c a l e  f ig ur e .  It i s  
impor tant t o  note tha t the ven t i ng wh ich occ ur s a t  6 2 . 5 hour s i s  
the only v ent ing wh ich occur r ed s i nce the block v a lve wa s c l o sed 
at 1 7  hour s .  Th e r i s e s  i n  s t r i pcha r t  r ad i a t i on l eve l gene r a l ly 
co inc id e r a ther  c l o sely wi th the v en t s . The l a s t  vent i ng we we r e  
able  t o  f ind occ u r r ed a t  7 2 6  hour s .  

The pr oblem w i t h  the s uppo s i t ion that  vent ing c a used s uc h  h ig h  
r ad i a t ion l eve l s  d ur i ng th i s  t ime pr iod i s  tha t , i n  add i t ion t o  
r ad ioa c t iv e  decay r ed uc tion b y  t h i s  po i n t  i n  t ime , j u s t  not t h a t  
much g a s  wa s actual l y  vented i n to conta i nment . The con ta i nmen t  
volume i s  qu i te l a r g e  a nd the wa s te g a s  deca¥ t a n k s  a r e  t i ny by 
c ompa r i son . One wo uld expect only a m i n o r  r 1 s e  in l eve l s . 

2 .  H P-R - 2 1 4 --0ur analys i s  o f  the c i r c u i t  ope r a t ion 
shows tha t ,  ev en in the p r e sence o f  m o i s tu r e ,  r ad i a t ion can  be 
d e tec ted i f  the r ad i a t ion gene r a ted s ig n a l  i s  l a rg e  enough to 
ov er shadow the mo i s tu r e  genera ted s ig na l . The d e te c to r  un­
doubted l y  saw the wa s te g a s  t a n k  r e l e a s e  at 6 4  hour s , mea n i ng 
that i t  could d e tect r ad i a t i on a t  tha t po i n t  i n  t im e .  An o the r 
po i n t  i s  tha t we we r e  una ble to f i nd a r e a sona b l e  fa i l u r e  mec h­
a n i sm wh ich wo ul d cause  the d e tec to r  o u tpu t to peg a t  a c e r ta i n  
l eve l a nd stay the r e  i f  the r ad i a t ion we r e  r emove d ;  the wa s te g a s  
r e l ease wo ul d n o t  have c a used the d e tec to r  t o  g o  h ig h  and s ta y  
the r e  eve n  a fte r the g a s  had d e c a yed . The que s t i on i s  why d id 
the i nd ica ted l evel r i se to over 5 0 0  R/hr and s tay the r e? 

Be fo r e  proceed i ng , we w i l l r ev i ew th e ope r a t ion o f  the d e te c tor . 
F i g u r e  3 5  s hows a block d iag ram o f  the d e tecto r  ampl i f i e r  c i r­
cu i t s . S igna l s  or ig i nat i ng i n  e i th e r  the low o r  h igh r a ng e 
c hambe r s  a r e  t r e a ted i n  the s am e  wa y .  The ion c hambe r s ig na l  i s  
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F igure 3 5 .  HP-R- 2 1 4  De tector  Block Diag r am .  

SUMM I NG  
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mul t i pl ied by 1 ,  9 ,  1 0 ,  and f in a l l y  1 0 ,  and the ou tpu t o f  each 
ampl i f ie r  is summed a nd con tr i butes to the total . However , each 
sec t ion can cont r i bute only up t o  3 . 5  vol t s  ( wh ic h  i s  l a t e r  
sca l ed t o  o n e  vol t f o r  each) . Fo r exampl e ,  i f  t h e  l ow r a ng e  
c h ambe r ou tpu t s ig n a l  we r e  2 0  mV, 9 vol ts r a the r than 1 8  vol t s  
wo uld b e  contr i bu ted b y  the l a st t imes 1 0  ampl i f ie r , 1 . 8 vol ts 
wo uld be con tr ibuted by the nex t- t o- l a s t  ampl i f i e r  in the cha i n ,  
0 . 1 8 vol ts f r om the X 9  ampl i fe r , and f i nal ly 0 . 0 2  vol ts f r om the 
X l  ampl i f ie r . The l a s t  t imes 1 0  ampl i f i e r , a f te r sc al i ng and 
summ ing coul d i t se l f  pr oduc e a 0 . 9-vol t s ig nal to g o  to the 
d e tector readout me ter and could cause the need le to i nd i cate 
nea r ly a one- decad e r ad i a t ion cha ng e .  

Two d i s t i nc t  pos s ib i l i t i e s  ex i s t  t o  expl a i n the incr ease a t  6 4  
hour s and the h igh l evel s un t i l  8 0 0  hour s .  1 )  One i s  that the 
d e tec to r low r a ng e  c i r cu i t  wa s r e s pond i ng prope r ly by pu t t i ng o u t  
4 vol ts a nd t h a t  t h e  r ad i a t ion l ev e l s  we r e  h ig h  e noug h  t o  
ove r s hadow t h e  mo i s t u r e- i nd uced s ignal  i n  t h e  h igh r a ng e  c i r cu i t .  
I f  th i s  we r e  the c a se , the mea s u r ed l ev e l s  a r e  cor rec t .  2 )  I f , 
on the othe r hand , the t r u e  r ad i a t ion l eve l s  i n  the ve s s e l  we r e  
be low 1 R/hr the l ow r ang e c i r c u i t  wo ul d b e  a ble t o  r e spond to 
sl igh t r ad i a t ion increases and the r i se a t  6 4  hour s wo uld h ave to 
be pr oduced by the l ow r ang e ampl i f ie r  s ig na l . I n  th i s  c a se , the 
h ig h  r a ng e  wo uld have to prod uce 3 decad e s  ( 3  vol t s )  o f  mo i s t u r e­
i nd uc ed s ig na l . Al thoug h  we d id not see t h i s  mag n i tud e o f  o f f s e t  
cau sed by mo i s t u r e  in  a n y  o f  o u r  tests , the r e  i s  good ev idence 
that th i s  d id happe n .  Fi r s t ,  in our tests , we found m o i s tu r e  to 
cause h ig h l y  var i able l eve l s , i . e .  mo i s t u r e  i n t e r a c t ion w i th the 
c i r c u i t  is v a r i a ble . Secondly , we a r e  r e a sonably c e r ta i n  that 
the 6 0  R/h r Dome Mon i to r  ind icat ion a f ter  1 0 0 0  hour s is  mo i s t u r e  



i nducedw If t h i s  i s  the c a se , w i th m o i s tu r e  in the d e t e c to r  a nd 
n o  r ad ia t ion , the d e tector  ou tpu t would b e  5 . 6 vol ts . I t  i s  
qu i te l ike ly that the h igh r ang e c i r cu i t  coul d p r oduce a 3-vo l t 
cont r i bu t ion • .  

Ba sed o n  a 1 R/hr r e ading f r om HP-R - 2 1 2  a t  2 3 0 0  hour s ,  i t  s e em s  
r e a sona b l e  tha t i n  the 6 0  t o  1 0 0  h o u r  t ime fr ame t h e  l eve l s  
i n s id e  con ta i nment coul d hav e  bee n  a s  h ig h  a s  1 0 0  R/hr . I f  we 
a s s ume a ves s e l  a ttenuat io n  fac tor o f  5 0  fo r r ad i a t ion l evel s  
i n s id e  the vesse l , the i n s id e  l ev e l  wo ul d have been 2 R/hr o r  
l a rg e  enough t o  peg the l ow r a ng e  c i r cu i t . Conve r s e ly , i f  the 
a t te n ua t ion f a c to r  we r e  3 0 0 bec ause of a so ftened spe c t r um ( su r e  
to be t r u e  fo r nobl e g a s se s ) , t h e  l eve l ins id e would b e  3 0 0  mR/h r 
and the l ow r a ng e  c i r c u i t  coul d r espond a s  d e s c r i bed . One must 
f ind a r ad i a t ion source o the r than nob l e  gas to expl a i n  the r i se . 
We conc lud e  that the c i r c u i t  ope r a t ional a spe c ts could s uppo r t  
e i the r hypothe s i s , depe nd i ng on wha t  the r ad i a t ion so u r c e  wa s .  

3 .  S h i ne F r om Ca ndy Ca ne s--As s hown i n  Appe nd ix E ,  a 
d i r e c t  l i ne o f  s ight path s e ems to ex i s t  be tween Steam Gene r a to r  
B c a ndy c ane a nd t h e  H P-R- 2 1 4 .  We c a n  po stul ate that r ad i a t ion 
of h ighly con t amina ted l iqu id ( wh ic h  could be ins id e the pr ima r y  
p i p ing whe r e  i t  e n te r s  t h e  top o f  t h e  s te am g ene r a tor s ) coul d be 
d e tec ted by the Dome Mon i t o r  and tha t a good pa r t  of the r ad i a-
t ion l evel seen dur i ng the 6 0  to 8 0 0 - ho ur t im e  f r am e  i s f r om t h i s  
sh i ne . 

Th i s  r ad ia t ion sour ce i s  po sed a s  a po ss i b il ity because the d ecay 
and spec t r um so f ten i n� of nob l e  gas con s t i t ue n t s  s impl y  e l imi n a te 
the con s t i tue nts  a s  s ig n i f icant r ad i a t ion contr ibutor s i n  the 
t ime fr ame of s eve r a l  h und r ed s  o f  hour s .  We mu s t , thus , a s s ume a 
d i f fe r ent r ad iat ion sour ce . Two b i ts o f  i n fo rma t ion s uppo r t  the 
pos t ul a te of sh ine  f r om the candy cane s . 

At 2 : 08 p . m .  o n  Apr i l  2 7 ,  the r e a c tor coo l ant pump , 2 A , wa s 
powe r ed down a nd the sys t em wen t  on n a t u r a l  c i r c u l a t ion coo l i ng .  
Cu r iousl y ,  th i s  co inc id e s  appr ox im a t e l y  w i th the s l ow ta i l ing o f f  
o f  r ad i a t ion l eve l s  a s  mea s u r ed by HP-R-2 1 4  beg inn i ng a t  a bou t 
7 0 0  ho ur s .  A l so ,  e a r ly i n  the acc id en t ,  the r e a c to r  cool ant pump 
2B , wa s star ted a t  6 : 5 4 a . m .  on Ma rch 28 and r a n  for approx i­
mately 20 m inutes i n  an e f fo r t  a t  that t ime to e s tabl ish cool ant 
fl ow 7 howeve r ,  good flow wa s n eve r ach i eved . No other  pumps we re 
r un fo r any appr ec iable t im e  un t i l  pump lA wa s success ful ly 
s ta r ted at appr ox ima tely 2 0  hour s . The slow r i se i n  r ad i a t ion 
l evel beg inn i ng a t  3 0  hour s c o ul d be the r e sul t of  r ev e r se fl ow 
o f  con t amina ted coo l a n t  i n  the nea r e r  ( to HP-R- 2 1 4 ) s t e am 
g ene r a to r  B l eg .  

The vent ing s  o f  the pr ima r y  sys tem d esc r i bed e a r l i e r  we r e  done to 
flush o u t  the h yd r ogen g a s  wh ich wa s pr e s e n t  in the uppe r pa r t  o f  
the r e a c tor vessel  a nd c a ndy c a ne s .  Th i s  wa s d one to a l l ow 
coo l a n t  flow th r o ugh the ve s s e l  and candy cane s . Ove r  the pe r iod 
o f  vent i ng s , i t  is not c l e a r  how m uc h  c o o l a n t  f l ow t h r o ug h  the 
�andy canes wa s a c tu a l l y  t a k i ng pl a c e . La te r , a f te r the 



ven t i ng s , we a s sum e  tha t a r e a sonable fl ow had been e s tabl ished , 
thus pre s uma bly accoun t i ng fo r the mo r e  o r · l e s s  con s ta n t  d e tector 
r ead i ng i n  the 6 0  to � 0 0  hour t im e  pe r iod . 

The for c i ng o f  wa ter th r o ugh the core  d e br i s  und o ubted l y  
d i s t r i bu ted pa r t icul ates  throug hout the sys tem i n  a r a the r 
un i fo rm fash ion . Whe n  natur a l  c i r cul a t ion wa s accompl i shed , 
these pa r t icul ates wo ul d tend to s e t t l e  out . Th i s  e xpl anat ion 
sound s r e a sonabl e ; howeve r ,  we h ave c a l c ul a ted that i f  the 
ac t iv i ty in the uppe r pa r t  of the c andy c ane we r e  1 C i / 1  and had 
a 1 . 2 MeV emi s s ion spec t r um ,  the r ad ia t i o n  l eve l on the outs id e 
o f  the s s  vessel  wo ul d be only 6 7 5  R/hr . The r e fo r e , i t  does  not 
l ook a s  thoug h  the 6 0 0  R/hr r ead ing s i n s id e  the vessel we r e  d ue 
to s h i ne f r om th� c a ndy c a ne s . Obviou sly , low l eve l s  o f  
r ad i a t ion f r om sh ine coul d be pr esent i n s id e  the v e s se l , a nd i n  
fact i f  t h e  d e tector h ig h  r a ng e  c i r cu i t  h a d  mal f unct ioned d u e  to 
m o i s tu r e ,  the 6 0 0  R/hr r ead ing coul d be the r e sul t o f  sh ine . 

4 .  Pad iat ion Do se--We coul d  pr e sent fa i r ly conv inc i ng 
ev id ence that , beca use o f  the c i r cu i t  ope r a t ion o f  H P-R - 2 1 4  i n  a 
hum id e nv i r o nme n t , the h igh l eve l r i s e  a t  6 0  hour s i s  e s se n t i a l l y  
not r eal . Two v e r y  h a r d  pieces o f  d a ta pr ev ent u s  f r om d o i ng 
th i s : the r ad i at ion d o s e s  r ece ived by the d e tec tor t r ans i s to r s  
and the cable sampl e .  I f  we cal cul ate the d o se i n s id e  the vessel  
a s s um i ng tha t only the f i r s t 20  ho ur s o f  the  s t r i pcha r t  a r e  
cor r ec t ,  the d o se r ece ived by the t r a n s i s to r s wo ul d only b e  1 x 
1 0E4 r ad s . Al so , a s s um i ng a 2 0 %  e x pone n t i a l  r e l ease o f  nobl e 
gas , the d o se to the cable a f ter 3 0 0  hour s i s  only 2 . 5 x 1 0E 5  
r ad s  a s  shown i n  the n e x t  sec t ion . Bo th these n umbe r s  a r e  l ow by 
a fac to r  o f  a bout  3 0  f r om the 2 .  2 x 1 0E 5  rad s a nd 7 . 9  x 1 0E 6  rad s 
mea s u r ed fo r the t r an s i s to r s and cable . 

I f  we a s s um e  the s t r ipc ha r t  i s  e s sent ial ly c o r r e c t  u p  to 8 0 0  
hour s ( Hypothe s i s  1 ) , the do s e  r ece ived by the d e te c t o r  would 
have been a ppr ox im a te ly 4 x 1 0E 5  rad s ,  or  very nea r  the 2 . 2 x 
1 OE5 r ad s mea s u r ed . Thu s , f r om th i s  s t a ndpo i. n t , the s t r  i pchar  t 
co ul d be co r r e c t  up to 8 0 0  hour s .  

® Rad iat ion ind i c a t i o n s  h e r e  a r e  undoub ted l y  i ncor r e c t  
becau s e  at 2 3 0 0  hour s , HP-R-2 1 2  wa s a c t iva ted a t  the 3 0 5 - foot 
e l ev a t i on a nd mea sured 1 R/hr ( Append ix F ) . Even i f  l ev e l s  we r e  
a n  o r d e r t o  mag n i t ud e  o r  two h ighe r a t  the 3 7 2- foot e l eva t ion , 
the l e ad sh i e ld ing wo ul d a t tenua te the sour ce too muc h to pr oduc e 
the  6 0  R/h r measured he r e . Ou r h um id i ty tes t s  a r e  fa i r ly 
conc l u s iv e  when they show that hum id i t y ,  i n  the pr e sence o f  l ow 
r ad ia t ion l eve l s ,  caused the d e tector  to r e ad e r r oneou sly ; the 
d etector c on t i nued to r ead e r roneou sly un t i l  i t  wa s t a ke n  out o f  
se r v i c e . 

D. RADIATION LEVElS OUTSI:OE THE VESSE� HYPOTHESIS 1 

Th e r e l e a s e s  i n to conta i nmen t  probably we r e  l a rg e l y  con f i ned to 
noble g a s s e s  and vol a t i l e  e l emen t s . I n i t ia l ly in the a c c id en t , 
these f i s s io n  pr o d uc t s  wo uld have c ome fr om the g a p  be tween the 



z i rcal l oy c l ad d ing a nd the  fue l pe l le t s . I n  t h i s  s e c t ion , we 
cal c u l a t e  r ad i at ion l eve l s  a t  the 3 7 2- foo t e l eva t ion a s s um i ng 
o n l y  noble g a s  a s  a r ad ia t ion sour ce . To d o  th i s ,  we a ss ume a 
vol ume t r i c  sphe r ic a l  source c::onta i n i ng va r iou s pe r ce n t ag e s  o f  the 
c o re ' s total i nvento r y  o f  noble gas and c a l cul a te the r ad iat ion 
l evel s  at one edg e o f  the sphe r e . 

Gamma t r a n spo r t  cal cul a t ions u s ing bu i l dup fac to r s we r e  t he n  mad e 
to t r anspo r t  the photons t h r o ug h  the s s  a nd l e ad l a ye r s  to the 
d etec to r  i n s id e .  Th i s  pr oces s  is an i te r a t iv e  one a nd is cont i n­
ued unt il the c a l c ul ated l eve l s  i n s id e  match the e a r l y por t ion o f  
the Dom e  Mon i to r  mea sur em en ts . Whe n  t h i s  match i s  mad e ,  the 
l eve l s  out s id e  a r e  known . Mon te Ca r lo c ompu t e r  t r anspo r t cod e s  
we r e  i n i t ial ly c on s id e r ed t o  make the t r anspo r t  c a l cul a t ions ; 
howeve r ,  the s e  we r e  n o t  used . I n  o r d e r  to h ave used the s e  cod e s , 
we woul d have had to f i r st d ev elop a g eome t r ical m od e l  o f  the 
s h i e l d  and then the d e tecto r . Th i s  wou l d  h ave been a c ompl ex 
task for t h i s  g eom e t r y  a nd the a ccur acy wa s not  f e l t to be 
s ign i f ic a n t l y  be tte r than u s i ng bu i ldup fac to r s  a nd expone n t i a l  
a t tenua t ion . Fo r o u r  t r an spo r t  cal cul at ions , t h e  fol lowi ng 
me thod s a nd a s s umpt ions appl y : 

1 .  The nobl e gas  r e l eased wa s un i fo rmly m ix ed i n  the 
uppe r pa r t  o f  the d ome fr om the 3 4 7  foo t e l evat i on to 
the 4 7 3  foot e l evat ion . No volat i l e s  we r e  a s s umed . 

2 .  Nob l e  g a s  conce n t r at ions a s  a f unc t ion o f  t ime we r e  
suppl ied b y  w .  C .  Hopk i n s  o f  Be c h te l  ( Re fe r e nce 1 3 ) .  
Th i s  m ix t u r e  o f  nobl e g a s s e s  accounts fo r the ope r a­
t i ng t im e  o f  TM I - 2  when the acc id ent occur r ed . 

3 .  The conta i nmen t  uppe r l evel  vol ume wa s a s s umed to be 
3 3 1 89 m3. Th i s  wa s t r a n s fo rmed i n to a sphe r e  o f  r ad ius  
1 9 . 9 3 m .  

4 .  We accoun ted for a t te n ua t ion by a i r . 

5 .  The fol l owi ng equat ion fo r r ad i a t ion r a te o u t s id e the 
s s  vessel  wa s u sed fo r the c a l c ul a t ions . Th i s  expr e s­
s ion wa s d e r ived by w .  C .  Hopk i n s  and wa s ve r i f i ed by 
Sand ia . An expl ant i.on o f  t e rms i s  g iven i n  Appe nd ix u .  

6 .  The fo l l owing expr e s s ion wa s u s e d  t o  c a l c ul a te l eve l s  
in s id e  the s s  vessel : 

7 .  The r ad iat ion wa s r e l ea sed expo nen t i al ly a s  f o l l ows : 

SyEp ( t.) •  S" Ep ( to )[a - e-'t.lz.J 



8 .  The e f fects  o f  the hole  i n  the  vessel  we r e  n o t  con� 
s id e r ed . 

9 .  Any e ffects o f  r ad ioa c t iv e  g as i n s id e  the v e s s e l  we r e  
not con s id e r ed . 

Append ix H c onta i n s  m o r e  i n fo rma t i on pe r ta i n i ng t o  these and 
othe r t r anspo r t  c a l c ul a t ion s . The r e s ul t o f  these c a l c ul a t ions 
i s  shown in Figur e 3 6 . The g amma r a te outs id e the s s  vessel  
( l abe l ed s s  p i g )  pea k s  a t  abou t 8 0 0 0  R/h r and d e cays by two 
o r d e r s o f  mag n i tud e by 5 0 0  hour s .  The c a l cul a ted r ate i ns id e  the 
vesse l is shown ove r l a id w i th the Dome Mon i to r  cor r ec ted 
s t r ipc ha r t . No t i ce tha t  the calcul a ted l evel  d r ops o f f  qu i te 
sha r ply i n  the 2 0  t o  3 0 - ho u r  t ime f r ame . Th i s  i s  caused by the 
so ften i ng of the noble gas spec t r um a s  t ime prog resses . We hav e  
matched the ea r ly pa r t  o f  the s t r ipch a r t reco r d i ng ve r y  we l l . 
Howeve r , th i s  mod e l  does not pr ed ict o r  expl a i n  the r i se i n  
mea s u r ed l eve l s  a t  6 0  hour s and l a te r . One can pos e  e x planat ions 
fo r the r i se 6 0  hour s a nd l a te r . Some of  these expl ana t i ons a r e  
add r essed be low . 
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HOURS SINCE i.IARCH 28 
F igur e 3 6 . TM I - 2  Gamma Ra te H i s to r y ,  Hypo thes i s  1 .  The 
f i r s t  20 hour s of the s t r i pt�ha r t  r ecord i ng is matched by 
a s sum ing a 20 % exponen t i a l  :noble g as r e lease . Th i s  f igur e 
a l so shows wha t  the l evel  outs id e the vess e l  needed to be to 
pr oduce the assum ed l ev e l  i n s id e  the v e s se l . If r ad ioac t iv e  
g a s  we r e  pr esent ins id e the vesse l , R b  8 8  h ig h  ene rgy betas 
wo ul d have pr oduced the r esjponse shown . 



1 .  Ef fec t o f  Gas In s id e  the Ve ssel . I t  has  been po s tul a ted that 
the Dome Mon i to r  r e ad i ng s  wer e  in e r r o r  because r ad ioac t ive � a s  
had l e a ked i n s id e  t h e  s s  v e s s e l  a n d  thus  c i r cumvented the  s h 1 e ld 
cau s i ng the mon i to r  to r e ad except iona l ly h igh . The e f fec t  o f  
g a s  i ns id e  the vessel  i s  s hown i n  Fig ur e 3 7 .  He r e , the v e s s e l  
wa s a s s umed to be c ompl e te l y  f u l l  o f  r ad ,i. oact ive g a s  o f  t h e  s ame 
conce n t r a t i on s  a nd a c t iv i t y  as t h a t  outs id e the v e s se l .  A 6 0 % 
instantaneous r e le a s e  wa s a s s umed to occ u r  a t  6 : 3 0 a . m .  

The contr i but ion by g a s  i n s id e  the v e s s e l  i s  a lmost o ne o r d e r  o f  
mag n i tud e  l e s s  than tha t due t o  g a s  outs ide the vess e l  ea r ly 
a f te r the r e lease because the volume o f  g a s  i n s id e  i s  qu i te 
sma l l . La te r , a f te r  2 0  hour s , the g a s  ins id e the vesse l d om i n-· 
ates  because the spe c t r um  so ften i ng i s  not nea r ly so muc h a 
f a c to r . The e f fe c t  o f  the 5. 3 4  MeV be t a  em iss ion o f  Rb 8 8  i s  
shown i n  Figur e 3 6  for  the case o f . a  20 % ins tantaneous r e l ease 
and immed i a t e  entry i n to the vesse l . The e f fec t , i n  th i s  
un l i ke ly even t , i s  s t i l l  be low that c a l cul a ted fo r g a s  01 1 t s  id e 
the vesse l . 

60 "  Instantaneous Nmle 
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HOURS SINCE MARCH 2 8  
Figur e 3 7 .  E f fec ts o f  Rad ioac t iv e  Ga s I n s id e  t he ss Ve s se l . 
I f  we a s s ume that a 6 0 %  r e l e a s e  o f  the co r e ' s i nventory o f  
nobl e gas  occur r ed a nd that the conta i nment a tm o sph e r e  coul d  
s omehow b e  pre s e n t  i n s ide the s s  vess e l , r ad i a t i on l eve l s  
i n s id e  the vessel  wo ul d b e  the " compo s i te "  c ur v e .  Th i e  c u r v e  
and t h e  con t r i bu t ions o f  g a s  i n s id e  t h e  v e s s e l  and t h a t  d ue 
to the oute r volum e  o f  conta inment a tm osph e r e  a r e  shown i n  
th i s  f ig u r e  • .  



F r om c these c a l c ul a t ions , ' we f ind tha t ,  even i f  r ad ioa c t ive g a s  o f  
equa l  ma keup and conce n t r a t ion a s  tha t ou ts ide the vessel we r e  
p r e �e n t  i n s id e ,  the con t r i bu t i on t o  the  over a l l  r esponse e a r ly in  
the acc ide n t  would h ave been sma l l . We conc l ude , th� r e fo r e , that 
the e f fects  o f  r ad ioa c t iv e  g a s  'ns id e  the vessel we r e  neg l ig ible . 

2 .  Ef fe c t  o f  the 1 . 27 Cm Ho l e . We conclud e  t h a t  
r ad iat ion l ev e l s  i n s id e  t h e  s s  vessel we r e  i nc r eased b y  a neg l i­
g ib l e  amoun t because o f  the 1 . 2  em d i ame te r ho l e  th r o ugh the s s  
vessel  l e ad s h i e ld . Th i s  concl u s ion i s  based o n  the f ac t  that 
the h o l e  s ubtend s a sma l l  sol id ang l e  and , the r e fo r e , the vol ume 
o f  gas a c tual ly " sh i n i ng " t h roug h  the hole i s  some 3 0  t im e s  
sma l l e r  than tha t inc iden t  on t h e  tota l vesse l sur face . I n  
add i t i on ,  o n l y  a sma l l  volum e  o f  t h e  d etector c hambe r s  a r e  
i l l umina ted . Th i s  conc lus ion i s  i n  pa r t  s ubstan t i a ted by the 
fact that the r ad iat i on dose r ece ived by the d e tector e lectronics  
could  not  h ave been d e l ive r ed th r o ugh the  ho l e  d u e  to its  
ver t ical pl acement . 

3 .  Mo i s t u r e  Co r r e c t i on . F ig u r e  3 8  shows the e f fec t o f  mo i s tur e 
i n s id e  the detecto r . Fo r th i s  case , the s t r ipc ha r t  has been 
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HOURS SINCE MARCH 28 
F i g u r e  3 8 .  Mo i s t u r e  Co r re c t ion . Th i i- �� � o f  curves s hows 
t h e  c a l c ul a ted r a tes i n s id e  and outs ide the s s  v�s s e l  a s s um i ng 
a 6 0 %  noble gas  r e l ease wh ich i s  r e l eased e xponent i a l ly w i th a 
t wo h o u r  t im e  constant . The add i t ional c u rv e  shows wha t  the 
d e t e c to r  wo ul d i nd ica te i f  m o i s tur e we r e  i n s id e  the v e s se l .  
Th i s  c u r v e  was d e r ived by u s i n�J F igure 2 4 .  Not ic e  tha t  the 
" In s id e  Pig " c ur v es are bo th substant i a l ly h igher  than the ac tual 
s t r i pch a r t  r ecord i ng ,  ind i ca t i t'lg tha t  a 60'  r el e a s e  i s  too h igh • 

., .,  



ad j u s te d  to ind icate actual  l eve l s  i f  mo i s t u r e  wer e  pr ese n t  
i n s id e  t h e  v e s s e l  a i  ihe t im� o f  r a d ia t i on r e l e a se . Ca l c ul a ted 
l eve l s  a s s um i ng a 6 0 %  expone n t i a l  r e le a s e  o f  nobl e  gas a r e  s hown . 
The curve f i t  i s  n o t  v e r y  g ood . 

E. RADIATION LEVElS OUfSIDE mE VESSEL, HYPOTHESIS 2 

I f  we a s s ume t h a t  the f is s ion pr od uc t  r e l e a s e  i nto conta i nmen t  
had , i n  add i t ion t o  noble g a s , a cons id e r a b l e  quan t i t y  o f  v o l a­
t i l e  e l emen t s  and that they a r e  su spended i n  the ae r o so l , r ad i­
a t i on l ev e l s  ins id e  cont a i nment coul d h av e  been con s id e r ably 
h ig h e r  than those found fo r a 20% r e le a s e  of nobl e  g a s . We now 
u s e  the i n fo rma t ion we have on the r ad ia t ion t o t a l  d o se s  r ece ived 
by the cabl e  a nd d e tector  to ad j u s t  r ad i a t ion r a te s . To d o  th i s , 
we c a l c ul a te l ev e l s  i n s id e  and o u t s id e  the v e s s e l  j u s t  a s  we d id 
fo r Hypothe s i s  1 ,  except tha t  we j u s t  i n c r e a s e  the l eve l o f  r e ­
l e a se un t i l  t h e  t o t a l  i nteg ra ted d o ses a r e  a ppr ox im a t e l y  
co r r ec t . Th e  e r r o r  h e r e , o f  cour se , i s  tha t  we a r e  us i ng t h e  noble 
gas  spe c t r um a nd decay c h a r a c te r i s t ic s  to appr o x im a te that o f  
both nobl e  g a s  and vo la t i l e s . 

· 

Re fe r e nce 14 s hows tha t the spe c tr um  a nd d ecay c ha r a c te r i s t ic s  
for a source  te rm cont a i n i ng both nob l e  g a s  and vol at i l e s  i s  
qu i te s im i l a r  t o  t h a t  o f  noble g a s  a l one . Al so ,  i f  t h e  vol a t i l e s  
a r e  i nd eed suspend ed i n  t h e  ae r o so l , o u r  vo l ume t r i c  g a s  mod e l  i s  
a l so r ea sonable .  Even i f  cons id e r ab l e  pl a teout has  occur r ed , the 
mode l  is not un r e a sor.able s ince we wo uld now h ave a source 
d is t r i bu ted on the i nn e r  s u r t a ce of  a sphe r e . FO r the hotter 
spec t r um e a r ly on , the a t le n u a t ion by a i r  i s  a sma l l  fac tor , a nd 
the d if fe rence be twe e n  a volum etr ic and a s u r face sour ce becomes 
l e s s  s ig n i f ican t . 

The r e sul ts o f  these 
rates ou ts id e  the ss 
pe a k  at 3 0 , 0 0 0  R/hr . 
integ r a ted doses a r e  

c a lcul a t i ons i s  s hown i c  F i g ur e 2 .  Gamma 
vesse l pea k a t  2 0 0 , 0 0 0  R/h r . Tho s e  i n s ide 

No t i ce that both the i n s id e  a nd o u ts id e  
very  c lo s e  t o  those a c t ua l l y  me a s u r ed . 

F. CONCLUSIONS REGARDING HYPOTHESES 1 AND 2 

As s ta ted i n  the S umma r y  o f  th i s  r epo r t ,  we be l i eve Hypothe s i s  2 
to be the more  l i ke ly e xpl ana t i on . I n  th i s  c a s e , t he ss  vesse l 
s e a l  wo uld h ave hacl to be c i r c umven ted by mo i s t u r e  qu i t e ea r l y  i n  
the acc id ent . I f  th i s  d id happe n ,  both the l ow s t r ipc ha r t  
r e ad i ng i n  the 1 0  hour t ime f r ame and the r i se and pl a teau l eve l 
i n  the 6 0  to 8 0 0 hour t im e f r ame a r e  expl a i nable a t  l e a s t  
qua l i ta t ively b y  the  wa y i n  wh ich t h e  d e te c tor r e spo nds i n  the preseryc� o f  mo i s t ur e . Un fo r t una t e l y , we w i l l n eve r be able to say w1 t n  a bso l u te ce r ta i nty wh a t  the r ad ia t ion r a tes r e a l l y  we r e  T� i s  i s

_
d i � tur b i ng

.
s in� e th i s  i n s t r umen t  should have prov ided u s

. 

w1 th t � 1 s  � n fo rma t 1 on 1 n  such a wa y a s  to l e av e  no doub t r eg a rd 1 ng 1 t s  accur a cy . 
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ABBREVIATIONS AND ACRONYMS 

Ci - Cur i e  ( Un i t  of r ad ia t io n  sou r c e  s t r e ng t h )  

CO 6 0  S o ur ce - Coba l t 6 0  Gamma So ur ce 

Cont aminant Bu ild i n g  - The l a rg e , s t e e l  r e in fo r c ed con c r e te 
b u i l d ing a t  TM I-2  w h i c h  houses the r eac to r , s team g ene r a tor s ,  a nd 
o the r pr imar y  coo l a n t  p ip i ng a nd equ i pme nt .  

C PM - Coun t s  Pe r Mi n ute 

DECON - decon t am inat ion 

DOE - Depa r tment o f  Ene rgy 

E DS - Ene rgy Dispe r s ive Spec t r o scopy 

EG &G � E G &G ,  Inc . 

EMP - Elec t r omagnet ic Pul se 

FSC - Fa i rc h i l d , Inc . 

GE - Gene r al Elec t r i c , Inc . 

G I F  - Gam�a I r r ad ia t ion Fac i l ity a t  SNL 

GPU - Gene r a l  Publ ic Ut il i t i e s  

H F E  - T r a n s i stor cur r e n t  g a i n  

H IACA - H ig h  Intens ity Ad j ustable Cobal t Ar r ay a t  SNL 

HP-R - 2 1 4  - Equ i pmen t t ag n um be r  at TM I-2 fo r the Dome Rad iat ion 
Mon i to r  

ICBD,  ICED, IEBO - T r a n s i s to r  Lea kag e Cur r ents  

KeV - Tho us a nd Elec t r o n  Vol ts 

LOCA - Lo ss- o f-Cool ing Acc ident 

MeV - M i l l ion Elec t r on Vol t s 

MOS T r ans i s to r  - Me tal  Ox id e Sem iconduc tor Tr a n s i s tor 

MOT - Moto r o l a ,  Inc . 

m R - m il l i r oentg en ( un i t  o f  r ad iat ion e x po su r e )  

m R/H - m i l l i r oe n tgen pe r h o u r  

M u l t iv a l ued Cha r a c te r i s t ic - Dua l  Val ued Re spo n se to Rad iat ion 
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NAT - Nat ional , Inc . 

NBS - Nat ional Bur ea u  o f  Sta nd a r d s  

NRC - Nuc l ea r  Pegul ato r y  Comm iss ion 

ps ig - Pound s Per Squ a r e  Inch Guage Pre s s u r e  

R - Roe n tg en 

R/hr - Roentgen Pe r Hour 

RAD . - Rad i a t ion absor bed dose , now r d . 

Rd - Un i t  o f  a bsor bed r ad iat ion . One Rd i s  e qual to 1 0 0  erg s o f  
ene rgy pe r g r am o f  mate r i a l 1  o r ig i n a l l y  wr i tten a s  a n  acronym : 
RAD 

RH - Re l a t iv e  Hum id ity 

S EM - Sca nn i ng Elec t r o n i c  Mi sc r o scopy 

S i 0 2 - S i l icon Diox id e 

SNL - Sand i a  Nat ional Labora tor i e s  

S S  - S t a i n less  Steel  

TEC - Techno l ogy for Ene r gy , Inc . 

T I  - Tex as I n s t r um ents , Inc . 

TIO - Techn ical Integ r a t ion '� f ic e  a t  Th r ee Mile  I sl and 

TLD - Thermolum ine scent Do s imete r 

TMI - Th r ee Mile  I sl and 

TM I - 2  - Thr e e  Mi l e  I s l and , Un i t  2 

VBES - Tr ans i s to r  ba s e  to em i t te r  saturat ion vol t ag e  

VCE S  - T r an s i s to r  col l ec to r  to em i t t e r  satur a t ion vol tag e 

VR - SNL Ve r t ical Ra nge Gamma Fac il i t y  
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pr e sumably the volum e  wo ul d be l ow a nd thus sev e r e l y  l im i t  any 
beta cont r i bu t ion s . 
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FUNCTIONAL DESCRIPTION 

Detector 8 4 7- 1  comprises the fol lowing sub-
assembl ies : 

I on Chamber As sembly 8 4 7 - 1- 50 
High Amp l i fier C i rcuit Board As sembly 8 4 7 - 1 - 1 5  
Low Ampl i fier Circui t Board As sembly 8 4 7 - 1- 20 
Auxi l iary Ci rcuit Board As semb ly 8 4 7 - 1 - 2 5  
Powe r Supply Circuit Board As sembly 8 4 7 - 1 - 30 

Ion Chamber Assembly - Detector 8 4 7 - 1  use s a dual 
coaxial ion chamber with a high and a low-range ion current 
output as shown in Figure Al . Each range covers four de cades 
of radioact ivi ty . The chambe rs operate synchronous ly with 
each output measured the same way . 

The co l lector for the high- range chamber i s  a con­
ventional axial ly- located e lec trode mounted in the usual way 
with a ceramic insulator and a guard . The guard is connected 
to the low- leve l or s igna l  ground . The low- range co l lector i s  
a cyl indrical e lectrode surround ing the high- range chamber wal l .  
The low- range chamber wa l l  surrounds the low range col le ctor . 
Although not shown in Fi gure Al , the low- range co l lector i s  
s upported , l ike the high-range col lector , by a ceramic insulator , 
and protected by a guard that is conne cted to the low- l eve l or 
s ignal ground . A co l lecting vo ltage o f  - 1 50 V de is app l ied to 
both the high- range and the low- range chamber wal l s . Surround­
ing the low- range chamber wal l is a protect ive cover that is 
grounded to the ins trument chas s i s . 

H igh- Range Amp l i f i e r  Circuit - Fi gure A2 i s  a s chematic 
representation of the high- range amp l 1 f ier . S l  is a reed swi tch , 
normal ly open , that is closed by action o f  coi l  Tl . T l  i s  
triggered through Q 1 4  b y  a timing ci rcu it o n  the aux i l i ary 
c i rcui t board . The swi tch i s  c losed for four mi l l i seconds , and 
open for 3 2 9  mi l l i seconds , for a tota l cyc le time of 3 3 3  mi l l i ­
s e conds , o r  about 1 / 3  second . 

Whi le the reed swi tch is open , the chamber capacitance 
i s  charged by the ion i zation curren t .  When the switch i s  c losed , 
this charge i s  trans fe rred to Capac ito r  c 2 1 .  During the rest 
o f  the cycle this charge dE:!cays toward zero through R 4 4 . Thi s  
charge and decay cyc le causes a preampl i f ie r  ou·tput s ignal o f  
the shape shown i n  Fi gure 1�3 .  The orig inal height ( ampl itude ) 
o f  the s ignal wi l l  depend on the leve l o f  ambient radioactivity . 

Figure A2 shows 1:hree s imilar amp l i f ier stages 
fo l lowing the preamp l i fier .. The f irst stage , wh ich is typ ical of 
the three , is composed o f  Q l , Q2 , Q 3 , and Q 4  a long with the i r  
related circui try . Q2 is a uni ty-gain inverter and gate . I t  
i s  tri ggered by Q l .  The gate passes a 1 0 0-rnicrosecond s amp l e  o f  
the preampli fier output ( mE�as ured from 9 mi l l is econds a fter the 
s t a rt o f  the cycle ) . Thi s  me a surement i s  contro l l ed by the 



gate s ignal o f  2F that co�es from the timing c ircuit on the 
aux i l iary c i rcuit board , , .and by Capacitor C 3 .  Q 3  i s  a gain­
of-nine inverting ampli fier and Q4 is an output fo l lower . 
I n  the next two stage s , the amp l i fiers corresponding to Q3 
are Q7 and Ql l .  They each have a gain of ten . The gai n o f  
the ampli fier is approximately equal to the ratio o f  t h e  two 
res istors on the base of the transis tors ( in the case o f  Q 3 , 
Rl 0/R8 • 8 2 . 5 /9 . 0 9 • 9 ) . The wave forms o f  the three ampl i fier 
s tage outputs are shown in Figure A4 . 

Low-Range Ampl i fier Circuit - Figure AS is a 
s chematic representation o f  the low- range amp l i fier ci rcui t .  
With some minor modi fications , the circuit operates i n  the 
s �me manner as the high- range circuit .  

�uxi l i ary Circui t Board - The Auxiliary Circui t 
Board , Fi gure A6 , contains the timing circuit that triggers 
the reed swi tches on the H igh- Range and Low- Range Ampli fier 
Circuit Boards , and contro l s  the timing of the 100 us samp le 
used by the three cascaded amp l i fiers ; an o s c i l lato r  circuit 
that provides col lecting and bias vo ltage ; a summing ampli fier 
that adds si gnals from the Low- Range Amp l i f i e r  and the High­
Range Amp l i f ie r ;  and a fail ci rcui t .  

Timing Circuit - The bas ic timing generator con s i sts 
of the UJT Oscillator Ql and pulse shaper Q2 . Mos t  of the time 
02 is ON , however , when the emi tter of Ql di s charge s C2 suddenly , 
Q2 cuts off . The time required for Q2 to turn back on is 
determined by the RC time cons tant o f  RS and C 3 . 

This ci �cuit i s  shown on the left in Figure A6 , and 
next to it are the 9 -mi l l i second cascade one- shot multivibrator 
composed o f  Q3 and Q 4 , and the 1 0 0-mi crosecond one- shot multi­
vibrator composed of QS and Q6 . The se l atter ci rcuits control 
the timing and durati on of the 1 0 0-microsecond s ample s ampli f ied 
by the cas caded amp l i f iers of the High- Range and Low- Range 
Amp l i fier Circuit Boards . 

Osci l lator Ci rcuit - The os c i l l ator ( cons isting of Q l 6  
and Tl ) i s  a bas ic blocking type oscil lator whi ch operates at 
about 2 5  kHz . The secondarie s of Tl provide for the col lecting 
and bias suppl ies . Both supplies are z ener regulate d .  

Summing Amp l i f iE�r - The summing amp l i fier is broken 
into two stages . The fir�:�t stage Q7 and Q8 inverts and sums 
the current si gnals from the eight ampli fier outputs of the 
comp lete sys tem . 
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The negative pulse output f rom Q 8  i s  coup led into 
a uni ty gain inverter c onsis ting of Q 9 , QlO and Q l l . Thi s  
stage provides a pos i tive pulse wi th a very l ow output im­
pendance at the peak- reading vo ltmete r .  Gain adj ustment 
for the summing amp l i fier is done by means o f  R2 6 .  The gain 
of the summing amp l i fier is a sma l l  f raction reducing a 
s i gnal potentia lly about 7 3  vol ts maximum to a maximum o f  
8 . 1 1 volts . 

The peak- reading vo l tmeter comp � ises the diode CR7 , 
c apacito r  C l 3  and source fol l ower s tage consis ting o f  Q l 2  and 
the constant- current stage Q l 3 . The pos i tive pulse output of 
the summing amp l i fier charges Cl3 through the diode . S ince 
the source fol lower has a high input impedance and CR7 has a 
low reverse leakage , a very sma l l  amount o f  charge wi l l  bleed 
o f f  Cl 3 between s ignal pulses . To speed up the decay time 
constant o f  the sys tem , C l 3  is discharged for 9-mi l li seconds 
preceding every s ignal pulse . This i s  done by Q l 9  and R4 9 .  
Q l 9  i s  biased and swi tched from the charge pump cons i s t ing o f  
C2 2 ,  C R  1 3 , Q l B , and Ql 7 .  

When the trigger input is zero vo lts , Q l 7  is o f f  and 
Q l B  is on . C 2 2  charges very fas t through the s aturated 
transistor Q l B  and CR1 3 .  Dur ing this proces s  the gate o f  Ql9 
i s  held near zero vo lts and Q l 9  maintains a low drain to source 
on res i s tance . When the trigger is re turned + 12 vo lts , Q l 7  
turns o n  and Q l B  is driven off . The gate of Q l 9 , there fore , 
sees the negative 1 2  volt charge on Cl 3 ,  caus ing the drain to 
s ource resis tance o f  Q l 9  to become very la rge . 

The de output driver consi sts o f  a pnp-npn comp lementary 
emi tte r fol lowe r , Q l 4  and Q l S . A capacitor is pl aced at the base 
of Ql4 to smooth out the signal f rom the peak reading vo ltmeter . 
Thi s  capacitor dete rmine s the ups cale re sponse and can be 
reduced if f aster respons e i s  des ired . 

Fail C ircuit - The fail circui t mon itors the co l lecting 
supply through Q 2 0  and monitors the bias supply through Q2 1 .  
The outputs of Q 2 0  and Q 2 1  are fed through an and gate to the fail 
indicator dr ive in the readout module . A fail circuit s i gnal 
indicates a function ing system . Absence of a s ignal indi cates 
a fail ure . 

Powe r S upply Circu i t  Board - The Power Supply Ci rcui t 
Board is a Mothe r board containing connections for the other 
c i rcuit boards and routing wi ring between the three boards and 
the P l  connector . The check source movement is mounted on 
this board . Figure A7 is a schematic circuit diagram of the 
Power S upply Circu i t  Board . 

Readout Module - The ci rcuit di agram of the readout 
modu le i s  shown in Figure A8 . Four di f ferent functions are 
p e r fo rmed by the readout module : 
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• Give a meter indi cation o f  the measured radioactivity 
• .l\ctuate warning devices when the radiation reaches a 

certain level of: intensity 
. 

• Give a warning elf fai lure when any part o f  the sys tem 
does not operate! proper ly 

• Provide low-voltage de power for system use 

Meter Indication - The signal f rom the detector ente rs 
the module through J2-B . The readout is a 5 0  uA D ' Arsonval 
meter with appropriate multipliers to make a voltmeter . The 
series meter dropping resistor is in two parts , R4 and Rl O .  
In the eight-decade ALL mode of operation , R4 and RlO are both 
in series with the meter .  For the various 3-decade modes o f  
operation , RlO is repl aced by a bias o f  zero to five vo lts 
oppos ing the input signa l . The bias comes from zener diode 
CRl , and is adj usted by R9 . The five vol ts should occur 
between R9 and Rl l .  The series string Rl l ,  Rl 2 , Rl 3 ,  Rl 4 ,  Rl 5 
determines the leve l  of the bias vol tage seen by t:he mete r .  
Computer and 1 0  mV recorder outputs are provided from the 5 0  mV 
divider s tring Rl , R2 , and R3 . 

Warning Actuation - The readout module has two alarm 
lights on its front pane l : An amber ALERT alarm , and a red 
HIGH alarm. I n  addition , i t  has outputs for remote al arms . 
As shown in Figure A 9, there are two s imilar alarm circuits , one 
for the ALERT alarm , and one for the H IGH alarm .  

In the H IGH al arm ci rcui t , Q l  is a comparator that 
compares the input at i ts base with the set level at i ts 
emitter ( This leve l i s  set by adj us tment of R2 0 ) . When the 
input exceeds the set leve l by a certain amount ,  Q l , Q 2 , and 
Q 3  s tart conducting . The red l ight goes on . I f  a remote alarm 
i s  connected , i t  actuates , and Rel ay Kl i s  actuated . I f  Jumper 
Jl is in place , the a larm w i l l  continue unt i l  it is reset 
manua l ly . For automatic reset Jl mus t be removed .  Once Jl 
is removed , i t  i s  di f f icult to rep lace . One segment o f  the 
Function Swi tch is connected in series wi th the reset button , 
and in CS posi tion , opens the circuit thus de feating the al arm 
whi le the Check Source i s  in pos i tion . 

The check source actuating circu i t  i s  a " dead man " 
ci rcui t .  That i s  to s ay , the normal at- re s t  pos i tion o f  the 
check source i s  in tes t  pos i t i on where it i rradiates the ion 
chamber .  I t  takes app l i ed power to keep the check source 
retracted . The re fore , e lement S4C shows powe r applied to the 
check source except in the CS pos i tion whe re the check source 
line is grounded .  
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The ALERT alarm ci rcui t operate s i n  a manner 
analogous to the operation of the HIGH alarm circuit . There 
i s  no provision for a remot«:! alarm with the ALERT c i rcui t , 
other than ·· from Rel ay K2 . 

Fai l  Warning Circuit - As long as the green FAI L  
light is on , the system is ope rating properly . A failure 
in the sys tem is indicated by the l ight going out . Q9 i s  
an e lectroni c  swi tch that swi tches o f f  the l ight circuit on 
los s of a so-called fail s ignal f rom the detecto r .  

Power S upplies - Line voltage is appl ied to the 
primary of Tl and the secondary provid�s 2 2 -volt power which 
is recti f ied to provide ope rating powe r for lights and 
re lays as wel l  as power for the meter movement that operates 
the check source . 

A regulated bias vo ltage of 1 4V is provided through 
Q l l  driven by Q l O . The d i fferential amp l i f ier , Q l 2  and Q l 3  
suppl ies QlO . Q l 4  supplies constant current for Ql 3 .  CR1 4 
s upplies vol tage regulation , and is temperature compensated 
by CR12 and CR1 3 .  

An 1 8-vo l t  standby battery can be connected at J 3- K  
and J3-L t o  support the channel operation during power fai lure . 
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F i c;uRE A2 . S chematic Diagram of H i gh- Range Amp l i f i er . 
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S t a i n l e s s  S t e e l  V e s s e l  C o n t a m i n a n t L e v e l s  

a n d  C h e m i c a l  A n a l y s e s  

Thi s  appendix contains the raw data col lected on the contaminant 
leve l s  ins ide the SS Ve ssel as we l l  as those in the f iberglass 
insulat ion . The results o f  tests looking for boron are also 
include d .  

SWIPE SAMPLES 

Chart Bl - Swipe locations 
Chart B2 - Number of counts in 1 minute 
Chart B 3-Bl0 - �ct ivity Concentration 1n �ci 

of swipe Nos . 1 ,  2 ,  7 ,  9 

FIBERGLASS SAMPLES 

Chart B l l  - Fiberglas s samp le locations 
Chart Bl2 - B l 8  - Gamma Spectrum Ana lys i s  

of 7 samples 

CHEMICAL ANALYS IS OF VES SEL LID UNDERS I DE 

Memo on P articulates 

BORON ANALYSIS 

Chart B 19 - Sample locations 
Chart B 2 0  - Boron concentrations 
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Sample # 

1 

2 

3 

4 

5 

6 

7 

8 

9 

CHART B L. ·-:-�·' ' -:: �: ;!-J-

-��.;-. 

Swipe S ample Locations 

Location 

Oily Substance on Unders ide of 
Vessel Lid 

C lean Area Unde r Lid Gasket 

Detector C able Near Detector 

Area Under Lid Gasket , I nner 
Diameter 

Bottom S ide of Lid Approaching 
Gasket Seal 

Top of Detector 

Bottom of Vesse l 

Detector Cable Near Ve s se l  Tube 

Ve sse l S ide Hal fway Down 
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CHART �2 

....... . � .. ... . ... � ... ·�·· ... J ., • o\.....-t"\T"",'\0 · • ., • • •• • · • • • •  o •• o • . . ..  , � • I .,.  ., • • · ·  

RESUL T SUMr'IARY 

·;::. SAMPLES CDUI'HED Ol'i l l'iSTRUP1EI'iT 8 F DF< 

DA TE COt:l.l'i TED 3 O-AU6- 1 982 FROM 1 0 :  43 

1 . 0  M l l'iUTES E ACH 

F OR 1 8  TOTAL M I NUTES 

ALPHA EFF I C I EI'iCY • 1 9� : -- :  

ALPHA BACKGRDUI'iD :a 0 .  0 0 CPM I ·- - I 
ALPHA MDA • . 0 . 0 0 0  DPM 1 -- 1  

RESULTS ARE SHOWN * 2 . 0 S I Gr'IA 

� E T R  E F F I C I ENCY = 4 0% 
BE T A  �HCKGRDUND = 3 . 0 0  CPM 
�ET A  MDA = 1 2 . 990 DPM 

- - - - - - - - - - - - - - - -- - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

StiMPLE : ' AL�HA RESULTS - DP" BETA RESULTS - DPM 

-------+-------�--�----------�-------- +--------------------- ---·------+ 

: : 5 � : 
; �� ·. . . 

t 
• 

1 . :· ,; , :·::1'84. 2 1 1 * 62 . 275 3 1 4 77 . 5 0 0  :i: 56 1 . 1 :32 
I \ . ·•· ;'.' . . 

2 ' \  - 1 3 1 . 579 * 52. 632 
· ,  . 

5 

6 , ,, 

7 

32 1 . 053 :i: 

I 1 1  0 • 526 :i: 

:,. 5 .  263 :i: 

1 84 . 2 1 1 :i: 

1 0 . 526 * 

8 2 . 2 1 3  

48 . 238 

1 0 . 526 

62 . 275 

1 4 . 886 
..j ; .• I . .  I 

1 9 075 . 0 0 0  :t 4 :3 6 .  '32 1  

1 067 . 5 0 0  :i: 1 04 . 0 4 :3 

5 5 1 57 . 5 0 0  * 742 . 7:32 

1 9482 . 5 0 0  :i: 4 4 1 . 56 0  

647 . 5 0 0  :t: :3 1 . :394 

24047 . 5 0 0  :i: 4 '3 0 .  535 

4 1 02 . 5 0 0  :i: 2 02 .  '3 1 6  
. ;- ; ' i; ,  �··; �· ;,.{•jt , . .-: . 

9 I � . 2 1 . 053 :t 2 1 . 053 2225 . 0 0 0  :t: 1 4'j . 666 : 

-------+--.----:�--:---- -----------·------+-------------------------�- --- - +  
•' ·:i� � t: , :. . ;.· ·; . _ ,'� .  

I ., : J) •;p\ 
.�.�. ��� : � '�;J�:··�-���\ 
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• G A M M A  S P ' E C � R U M  . A N  A L Y S I S  • 
• • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

CAN�E RRA SPECTRAN-F V2 . 06 SOFTWARE · 

RAD I AT I ON COUN T I NG LA �ORAT ORY < 33 1 3) 1 8 -0C T - 8 2  1 2 : 1 6 : 1 2  

A t'i R L 'l �: I S:  P A R A M E T E R S 

. ·, . 
MCA U� l T  NUMFE R : 3 / 
DE T E C T OR NUM�E R :  1 / 
SPEC TRUM S I ZE :  4 096 CHANNELS 

ORDER OF SMOOT H I NG FUNC T I ON :  

A D C  UN I T  NUMB E P :  1 . 0 

GEOM E T R Y  NUMB ER : 7 

C' ·-· 
NUM�ER OF FACKGROUND CHANNELS : 4 ON EACH S I DE OF PEAk 

PEAK CONF I DE NC E  FAC TOR : 8 0 . 0% 

I DE tH I F I C AT l Dtf E tfERG'r' M HIIIOI.ol : +- 1 .  O u  V E V  

ERROR QUOTAT I Dh :  1 . 0 0 S I GMA UNCE R T A I NTY 

�JL T I PL E T  ANAL Y S I S  PERFO�MED 

SPEC TRAL DATA READ D I RE C T L Y  FROM MUL T I CHANNEL ANAL Y Z E R  AN O :  

ANAL Y Z E D  B Y , ONEAL 

SAMPL E D E S C R I P T I ON: S W I PE T M l T OP � �  
GE O ME T RY DESCR I P T I ON :  A I R  F I L T E P  (2 . 75) 
SAMPL E S I ZE :  l . O O O O E + O O  E A  / C ONVERS I ON F AC TO R : 1 . 0 0 0 0 � + 0 0  

:S T At·HIARD S I ZE :  1 .  O O O O E + O O  E A  

ANAL Y S I S  L I �RRRY F I L E :  ANL O O O  

COL L E C T  S TAR T E D  O N  1 8 - 0 C T - 8 2  A T  1 0 : 2 0 : 0 0  

COL L E C T  L I VE T I ME :  

F.' EAL T H1E : 

DEAD T I ME :  

E. 0 0 0 .  S: E C Dt'i D :S: 

6 0 0 0 .  :�: ECO tm:s: 

0 0 .  (1 (1 �·� 

liECAYED T O  0 .  DAYS � 0 . 0 0 0 0  HOURS � E F ORE T HE S T AR T  OF COL L E C T  

ENERGY CAL I BRAT I ON P E R F O RM E D  8 - AUG-82 

E F F I C I ENCY CAL I �R A T I ON PERFORMED 1 8 -0C T - 82 

RAD I AT I ON COUNT I NG LA�ORATORY ( 3 3 1 3 ) 

.... . � ..... . 

CHART B 3  
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PK CENTRO I D  ENERG'l' Fl.JHM BACk GtiD NET AREA ERROR tiUCL I IIE S:  
CHANNEL KEY KE\1 COUNTS 

1 7 03 .  1 3  35 1 . 89 1 .  2 9 1 . 
-

2 1 323 . 0 0  66 1 . 64 1 .  9 36. 

ERROR QUOTAT I ON A� 1 . 0 0 S I GMA 
PEAK CONF I DENCE LEVEL AT 8 0 . 0% 

RAD I AT I ON COUNT i ti� L ABORATORY < 3 3 1 3) 

:s:At1PLE : 9,.11 PE TM I , TOP �� 1 

DATA COLLECTED ON 1 8-0CT -82 AT 1 0 : 2 0 : 0 0  

COUt'iTS 

::::2 .  
4 1 4 .  

% 

52 . 5  
5 . 5 

PB-2 1 4  
CS- 1 :37 

1 8-0C T-82 1 2 : 1 6 : 1 2  

DECAYED TO · 0 .  DAYS , 0 . 0 0 0 0  HOURS BEFORE THE S T A R T  OF COLL E C T . 

UUCL I IIE 

CS- 1 3 7 

TOTAL 

R A D I 0 N U C L I D E A N A L Y S I S 

ACT I V I T Y CONCENTRAT I ON I N  uC I /EA 
IIE CA'l 

MEASURED ERROR CORREC T E D  ERROR 

R E P IJ R T 

9 . 6 0E - 05 +-7 . 64E - 06 9 . 6 0E - 0 5  +-7 . 64E- 06 

9 . 6 0£.:- 05 +-7 . 6 4 E - 06 9 . 6 0E - 05 + - 7 . 64E - 06 

ERROR QUOTAT I ON AT 1 . 0 0 S I GMA 

CEtH R O I D  
CHAf"iNEL 

7 0 3 .  1 3  

PEAKS N O T  U S E D  I N  ANALYS I S  

ENERGY N E T  AREA 
KEV COUtH S  

:35 1 . 89 :32 . 

ERROR • .. · ..• 

52 . 5  

I::OAMMA:s: .. --:s:E c  

1 . 1 4E - 0 1  

CHART B 4  
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• 

6 A M M A S P E C T R ll t•1 A N A L Y S I S: • 
• 

. . . . . . . . . • . . . . . . . . � . • . . • . . . . . . . . . . . . .  
CANBERRA SPECTRAN-F Y2 . 06 SOFTWARE 

RAD I AT I ON COUNT I NG �LAB . ( 3 3 1 3 ) 

A � A L 'v' S I S  P A R A M E T E R S 

MCA UN I T  NUMBE R :  3 / ADC UN I T  NUMBE R : 1 . 0 
DETECTOR NUMBE R :  1 / GEOMETRY NUMBE R : 7 
SPECTRUM S I ZE :  4 096 CHANNELS 
ORDER OF SMOOTH I NG FUNCT I ON :  5 
NUMBER OF BACkGROUND CHANNE L S :  4 O N  EACH S I DE O F  PEAK 
PEAK CONF I DENCE FACTOR : 8 0 . 0% 

I DENT I F I CAT I ON ENERGY W I NDOW : +- 1 . 0 0 kEY 
ERROR QUOTAT I ON :  1 . 0 0 S I GMA UNCERTA I NT Y  

MULT I PL E T  ANALYS I S  PERFORMED 

SPECTRAL DATA READ D I RE C T L Y  FROM MUL T I CHANNE L ANAL YZER AN O :  
ANALYZED BY : ONEAL 

'· 

SAMPL E D�SCR I P T I ON :  SW I PE TM I TOP � 2  
GEOMETRY DESCR I P T I ON :  A I R  F I LTER 2 . 75 I N > 
SAMPLE S I ZE : l . O O O OE + O O  E A  / C ONVERS I ON FACTOR : 1 . 0 0 0 0 E + O O  

STANDARD S I ZE :  1 . 0 0 0 0E + O O  E A  
At·�ALYS: I S  L I BRAF.: 'r' F.I LE :  At�L O O O  

COL L E C T  STARTED O N  1 8-0CT-82 A T  1 3 : 4 7 : 1 1  

COLLECT L I VE T I ME :  
REAL T 1 1'1E : 
ItEfUt T I ME :  

:3 0 0 0 .  SECDtiDS: 
3 0 03 . SECONDS: 

o. 1 0 �; 

ItECAYEit T O  0 .  DAYS , 0 . 0 0 0 0  HOURS BEFORE THE START OF CO L L E C T  

ENERGY C AL I BRAT I ON PERFORMED 1 3-0CT -82 
EF F I C I ENCY CAL I BRAT I ON PERFORMED 1 8-0CT-82 

RAD I AT I ON COUNT I NG LAB . (33 1 3) 

CHART B S  

9 7  

1 8 -0C T - 8 2  1 4 : 4 1 : 2 4 

• 



- . .  • .. 

PI< C:EfiTRD I D  EfiEP.e;y Fl.o.IHI'1 
CHANNEL t<EV KEV 

1 C 1 1 26 . 34 562 . 9 0  1 .  6 

2C 1 1 38 . 28 568 . 8 7 1 . 6 

3 1 2 09 .  1 9  6 (14 . �: 1 1 . 7 

4 1 :3 2 3 .  0 1  .;€. 1 . 2 1  1 . 7 
5C 1 '59 1 . 38 7 '35 . :;: •3 1 .-. . ·� 
6C 1 6 0:::: . 54 ::C tU . -+ 7 1 . ::: 
7 2 729 . 1 9  1 3E.4 . 66 ·:· .... . 5 

8 2799 . 4 8 1 :3'�9 . 8 5  .-. .:. . 0 

ERROR QUOTAT I ON A T  1 . 0 0 S I GMA 

PEAK CONF I DENCE LEVEL AT 8 0 . 0% 

. .  . . . .  -

BAC:t<:.Gtiii N E T  Af"�EA Ef"�P.OP. tiUCL I li E S: 
CDUfiTS ccurn s  

• .. .... 

s r.:. .  2 7 1  . 1 :3 . 6 C :S:- 1 34 
'548 • 4 1 E . • 1 ·::0 .... . 0 C S: - 1 3 4 , 

B I -2 07 
'5 6 1 .  :3 1 25 . 2 . 2 c s: - 1 :::: 4 
4 4 4 . :34 ·:;.·:;.5 . 0 . '5 C S - 1 :::: 7 

72 . 2 059 . 2 . 4 C S - 1 34 
5 1  . 1 "? •:. I -· e .,. I • ·:;. C S - 1 ::::4 
1 5 .  C" •'j ·-· ·-· . u :: .  ::: CS- 1 ::::4 

·;.. . ..., .-. 1 3 .  ::: .. .:. . 

C - MUL T I PL E T  ANALYS I S  CONVERGED NORMALLY 

RAD I A T I O N COUNT I NG L A B .  ( 33 1 3) 1 8 - 0 C T - 82 1 4 : 4 1 : 2 4 

SAMPLE : SW I PE T M I  T O P  �2 
DATA COLLE C T E D  ON 1 8 - 0 C T - 8 2  A T  1 3 : 4 7 : 1 1  
DECAYED T O  0 .  DAYS , 0 . 0 0 0 0  HOURS B E F OR E T H E  S T AR T O F  C O L L E C T . 

r·iUCL I DE 

c :�: - 1 34 

c:::- 1 :::: 7 

T O T AL 

R A D I o � N  U C L I D E A N A L '..-" :�: I S  P. E P O '": T  

AC T I V I T Y  CONCENTRAT I O N I N  uC 1 / E A  

ERROR 

1 . 3 7E� 03 + - 8 . 7 9E - 05 
1 . 9 3E - 02 + - 1 . 1 2 E - 03 

2 . 06E - 02 + - 1 . 1 2E - 03 

D E CA\' 
COR'": E C T E II  E F:F.' O R  

1 . 3 7E - 0 3  +-8 . 79E- 0 5  
1 . 93E - 0 2 + - 1 . 1 2 E - 03 

2 . 0 6 E - 0 2  + - 1 . 1 2 E - 0 3  

E R R OR QUO T A T I ON A T  1 . 0 0 S I G MA 

P E A K S  NOT U S E D I N  ANAL YS I S  

CEtH RO I D  
CHAJ·if·iEL 

1 1 26 . 34 
1 1  ::;: ::: . 28 
1 .:.  o::: . 54 

2 7 29 . 1 9  
2 799 . 48 

ANL> 

E ti E F.:G'l·' 

K E V  

s.:.2 . ·;. o 
5E.:3 . 8 7  
8 0 1 . 4 7  

1 36 4 . 66 
1 399 . 85 

- . ____ . .  .._: ___ , ,  . ..__ 

t·iE T AREA 
C OU tH S 

2 7 1 . 
4 1  .: . . 
1 7 •:;. .  

c:- --. -I .  .:· . -:---. I L. • 

E R F.:O R  .. __ . 
.·. 

1 3 .  
L� . 

? .  
t :::: • 

1 :::: . 

6 
0 
9 
..::· ·-· 
:=: -

4 . 0 2 E + O O  
E . • 2:::: E + O O  
3 . 7 2 E + O O  
1 . 92 E + O O  
2 . 67 E + O O  

CHART B 6  

9 8 
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CANBERRA SPECTRAI't-F V2 . 06 SCF TII.IARE • 

RAD I AT I ON CDUN T I IiG L A E . <33 1 3> 1 9-0C T - 82 1 1 : 23 : 1 2  

A N A L 't" S I S  P A R A M E T E R S 

MCA UN I T  NUMBER: \ 3  -' 
DE TECTOR ttUMBER : 1 , 

SPEC TRUM S I ZE :  4 096 CHANN E L S  

A D C  LitH T NUMBE R :  
GE OME TRY NUMBE R :  

ORDER OF SMOOTH I NG FUNC T I ON :  5 

1 . 0  

7 

NUMBER OF BACKGROUND CHANNE L S :  4 O N  EACH S I DE O F  PEAK 

PEAK CONF I DENCE F A C T O R : 8 0 . 0% 

I DENT I F I CAT I DI't EliERGY W i ttDOW : +- 1 . 0 0 k E V  
ERROR QUOTAT I O N :  1 . 0 0 S I GMA UNCER TA I NT Y  

MUL T I PLE T ANAL YS I S P ERF ORM E D  

SPECTRAL DATA R E A D  D I RE C T L Y  F R O M  MUL T I CHANNEL ANAL YZE R AN O :  

ANALYZED BY : ONEAL 

SAMPLE I•ESCR I P T I Ott: ' :S: I .• . IJ P E  T M I � :7 CA:�¥ I: O 
GEOME TRY D E S C R I PT I ON :  A I R  F I L T E R  2 . 75 I N ) 

SAMPLE S I ZE : l . O O O OE + O O  E A  / CONVERS I ON F AC T OR : l . O O O O E + O O  

STANDARD S I ZE : l . O O O OE + O O  E A  

ANAL YS I S  L I BRARY F I L E : ANL O O O  

COLL E C T  STARTE D O N  1 9- 0C T - 8 2  A T  1 0 : 3 0 : 0 0  

COLLECT L I VE T I ME : 
REAL T I ME : 
DEAD T l r'1E : 

3 0 0 0 .  S: E C [ltUIS 

3 024 . SE CDtUIS 

o .  7 9  �·� 

DECAYEI• T O  0 .  D AY S , 0 . 0 0 0 0  HOURS B E F ORE THE S T A P T  OF C O L L E C T  

ENERGY CAL I BRAT I O N PERFORME D 1 3 -0C T - 82 
EFF I C I ENCY CAL I BR A T I ON P E R F ORMED 1 8 -0Cl -82 

RAD I AT I ON COUNT I NG L A B .  ( 3 3 1 3) 

CHART B 7  

9 9  

• 

1 9-0C T - 8 2  1 1 : 2 3 : 1 2  



f'K C ENTRO l it ENEf':G'l' F l;.IHM 

CHANNEL I<EV .t=:.EV 

1 C  1 1 26 . 0 7  562 . 76 1 . 7  
2C 1 1 3 8 . 24 568 . ::-:4 1 .  7 

:3 1 2 09 .  o-=· 
._. 6 04 . 2:3 1 . 7  

4 1 322 . 92 E:6 1 . 1 6 1 . 7 

5C 1 59 1 . 29 7'95 . :34 1 . 8  

6 C  1 E· 03 . 5 0  8 0 1 . 45 1 . 8 

7 2 076 . 68 Hr�s . 1 2  1 Q . .. 
8C 2 334 . 95 1 l b 7 .  :34 2 . :3 

9C 2346 . 74 1 1 7 :3 . 24 2 . 3 
� (I  27 29 . 1 E· 1 3 64 . EA 2 . 2 

1 1  27'�9 . 2E· 1 3 ·�·� .  74 2 . 6  
1 2 :3'335 . E:2 1 969 . 02 1 .  (I 

EF:ROF: QUOT A T I ON FI T  1 . 0 0 S I GMA 

PEAK CONF I DENCE LEVEL A T  8 0 . 0% 

BACI<:. GNII ' t·iE T AI":EA 
COUtH S: COUtiTS: 

362 1 .  1 935 . 
33€::� . :3366 . 

35::::.: . • 2 1 1 48 . 

296 7 .  2 4  (1:3:3 •3 . 

3 7 1 . 1 ::::92 0 . 
·�-:e ..,  a;. .... I • 1 25 3 .  
1 8 0 . 1 5 :3 . 
1 85 .  24 4 . 

1 75 .  ·:,. ::: . 
.-..-. 4 ;:. ·:· .:_. c . .._ ._ . .  

4 '::. 
•· 

. 4 4 4 .  
5 .  1 8 .  

E f":POF: 
�-� 

4 . 4 

3 . 9 

0 . 8 

0 . 2 

0 . 9 

2 . 9 
1 6 . 4 

1 :3 .  0 

1 5 . 4 
5 . 4 
r::: c ·-· · ·-· 

34 . 2  

NUCL I liE :�: 

C S:- 1 3 4 
cs- 1 :;:4 , 
I: I -2 07 
c s: - 1 34 

.c:s:- 1 :;: 7 
CS- 1 3 4 
C S - 1 3 4 
C 0 - ":• 6 , I - 1  :�: 5 

co-E. o 
C S: - 1 3 4 

C - MULT I PLET ANALYS I S  CONVERGED NORMA L L Y  

RAII I A T I ON COUNT I N G L A B .  < 3 3 1 3) 1 9- 0 C T - 8 2  1 1 : 2 3 : 1 2  

:�:At1PLE : :::;: I,. II PE T M I  ��7 CFC �: :E:O 

D A T A  C O L L E C TEII O ti. 1 9 - 0 C T - :3 2  A T  1 (1 :  3 0 :  0 0  
DECAYED T O  0 .  DA Y S , 0 . 0 0 0 0  HOUF:S BEFORE T HE S T A R T  O F  COLLEC T .  

t iUCL I DE 

C::S:- 1 3 4 
cs:- 1 3 7 

T O T AL 

R A II I 0 N U C L I D E A ti A L Y S I S  F.: E P O R T  

A C T I V I T Y CONCENTF.'A T I ON I N  uC I / E A  

t·1 E A S U F.' E D  EPROP 

9 . 2 4E - 0 3 + - 5 . 65 E- 0 4  
1 . 32E - 0 1  + - 7 . 6 3 E - 03 

1 . 4 1 E - O l  + - 7 . 6 5 E - 0 3  

D E C A\' 
C O R F.: E C T E D  E P R O P  

9 . 2 4 E - 03 + - 5 . 65E - 04 
1 . 3 2 E - 0 1  + - 7 . 63 E - 0 3 

1 . 4 1 E - O l  + - 7 . 65 E - 0 3 

ERROR Q U O T A T I O N A T  1 . 0 0 S I GMA 

PEAKS N O T  U S E D  Hi At"iAL '/ S I :�: 

C E tH R O I D  E tiERI::;'r' ti E l  AREA E R F.:OJ<: GAMMAS...- S E C  
CHAWiEL KEV CDUt"i T S  �·� 

1 1 26 .  07 �5E·2 . 76 1 9 35 . 4 . 4  -. 8 7 E + 0 1  c. .  
1 1 38 . 24 568 . 84 :;: :::t.t; . • :::: . ·� 0:::: 

·-· . 0 4 E + 0 1  

1 6  03 . 5 (1 8 0 1  . 4 5  1 2 ":· :�: . ;:. ..... . 9 2 .  6 1 E + 0 1  

2 0 76 . 6t: 1 038 . 1 2 1 �. :;: . 1 6 . 4 4 .  27 E + O O  

2 :3 :34 . 95 1 1 6 7 . :34 2 4 4 . 1 3 .  0 7 . 46 E + O O  

2:346 . 74 1 1 73 . 24 ·� ::: . 1 5 . 4 ·:· O O E + O O  
·-

· . 
2 72 9 .  1 6  1 :364 . 64 4 2 3 . 5 . 4 1 . 5 :::: E + O l  

2 7 9 '31 .  26 1 ·-· -:.-::. ·=- -· .
· 

• 74 4 4 4 . 0::: ·-· . 0::: ·-' 1 . E.E. E + 0 1  

:3 9 :3 5 . 82 l '�E. 9 .  02 1 :::: . 34 . 2 '3 . ·:;. 9E - O 1 

CHART B 8  
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CANBERRA SPECTRAN-F V2 . 06 S OF TWARE · 

RAD I AT I ON COUN T I NG LAB . (331 3) 1 9-0C T -82 1 4 : 1 7 : 3 1  

A N A L Y S I S P A R A M E T E R S 

MCA UN I T  NUMBE R :  \3 / ADC UN I T  NUMBER : 1 . 0 

DE T EC T OR NUM�ER : 1 / GEOM ETRY NUMBER : 7 
SPECTRUM S I ZE :  4 0�6 CHANNE L S  

ORDER O F  SMOOTH I N G F UNC T I ON :  5 
NUMBER O F  BACkGROUND CHANNELS : 4 ON EACH S I DE OF PEAk 

PEAK CONF I DENCE F AC T OR : 8 0 . 0 %  

I DE N T I F I CAT I ON ENERGY W I NDOW : + - 1 . 0 0 k E V  

ERROR QUO T A T I ON :  1 . 0 0 S I GMA UNCERTA I NT Y  

MUL T I PL E T  ANAL Y S I S  PERFORMED 

S P E C T RAL DATA R E A D  D I R E C T L Y  FROM M U L T I CHA N N E L  ANAL Y Z E R  A N O :  

ANAL Y Z E D  BY : ONEAL 

SAMPLE D E S C R I P T I O N; SW I PE T M I  ��9 I N S CAS 

GEOME T R Y  D E S C R I P T I ON :  A I R  F I L T E R  2 . 75 I N) 

SAMPLE S I ZE :  1 . 0 0 0 0E + O O  E A  / C ONVERS I ON FACT O R : l . O O O O E + O O  

S T ANDARD S I ZE :  l . O O O OE + O O  E A  

AN ALYS I S  L I BRARY F I L E :  ANL O O O  

COL L E C T  S T A R T E D  O N  1 9- D C T - 8 2  AT 1 1 : 2 7 : 56 

COL L E C T  L I VE T I M E : 

REAL T I M E : 

DEAD T I ME :  

3 0 0 0 .  S E CONDS 

3 0 0 0 .  SECONDS 

0 0 . 0 0 % 

D E CAYED TO 0 .  DAY S , 0 . 0 0 0 0  HOURS BEFORE T HE S T A R T  OF C O L L E C T  

ENERGY CAL I BR A T I ON P E RF O RME D 1 3-0CT-82 
EF F I C I ENC Y CAL I BRAT I O N PERFORMED 1 8 -0C T -82 

RAD I A T I ON COUNT I NG L A B . < 3 3 1 3 ) 

CHART B 9  

1 0 1  

• 

1 9- 0 C T - 8 2  1 4 : 1 7 : 3 1  



PI< CENTRO l it E NE�:GY F lo.1Ht1 Ea=to: G Nil NET APEA E RROR NUC L I DE S 
CHANNEL KEV K E V  COUtH :S: co urn :�: �·� 

1 1 1 :38 . 2 3 568 . 84 

2 1 2 08 . '98 6 04 . 2 0 

1 .  (I 1 2 0 .  

1 .  7 1 1 9 .  

4 0 .  4 6 . 1 CS - 1 :34 , 

E: I - 2  0 7  

5 05 .  5 . 6  C S - 1 3 4 
. -. 

1 :322 . '9E: .:.t;. 1 • ·-· 1 '9  1 .  7 7 2  . 5 6 6 :3 .  1 . 3  G S - 1 3 7 

4 1 5 9 1 . 4 1 7 95 . 4 1 ·=· 
..... . 0 

::F.:F.:OF.: OUO T A T I Dt� A T\ 1 . 0 0 S I •:;r·1A 

�EAk CONF I DE N C E  L E VEL A T  8 0 . 0 %  

�AD I A T I ON C O U N T I NG L A B .  (33 1 3) 

SAMPL E : SW I PE T M I  �9 I N S C A S  

·-=· ·:.· ·-· ·-· . 

DAT A  COLLECTED ON 1 9 -0CT-82 AT 1 1 : 2 7 : 5 6 

35 3 .  6 . 0 C S - 1 34 

1 9 - 0 C T - 8 2  1 4 : 1 7 : 3 1 

DECAYED T O  0 .  D A Y S , 0 . 0 0 0 0  HOURS B E F O R E  T H E  : T A R T  OF C O L L E C T .  

CS - 1 3 4 

CS - 1 3 7  

TOTAL 

R A D I 0 N U C L I D E F:· E P 0 F.: T 

A C T I V I T Y CONCENl RAT I O N I N  uC I / E A 

E F:ROF.' 

'· 
2 . 2 0E - 04 +- 1 . 8 2 E - 05 

3 . 1 2E - 0 3  + - 1 . 8 5E - 0 4 

3 . 3 4 E - 0 3 + - 1 . 85 E - 0 4 

D E C A \' 

CDRF.' E C T E II E F.' F.'OF.' 

2 . 2 0E - 0 4 + - 1 . 82 E - 05 

3 . 1 2E - 0 3  + - 1 . 85 E - U 4  

3 . 3 4 E - 03 + - 1 . 85 E - 0 4  

ERROR OUOTAT I D N A T  1 . 0 0 S I GMA 

C. E tH IW I D  

CHAtiti E L  

1 1  :;: ::: . 23 

P E Ak S  NOT USED I N  A NAL Y S I S  

ENERGY N E T  A R E A  E R R O R  GAMMAS / S E C  

K E V  COUNTS % 

5 68 . 8 4 4 0 .  46 . 1 5 . 99E - 0 1  

CHART B l O  

1 0 2 



CHART B l l  

Fiberg l a s s  S amp le Locations 

Each fibe rg l a s s  s amp le was a right rectang l e  4 "  x 3 "  
i n  dimens ion . The count time was 6 0 0  s e conds . 

X 2 "  

Samp l e  # 

1 

2 

3 

4 

5 

6 

7 

1 0 3  

Location 

Area in Center of Bottom o f  Ve s s e l  
whe re F i be rg l as s  Contacted V� � s e l  
Bottom . 

Area on Bot tom o f  Ve s s e l Near the 
Ve s s e l  S ides whe re F i be r g l a s s  
Contacted Ve s s e l  Bottom . 

Area Just Unde rne ath Bottom o f  
De tector . 

Area i n  Cente r  o f  Febe rg l a s s  
P ack ing N e a r  t h e  De te ctor Bottom . 

Area i n  Contact w i th Ves s e l  S ide . 

Area Just Above De tector Top . 

Area i n  Contact w i th Upper P a r t  
o f  Detecto r .  
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CANBERRA SPECTR�-F Y2 . 06 SOFTWARE 

RAD I AT I ON COUNT I NG LABORATORY <33 1 3) 25-AUG-82 09 : 4 ? : 1 3  

A N  A L · Y  S I S P A R H M E T E R S 

MCA UN I T  NU��ER : 3 / ADC UN I T  NUMBE R :  1 . 0  

DETECTOR NU�BE R : 1 / GEOMET�Y NUMBER : t O  
SPECTRUM S I ZE : 4 096 CHANNELS 

ORDER OF SMOOT H I "G FUNC T I ON :  5 
NUMBER OF �ACKGROUND C HANNELS : 4 ON �HCH S I DE OF PEAK 
PEAK CONF I DENCE F ACTOR : 8 0 . 0� 

I DENT I F I CA T I ON ENERGY W I NDOW : +- 1 . 0 0 KEV 
ERROR QUOTAT I ON :  1 . 0 0 S I GMA UNCERTA I Nl Y  

MUL T I PLET ANALY S I S  NOT PERFORMED 

SPECTRAL DATA READ D I RECTLY F ROM MULT I C HHNN�L ANALYZER AN O :  

ANALYZED BY : 

:SAMPLE DESCR I P T  I Oft I� ( 
COLLE C T  STARTED O N  25-AUG-82 AT 09 1 1 5 : 1 6  

COLLECT L I VE T I I'IE C 6 0 0 .  SECONDS 

RAD I AT I ON COUNT I NG LABORATORY (33 1 3 )  

P K  

1 M  

3M 

4M 

5 t ? 6 
7 

8 

CENTRO I D  

CHANNEL 

1 1 38 . 5 1 

1 2 09 . 32 

1 3 23 . 26 

1 59 1 . 73 

2 0 7 7 . 47 

2335 . 77 

273 0 .  02 . 

28 0 0 . 56 

E NERGY 

KEY 

569 . 43 

6 04 . 82 

66 1 . 7 7  

7 95 . 98 

1 038 . 88 

1 1 6 8 . 09 

1 365 . 3 7  

1 4 0 0 . 67 

P E A K 

FIJHI"i 

KEY 

1 .  8 

1 .  7 

1 .  8 
1 .  a 
2 . 0 

2 . 0 

1 .  9 

2 . 3  

A N A L Y S I S 

BACKGND 

COUN T S  

1 4394 . 

6 1 2� .  

796 9 .  

1 4 1 8 .  

295 . 

268 . 

2� • .  

5 2 .  

N E T  AREA 

COUNTS 

8359 . 

35242 . 

34 0 0 1 6 .  

25939. 

2 6 2 .  

28 0 .  

65 0 . ·  

248 . 

- �._ ••• _. , _ 1 _...;.:�· �- .�UD.Y ' ·a •  -u ·'�- - - JJJ • . ·  . .._ • · - � ---- a t.  , .  • , . , ,  . •  -'·' "' 1... 1'....: ' '  

CHART B l 2  

1 0 4  

25-AUG-82 09 : 4 7 : 1 3 

ERROR 

3 . 2  

0 . 6  

0 . 2 

0 . 7 

1 3 . 2 

1 2 .  1 

4 . 2 
8 . 3 

NUC L I DES: 

C S- 1 3 4 ,  

B I -2 0 7 

C S - 1 34 

C S - 1 3 7 

C S - 1 34 

-1- 1 35 c.._. c s - !j<,l 
e:· S· J 3 '"f 
C S- 1 34 
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CANBERRA SPECTRAN-F Y2 . 06 SOFTWARE 

RAD I AT I ON COUN T I NG LABORATORY <33 1 3) 25-AUG-82 1 0 : 28 : 1 0  

A N A L Y S I S P A R A M E T E R S 

MCA UN I T NUMBER : 3 / ADC UN I T  NUM B E R : 1 . 0  

DETEC T OR NUMBER I 1 / GEOME T RY NUMBER :  1 0  

SPECTRUM S I ZE :  4 096 CHANNELS 

ORDER OF SMOOTH I NG FUNC T I ON :  5 
NUMBER OF BACKGROUND CHANNELS : 4 ON E ACH S I DE OF PEAt<: 

PEAK CONF I D ENCE FAC TOR : 8 0 . 0% 

I DEN T I F I CAT I ON ENERGY W I NDOW: +- 1 . 0 0 kEY 
ERROR QUOTAT I ON :  1 . 0 0 S I GMA UNCERT A I NT Y  

MUL T I PL E T  ANALYS I S  NOT PERFORMED 

SPECTRAL DATA READ D I RECTLY FROM MULT I CHANNEL ANALYZER AN O :  

ANAL YZED BY : ONEAL 

SAMPLE DESCR I PT I ON :  =2 

COLL E C T  S TARTED ON 25-AUG-82 AT 1 0 : 1 2 : 36 

6 0 0 . SECONDS 

RAD I A T I ON COUNT I NG LABORATORY (33 1 3) 

P E A K A N A L Y :S: I S 

Pt< CEN TRO I D ENERGY FWHM BACkGND NI::. T AREA 

CHANNEL KEY KEY COUNT S COUNTS 

1 M 1 1 38 . 42 56 9 . 39 1 . 6  1 25 1 . 946 . 

2 1 2 09 . 28 6 04 . 8 0  1 .  6 557. 3548 . 

:3 1 323 . 26 66 1 . 77 1 .  7 386 . 3 3 3 06 . 
4M 1 59 1 . 68 795 . 96 1 .  7 4 9 .  2544 . 

5 2 :3 35 . 4 7 1 1 67 . 95 2 . 0 2 3 . -:. �  .... o .  
6 2729 . 6 4  1 365 . 1 8  2 . 0 5 .  5 9 .  

ERROR QUOTAT I ON AT 1 . 0 0 S I GMA 

PEAK C ONF I DENCE LEVEL AT 8 0 . 0 %  

M - PO S S I BLE MULI._l_P_L F T 

CHART B l 3  

1 0 5 

25-AUG- 8 2  1 0 : 29 : 1 0  

ERROR NUCL I DE S  

% 

8 . 4  C S - 1 3 4 ,  

B l - 2 0 7 

2 . 0 C S - 1 :3 4 

0 . 6  C S - 1 37 
2 . 1  C S - 1 :34 

3:3 . 9 
1 4 . 6  C S - 1 .34 
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CANBERRA SPECTRAN-F V2 . 06 SOFTWARE 

RAD I AT I ON C OUNT I NG LABORATORY <3 3 1 3) 2 4-AUG- 82 1 5 : 1 9 : 55 

A N A L Y S I S P R � H M E T E R S 

MCA UN I T  NUMBER : 3 / ADC UN i l  NUMBER : 1 . 0  

DETECTOR NUMBER : 1 / GEOMETRY NUMB E R : 1 0  

SPECTRUM S I ZE :  4 096 C HANNELS 

ORDER OF SMOOT H I NG FUNC T I ON :  5 

NUM BER OF BACKGROUND CHANNELS : 4 ON EHCH S I DE OF PEAK 

PEAK CONF I DENCE F AC TOR : 9 0 . 0% 

I DENT I F I CAT I ON ENERGY W I NDOW : +- 1 . 0 0 K�V 

ERROR QUOTAT I ON :  1 . 0 0 S I GMA UNCERTA I NT Y  

MULT I PLET ANALYS I S  N O T  PERFORMED 

SPECT RAL DATA READ D I RECTLY F ROM MU LT I CHANNEL ANALYZER AN O :  

ANALYZED B Y :  ONEAL 

SAMPLE DESCR I PT I ON :  =3 

COLLECT S TARTED ON 24-AUG-82 AT 1 S : 0 9 : u o  

6 0 0 .  SECONDS 

RAD I AT I ON C OUNT I NG LABORAT ORY <33 1 3) 24 -AUG-82 1 5 : 1 9 : 55 

P E A K A N A L Y S I S: 

PK CENTRO I D  

CHANNEL 

1 1 323 . 04 

ENERGY F t.IHM 

KEV KEV 

66 1 . 6 6 1 . 9  

ERROR QUOTAT I ON A T  1 . 0 0 S I GMA 

PEAK CONF I DENCE LEYEL AT 9 0 . 0% 
_ l . , .  ·-· · · � .:. .. .Jt..;.1,.l_-=--..:-. · · - •. • . • • • • •  

BACt<.GND 

COUNTS 

·::> .... . 

NET AREA ERROR NUCL I D E S  

COUNTS � ... ; 

246 . 6 . 4  C S: - 1 3 7 

CHART B l 4  

1 0 6  
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CANBERRA SPECTRAN-F V2 . 06 SOFTWARE 

RAD I AT I ON COUN T I NG LABORATORY <33 1 3) 24-AUG-82 1 6 : 1 4 : 07 

A N A L Y S I S P A � � M E T E R S 

MCA UN I T  NUMBE R : 3 / ADC UN I T  NUMBER : 1 . 0  

DETECTOR NUMBER : 1 / GEOMETRY NUM BE R :  1 0  

SPECTRUM S I Z E :  4 096 CHANNELS 

ORDER OF SMOOT H I NG FUNCT I ON :  5 

NUM BER O F  B ACK GROUND CHANNELS : 4 ON EACH S I DE OF PEAK 
PEAK CONF I DENCE FACTOR : 8 0 . 0� 

I DENT I F I CAT I ON ENERGY W I NDOW : +- 1 . 0 0 KEV 
ERROR QUOTAT I ON :  1 . 0 0 S i GMA UNCERTA I NT Y  

MULT I PL E T  ANAL YS I S  NOT P ERFORMED 

SPECTRAL DATA READ D I RECTLY FROM MULT I CHHNNEL ANALYZER AN O :  

ANALYZED BY : ONEAL 

SAMPLE D E SCR I P T I ON :  :4 

COLLECT STARTED ON 24-AUG-82 AT 1 5 : 23 : 27 

COLLECT L I VE T I ME :  6 0 0 .  SECONDS 

RAD I AT I ON COUNT I NG LABORATORY <33 1 3 ) 

P E A K A N A L Y S I S 

PK 

1 
·:;) .... 

CEN TRO I D  

CHANNEL 

1 2 0·� . 06 

1 323 . 35 

ENERGY 

KEV 

6 0 4 . 69 

66 1 . 82 

FWHM 

KEV 

1 .  7 

1 .  6 

BACKGND 

COUNTS 

4 .  

6 .  

NE:.l AREA 

COUNTS 

4 8 .  

3:37 . 

- · - -- - - ------..-..-.-------- -- - - - - --- ---L. '- "'- 1 . � · · · · · · · . . .  · .. . . ... , . . . .  · · · � · ·  

CHART B l 5  

1 0 7  

24-AUG-82 1 6 : 1 4 : 07 

ER ROR 

1 5 . 9 

5 . 2 

NUCL I DE S  

C S - 1 :3 4 

C S - 1 :3 7  



• 6 A M M A S P E C T R U M A N A L Y S I S • 
• • 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

CAHBERRA SPECTRAN-F V2 . 06 SOFTWARE 

RAD I AT I ON COUN T I NG LABORATORY <33 1 3) 

A N A L Y S I S P A R � M E T E R S 

MCA UN I T  NUMBER : 3 / ADC UN l l  NUMBE R :  1 . 0 

DE TEC T OR NUMBER : 1 / GEOMETRY hUMBER: 1 0  

SPEC TRUM S I ZE :  4 096 CHANNELS 

ORDER OF SMOOTH I NG FUNC T I ON :  5 

NUMBER OF BACKGROUND CHAN�ELS : 4 ON EACH S I DE OF PEAK 

PEAK CONF I I•ENCE FACTOR : 8 0 .  0� 

I DENT I F I CAT I ON ENER6Y W I NDOW : +- 1 . 0 0 KEV 
ERROR QUOTAT I ON :  1 , 0 0 S I GMA UNCERTA I NT Y  

MUL T I PL E T  A NALYS I S  NOT PERFDRf'ifED 

SPECTRAL �ATA READ D I RECTLY FROM MUL T I CHAhNEL ANALYZER AN O :  

ANALYZED �y : ONEAL 

SAMPLE DESCR I P T I ON I  - :5 

COL L E C T  S TARTED ON 25-AUG-82 AT 1 0 : 54 : 28 

COLLECT L I VE T I ME :  6 0 0 .  SECONDS 

RAD I A T I ON C OUNT I NG L ABORAT ORY ( 3 3 1 3 ) 2 5-AUG-82 1 1 : 09 : 49 

P E A K A N H L Y S I S 

PK CENTRO I D  ENE RGY FWHM BACKGND hE:.T AREA 

CHANNEL K E V  K E V  COUN T S  GOUNTS 

1 M  1 1 38 . 52 5 69 . 44 1 .  6 2 03 .  1 7 3 .  

2 1 2  09 . 2 1  6 04 . 7 7 1 .-. , �  9":J ..... . 534 . 

. 3 1 32 3 . 24 66 1 . 7 6 1 . 8  1 7 1 • 5 1 3 3 .  

4 1 5'3 1 .  7 1  795 . 97 1 . 7  4 4 .  3 1 2 .  

_ ' J  o • • - .J , \ •...;... � t-,;.._.l o ..L.. \ "  t . Lf t_ l. U t,. ,l l  I f t.:.  , l_ l l t.a_ I • • • · �� 1. ... •-ti...!.:L:t .. • •  •• • ' P  • r r • •,• • • U I "  • 

CHART B l 6  

1 0 8  

ERROR 
% 

1 9 . 1 

5 . 3 

1 .  5 
6 . 8  

o ' a � ' �, � • • ' • • 

NUCL I DE S  

C S- 1 3 4 ,  

B I -2 07 

C S - 1 3 4 

C S- 1 3 7 

C S - 1 34 

· · · · · · · ·  . . . . . . . .  . . . . .. 
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CANBERRA SPECTRAN-F Y2 . 06 SOFTWARE 

RAD I AT I ON COUNT I NG LABORATORY <33 1 3> 25-AUG-82 1 1 : 37 : 1 1  

A N A L Y S I S P A R H M E T E R S 

MCA UN I T  NUMBER :  3 · / ADC UN I T  NUMBER : 1 .  0 

DETECTOR NUMBER : 1 / GEOMET RY NUMBER : 1 0  

SPEC!RUM S I ZE : 4 096 CHANNELS 

ORDER OF SMOOTH I NG FUNCT I ON :  5 

NUMBER OF BACKGROUN D CHANNELS : 4 ON E�CH S I DE OF PEAK 
PEAK CONF I DENCE FAC T OR :  8 0 . 0� 

I DENT I F I CAT I ON ENERGY W I NDOW : +- 1 . 0 0 KE� 
ERROR QUOTAT I ON :  1 . 0 0 S I GMA UNCERTA I N T Y  

MUL T I PLET ANALYS I S N O T  PERFORMED 

SPEC T RAL DATA READ D I RECTLY F ROM MULT I C H�NNEL ANALYZER AN O :  

ANALYZED BY : ONEAL 

SAMPLE DESCR I PT I ON :  =6 

COLLEC T  S TARTED ON 25-AUG-82 AT 1 1 : 23 : 37 

COLLECT L I V E  T I ME :  6 0 0 .  SECONDS 

RAD I AT I ON COUNT I NG L ABORATORY <33 1 3) 

P E A K A N A L Y S I S 

PK CENTRO I D ENERGY FWHI't BACI<.GND NET AREA 

CHANNEL KEY KEY COUNTS COUNT S 

1 1 2 08 . 84 6 04 . 58 1 .  3 5 8 .  246 . 
2 1 322. 92 66 1 . 6 0  1 .  8 4 1 .  2396 . 
3 1 59 1 . 4 7 7 95 . 85 1 .  9 1 o .  1 64 .  

·- -�-- --�- t-:......l.:.t-A.....-4 .. •::.1.--f\- � --· ·--- - .. _ • •• • • • • • •  ·-· · . .  - . ... .... .: .... . � .. . . . . . . . . ... . . . .  . . · - · 

C HA RT B l 7  

1 0 9  

25-AUG-82 1 1 : 3 7 : 1 1  

ERROR 

. .. 

% 

8 . 3 
2 .  1 

8 . 5 

NUCL I DES 

CS- 1 34 
C S- 1 3 7  
C :S: - 1 34 

· · · ·· . . . .  
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NBERRA SPECTRAM-F \12 . 06 SOF TWARE 

D I AT I ON COUNT I NG L ABORATORY (33 1 3) 24-AUG-82 1 5 : 0 1 : 1 2  

A N A L Y S I S P ft R A M E T E R S 

A UN I T  NUMBE R :  3 / ADC UN i l  NUMBER : 1 . 0 
TECTOR NUMBER : 1 / GEOMEl R� NUM BER : 1 0  
�CTRUM S I ZE :  4 096 CHANNELS 

DER u� SMOOTH I NG FUNC T I ON :  S 
�BER OF BACKGROUND CHANNELS : 4 ON EACH S I DE OF PEAK 

�K CONF I DE��E F ACTOR : 9 0 . 0% 
ENTI F I CAT I DN ENERGY W I NDOW : +- 1 . 0 0 k�Y 
RCR QUOTA T I ON &  1 . 0 0 S I GMA UNCERTA I NT Y  

_ T I PL E T  ANALY S I S  NOT PERFORMED 

ECTRAL DA TA READ D I RECTLY FROM MULl i CHHNNEL ANALYZER AN O :  
ALYZED BY :  ONEAL 

MPLE DESCR I PT I ON :  : 7  

LLECT STARTED O N  24-AUG-82 AT 1 4 : 3 6 : �� 

LLECT L I VE T I ME :  6 0 0 .  :SECONIIS 

D I AT I O N COUNT I NG LABORATORY (33 1 3) 

P E A K A N A L Y S I S 

( CENTRO I D ENERGY FWHM 
CHANNE L KE\1 KEY 

1 2 09 . 93 6 05 .  1 2  0 . 9  
:;, 1 32 3 . 37 66 1 . 83 1 . 8  

(DR QUOTAT I ON AT 1 . 0 0 S I GMA 
�K CONF I DENCE LEVEL AT 9 0 . 0% 

BACI<GNI.t NET AREA 
COUNT S COUNT S 

6 .  2 9 .  
1 4 . 287 . 

CHART B l 8  

1 1 0  

24-AUG-82 1 5 : 0 1 : 1 2 

ERROR NUCL I DES 
., ·'• 

::: :3 . 0 CS- 1 34 
6 . 3 C S:- 1 37 



Sandia National laboratories 
date: Augus t  9 ,  1 9 8 2  A l b u q u e r q u e ,  N e w  M e x . c o  8 7 1 8 5 

to : 

from:  

subject : 

M .  B .  Murphy , 2 3 4 1  

4'1. fi_.,�;�-v_ 
s .  F .  Dul iere , 9 4 5 3  

Ana l y s i s  o f  Part i cul ate from Three M i l e  I s l and Con ta iner 

A rad iation dete c tor container from the Three Hile I s l a nd 
reactor fac i l i ty wa s opened at Sandi a ' s  hot ce l l  f ac i l i ty 
i n  order to check the detector and de termine if i t s  con ta iner 
had been breached dur ing the TMI accident . When the d e te c tor 
wa s removed some particu l a te wa s found ins ide the con tainer . 
Four samp l e s  of the par t i cu l a te we re s tr ipped from the i n s ide 
o f  the l id and examined by scanning e le c tron mic ros copy and 
x- ray energy d i spers ive spe c troscopy . The mate r i a l  was 
removed from the areas s hown be low . 

Sample #1� 
Blue - green part i c l e s  

Sample #3 
White par t i c l e s  

Approxima t e  ga s ke t  area 
Sarcple #2 
Black part i cl e s  

Sample #l 
Re d -brown part i c l e s  

Samp le 1 ( F igure 1 )  wa s s tr i pped from the i nne r edg e o f  the 
gasket area . The parti c l e s  looked l ik e  ru s t . The e l eme nta l 
spectrum ( F i gure 2 )  supports thi s : the predominant e l eme nt 
i s  iron . I n  addi tion to i ron there are m i nor amoun t s  o f  Mg , 
S i , Pb , Cl , Sn , Ca , Cr , Zn , and Z r . 

Sample 2 ( F i gure 3 ) , wh ich was s tr i pped from the area around 
the ho l e  in the l id ,  wa s a bl ack part iculate . I ts spec trum 
( F i gure 4 )  reve a l s  a compo s i t ion o f  pr ima r i ly S i , Z r , P b , Cr , 

and Fe wi th minor amounts o f  S n , Ca , and N i . 

S ample 3 ( F igure 5 )  , which was s tr i pped from the cen ter o f  t he 
l id , con s i s ted o f  a whi te particulate . I t  wa s primari l y  Al , 
S i , and Ca wi th mi nor amounts of Pb , C l , K ,  T i , and Fe ( F i gure 6 ) . 

1 1 1  



M .  B .  Murphy , 2 3 4 1  - 2 - Augus t  9 ,  1 9 8 2  

Sample # 4  ( Figure 7 ) , which was taken from the gasket area , 
was blue -green-whi te par ticulate . I t  was the mos t  raCi oactive 
o f  the sample s ;  swipe s showed 7 8 , 0 0 0  dpm . Isotopic spec ie 
analysis by Hea l th Phys ics Divi s ion 3 3 1 2  showed that Cs - 1 3 7  
wa s the active i sotope . X-ray ana lys i s  did not de tect Cs 
but showed maj or elements to be Si , Ca , Ti with minors o f  
Al , Pb , Fe . 

Due to l ack of po s itive background infonnation , no conc l u s ions 
were made a s.  to how the particulate foni\ �d . 

SFD : 9 4 5 3 : j l  

1 1 2  



Figure 1 SEM 4ox 
"Rust" particles stripped from the inner 
edge of the lid gasket area 

Cr Fe Fe · Zn 
Figure 2 
Elemental x-ray spe ctrum of particles in fig . 1 

1 1 3  



SEM lOOX SEM lOOOX 

Figure 3 

Black part i cles stripped from a round a hole in the l i d  

S i ZrFb 811ca Cr Fe Fe Ni 
Figure 4 

Elemental x-ray spe ctrum of part i cles in fis . 3 



sEM 4ox 
Figure 5 

SEM lOOOX 

White particle s stripped from the c enter of the lid 

Figure 6 

Element::.l x- ray spectrum of �art i cles in fig . 5 

1 1 5  



Figure 7 SEM 4ox 
Blue-green-white parti cle s stripped from the 

ga sket area 

Al81 Pb 
Figure 8 

Ca Ce n Fe 

Elemental x-ray speetrum of part i cles in fig. 7 

1 1 6  



CHART B l 9  

Boron Analysis S�nple Locations and P rocedure s 

Samples Al through AS were taken in various locat ions on the 
unders ide o f  the ve ssel lid . The cotton swabs were first 
mois tened with de- ioni zed water and then swabbed over a 
2 "  x 2 "  area . Samp le A6 was done in the s ame way except 
that a swipe was used . Sample A7 was a swab of the outside 

· top of the vessel after cleaning wi th toulene ( done to see 
of boron was in the SS vessel i tsel f ) . Samples P G , P 7 , 
and P9 we re swipes taken for counting purposes in whi ch no 
moi s ture was used to remove the chemi cal contaminan t s . 
Each sample was ana ly zed using emi s s ion spectroscopy 
techniques .  

1 1 7 
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A P P E ND I X C 

R a t e m e t e r  A c c u r a c y  

The data presented on Chart Cl and C2 we re obtained by 
applying a DC i nput voltage ranging from 0 to 8 . 0  volts 
to the ratemeter input (which i s  the detector output )  
and obse rving the meter de f le ction ( Chart C l )  and 
measuring the recorder output ( Chart C2 ) . 

, , Q 
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H P  U R  1 9 0 1  S t r i p c h a r t  R e c o r d e r  A c c u r a c y 

a n d  C o r r e c t e d  D a t a  

The memo which fo l lows to J .  B .  Logan/B .  c .  Rus che o f  
Metropo l i tan Edi son Co . from Donald Nitti of B&W provi des 
a good s ummary of Dome Mon itor obse rvations made s hortly 
a fter the accident . Among other things N i tti provides 
the only information we have regarding the acc uracy o f  the 
stripchart recorder .  He s tates , " There was a calibration 
error between the Dome Mon i to r  indicator and the recorder 
such that the 8 decade s ignal was printed only over the 
first 3 . 7 8  decades of the 5 decade chart paper . "  The 
corrected HP- R- 2 1 4  stripchart raw data fo l lows N i tti ' s  
lette r .  

1 2 1  



M ETRO PO l iTAN E D ISON COMPA N Y  

Subject Containmen t Dome Radia tion Moni to r 

To J . B .  Lo gan /B . C .  Rusc he 

Subsidiary of General Public Utilities Corporation 

location TMI 

Date June 2 7 ,  1979 

Th is memo s umma rizes the pres ent s ta t us o f  e f fo rt s  to d e termine 
the rad ia t ion dose rates ins i de containment f rom the recorded dome 
moni tor (HP- R- 2 1 4 )  and o ther area rad ia t ion monitor readings and to 
use these dos e  rates to quan t i ta t ively determine the amount of fis s io n  
pr od u c t  ac tivity released in to t h e  Un i t  2 con t ainmen t buildin g .  

Backaro tm d on the Con t aimru�!lt Dc.me Mon i tor 

1 .  The dome moni to r  is no t located in the containment dome ;  i t  is 
s i t t in g  on top o f  the e l eva tor/s tairwell roo f .  

2 .  The co ntainmen t dome mon i t o r  (HP-R- 2 1 4 )  was des i gn ed and built t o  
wi ths tand the post -LOCA environmen t ,  i . e . , 5 0 . 5  p s i g  a n d  2 8 0 ° F  
fo r 5 0  min ut es a n d  6 ps i g  and 1 6 00 F  f o r  a n  addi tional 2 4  ho urs . 

3 .  The d e t e c t o r  and i ts p re- amp l i f i e r  are ho use d  within a cyl ind rical 
shie l d  wh ich is shown on the at tached Fi gure 1 (Vi c to r een Dwg . 
N o . 9041203) . 

4 .  The p re- amp is des i gned to perform wi thin s pec i ficat ions up to 
1Q5R o f  abs o rbed dose . 

5 .  The ins t rumen t range s pans e i ght ( 8 )  de cades . I f  the de t e c t o r  
were no t i n  a shie l d , t h e  normal range o f  t h e  instrumen ( wo uld b e  
0 . 1  t o  1 0 7  mr /h r .  The shield was des i gned t o  p rovide a n  a t t en­
ua t ion fa c to r  o f  100 based on a Cs- 1 3 7 s o urc e .  Th us , the readout 
response over t h e  range from 0 . 1 to 1 0 7 mr /hr is in tended to be 
respon ding t o  in con t a inment do se r a t es o f  1 0  to 109 mr /hr d ue to 
t he a t t enua tion p rovided by the d e t e c t o r  shiel d .  Un fo r t un a t ely , 
the a t t enua t ion fa c t o r  is a func tion o f  the gamma ene rgy , as c an 
be s e en by Fi gu r e  2 (at t ached ) .  For gamma ene rgies great er than 
1 MeV , the a t tenua tion fac t or wo uld be only 10 or less , whe r eas 
for low ene r gy  gammas the a t tenuat ion fac to r  would be 1000 o r  
gre a t e r .  

6 The monitor indic ator (see a t tached Fi gur e 3) can be rea d on e i th e r  
o f  two s cales . The ful l range s cale wh ich s pans a l l  e i gh t  de�des , 
or the e xp anded s ca l e  whi ch s pans only th e 3 decades bel ow t he 
des ired ful l s c ale reading s e t  on the s e l e c to r  knob . ( S in c e  the 
me ter i s  l ocat ed about a fo o t  above eye leve l , the me t er is o f ten 
re ad inco rrec t ly d ue to the di f fi c ul ty of seeing the pos i t ion o f  
the s e l e c to r  swi tch and due to paralax e rr o rs ) . 

1 2 2  
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June 2 7 ,  1979 
Page 2 

7 .  A mult ipoint recorder (HP-UR-1901) p rints the dome monitor readings 
(point #12) on a 5 cycle log chart along wi th all the o ther area 
radiation monitors . (All the o ther radiation monitors are G-M tubes 
with a 5 decade res pons e ;  whereas the dome �ni to r  ie a dual-ionizat ion 
chamber with 8 decade response)  • 

Problems Interpreting Dome Moni tor Readings 

There has been cons iderabl e confus ion as to the dose rates in the 
containment due to the difficul ty o f  interpreting the dome monitor 
readin�s . These di ffi cul t ies are enumerated be low : 

1 .  The dome monitor shield attenua tion factor i s  no t known and canno t 
be de termined without some knowledge o f  the source and then only with 
extens ive calculations . 

2 .  The recorder is a 5 decade log recorder , whereas the dome monitor  is 
an 8 decade ins trumen t  which is l inear wi thia each decade . (Thus , 
the recorder was p rinting an 8 decade signal on 5 decade log  paper) . 

3 .  There was a calibration error between the dome monitor ind icator and 
the recorder s uch that the 8 decade s ingl e  was printed only over the 
firs t 3 . 78 decad es o f  the 5 decade  chart paper . 

4 .  The five decade chart paper placed on the recorder should always be 
marked from 0 . 1 to 104 mr/hc to correspond to the other area moni tors , 
but at  times char t paper marked 10 to 106 was used which further 
confused any casual attemp ts to analyze the radiat ion l�vel wi thin the 
containment . Furthermo re , the chart speed is 8 inches per hour , 
but the chart paper is only marked for either 1 or 4 inches per hour . 

r;onclusions Regarding the Containment Dome Monitor  

1 .  The dome moni tor was desi gned to s urvive a pos t-LOCA environment and 
shoul d  have survived this accident p rovided that the gasketed cover 
on the shield had been p roperly sealed . The dome moni tor electronics 
were designed to perfo rm within speci fication up to 105R (108 mr) . 
The monitor ' s pre-ampli fier , which is within the shield , would no t 
have ac cumulated 10SR until sometime between April 7th and April lOth . 
The total ac c�ulated dose through July 1 s t  is es timated to be 
between 3 x 10 and 4 x lOSR • .  Victoreen has seen detectors of this 
type which have been used in hot cells and have failed  d ue to • 
very high radiation exposures ; they usually exhib i t  very uns table 
signa ls . The dome monitor s i gnal has been and continues to be  
extremely s table . 

1 2 3 
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2 .  Any a t tempt s  to read the dome moni t o r  readin gs (point # 1 2 )  from the 
HP-UR- 1901 record er charts (at leas t fo r the period b e tween March 2 8 th 
and July l s t ) mus t use a s cale c onvers ion curve s imilar to th e one 
in Fi gure 4 ,  ( a t ta ched ) and mus t b ea r  in mind that ful l scale on the 
char t is always 104 mr /hr re gardless o f  wha t  is · p rintL d on the cha r t . 

3 .  The dose rat es tha t were me as ured by the de tector wi thin the shiel d  
o f  the dome monitor are shown in Fi gure S (a t tached ) . 

There is good a greemen t between the correctly interpre ted dose r at es 
from the HP- UR- 1 901 recorder charts and the operators read ings o f  
HP-R- 214 which are lo gged in the Radia t i on Mon i to rin g Fil e  (�0006) 
be ginning on Ap ril 6 th ,  1 9 7 9 .  (Cer tain operator readings whi ch 
were obviously in error by a fact or o f  10 we re no t p lo t t ed ) . I t  
should be no t e d  tha t all the dome moni tor readings o f  interes t a re 
spread over only abo ut 1 . 3  inches o f  the rec order chart and tha t 
1 / 16 "  c oul d rep res ent almos t a fa c tor o f  2 in dose rate . 

4 .  The d ome moni to r readings -:learly re fle c t  wh�n the reactor b uildin g  
sprays c ame o n  b y  showing a marke d decrease from 7 8 0  R/Hr t o  3 6  R/Hr 
( ins ide shield) durin g the f irst  day . The s low b uildup between 
March 2 9 (day- 2)  and April 6 (day- 9 )  is presently unexp lained e xcep t 
for pos s ibly the re lease due to ven ting th e p r es s urizer . The s udden 
ris e  o n  April 6 (day- 9 )  is indica tive o f  ven t in g  the was te gas de cay 
tanks in to the containment . Venting the was t e  gas tanks to con ta in­
men t  cont inued through April 1 3 th (day- 1 6 ) . Between days 1 6  and 3 3 ,  
the d o s e  rat e  dec reas ed wi th a 2 1  day ha l f- l i fe .  Between days 34 
and 36 (April 30-May 2) , the dose rate decreased with a ha l f- l i fe 
o f  less than 2 days . Then , be tween 3 7  and 55 days , the �ose rate reduct ion 
s lowed to about a 1 3 . 4  day half- l i fe (Cs- 1 36 has a 13 day ha l f- l i fe ) . 

S ince this decay behavi or is no t characteris t ic o f  the decay o f  mixture 
of radionuc lides no r of the d ecrease in gamma energy spectrum and 
s ince no fissio n  prod uc ts have these hal f- l ives , it s eems as tho ugh 
the dome monitor is measuring th e rate o f  some f is s ion product removal 
pro cess oc curring wi thin the containment .  I t  is r umored tha t  some 
work was done on the containmen t cooling sys tem around May 1 s t which 
neces s i tated shut tin g  the coolers o ff fo r some time ; i f  t: .: , i t  may 
exp lain the rapid decr£ase expe rienced during tha t perio d o f  t ime . 
S inc e mid-May , the dose rate has held s teady a t  4 0  R/Hr.  

Rec ommenda t ions fo r Addit ional Work 

1 .  The pos t-accident even ts mus t b e  reviewed mo re c ar efully to : 

• 

a .  Quant i fy the act ivity removal e f fe c tivenes s o f  the cont ainmen t 
s prays during their 5 minutes and 50 seconds o f  opera t ion , 
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1 .  b .  Explain the a c t ivi ty inc reas e during the period May 2 9-April 6 ,  

c .  Quan t i fy the a c tivi ty so urce associated with the s udden increase 
in dose ra t e  on Ap ril 6 ,  

d .  Explain the rapid decrease during th e p er iod' ApriL 30-May 2 ,  

e .  Explain the s l ow dec reases during the periods Apr il 1 3- 30 
and May 2- 21 , and 

f .  To expl ain the reason fo r the c ons tan t dose rate s ince May 2 1s t .  

2 .  The Task e f fo r t ,  pres ently in p rogress at B &W ,  to a�sess the radiation 
e xpos ure to c omponents wi thin the c on tainmen t sho uld be expand ed to 
inc lude c al culation o f  the dose rate to the shiel ded d e tec t o r  from 
synthes ized fiss ion prod uc t sources whi ch p ro duc e the meas ured dose 
rates to the shielded detec t o r . For examp l e ,  the d e tector dose rate 
sho ul d  be c al c ulated for each of the following sources : 

a .  Airborne sources with : 
1 .  50% o f  the Xe a c t ivity in core 
2 .  50% o f  the Kr ac t ivi ty in core 
3 .  50% o f  the I a c t ivi ty in c o re 
4 .  50% o f  the Cs (+Ba) a c t ivity in core 

b .  Maj o r  plate�out sources on containment walls with : 
1 .  50% o f  the I activi ty in c ore 
2 .  50% o f  the Cs (+Ba) ac tivi ty in cor e  
3 .  5% o f  t h e  Zr (+Nb) ac tivi ty in c ore 

l' 
c .  Local plate-out sourc es on e l eva tor sha ft roo f and moni to r shield 

[us ing s ame pci / cm2 as in i tem (b) ] 

d .  Direc t rad iation sources from s ump wa ter conta inin g :  
1 .  50% o f  the I ac t ivi ty in core 
2 .  50% of the Cs (+Ba) a c t ivi ty in core 
3. 5% of the Zr (+Nb) ac tivi ty in core 

e .  Det e c t o r  leakage sources (assuming specific a c t ivi t y  from i tem (a) 
leaked into the detec to r  shield ) . 

I f  the above rec ommenda tions a re fo llowed , no t only will the radia tion 
leve l in the c on tainment be known , but we wil l improve o ur e s t ima t� o f  
the amount o f  fiss ion pro luc t s  released into the c ontainment and wil l  
obtain va luabl e  ins i gh t  in to how decontaminat io n  c an b e  facil i ta te d . 

1 2 5  
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Z . l . Z  . 645 �er1 es Area Mon1 tor.  

2 . 1 . 2 . 1 Genera l Des c ri pti on . See Tab l e  1- 1 .  

� The 845 Seri es Area Mon i tor i s  used to mon i tor ga.nma radi a tion l eve l s  in the 
� reactor bui l ding dome . The 84 7- 1 detector i s  i ns talled in a speci al 904 120 hous i ng 

wi th s ta i n l e s s  s teel wal l s  and a 2- i nch l ead sh i e l d for ex tended rad i a t i on l evel 
response .  The 846- 1 readout module i s  l ocated i n  panel 1 2 .  The radiation a l arm 
sys tem of the readout modul e i s  connected i nto the evacuation a l a rm sys tem . See · 
draw i n g  905474 . 

The rad i ati on l evel is presented on the reado u t  �odule panel me ter and also as  
recorder and computer outputs from the unit . The reco�er o u tput is 0 - lOmV and 
the computer output i s  0 - 50mV . 

The readout i ncorpora tes two i nde pendently adj us tab l e  e l ectronic comp a ra tor type 
· rad i ati on a l arm trips . The alarm trips actua te the audi ble annunciator sys tem and a 
l i gh t  on the readout modu l e  front panel . 

The readout mod u l e  front panel con tro l s and i ndica tors cons i s t of the fo l lowing : 

A .  The Panel Meter . 

B .  Function Switch - This i s  the only ro ta ry swi tch on the front panel . It turr 
the un i t  on and o ff . sel ects the ranges to be d i splayed and activates the check sourcE 

C. Amber B utton/Indicator - Ligh t on indi cates alert rad i a tion alarm trip. 
Button pressed causes meter to i ndicate alert a l arm trip set point .  

D .  Red Button/ Indicator - Ligh t o n  indica tes h igh rad i ation alarm trip.  
pres sed causes meter to i ndi cate high alarm tri p set poi n t .  

But tor 

E .  Green Bu tton/ I n dica tor - Green l igh t off ind i cates a power s u pp l y  or c o l l ect< 
supply vol tage fail u re .  Green l igh t on indicates normal unit function i ng .  Green 
button pres sed resets e i ther or both radiati on alarms . 
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HP-R- 2 1 4  STRIPCHART CORRECTED DATA 

These data have been derived from the actual TMI- 2  strlp­
chart readings . Correction factors have been applied to 
the stripchart readings to account for the improper scaling 
and log paper errors . The left-hand number of each set of 
data (A) is the time in hours s ince the beginning of March 
2 8 ,  19 7 9 .  The right-hand numbers ( B )  i s  the radiation 
reading in R/h r .  

A B 

1 .' • 004 79 

3. 75 . •  (1(1479 

4 .  • 00 1 

1:.· . �:75 • 00 1 
c . . 5 . 007:3'? 

t . . c.25 • 1 85 
6 . 75 . 435 

6 . 875 . 905 
7 .  1 .  :31.:· 
7 . 1 1 7 1 . 46 
7 .  1 3:3 1 .  56 

7 .  1 5  1 .  66 
7 .  1 67 1 .  :::: t. 
7 .  1 ::::3 24 . 3  

7 . 2 1 7  1 00 .  
7 .  2:=::3 252 . 
7 .  25 :;:4 9 .  
7 . :375 5 1 7 . 

7 . 5 590 . 

7 . 625 590 . 
7 .  75 (:.5:?. . 
7 . 875 722 . 

E: . 25 t::3'7 . 
::: . s s:=: ·? . 

:3 . 75 8:3·?' . 

t;J . ·� :3'7' . 

9 .  25 9:;:';-1 . 
·�J . 5 :=:8'?.1 • 

9 .  75 8::3 9 . 

1 0 .  889 . 

1 0 . 25 8:�: 7 . 
1 0 .  5 ::::::: 7 . 
1 0 . 75 78 1 .  

1 1 .  722 . 

1 1 . 25 722 . 
1 1 . 5  658 . 

1 1 . 75 658 . 

A B 

1 2 .  722 . 
1 2 . 25 7E: l . 

1 2 . 5 :33 7 .  

1 2 . 75 889 . 
1 3 .  8:3'7' . 

1 3 .  25 :3:=: ·? . 

1 :3 . 5 ::::3 7 .  
1 :::: . 876 :3:37 . 
1 :3 . ·� 5'� () . 
1 :;: • S"15 5';i() . 

1 :3 . 967 5 1 7 . 

1 4 .  5 1 7 . 
23 . �· 71:. . • 6 
23 . 583 74 . 8  

23 . 667 73 . 

2 3 . 75 7 1 . 2  

2�3 . 8 7 1 . 2 
26 . 9 1 7  46 . 
28 . 5  4 �· -

2'i . 5 4 1 . 

�:0 . 3:3 . 4 
3 1 . 3:3 . 4 
�: 1 .  5 35 . 8  

�:2 .  5 3 5 . 8  

33 . 3t: . 4 
3 4 . 3::: . 4 

34 . 5  4 1 . 
:35 . 5  4 1 . 

36 . 4 3 . 5  

:::: 7 . 4 :3 . 5 
37 . 5 46 . 8  

3:3 . 4(: . •  8 

4(1 . 50·. 7 
40 . 7�i 50 . 7  



A B 

43 . 8 55. 2 
44 . 5  55 . 2 ·  
4 5 .  57 . 3  

46 . 57 . :3 

46 . 5  5·;> .  5 

4 7 .  6 1 . 5  

47 . 5  6 1 . 5  

4:3 . 6:3 . 5  
4E: .  5 (:.5 .  5 

4'::;, ' . 65 . 5  

4 9 . 5 67 . 5  
515 :69-. 4 -
50 . 5  6';> .  4 

5 1 . 7 1 . 2  
5 1 . 5  7 1 . 2 

52 . 73 . 
52 . 5  74 . 8  
c- �. � ... e: • •  76 . 6  
5 4 . 76 . 6 

54 . 5  7:3 . :::: 
55 . 7 8 . 3 
55 . 5  80 . 
56 . ::: 1 . 6  
5' . S" s-3. ,j 
5 7 .  8 4 . 9 
57 . 5  :::e . •  4 
5 ::: .  s:=: . 
5:3 . 5 t:·;- . 5 
s·;> .  89 . 5 

59 . 5  9 1 . 
60 . 9 1 . 

60 . 5  9 2 .  �; 
6 1 . 95 . 3 
6 1 . 5  W:. . • 7 

6 2 .  98 . 1 

6 2 . 5 9'? . �; 
e.3 .  1 00 .  

6:3 . 5 1 00 .  

64 . 1 00 .  

66 . 1 2 1 . 
7 2 .  .-,� C"' -.. k ·-· 6.. . 
7E: . 349 . 
84 . 34 9 .  
90 . 385 . 
9(:. • •  385 . 

A 

1 0 2 .  

1 08 .  

1 1 4 .  

1 20 .  

1 26 .  

1
-·-· .:.- � . 

1 38 .  
1 44 . 
1 50 .  

1 56 .  
1 62 .  

1 68. 
1 74 .  

1 80 .  

t sc . • 
1 92 .  
1 9E: . 
204 . 
2 1 0 .  
2 1 6 .  

240 . 
264 . 

2:3:3 . 

3 1 2 . 
3:�:6 . 
360 . 
3 :34 . 
4 08 .  
432 . 
456 . 
480 . 
504 . 
� ·-··=· -· .::.. ·-· .  
576 . 
672 . 
768 . 
864 . 
960 . 

1 0 51.: . .  
1 1 52 .  
1 24 :3 . 
1 34 4 . 
1 4 40 . 
1 920 . 
20 1 /:.. . 
2 :�:(1 4 .  

1 3 3  

B 

385 . 

385 . 

420 . 

4 20 . 

453 . 

453 . 

453 . 

486 . 

5 1 7 .  
5 1 7 . 
5 1 7 .  

576 . 
6 1 8 .  

6 1 8 . 
6 1 8 .  
6 1 8 .  
c· 1 8 .  
6 1  E: . 

6 1 8 .  
604 . 
597 . 
597 . 
6 1 1 . 

6 1 8 . 

6 4 5 . 
6 1 8 . 
6 1 8 .  
604 . 

l:.04 . 

604 . 
604 . 
590 . 

5 6 2 . 
590 .  
4 :37 . 
4 ::::7 . 
1 44 .  
t::=: . 

7 1 . 2  
c:' l:"  .-, ._1._1 . �. 
� ·'j 
.J ._. . 

50 . 7  
5:3 . 
c �. --· ·.:· . 
57 . 3 
57 . 3 



A B 

2400 . 59 . 5  
2496 . 6 1 . 5  
2976 . 6 1 . 5  

45 1 2 .  67 . 5  

52:32 . 6 1 . 5  

5952 . �.7 .  5 
604:3 . 7 1 . 2  

669(: . • 74 . 8  
7440 . 7 1 . 2  

8 1 :36 .  /:..�' · 4 
88:3(1 . 59 . 5  

9600 . t.3 .  5 

1 0296 . 6 7 . 5 

1 3 4  



A P P E N D I X E 

H P  R 2 1 4 L i n e � f  S i g h t t o  C a n d y  C a n e s  

Charts Fl and F2 show the l ine of s i ght vectors from HP- R- 2 1 4  
t o  the s te am generator candy canes A and B ,  respectively . As 
can be seen , there is probably a l ine o f  s i ght to the RC-H- lB 
candy cane , the nearer of the two . I f  we a s s ume that the 
contamination in the l iquid looks like a point source to the 
detector , we can make a very rough estimate of radi ation leve l 
due to thi s s ource at the detector . We calculate this leve l 
to be approximately 6 7 5  R/hr us ing the fol lowing data and 
assumption : 

1 .  As s ume 1 . 1 7 3  and 1 . 3 3 3  Mev photons only 
2 .  Neglect ef fects of attenuation o f  ca�dy cane pipe 
3 .  Assume vo lume o f  l iquid i s  2 . 3 5  x 1 0

2 
l i ters 

4 .  As s ume aperature of detecto2 i s  7 5 cm 
5 .  Assume point source and 1/R radiation recuc tion 

where R is the d i s tance to the s ource 
6 .  No shie lding by the s s  ves s e l  was as s umed 

Although this calculation is very rough , it should be con s e rvative , 
i . e . , radi ation leve l s  should be lower than cal culated s i nce 
hig� energy photons and no shielding was a s s umed .  
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The top g raph plots the s tripchart f r om HP- R- 2 1 2 a s  a 
f unction o f  hour s  s i nce the beg inning o f  March 2 8 , 1 9 7 9 . 
The bottom shows s imi l a r  in format ion for HP- R- 2 1 3 . Note 
the d i f f e rence i n  t ime s c a le s . HP- R- 2 1 3  f a i l e d  e a r ly in 
the acc i dent . HP- R- 2 1 2  was not turned on unti l over 2 0 0 0  
hours a ft e r  the a c c i dent began . 
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A P P E N D I X  G 

R a d i a t i o n  T o t a l  D o s e  I n f o r m a t i o n  

Appendix G contains the HFE vs . Gamma Dose characteri z ations 
which were used to estimate the total radiation dose to 
RP- R- 2 1 4 trans i stors . Four transistor types from several 
manufacturers were exposed to a CO 6 0  source , both pas sively 
and actively , and the characteristic curves were measured at 
two co llector currents . Opt ical den s i ty measurements of 
my lar wrap samples is also included . 
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***** GAMMA RATE THRU 

ENERGY 
< MEV > 

T I ME o . o HRS 
• 04 

• 1 5  

• 40 
. eo 

1 .  30 
1 .  7 0  

2 . 20 
2 . 50 
2 . 80 

TOTAL 

T I ME 1 .  0 HRS 
• 04 
. 1 5  
. 40 
. 80 

1 .  30 
1 .  70 
2 . 2(1 
2 . 50 
2 . 80 

TOTAL 

T I ME 3. 0 HRS 
. 04 
. 1 5 
. 40 
. eo 

1 .  30 
1 .  70 
2 . 20 
2 . 50 
2 . 80 

TOTAL 

T I ME 4 . 0  HRS 
. 04 
. 1 5 
. 40 
. 80 

1 .  30 
1 .  70 
2 . 20 
2 . 50 
2 . 80 

TOTAL 

T I ME 5 . 0 HRS 
. 04 
. 1 5  
. 40 
. eo 

1 . 30 

CHART H 2  

A I R  AND PB ***** 

GAMMA RATE 
< MRAD/tiR > 

o • 

o • 

o . 

0 . 
0 .  
0 .  
0 .  
o .  
o .  
0 .  

. 5659-284 

. 3230E-39 

. 662 1 E-07 

. 5737E-05 

. 8252E-04 

0 7:=o90E -(14 
. 290SE-03 

. 3 1 24E -03 

. 64 4 3E-04 

. 83 1 5E-03 

• 1 092-283 
. 6304E-39 
. 1 0 1 3E-06 
. 5238E-05 

. 1 022E-03 

. 9 1 33E-04 

. 3694E -03 

. 3777E-03 

. 665 1 E-04 

. 1 0 1 2E-02 

. 1 204-283 

. 6978E-39 

. 1 000E-06 

. 4235E-05 

. 8835E-04 

. 7932E-04 
• 321 0E-0:': 
. 3290E-03 
. 5358E-04 
. 8756E-03 

• 1 266-283 
. 7367E-39 
• 94�54E-07 
• 34:1 6E-05 

• 72��7E-04 

1 6 2  
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�o "'., r. • .Q .. ., s .. -to�<- ( 
� 



CHART H 2  ( Con t . )  

1 .  70 . 6576E-04 

2 . 20 . 2661 E-03 
2 . 50 . 2734E-03 

2 . 80 . 4 1 8 1 E-04 

TOTAL . 723SE-03 

T I ME 7 . 0 HRS 
. 04 . 1 3 1 6-�83 

. 1 5 .  . 7698E-39 

. 40 • 80 1 3E-07 

. 80 . 2345E-05 
1 . 30 . 4687E-04 

1 .  70 . 4245E-04 
2 . 20 . 1 7 1 7E-03 
2 . 50 . 1 770E-03 
2 . 80 . 24 8 1 E-04 

TOTAL . 4652E-03 

T I ME 1 0. 0  HRS 
• 04 . 1 3 1 9-283 
. 1 5 . 7757E-39 
. 40 • 6044E-07 
. 80 • 1 538E-05 

1 .  30 . 2290E-04 
1 . 70 . 2082E -04 

2 . 20 • 84 1 6E-04 
2 . 50 • 8696E·-04 
2 . 80 . 1 1 39E-04 

TOTAL . 2278E-03 

T I ME 1 4 . 0  HRS 
. 04 . 1 293-283 
. 1 5 . 7635E-39 

. 40 . 4 1 88E-07 

. 80 . 1 0 ! 3E-05 
1 .  30 . 8626E-05 
1 .  70 . 7857E-05 

2 . 20 . 3 1 76E-04 
2 . 50 . 3285E-04 
2 . 80 . 4 1 62E-05 

TOTAL . 86 3 1 E-04 

T I ME 24 . 0  HRS 
. 04 . 1 220-283 
. 1 5 . 724 1 E-39 
. 40 • 1 84 1 E -07 
. 80 . 4379E-06 

1 .  30 . 7457E-06 
1 .  70 • 6797E-06 
2 . 20 . 2747E-05 
2 . 50 . 2843E-05 
2 . 80 . 355 1 E-06 

TOTAL . 7827E-05 

T I ME 4 4 . 0 HRS 
. 04 . 1 089-283 
. 1 5 . 6499E-39 
. 40 . 4529E-08 
. eo . 9507E-07 

1 .  30 . 5575E-08 
1 .  70 . 50B2E-08 

2 . 20 . 2054E-07 
2 . 50 . 21 26E-07 

1 6 3  



CHART H 2  ( Cont . )  

2. 80 . 2653E-08 
TOTAL . 1 547E-06 

T I ME 64 . 0  HRS 
. 04 . 9744-284 
. 1 � . �832E-39 
. 40 . 1 529E-08 
. eo . 2 1 92 :::-07 

1 . 30 . 4 1 68E- 1 0  
1 .  7 0  • 3799E - 1 0  
2 . 20 . 1 536E-09 
2 . 50 . 1 589E-09 
2 . 80 . 1 984E- 1 0  

TOTAL . 2386E-07 

"TI ME 240 . 0 HRS 
• 04 . 3692-284 
. 1 5 . 223 1 E - 39 

. 40 • 8755E - 1 C, 

. 80 • 1 563E-08 
1 .  30 0 .  
1 . 70 0 .  
2 . 20 o .  
2 . 50 o .  
2 . 80 o . 

TOTAL • 1 650E-08 

T I ME 480 . 0  HRS 
• 04 . 9909-285 
• 1 5  . 597 1 E-40 

. 40 . 1 1 23E- 1 0  

. 80 • 1 560E-08 

1 .  30 0 .  
1 .  7 0  o.  
2 . 20 o .  
2 . 50 o.  
2 . 80 o . 

TOTAL . 1 5 7 1 E-08 

. 292 CP SECONDS E X ECUT I ON T I ME . 
I 
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***** GAP11'1A RATE THRU A I R  AND PB ***** D� 

T I ME 

TOTAL 

T I ME 

TOTAL 

T I ME 

TOTAL 

T I ME 

TOTAL 

T I ME 

o . o HRS 

1 . 0  HRS 

3 . 0  HRS 

4 . 0 HRS 

5. 0 HRS 

,. 

ENERGY 
( MEV ) 

. 04 

• l S  

. 40 
• eo 

1 .  30 

1 .  70 

2 . 20 

2 . 50 

2 . eo 

. 04 

. 1 5 

. 40 

. eo 

1 . 30 

1 .  70 

2 . 20 

2. 50 

2 . eo 

• 04 

. 1 5 

. 40 

. eo 

1 .  30 

1 . 70 

2 . 20 

2 . 50 

2 . 80 

. 04 

. 1 S 

. 40 

. eo 

1 .  30 

1 .  70 

2. 20 

2 . 50 

2. 80 

. 04  

. lS 
., 40  
. eo  

'"�· ' .  

OAHI'IA RATE 
<11RAD/HR ) 

o. 
o • 

o • 

o. 
o .  

o .  

o. 
o. 
o. 
o. 

. 2382E-03 

. 24 1 6E-03 

. 5536E-o3 

. 1 536E-03 

. 6:507E-03 

. 4794E-03 

. 1 :530E-02 

• 1 524E-o2 

. 3 1 06E-03 

. 56e1 E-o2 

. 4597E-03 

. 47 1 6E-03 

. 8474E-03 

. 1 402E-03 

. 8058E-03 

. 5769E-o3 

• 1 946E-02 

. 1 842E-02 

. 3206E-03 

. 74 1 0E-D2 

. 5067E-03 

. S220E-03 

. 8363E-03 

. 1 1 34E-03 

. 6967E-D3 

. 50 1 0E-D3 

. 1 690E-02 

. 1605E-02 

. 2583E-03 

. 6730E-02 

. S331 E-D3 

. 5!51 1 E-D3 

. • 7S'O:IE-o3 ;�:;;i,�t7&;t�.if':·· • ·.-:: .  
,. 

1 6 5  



TOTAL 

T I ME 

TOTAL 

T I ME 

TOTAL 

T I ME 

TOTAL 

T I ME 

TOTAL 

T I ME 

CHART H 3  ( Co n t . )  

7 . 0 HRS 

1 0 . 0 HRS 

1 4 . 0  HRS 

24 . 0  HRS 

44 . 0  HRS 

1 .  70 
2. 20 
2 . 50 
2 . 80 

. 04 

. 1 � 

. 40 

. eo 

1 .  30 

1 .  70 

2 . 20 

2 . 50 

2 . 80 

• 04 

. 1 5 

. 40 

. eo 
1 .  30 

1 .  70 

2 . 20 

2 . 50 

2 . 80 

. 04 

. 1 5 

. 40 

. 80 

1 .  30 

1 .  70 

2 . 20 

2 . 50 

2 . 80 

. 04 

. 1 5 

. 40 

. 80 

1 . 30 

1 .  70 

2 . 20 

2 . 50 

2. 80 

. 04 

. 1 5  

. 40 

. eo 

1 .  30 

1 . 70 

2. 20 
2. 50 

1 6 6  

. 4 1 54E-o3 

. 1 401 E-o2 

. 1 334E-02 

. 20 1 6-E-03 

. �893E-02 

. 554 1 E"'-03 

. 5758E-03 

. 6 700E-03 

. 6277E-04 

. 3696E-03 

. 2682E-03 

. 9043E-03 

. 8634E-03 

. 1 1 96E-03 

. 4388E-02 

. 5555E-03 

. 5802E-03 

. 5053E-03 

. 4 1 1 7E-04 

. 1 805E-03 

. 1 3 1 5E-03 

. 4433E-03 

. 4242E-03 

• 5493E-04 

. 29 1 7E-02 

. 5445E-03 

. 57 1 1 E-03 

. 3502E-03 

. 27 1 3E-04 

. 6802E-04 

. 4963E-04 

• 1 673E-03 

. 1 603E-03 

. 2006E-04 

. 1 958E-02 

. 5 1 3�E -03 

. 54 1 6E-03 

• 1 539E-03 

. 1 1 73E-04 

. 5880E-05 

. 4293E-05 

. 1 447E-04 

. 1 387E-04 

. 1 7 1 2E-O� 

. 1 26 1 E-02 

. 4585E-03 

. 486 1 E-03 

. 3787E-04 

. 2�45E-05 

. 4396E -07 

. 32 1 0E-07 

. 1 082E-06 

. 1037E-06 



I 

CHART H 3  ( Cont . ) 

. . .  

TOTAL 

T I I1E  64. 0  HRS 

TOTAL 

T I ME 64 . 0  HRS 

TOTAL 

T I ME 240 . 0 HRS 

TOTAL 

T I ME 4:30 . 0  HRS 

TOTAL 

. 04 
• us 
. 40  
. 80  

2. 80 

. 04 

. 1 :5 

. 40 

. 80 

1 .  30 
1 . 70 

2 . 20 

2 . �0 

2 . 80 

. 04 

. 1 5 

. 40 

. 80 

1 .  30 

1 . 7(1 

2 . 20 

2 . 50 

2 . 80 

. 04 

. 1 :5 

. 40 

. 80 

1 .  30 

1 .  70 

2 . 20 

2 . 50 

2 . 80 

. 41 02E-03 

. 4362E-o3 

. &%18E� 
• !!1869£ -06 
. 1 279E-07 
. 9e4E-03 

. 4 1 02E-03 

. 4362E-03 

• 1 278E-04 

. 5869E:-06 

. 3287E-09 

. 2400E-09 

. 8088E-09 

. 7753E-09 
. 9564E- 1 0  

. 8598E-03 

• 1 554E-03 

• 1 669E-03 

. 7 320E-06 

. 4 1 B�E-07 

0 .  

0 .  

0 .  

o .  

0 .  

. 3231 E-03 

. 4 1 72E-04 

. 4467E-04 

. 939:L:E-07 

. 4 1 77E-07 

o .  

o .  

o .  

o .  

o . 

• 8652E-04 

. 289 CP SECONDS E X ECUT I ON T I ME . 
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RA 

/LNH. FN•TAPE4 
o . o  
8 . 6379E� 

1 . 5959E6 

3 . 3253E6 
1 . 2402E6 

2 . 9768E6 

3 . 40:37E6 

6 . 677:3E6 

1 . 23 1 2E7 

1 . 869 1 E6 

1 . 0  

8 . 5 1 88ES 

1 .  5867E6 

2 .  90::H E6 

7 .  9:309E5 

3 . 568 1 E6 

2 . 7747E6 

9 . 3762E6 

9. 63:�:9E6 

2 . 0283E6 

3 . 0  

8 . 3259E5 

1 .  5687E6 

2 . 2506E6 

3 . 6670E5 

2 . 2378E6 

1 . 69 1 0E6 

6 . 0392E6 

5 . 8996E6 

1 . 0605E6 

4 . 0  

8 . 2449E5 

1 .  5600E6 

1 .  9956E 6 

2 . 6640E5 

1 . 7383E6 

1 . 3 1 95E6 

4 . 7 1 47£6 

4 . 6 1 76E6 

7 . 6755£5 

5 . 0 

e. 1 7 1 1 £5 

1 .  55 1 4£6 

1 . 7769£6 

2 . 0240£5 
1 .  3524E6 

1 .  0305E6 

3 . 68 1 5£6 

3 . 6 1 44E6 

5 . 6425E5 

7 . 0  

8 . 0397E5 

t . 5344E6 

1 . 4254£6 

1 . 3 1 49E5 
8 . 221 6E5 

6. 29£.8E5 

2 . 2486E6 

2 . 2 1 47E6 

3 . 1 69 1 E:5 

1 0 . 0 

CHART H 4  

7. e68� 
1 . 5096£6 
1 .  049?'E6 

8 . 4200E4 

3 . 92 1 5E5 

3 . 0 1 46E5 

1 . 0U·2E6 

l . 0625E6 

1 . 42 1 0E5 

1 4 . 0 

7 . 6676E5 

1 .  4 773E6 

7 . 2323E5 

5 . 5 t 58E4 

1 . 4689E5 

1 .  1 3 1 2E 5  

4 . 0376E5 

3 . 9905E5 

5 . 1 �•>'7E4 

24 . 0  

7 . 2247E5 

1 . 3997E6 

3. 1 75:3E5 

2 . 3820E4 

1 . 2686E4 

9 . 7767E3 

3 . 4895E4 

3 . 4504E 4 

4 . 3993E3 

4 4 . 0 

6 . 4 5 1 2E5 

1 .  256::::E6 

7 . 8 1 39E4 

5 . 1 707E3 
9 . 4842E 1 

7 .  31)9:3E l 

2 . 6088£2 

2. 5796E;� 

3 . 2867E l 

64 . 0  

5 . 77 1 5£ 5  

1 . 1 273E6 
2 . 6379£4 

1 .  1 923E3 

7 . 0908£- 1 
5 .  4�.48E- 1 

1 . 9505EO 

1 . 9287EO 

2 . 4573E - 1  

240 . 0 

2 . 1 869£5 

4 . 3 1 34E5 

1 .  5 1 03E3 

8 . 5008E l 
o .  
0 .  
0 .  
o .  
o .  
·480 . (I 

!5. 8697E4 

1 . 1 543E5 

1 . 9378E2 

8. 4�1 
o. 

0 .  
o .  
o .  

o .  

720 . 0 

1 .  !5882E4 

3 . 0830E4 

8 . 0309E 1  

8 . 4 706E 1 

o .  

o .  
o .  

o .  

o .  
EOI ENCOUNTERED . 

I 
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Spe c if ied Ex te r na l  Di s t r i bu t i on On ly : 

Mr . Fr ank Toope r 
Of f ice o f  TM I Prog r am s  
N.  E .  2 3  
U .  s .  Depar tment o f  Ene rgy 
1 9 9 0 1  Ge rmantown Road 
Ge rmantown , Ma r yl and 2 0 7 6 7  

Mr . R .  D .  Me i n i ng e r  
EG&G Id aho , Inc . 
P .  o .  Bo x 8 8  
Middletown , Pennsyl v a n ia 1 7 0 5 7  

Dr . W .  w .  B i x by 
u .  s .  Depa r tment o f  Ene r gy 
P .  0 .  Bo x 8 8  
Mid d l e town , Pe nnsyl va n i a  1 7 0 5 7  

Mr . Ronald  Ho l to n  
U .  s .  Depa r tment o f  Ene rg y  
AL/ETD 
A l buque r que , New Me x i co 8 7 1 85  

2 3 4 0  J .  G .  Webb 
2 3 4 1  M .  B .  Mu r phy ( 5 )  
2 3 4 1  G .  M .  Mue l l e r  ( 3 )  
2 3 4 1  c .  R .  Al l s  
2 3 6 0  T .  L .  Wo r kman 
6 4 0 0  A .  w .  Sn yd e r  
6 4 2 2  D .  A .  Powe r s  
6 4 4 0  D .  A .  Da h l g re n  
6 4 4 5  J .  H .  Lineba rg e r  
6 4 4 5  P .  A .  Be nne t t  
6 4 4 6  L .  L .  Bon zon 
6 4 4 6  F .  v. Thome 
6 4 4 9  K .  D .  Be rge r o n  
7 5 4 1  w .  c .  Je r n ig an 
3 1 5 1  B .  J .  Tolman 
3 1 5 1  w .  L .  Ga r ne r  ( 3 ) DO NOT ANNOUNCE 
8 0 2 4  c .  M .  Os t r a nde r ( 5 )  
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