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Al3� TRACT 

The Three Mile Island Unit-
2 reactor building atmosphere was sampled .. '-

prior to the reactor building purge. Samples of the containment atmosphere 

were obtained using specialized sampling equipment instal�ed through pene

tration R-626 at the 358-foot (109-meter) level of the TMI-2 reactor build

ing. �he samples were subsequently analyzed for radionuclide concentration 

and for gaseous molecular components (02, N2, etc.) by two independent 

laboratories at the Idaho National Engineering Laboratory (INEL). The sam

pling prc.cedures, analysis methods, a�rd results are summarized in tnis 

report. 

T11e concentration of 
8\r present was found to be 1.02 ± 0.05 �Ci ·cm

3 

at STP or 0.88 ± 0.04 �Ci/cm
3 

at TMI-2 reactor building conditions. Samples 

f d . 1 . d 90s l 3 7c 1 34c 1 1 f o suspen ed part1cu are conta1ne �, s, and s at eve s o 

1.9 x 10-
lO 

± 0.3 X 10-
lO 

11Ci/sm
3

, 8.4 X 10-
10 

± 0.9 X 10-
10 

1JCi/cm
3

, 

1 1 l 0-
1 CJ 0 1 1 0-l ° C . I 3 . 

l T . . l 4c and . J  x ± . x IJ 1 ern , respect1ve y. r1t1urn and 

activity levels v1ere 4.7 x 10-5 
± 0.8 x 10-

5 
1JCi/cm

3 
and 3.5 x 10-

7 

-7 3 
:t 0.9 x 10 11Ci/cm . Measured concentrations or detection limits for 

tt1ese and 26 ott1er radionLrclides are reported. Additionally, ttre relative 

concentrotions of the stablP gaseous components, determined by rnass spectro

rnPtry, are reporteo. 
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CHARACTERIZATION OF THE THREE MILE ISLAND UNIT-2--REAC TOR BUILDING 

ATMOSPHERE PRIOR TO THE REACTOR BUILDING PUKGE* 

0· �- Hartwell and J. W. Mandler 

EG&G Idaho, Inc. 

S. W .  Duce and B. G. Motes 

Exxon Nucleat· Idaho Co., Inc. 

I .  INTRODUCTION 

D ur i ng the perioci from April 29, 1980, to �1ay 2 ,  1 980 ,  t he atmosphere 

of the Three Mile I sland (TMI) Un i t-2 Reac t o r  Bu i l d i ng (RB ) wa s sampled and  

S'Jbsequent ly analyzed to provide characterization priot· to the conta i nment 

purge. Sarnp l es were obtained via a samp l i ng probe installed throu(]h nenf'

trat i on R-626 at the 3 58 -ft ( 109 -m) l e ve l  of the Rl). Spec i a l i zed s amp l i ng 

equ i pment, developed for t11e NRC Source Tenn Project, was u sed to obtain 

samples for the determination of 129I ( oot h total and i od i ne spec i e s ) ,  
1 4. 3 H 

8 5K . 1-,1 
· -

• 1 C, , r, and rad1onuc lue act1v1ty or suspended part1cu ate s, and 

for molecular analysis of the atmospheric gaseous components . Ana l ys e s  we r e  

p erformed by two d i ff erent ana lyt ica � 1 abo ratorie s  a t  t ne Idaho Nat iona 1 
Engineering Laboratory ( INEL ) . 

T h i s  wo rk was  i n i t i a t eo to p rov i d e  data reque s tt:d by t he H1I Ex am i na

tion Task 2. 1 Plann i ng Group re l ating to f i s s i o n -proouc t transport ana de po 

sition and en v i ronme n t s charncterization. 1 As the wot·k p rogres sed, a n  

anc i l l a ry objec t i ve of p rov i d i ng data for a comprehensive evaluation or the 

source tenn for the TM I-2 RB purge ae veloped . 

* Work supported by the U . S .  Dep a rtme n t  of Energy u nder DOE Con t rac t 
No. DE-AC07-76I D0 1 570 . 



II. SAMPLING 

1 .  Equipment 

Samples were oGtained using specialized sampling equipment installed 

at tne R- 626 penetration at the 358-ft (109-m) level of the TMI Unit-2 RB. 
Tne R-626 penetration is equipped with a glove box incorportating a douule 

gate-valve-protected passthr0ug� to the RB interior. The sampling equip�ent 

consisted of a 4.6-m by 0.64-cm diameter stainless steel sampling prone, a 

2. 4 liter/sec rotary vane sampling pump, flow and pressure/vacuum measure

J!li�nt equipment, and a varic:>ty of samplinq devices. A moisture dropout trap 

was p l acecl bet,.,een the samp 1 i ng prooe and tt1e sample ;ne'j i a to protect the 

media from mo1sture condensation; hOivever, no liquid collectea in tne mois

ture Jropout during any of the sampling operations. All sample lines from 

tr1e sampling probe inlP.t to the inlet of tne last san1ple device �.;ere stain

less steel. Fiqure l presents a sct1ematic of tt1e sampling configtJration 

use(L Note that sample gas was Lrawn directly from containment anJ exhausted 

into the glove box. 

T'le sampling devices employed have been used extensivelv at nuclear 

po•·1er plants by INEL scientists on tt1e NRC Source Tenn i�easurement Program. 

Tne sample devices are shown schematically in Figures 2 through 4 anJ are 

discussed individually in the following sections. 

l. l Iodine Samplers 

Two types of iodine samplers were employed: one for collection of a 

total iodiGe sample and another f8r determinat1on of the iodine chemical 

species. Both samnle devices are composed of five separate aluminum cups 

containing the desired sarnplin� medium. The cu�s are 0-ring sealed, and a 

stacK of five are assembled for use in a sampling tower. In both the total 

iodine and the iodi'le species samp1ers, the first sample cup contains three 

(3) high efficiency particuldte activity ( HEPA ) filters to remove particulate 

radionuclides. 

2 



Three Mile Island Unit-2 Reactor Building 
Sampling Station 
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Figure l. Three ivlile Is l and Un i t-2 Reactor Building R-626 Sampli ng Station 
Schematic 



Total Iodine and Iodine Species Samples 
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F igure 2. Sampler T·J\vt>r Schematic, Snowiny Setup for Total Iodine, Iodine 
Species, anJ Particulate Sampling 
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F i gure 3 .  Carbo n - 1 4  and Trit i um Sample Schema t i c 
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F i gure 4 .  W ho l e  G a s  Samp l er Sc hema t i c  



The tot a l  i od i ne s amp l ers cons i s ted  o f  t he t hree H E PA f i l ters fo l l owed 

by two tr i e t hy l e ned i am i nt: ( TEDA ) i mpreonated  c h arcoa l a b sorpt i on bed s .  The 

rema i n i ng two c�p s i n  the samp l er tower were empty ( blank ) c u p s .  

The i odi�e spec i es s amp l ers u se a var i ety  o f  s amp l i ng med i a  arranged 

t o  op t i mizr t he se l ec t i ve ad sorp t i Gn of  p art i c ulate i od i ne ,  eleme n t a l  i od i n e 

( I 2),  hyiJJ i od o u s  ac i d  ( HO I), a nd org an i c  ( e . g . , C H3 I )  iod i ne. The f i rst 

s amp l er st age co n t a i n s  t hree ( 3 ) H E PA f i l ters . The s e cond  stage i s  a cad 

m i um iod i de ( Cdi 2 ) on C hromo sorb (60/80 mes h )  absorp t i on hed for col l ec

ticH1 of e l emen t al i odine ( 1 2 ) .  Stage 3 cont a i :1s  4 - i odophenol ( I P H )  o n  

a l u m i nct ( 30 / 6U 1nesh) f or hypo i odou s  ac i d  ( HO I ) col l ec t i o n .  The f o l l ow i ng 

st age i s  a 20/40 �esh s i l ver zeo l i te ( Ag X )  adsorp t i or1 bed t h a t  c ol l ec t s  the 

rema i n i ng org an i c  i od i ne s . The f i na l s amp l er s t ag e  i s  a b a c k u p  bed  of TEDA

i mpreg n ated c h arco a l to en sure to t al s amp l e  c ol l ec t i on .  

1 . 2  Carbon-1 4 and  Tr i t i um 

T h e  1 4 c -3 H s amp l er ,  s hown s c hemat i c al l y  i n  F i g ure 3 , i s  a sJmp l er 

p a c k ag e  d e veloped to  e n s ure co l lec t i o n of both  ox i d i zed ( HTO, 1 4 co 2 ) a n d  

u nox i d i zed  ( HT ,  hydroc arbo n ,  e tc . ) specie s . The s ampler c o n sis t s  o f  two 

s i l i c a  g e l  ( SG )  c olumns, two molecular s i e ve ( MS )  c olumn s , a heated  p l at i n um/ 

p a l l ad i um c a t� l ys t , and  twa f l ow c o ntrol or i f i ces.  The i nlet s tream f i rs t 

pa s s e s  t hro u g h  a s i l i c a  g e l  c o l umn t ha t  remove s wat er (H2o and  HTO ) .  The  

s amp l e  s tre am i s  then  spl i t and  o n e - h a l f  p a s s e s  d i re c t l y  t hrough �mole

c u l ar s i e ve c o l umn t h a t  c o l l e c t s  r o2. The o t her h a l f  of t he s amp l e  s tre am 

p a s se s  t hro ugh t h e  heated  c at alys t  bed w here u nox i d i zed  hydro c arbon s , etc. , 

are ox i d i zed  and  t he g enerated  water and  co 2 are trapped i n  t he rema i n i ng 

s i l i c a  g e l and  mo l ec u l ar s i eve  t owers , re spec t i vely . Tes t s  o n  t h e  c a t alyst 

o x i d i z i ng eff i c i ency h a ve been  performed a t  t he f i xe d  s ampler f l ow rate  of 
200 c m

3
/m i nu t e . Ox i d a t i on was  complet e  a n d  c o l lec t i on w a s  q u a n t i t a t i ve. 2 

1.3 W ho l e  G a s  Samp l e s 

S amp l es o f  t he RB atmo s p here were c olle c t e d  i n  s t an d ard 150 cm
3 

s t a i n l e s s s teel g a s  s ample bombs  equ i pped w i t h  n eedle v alve s f or sample 



i so l a t i on .  Dur i ng s amp l i ng, t he who l e  g a s  s amp l e bombs we re f l us hed  w i t h  

mo re th_an 2 0  vo l ume changes  o f  R B  a i r pr i or t o  s amp l e  i so l at i on. 

1 . 4  Part i cu l a t e  R ad i onuc l i de Samp l e s  

S amp l e s  o f  part i cu l ate  mater i a l  were co l l ec ted o n  t he package of  t hree 

HE PA f i l ters  t h at form the e n t ra nce s tage of t he t ot a l  i od i ne and  i od i ne 

spec i e s s ampl ers . Add i t i on a l l y ,  t h ree seri e s  of part i cu l ate s amp l e s  we re 

collec ted by configuring t he i odine samp l ing towers wit h  2 s t ack of  three 

H E PA f i l t ers  a s  t he i n l e t  s t a g e ,  w i t h  b l ank c ups a s  t he b acKup med i a .  

2. Met hodo l ogy 

W i th the conta i nment  i so l at i on v a l ve s  c l o sed , t he requ i red s amp l i ng 

equ i pment  was  i n s t a l l ed i n  t he glo ve box a t  penet rat i on  R -626. The g l o ve  

box  was  t he n  s e a l ed ,  pre s sure t e s ted , a nd opened to  t he U n i t - 2  RB , f o l l ow i ng 

t he appro ved GPU  procedure for i n s ert i on of  i tE: .. :� through pen e trat i o n  R -616. 

The  4 . 6-m sta i n l e s s  s tee! s amp l i ng probe was  i n s erted th rough t he penetra

t i on and  made  up i n s i de t he g l o ve box  t o  t he s amp l i ng component s ( see  

F�gur2 1). The dis t a nce  from t he g l o ve �ox t o  the  i nner cont a i nmen t  wa l l 

i s  a n  e s t i mated 3. 0 m ,  and  t hus t he probe t i p extended  abou t 1 . 5 m i nt o  t he 

R B .  The R B  a i r  pres s u re w a s  sub atmosphe r i c, a nd t he d i fferen t i a l pre s s u re 

g auge i n sta l l ed o n  t h e  R - 62 6  g l o ve box me a sured a n om i n a l  d i ffe rent i a l  o f  

2 9. 9 mm of  Hg. 

T h e  s amp l e s  o bt a·; ned a re c a t a l oged in Tab  l c  1. tiJot e  t ha t  a 1 1  s amp l e  

vo l umes  h a v e  been corrected t o  s t a n d a rd temperature and  pres sure (760  mm Hg 

a n d  2 73°K) . Samp l er f l ow rates  f o r  part i cu l a t e  f i l t er, t ot a l  i od i n e, and 

i od i ne spec i e s  s amp l es we re 0 . 1 2  l i ter/ sec , and  s ampl i ng proceeded for two 

hours. A t ot a l  f l ow rate of 170 cm3/mi n  was used for t he 1 4
c - 3H s am 

p l ers, and  t he s ampl ing d urat i on w a s  four hours . 



---

TA�LE 1. THREE MILE I SLANG UhiT -2 REACTOR BJILDING ATI�OSPHERE SAMPLES 

Samp le Volume 

Salllple Identification Date T ·  1 1r11e ( Standard 

Par-ticulate F i l te r lf2 05/01/80 2002 21 I 0 4 61,300 

Particulate F i lte r #3 05/01/80 1910 2000 314,850 

Particulate Filter #4 05/02/30 1145 1243 31J3,470 

Tot 11 Iodine #l 04/29/80 1420 1520 34 2, 500 

T ot al I od i 12 ;r2 05/0l/80 1616 1516 j92,700 

Total Iodine dl- 05/01/80 1519 1621 405, 79 0 

T otal Ioaine #4 0"·,'01/80 1757 1355 386,570 

Iorline �pecies ltl o:.;ouso 1246 1345 __ a 

Iouine Species �t2. 05/02/30 1348 1448 350 , 280 

14c _3 H n1 05/0l/80 1416 1621 __ D 

1757 2048 ]LI(-JH ff2 05/0l/80 1145 1448 __ c 

i'ihole Gas rl 04/ZQ/80 1430 ., �oo 135. 1 
Who 1 e Gas ·12 04/29/80 1430 l soo 120. 1 

tlhole Gas "'1 tt� 04/29/80 14 30 1 C()(l JvV 12 I. 4 

Wt10 le Gas lr4 OJ/29/80 14 3 0 1500 114. 1 

a. Due to insufficient samplet- cornpo1ents, the CUiz and IPH s:�mpler cups 
of the Iodine Species �1 sample were usea as bac�up beds for the #3 partic
ulate filter samp1�. Consequently, the total flow through the Iodine 
Species #1 sampler media cups were, respectively, 367,800 standard cm3 

for che HEPA filter and tile AgX meaia, and 682,700 standard cm3 for the 
Cdi2 and I PH. In the calculations of activity per cm3, the respective 
volumes were applied. 

b. Total sample flow through the silica ael adsorber upstream from the 
catalytic oxidizer was 44,400 standard cm3; total fiow through the other 
1 4c _ 3H sampler components was 22,200 standara cm3 . 

c. Total sa111ple flov1 through the silica jel adsot·ber upstream from the 
catalytic oxidizer was 19,000 standard em ; total flow through the otner 
14c-3H component was 9,500 standard cm3. 

-
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I I I .  ANALY S I S  PROCEDUR E S  

1 .  Genera 1 

A l l s amp l e  ana l y ses  we re p e rf o rmed at t he I NEL  by EG&G I d aho , I nc . , and 

Exxon Nuc l e a r  I d aho Co . ,  I nc . , ( EN ICO ) . The a n a l y t i c al f ac i l i t i e s of tne se  

two c omp a n i e s ar·e separate  and  i ndependen t. and  e ac h  ma i nt a i n s a comp l e t e l y  

i ndependen t qua l i ty a s sura nce and  s t a n d a rd s  prog ram . I n  t he fo l l ow i ng d i s 

c us s i o ns , the E G&G and EN I CO l abo ra to r i es w i l l  be re ferred to  a s  Lab  A a nd 

Lab B, respect i ve l y. As far a s  �rac tic ab l e ,  a nalyses  we re dup l i c a ted in the 

two c omp any f aci l i t i e s . P rac t i c al r:on s i d e ra t i o n s  ;:>rec l ulled comp lete dup l i 

c a tion . Lab B does  not  ma i n t a i n  a g amma spec t rome t e r  c a l i brated  fo r g a s  

s amp l e  bombs, and t he refore , t he d e te rm i na t i on o f  the rad i o nuc l i d e  c o n t e n t  

of  the who l e  g a s  samp l e s  o b t a i ned was  performed so l e l y  b y  L a b  A .  Conve rse l y, 

Lab  A ma i nta i n s a ve ry l i m i ted c ap ab i l i ty f o r  dest ruc t i ve rad i ochem i :a l 

ana l y se s ,  and  so  t he a s s ays of t:1e 14c-3H s amp l e s ,  and  t he a n a l yses  of 

the p a rt i cu l ate  f i l te rs f o r  be t a -o n l y  rad i onuc l i de s , t ran sura n i cs ,  and  

ura n i um we re perfo rmed so l e l y by Lab B .  Gamma s pec t ra l  mea sureme n t s  a n d  

g ro s s  bet a and  a l pna count i ng o n  t he p a rt i cu l ate  f i l te rs a s  we l l  a s  ana l yses  

f o r  1291 i n  t he to t a l  i od i ne c a rt r i dges  were p e rf o rmed by  bo t h  l a bo ra

to r i es .  R a t he r  t han  perf o rm i ng dup l i c ate  a n a l yses  o n  i de nt " ic a l  s amp l e s ,  

a n a lyt i c a l  dup l i c at i on wa s ,  i n  mo s t  c a ses , effec ted by d i v i d i ng t ne s amp l e s  

o bta i ne� between t he two l abo rator i es . Tab l e  2 det a i l s  t he a s s i g nment s  o f  

the R B  a tmos p here s amp l e s and  t he ana l yse s performed . 

The f our who l e  ga s s amp l e s we re ac tual l y  sp l i t  f o r  a n a l ys i s. The g a s  

t ran sfe rs we re p e rfo rmed by L a b  B .  P r i o r  t o  any g as t ra n sfe r operat i on s ,  

the  s t a i n l e s s  s tee l sump l e  bombs we re coun ted i n  t he s ame pos i t i on o n  a 

g amma spect rometer. The re l at i ve c oun t i ng rates  i n  t he 5 1 4-ke V g amma peak 

o f  85 K r  mea sured on t he f our s amp l e  bombs we re comp a red  as a n  i n i t i a l  

c heck on s amp l e  i nteg r i ty. The mea sured count rates  we re exam i ned  for s t a 

t i s t i c a l l y  s i g n i f i c ant  d i ffere nce s t h a t  m i g h t  i �d i c at e  i f  a s amp l e  cy l i nde r 

had  l e aked or was  ot herw i se comp rom i sed. No suc h d i ffe rences we re detect ed.  

Afte r  t h i s  i n i t i a l i nteg r i ty c heck , a s amp l e  bomb was  mounted  on a c a l i 

b rated  g a s  t ransfe r rack t h a t  i ncorporated a man i fo l d ,  a c a l i b r a t ed s t a i n 

l e s s  s tee l a rc h i ve bomb , a c a l i brated glass  coun t i ng bomb , and  t he requ i red 

pump and pres sure/vacuum g auges. The syst em wa s evacuated, system pressure 

9 
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TABLE 2 .  ASSIGNMENT OF SAMPLES FOR ANALYSIS 

Part1culate Filters 

#l Iouine Species 

#2 Iodine Specio::s 

#2 Total I ocJine 

#3 Totdl Iodine 

#4 Total Iudine 

l4c ctnu TnLiu111 

Lan B 

Garnma Spectrometry 

Gruss beta (dissolved) 

Gross a 1 pllrl ( d i s so I v t-> c1 

li9f ( cJ i rec t count) 

kodiochemistr� tor 
5SFe 63N 1 o )r qosr 

l 'r -,h , , ( '23(3 ' Y y C:'�Ju i3C3u Pu , , , ' ?3�/i40pu 

#l 14c;3H Liquiu Scintlllation 

#2 14c;3H for 3H ar,u l��c 

# .J Tota l I ocJ ·in e 

#4 Total Iodine 

Iodine Species 

#l Iouine Species 

#2 Ioaine Species 

I C:'� I ( ll i rect COtJ11t) 

l29r;l27r (nt:: u tru r . activJtion) 

I:?Yr (direct count) 

Particulate Filters 

r::l rut a l I orJ i nl! 

r;( PF 

:rJ PF 

rr4 PF 

til TutcJI I(Jlllr1t: 

iiC:' Tuta I Iuuir1e 

Lao A 

GJ'JIIr1a Sf.JeC t romet ry 

Gross beta (cJ1rect) 

Grus�. d lp''Ll (u1rect) 

IC:''Jj (r1eutrur1 
activatiun) 



TABLE 2 .  ( conti n u ed ) 

Particu l ate Fi l t ers 

Whole Gasa 

l .. ab B 

#l Who l e  Gas Mass �pectrometry 

#2 Whole Gas 

#3 Whole Gas 

#4 Who l e  Gas 

Particula t e  Filt er s  

Whole Gasa 

Lab A 

#l wrole Ga s  Gam111o Spectro1netry 

#2 Wno 1 e Gas 

#3 Who l e  Gcts 

#4 Whole Gas 

a . Whole gas samp.les were s plit by qua n t i t a t ive gas t r a n sfer techniq11es ( :,ee text) . 



measured , and the sample contents expanded into the gas transfer apparatus . 

Tnp resulting system �ressure was recorded and the bombs valved off . This 

procedure was then repeated for all four whole gas samples . The count i ng 

bombs were transferred to Lab A for gamma spectrometr i c  analyses . Tt1e 

archive bombs were stored . The rema i n i ng contents of the o rig i nal sawple 

bombs were analyzed by ma�;s spectrometry. After analys i s  of the or i ginal 

�ample bomb contents , thes� sample bombs were volume cal i �rated, and the 

contents and pressures of t�11 0f tne sample , arch i ve ,  and count i ng bombs 

detPrrnined . The results of tl1ese dete rm i nations are shown in Table 3 .  

TABLE 3 .  VOLUMES, �RESSJRE�, AND STANDAR D CUB IC  C ENT IMETE R S  OF THE 
COUN. lNG, ARCH I VE , AND OR I G I NA L  SAMP LE CONTAINER� 

Vo 1 IJine Pressure Standard em 
( J' Count i ng Bombs �_)_ (mm Hg at 24°C) ot Sample 

Cou nting Bomb #l 349.5 1 83 77. 4 
Counting Bomb #2 35B . 4  1 60 6 9 . 4 
Cou'lting Bomb #.'. 357 . 0  1 6 3  70 . 4  
Counting Bomb # 4  3 8 1 . 2  1 4 6  6 7. 3  

A rct1 i ve Bomb #l 81.4 1 83 1 8. 0  
Archive f3ornb # 2  83 . 4  1 6G 1 6. 1 
Archive Bomb #3 8 1 . 0  1 6 3 1 6. 0  
.11xch i ve Bomb #fl 8 6 . 6  1 4 6 1 5. 3  

Orig i nal Bomb #l 1 52 .  1 7 35a 1 35 .  la 
01- i ginal Bomb #2 1 5 1 . 6  655 1 2 0. 1 
Or i ginal Bomb # 3  1 50 . 6  6 67 1 2 1 .  4 
Or i ginal Bomb # 4 1 5 1 . l 6 2 4  1 1 4. 1 

a. The p ressu res and standard cub i c  centimeters l i sted rep resent the 
or i ginul pressu res and standard cubic cent i mete rs. 

2 . Lab A Analytical P ro.--e du res 

2. 1 Gamma Spect rometry 

Gamma s pectromet ry measu remenLs on tt"le particulate f i lte rs and on the 

whole gas counting bombs we re performed by Lab A using equipment installed 

in a mobile gamma-ray acquisition and analysis system. 3 This system, 
which was developed fo r use on the NRC Sou rce Te rm Measu rements P rog ram, 

1 2  
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i nc o r�arates  two i ndependent  l i t h i um-d r i f ted -g e rman i um [Ge ( L i ) ]  s pec t rome t e r  

sys tems . Eac h Ge ( L i )  aetec t o r  i s  equi pped  w i t h  spec i a l  h i g h -coun t - ra te 

e l ec t ro n i c s  w i t h  pu l se r- b a sed g a i n  c ompen s a t i on d eve l op ed at t he I NEL . Cdt a 

acqu i s i t i on t a s k s  a re perf o rmed by a Data  Genera l NOVA 1200 m i n i c omputer . 

The  acqui red spec tra l d a t a  a re t ra n sm i t ted  to  a Dat a Gene ra l Ec l i p se  S /2 3 0  

s y s tem f o r  d a t a  ana l ys i s. T h e  g amma spec t ra l  a n a l ys i s  rout i ne s  used a re 

oas i c a l  ly t ho s e  of GAU SS V I , 4 mod i f i ed and opt i m i zed  f o r  nuc l e a r  powe r 

p l ant  mo n i to r i ng .  

S i nce t he mo b i l e  system i s  rout i ne l y used f o r  nuc l e a r  powe r plant  mon i 

tor i ng ,  t he de tectors have been c al i b ra t ed f o r  a va r i e ty of s ample type s 

at va r i ous s ource- to -de tec tor d i s t ances . funong these  are t he p a rt i cu l a t e  

f i l t e rs and  � a s  counting bombs u s e d  i n  the TM I work . 

The p a rt i cu l ate  f 1 l t e rs we re c ounted by i ns e rt i on i n  a m�n i l a  enve l op e ,  

wh i c h  i n  turn wa s p l aced i n  a spec i a l  s amp l e  ho l ae r  po s i t i oned i n  f ro n t  o f  

the Ge ( Li )  de tec to r .  E f f i c i ency curve s a t  va r i ous sourc�-to -detector  d i s

tances  h ave been determ i ned by repet i t i ve count i ng of s t andard source s .  T he 

s ource s were p re p a red  by depos i t i ng Nat i on a l Bureau of Stand a rd s  { NBS ) S t a n

da rd Refe re�ce Ma t e r i a l s  on  t he p a rt i cu l a te f i l te r  matrix and we re t hen  

coun ted i n  t he s ame s ourc e  ho l de r  at  the d e s i red source -to -detect or d i s

t a nces.  The  eff i c i ency curve s t hus determ i ned h ave a n  esti mated  o vera l l  

e rro r of l e s s  t h a n  ±5%. 

Ga s c ount i ng bombs were c ounted by p l ac i ng them i n  a s pec i a l l y d e s i g ned 

s amp l e  ho l der and po s i t i on i ng at t he d e s i red s ource-to -detector d i s t ance . 

C a l i o rat i on of  th i s  g eometry h a s  been performed by a spec i a l g a s  c a l i brat i o n  

tec hn i que. 5 I n  th i s  tec hn i que, sma l l quant i t i e s  of  a vo l at i l e rad i onuc l i de 

be ar i ng  org an i c  l i qu i d  w i t h  a h i gh act i v i ty/cm3 are encapsu l a ted i n  sma l l 

quartz bu l bs .  The acti v i ty con tent  of e ac h  g l a s s  bu l b  i s  determi ned by 

count i ng a s  a po i nt s ource a t  a s ource-to-detec tor d i s t ance of  more t h a n  

10 em from a Ge ( L i ) d etector c a l i brated w i th reference to  N B S  p o i nt s ource 

s t a n d ard s . After the t ot a l  acti v i ty content of a quartz bu l b  h a s  been 

d eterm i ned, t he bu l b  i s  p l aced i n  a n  e v acuated g a s  count i ng  bomb and  s h a t 

tered . The vo l at i l e  conte n t s  expand  quant itat i ve l y to f i l l  t h e  g a s  count i ng 

b omb, pro v i d i ng a g a s  stand ard that  c a n  be c ounted for accurate  eff i cie ncy 
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curve determ i nat i ons. The overall error in eff i c i ency curves determ i ned oy 

th i s method is estimatea to be ±10%, and ar i ses primarily from variations 

in the a i mens i ons of the vendor-supplied counting bombs. 

Sample count results were software corrected for amoient background, 

random sumrn�ng, and sample volume. Isotopes �o1ere identified by computer 

reference to an isotope library, and quantita�ive results or minimum detect

able levels were calculated i n uC i /cm 3. 

?..2 Gross Beta 

Gross beta activities on the particulate filters \"/er·e determined by 

direct counting on a calibrated end-window beta proportional counter. The 

proportional counter had been previously calibrated by counting 
90

srY 

deposited on stainless steel planchets. The sJmple count results were nut 

corrected for filter matrix attenuation or for differences in backscattering 

between the filters and the standard sources. 

2.3 Gross Alpha 

Gross alpha activities on the particulate filters were measured 

directly by counting on a 2n alpha scintillation detector. Each filter 

was placed on a special sample pedestal, collection side up, and covered 

with a ZnS-coated plastic wafer, which in turn was covered by a thin mylar 

sheet. The sample stack was then locked together by means of a locking 

ring and placed on the face of a photomultiplier tube in a light-tight box. 

Alpha particles impacting the ZnS screen cause scintillations that are 

detected by the photomultiplier tube and counted by the NIM electronics 

attached. The detection efficiency is 50%. Sample count results were not 

corrected for filter matrix attenuation. 

2.4 Oeterminatiun of lodine-129 by Neutron Activation hnalysis ( NAA ) 

The determination of 
129

1 by NAA is based on the reaction 129
r(v,q) 

130
r, 

with determination of the induced 1301 activity by gamma spectroscopy. 

To provide analyses with the required sensitivity, a radiochemical separa

tion of iodine from the charcoal sample matrix and its contaminants was 
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emp l oyed. The s e p a ra t i on p rocedures  u sed by bot h  a n a l y t i c a l  l abora tories 

t ake adva n t age of the wate r so l ub i l ity of t he T E DA th�t s e rves as t he p r i 

mary co l l ec t i o n med i a  f o r  a tmosphe r i c  i od i ne. Howeve r ,  t he L a b  A and  L ao B 

p roce d u res  d i f fer  somewhat  i n  methodo l oy .  

I n  L ab  A ,  t he c ha rcoa l s amp l e s were d i sa s semb l ed and  t he con ten t s  of 

e ac h  c a rt r i dge  b l e nded . E a c h  samp l e  cons i s t s  of a p r i ma ry c a r t r i dge  and  a 

backup c a rt r i dg e .  The se we re a n a l yzed  sep a rat e l y .  T hu s ,  t he two tot a l  

iodine s amp l e s  to be a n a l y zed re s u l ted i n  four  s amp l e s of b l ended cha rcoa l .  

A we i g hted  a l i quot ( ap p rox i mate l y  5 g rams ) o f  each  c h a rcoa l s amp l e  wa s 

p l aced i n  a po l ye t hy l e ne c ap s u l e  for  i rrad i at i on .  A b l ank c ap s u l e  wa s p re

p a red by p l ac i ng 5 g rams of u nexposed c h a rcoal i n  a s i m i l a r po l ye thy l ene 

c a p su l e .  A s t a ndard con t a i n i ng a k nown acti vity N BS 1291 and  a know n 

t•t f . . . . (f 1271) db . t . d d q u an 1 y o pota s s 1 um 1 00 1 oe or was p rpp a re y p1pe t 1 ng s t an  a r  

so l ut i on s  i nto 5 grrms of b l ank c h a rcoa l i n  a po l ye t hy l er.e c ap s u l e .  

The  s amp l e s ,  standard s ,  a nd b l a nk we re i rrad i ated i n  the Cou p l ed F a s t  

Reac t i v i t y Mea s u reme n t  Fac i l i ty (CFRMF) . The CFRMF i s  a re actor  f ac i l i ty 

d es i g ned for p rec i se reac t i vi ty mea surements a nd p rov i de s  a f i ne f ac i l i ty 

for  NAA .  Two we l l -cha racte r i zed  i rrad i at i on ports a re a va i l ab l e ,  a n d  Doth 

w e re u sed i n  th i s  work . The C FRMF reactor i ncorporates  a se rvo-contro l l ed 

power system t h a t  contro l s  t he i rrad i at i on f l ux p rec i se l y  at a p re s e l ected 

l eve l . Thus , f l ux mon i tor  s t and a rd s  a re not requ i red for NAA i n  the C FRMF . 

P r i or to the i rrad i at i on s  for 1291 determ i n at i on ,  one s amp l e  c ap su l e ,  

the b l a nk , and  the stand a rd were irrad i ated for  20 m i nute s i n  a f l ux of 
11 -2 -1 5.5 x 10 n•cm •s . The i rradiated c ap su l e s  we re c ounted by 

g amma s pectrometry a n d  the qu a nt i ty of 1271 i n  each  mate r i a l  dete rm i n e d  

by u su a l  NAA m2thod s. T h e s e  res u l ts a l l owed a l ater  d i rect dete rm i nat i on 

of the recovery eff i c i ency of the s ep a ration p rocedure for 1291. Afte r 

th i s  i rrad i ati on ,  the c ap s u l e s  we re a l l owed to dec ay for 24 hours before 

further  i rrad i at i on s . 

A l l c ap su l e s  we re then a n a l yzed  for 1291 conten t  i n  the f o l l ow i n g  

man ner.  Each  c a p su l e  was  i rrad i ated to a tot a l  f l uence  of a bout 3 x 1015 
n•cm-2 i n  the CFRMF. The i rradiated c ha rcoa l s amp l e s  were returned to 

t he c hem i c a l  l aboratory, c oo l ed for one hout· (to a l l ow comp l ete bui l dup of 
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130 I f l30mi ) t h  d · · rom 8ec ay , and  en  wa s he t o  remo ve t he ac t1vatea iod1ne . 

The wa sh l iquid wa s a hot aqueous sclut io n  containing po t a s sium iodide a� 

c an·ie r a nd sodium s u l fite a s  a reduc t a n t .  ThE: cha rc o a l wJs \vctshed twic e 

in  a b a t c h  mnd e and  t hen s l u rried to  a co l umn . The c o l umn wa s wa shed with 

a p proximate l y  1 00 co l urn:1 volL:ines of  the ho t wa s h  s o l ution , a nd al1 t he wa s h  

e ff l uent p a s sed t h r0ug h  a Dowex-1 io n exc h a nge  co l umn  t o  t rap I-. The  

c o l �rnn was  then wa shed wit h  water  to  remove c omp l e te l y  the raaionuclidic 

con t aminants  ( no t a b l y  2 4Na ) .  The radioiodine was  t11en \·Ja s hed f rom tt1e 

Dowex co l umn wit n a so l u tion o f  s odium hypoc h l o rite , and t he eff l uent wa s 

p l aced in a p l a s tic bot tle f o:- whicn the  Ge(Li ) spec t rome t e rs a re c ali

bra ted. The so l u tions we re c oun ted  on  c a l ib ra t ed Ge(Li ) spec t rome t e rs and  

t he q u antity of  1 30! dete rmined f rom tne g arm!Ja l ines  a t  518 keV,  536 k e V, 

668  k e V ,  a n d  739 keV . On t he wa sh so l ution s from s amp l e s  t h a t  h a d  t h�i r 
1 2 7 I c o n tent de termined e a r l ier , the �c tivity of  1281 (443 ke V )  was 

n o t e d . 

Th  t . f 1 29 
I 1 . . f e q u a n  1 ty o p e r  wa s h  s o  ut1on wa s determ 1 ned rom t he 

. d d 1 3 0  I 
0 • 

d d 
0 

t 
0 

1 . l l . 1 n  u c e  a c t 1 v 1 ty by s t an a r  ac t 1 va 1 on a n a  y s 1 s  c a  c u  at 1 o n s . A 

cumu l a tive yie l d  cro s s  sec tion of  24 ba rns, whic h inc l ude s both  t he direc t 

· l f 1 30I d h · b t 
0 

f l JOm1 d Th  k y1e d o a n  t e contr 1  u 1 on rom , wa s use . e nown 

i r radia tion f l u xe s  f or the two irradiation  p o rt s  a t  CFRMF were used direc t l y .  

The  c a l cu l a t ed va l ue s  were c o r rec ted for samp l e  a l iquo ting , for t h2 e s ti

mated c hemic a l  yie l d ,  and f o r  t he s amp l ed a i r  vo l ume , and 1 2 91 c oncentra 

tio n s  were c a l cu l a t ed in �Ci/cm 3 . No 12 9 1 wa s det ec t ed in t he bac kup 

c ar t ridge s .  The reported va l ue s  are from t he primary c artridge s  on l y .  

The  princip al unk nown i n  t his met hod i s  the rec o very efficiency o f  t he 

s e p ar a tion procedure . Rec o verie s of  127r were me a sured direc t l y on t he 

1 0 1 2 7 1 . 1 T . f s amp l e  a nd the b a n k  on  vh 1 c h was  mea sured d 1 re c t  y .  he rat 1 o  o 

t ne va l ue s  f or 1 2 7 1 dete rmined by direc t a c tivation a nd c ounting t o  t ho s e  

d e termined t hroug h t he separa tio n  procedure w a s  e s t ab l ished ,  and 127 r 

r e c o very e f firiencie s  o f  1 0 1 %  and � 1 7% were o bt ained f or t he b l ank a nd t he 

s amp l e ,  res pec tive l y .  I odine - 1 29 reco very from t he s t a ndard was 9 5 . 5%; how 

e ve r ,  t hi s  exce l l e n t  rec o very may p artia l l y  ref l ect t he met hod o f  s t and ard 
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syn thesis (direc t pipet ting). Based  on  che se  re su l t s  a n� t h e  resu l t s  o f  

further t e s ting perfonned on 
131

1- l aden  TEDA c harc o a l  c artridges , a recov

ery ef ficiency of 1 00 ± 30% wa s c h osen for use in the 1 2 91 c a l cu l atio n s . 

3 . Lab  G Ana l vtic a l  Procedure s 

3 .  l Gamma Spec trome try 

G amma spec trometry me a suremen t s  were performed on  the p articul ate  fi l 

ters a s signed to  La? B for ana l ysis. The particu l a te  fi l ters  were prepared 

f or dn a l y sis by pe l l et i zing in a hydrau l ic pre s s  to e n sure a precise c oun t 

ing geometry . T h i s  procedure is app l i c ab l e  t o  fi l ters o f  se vera l type s a n d  

s i zes, o bvia ting the need f or a sep arate detec tor ef fic i ency curve for eac h 

fil ter co nfigur�tio n .  Eac h fil ter was compre s sed to a uniform size at  about 

1 0 , 000 p s i  in a po lye t hy l e ne via l ,  and t he via l and pe l l e t i zed fi l ters were 

remo ved L'Om the  pre s s  app aratus and c apped . The fi l ter wa s t hen  gamma 

c ounted . 

Gamma spec trometry me a suremen t s  were performed using a Data  Genera l 

NO VA- 1 200-ba sed Ge(Li ) spec trometer . The pel l etized fi l ters were p l aced  a t  

a c a l ibrated s ource-to-detec tor dis t ance and coun ted f or a se l e c ted l ive 

time . The ana l ysis sof tware incorporates  pe ak areJ determinatio n s  and iso 

t ope ident i fic a t i on, a nd report s quantit a tive re su l t s  by reference to  d etec 

tor eff i c i ency curves .  C a l i bratio n s  h a ve been performed �sing NBS s t andard 

refere nce materia l s  fixed i n  appropr i ate conf i guratio n s . 

3 . 2 Gros s  A l ph a, Gro s s  Beta, Bet a -On l y  Radionuc l i d es, a nu Uran i um and  

P l ut on i um Ana l ytic a l  Procedure s 

The  refere nced ana l ys e s  were performed on  s o l ution s  obtained by com

p l et e  d i s s o l ut i on o f  e ac h  p art i cu l ate  f i l t er and divis i o n  of t he d i s s o lu

t i on s o l ution i nt o  t hree a l iquot s  f or analysis . On  a l i quot was  a n a l yzed 

for gro s s  a l ph a  and gro s s  bet a act i v i ty, one for both uranium and pluton i um, 

a nd t he l a s t  a l iquot for bet a - on l y  radionuc l id e s . The part i cu l ate  f i l ters 

were dis s o l ved by i n i ti a l  fume -downs w i t h HN0 3-HF f o l l owed by fume-downs 

wit h H2so4-HN0 3 . The re su l t w a s  a c l ear s o l ution w i t h  no  und i ss o l ve d  

re s i due . 
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Gro s s  beta ana gross alpha determination s were per·fonned on the a.:sig

nated solution aliquot s by evaporating the solution on to stainles s steel 

planctlets ana c ou nting on a calibr-ateu end-winaow pr·opor·tionJl counter. 

Gr·o s s  beta re sult s in \l(l/crn
3 

of sallipleo air ... ere reportea u sing a 

1 3 7cs counting ef ficienc y ,  tne �liquoting volume ratios, and tne total 

volume of sampled air. Gro s s  alpha re sult s lliere calculated u sing 3 233u 
cuuntinr1 efficiency. 

F 
· · · · 

d · 1 · d ( 39s 90s or determ1nat1on ot tne betJ-e�1tt1ng ra 1onuc 1 es r, r, 
5 SF 6 JN. 91 y . 1 . d 1 . e, 1, and ) , a sequentld separat10n an ana y�1s sequence 

wa: usea. Known quant i tie s of staoie tracer s were added to the ai s solution 

ali4uot s. Tt1e de signal.erJ sc:mple aliquot 1vas boileo to remove ·Jolatile ele-
89 90 ments. Next, the sample wa s aivided into two part s, one for the ' Sr 

63 n1 �5 
analyses and the other for �i. Y, and · Fe analyses. Tne stron-

tium was first precipltateG as the sulfate. It was further cleaned up by 

precipitation as strontium nitrate, wnich separates it from most ot.t1er 

cations. The ral.lio strontium yie i d 1·1as determined fr·um the llieight of str·ontiurn 

sulfate. For the determination of 90v, the yttrium-':JO daughter· was allowed 
. 

d d T 90- 1 to grow-1n anJ wa s then separate and counte . he �r content was ca -

culated from the 90v va l ue. The strontium s�lfate, which contains both 
9 0 sr and 

89sr, wa s countea to determine total radiostrontium content. 

T f f I · · d 90s d 
· 

d he di erence between the tota rad1ostront1urn an the r eterm1ne 

from the 90v wa s the 
89

sr. 

Iron, yttrium, and nickel were gathered along with other cation s by 

precipitating their hydroxides. Iron wa s separated from all other cation s 

u sing a Cl anion exchange column. Iron-55 wa s determined by counting in 

a liquid scintillation counter. The yield of iron 'IJaS determined spectra

photometrically u sing the orthophenanthroline complex of iron. 

Nickel wa s separated from yttrium by precipitating yttrium hydroxide 

using ammonia, wnich fonns a suluole complex with nickel. I t  was cleaned 

up by precipitation with dimethylglyoxime and ext rac t i ng into chloroform. 

Nickel-63 wa s det�·rmined by liquid scintillation counting. The yield of 

nickel wa s determined spectrophotometrically u sing the dimetnylglyoxime 

complex of nickel. 
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Yt t r i um was  c l e aned up by ext ract i o n  i n t o  d i -( 2- e t hy l hexy1 ) pho sphor i c  

a c i d .  Yt t r i um-9 1 was  dete rm i ned by c ou'lt i ng y t tr· i um oxa l at e  i n  a g a s  pro

po rt i on a l  c o u n ter . The chem i c a l  y i e l d  wa s d e t e rm i ned by we i gh i ng t he 

ytt r i um oxa l a te . 

P l uton i um a nd uran i um an l yses  o n  t he f i l te r  d i sso l ut i on s o l ut i ons  were 

pe rfo rmed oy procedu res  deve l oped a t  t he I NE L . 6• 7 These  proced u re s  use a 

B a S04 c a r r i e� p rec i p i t a t i on f o r  t he i n i t i a l  separat i on o f  ura n i um and  

t ra n sura n i c  e l eme n t s  f rom t he f i l te r  s o l u t i on s . The c a rr i e r  p rec i p i t at e s  

are d i s s o l ved, and u ran i um and  p l ut o n i um a re sep arated b y  l i qu i d - l i quid 

e x t rac t i 0n .  The ura n i um and  p l u t o n i um f rac t i on s  a re e l ectro p l ated  and 

counted o n  an a l p h a  spect rome t ry system . Chem i c a l  y i e l d s are determi ned by 

d. . 
f 2 3 6P d 2 33u f t he ad 1 t 1 Jn o u a n  o r  tracer recove ry mea suremen t s .  

3 . 3 Carbon - 1 4 

C a rbon - 1 4 - be a r i ng  co2 wa s removed f rom the mo l ecu l a r  s i eve (MS) s am

p l i ng towe rs u s i ng a g as t ra n s fer a pparatus and  p rocedure . An  MS  t owe r was  

po s i t i oned i n  t he t ransfer  app ara tus , and  t he trapped CO� was  removed by 
L 

heat i ng t he towe r to  350°  f o r  four hours . Gase5 a n d  vo l a t i l e s  evo l ved du r -

i ng t he b ake-out proces s were c a rr i ed t h roug h l i qu i d  n i trogen-coo l ed s p i ra l 

t raps by a d ry he l i um purge . C a rbon d i ox i d e  wa s ret a i ned i n  the s p i ra l 

t rap s Af t e r  t he b ake-out s t ep,  t he trapped co2 was  qua nt i ta t i ve l y  tra n s 

f e rred t o  a vo l ume -c a l ibrated  bu l b .  The co2 wa s a l l owed to ex�and i nto 

t he k nown sys t em vo l ume , and the sys t em pre s sure was  mea sured manometr i 

ca l l y .  The k nown co2 vo l ume w a s  t hen  abso rbed i n  etha no l am i ne ,  and  the 
14c c a rbamate product was  i ncorporated i nto an a queous l i qu i d  s� i ntl l l a

t i on ge l cock t a i l .  The v i a l  wa s w i ped  c l ea n  and counted i n  a l i qu i d s c i n 

t i l l at i on c oun t e r  wh i c h had  p revi ous l y  been c a l i b rated us i ng k nown sta n 

d a rd s . Quench  correct i on was  by t he extern a l  s t a n d ard method . 

3 .  4 T r i t  i urn 

T he t r i t i um c o n t e n t  of  t he s i l i c a  g � l  towe rs w a s  d ete rm i ned by d i rect 

coun t i ng i n  a l i qu i d  sc i n t i l l at i o n  coun t e r  of  an  a l i quot of the s i l i ca g e l 

med i um .  The s amp l e  t owe rs were d i smant l ed ,  and  the s i l i c a g e l contents 
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from a s ampler unit were dec a nted int o  a beaker . W t1i l e  monitoring t he t ota l 

weig h t  g ain from pic k -up o f  a tmo s p heric wa ter , t he si l ic a  g e l  wa s b l e nded 

a nd t hree a l iquot s remo ved for l iquid s cinti l l a tion c ountin g . The a liquots 

were mixed direc tly �ith a n  aqueous l iquid scinti l l an t  coc k tt i l a nd counted 

i n  a prec alibrat ed l iquid s cint i l l at i on c ounter . Quenc h correct i on w a s  

effec te� via t he extern a l  s t an d ard ratio me t hod . 

3 . 5  Determination of I odine - 1 2 9 by D i rect Counting 

I n  addition to t he neutro n  activation a n a l ysis (NAA) f or 1 291 a nd 
1 271 p erf ormed on  t he c h arcoa l tot a l  i od i ne c artr i dg e s , L a b  B a n a l yzed t he 

t o t a l iod i ne s amp l e s  and t he iodine specie s  c artridges  by direc t c ounting 

on a l ow -energy p hoton  s pec trometer (LEPS). Direc t  count1ng wa s  required 

o n  t he iodine s pecie s media since t he media c omponen t s  (Cdi2 , I PH, etc . )  

do no t l e nd t hemse l ve s  to NAA . Direc t  coun t s  o n  t he c h arco a l  cartridge s 

were p erformed a s  a n  adjunc t  to NAA . 

The LEPS c o n sists o f  a p l anar g erman1um g amma -ray detec tor wit h a t hin 

e n trance  window , a nd t he e l ec tro nic s a nd t h e  mu l tic h anne l a n a l yzer required 

to c o nfig ure a s pec trome ter sy s t em .  Part i cu l ate  fi l ters from t he iodine 

s p ecie s s amp l ers  were pe l l e tized and counted on t he detector f ace . The  

Cdl0 , I PH,  AgX , a nd c harcoa l media were tra n s ferred from t he s amp l e  c ar-
t. 

tridg es  t o  c ounting via l s ,  b l e nded , a nd c ounted on t he det e ctor f ace . Typ -

ic a l  counting time s were 60 , 000 sec . The s pe c tra were a n a l yzed f or the 

xenon  x -rays a nd the 3 9 . 5 k e V  g amma ray a s s ociated w i t h  t he dec ay of  1 29 1 . 

T h e  c o u n t  rates  o bt ained were quantified by rep l ic a t e  c ounting o f  s t andards 

prep ared by b l ending  me asured a l iquot s of N3S 
1 2 9

1 s t andard ref erenc e 

m aterial  with t he approrriate s amp l er media . 

3 . 6 Determin ation of  1 odine- 1 2 9 a nd 1 odine - 1 2 7 by Neutron Activation 

A n a l y sis (NAA)  

The a n a l y tic a l  sc heme f or NAA of 1 29
1 a nd 1 2 7

1 on  c h arcoa l is  based  

t. t. f 1 29 1 d 1 2 7 1 t 1 30 1 d 1 28
1 . l on  t he ac  1va 1on o an  o a n  , re s pect1ve y .  

1 odine - 1 2 7 w a s  determined direct l y  by irradiation of t he c harcoa l med i a in  

d t . f 1 2 8 I Th  h l d t he CFRMF react or a n  g amma c oun 1ng o . e c arcoa me ia  was t he n 
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was hed to remo ve the  i od i ne and  the  wa s h  ef f l uent  p a s sed  t h ro u g h  a B i o  R ad 

A G 1 - X 8  re s i n .  The i od i ne i s  remo ved o n to t he i on e x c hange  c o l umn . The i on 

exc h a nge re s i n  was  t hen  i rrad i ated i n  t he CFRMF and  t he amou n t  of  1 2 7 1  

ret a i ned o n  the  i on e x : h ange  c o l umn d e t e rm i ned . F rom t he se two NAA re s u l t s ,  

the  c h emi c a l  y i e l d o f  t he i od i ne recov�ry tec h n i q u e  was  d i re c t l y  d e t e rm i ned . 

A f t e r  c oo l i n g ,  t he i on exchange  res i ns we r� re i rrad i ated f o r  s i x  hou rs i n  

t h e  h i g h e r  f l u x e n v i ronme n t  o f  t he Ad vanced Te s t  Reactor  ( A TR ) . A c o b a l t  

f l u x mon i t o r  w i re was  i nc l uded  w i t h  e ac h  s amp l e  i n  n rd e r  to q u a n t i fy th e  

to t a l  neu t ron  f l u e nce . T h e  i rrad i ated i on -exchange  re s i n  s amp l e s  were 

a l l owed t o  c oo l  f o r  a t  l e a s t  7 ho u rs , and t he n  g amma s pec t ra we re o b t a i ned 
to d e t e rm i ne t he 130 1 c o n ten t . Detec t o r  c a l i brat i on s  f o r  t t 2 res i n  c o l unin 

geome t ry were affec ted  by i rrad i at i on and coun t i ng of 1 2 7 I and  1 291 
1 2 7 1 29 s t and a rd s  l oaded onto  s i m i l a r co l umns . The I and  I s amp l e  con -

t e n t s  we re t h e n  d e t e rm i ned by u s u a l  NAA c a l c� l a t i on method s .  
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I V . R E S U L T S  

T a b l e s 4 t h rough  1 0  p re se n t  t he re s u l t s  o f  t he an a l ys e s  pL �fo rmed by 

L a b  B .  L a b  A a n a l yt i c a l  re s u l t s a re p re sented  i n  T a b l es 1 1  t h ro u g h  13 .  

A l l rad i o nuc l i d e  c once n t ra t i o ns  

t i me t e r  a t  s t a n d a rd temp e rat u re 

t h e s e  and  a l l fo l l ow i ng t a b l e s , 
- 7  ± 1 . 4 x l 0 . 

a re p re sented  i n  m i c roc u r i e s  p e r  c ub i c  c e n 

and  p re s s u re ( 7 6 0  mm of H g  and  2 7 3 °K) . I n  
- 7 

re ad  5 . 3  ± 1 . 4(- 7 )  a s  5 . 2  x 1 0  

Un l e s s  o t h e rw i se noted , t he q u o ted  uncerta i nt i e s  a re one  s i gma e rro rs 

e s t i mated  by p ropag a t i o n of the  s t a t i s t i c a l  net  cou n t i ng e rror , t he e s t i 

m a ted  e r ro r i n  t h e  detector  c a l i brat i on ,  and  a ± 1 0% u nc e rta i nty i n  t h e  

s a1 1 1p l e r  f l ow rate . Where rad i oc hem i c a l  ana l ys e s , s amp l e  a l i quot i ng ,  o r  i so 

tope  s e p a rat i o n  tec h n i q u e s  a re emp l oyed , t he u nce rt a i n t i e s  i nt roduced  by 

t he s e  o p e ra t i on s  a re i nc l u ded i n  t h e  o ve ra l l e rro r p ro p ag at i on i f  t he s e  

u nc e rt a i nt i e s a re l a rge enough  to  Jffe c t  t he q u o t e d  e rro r by  10% o r  more . 

T h e s e  c a s e s  a re foot noted . 

L a b  A and  L a b  B u s e  d i f f e re n t  met ho d s  o f  c a l cu l at i ng a nd repo r t i ng 

" l e s s -t h a n  va l ue s "  f o r  nuc l i d e s  t h at  a re be l ow t h e  m i n i mum  detec t ab l e  l eve l  

o f  a me a s u rement techn i que . L a b  B t e s t s t he net  re s po n s e  o bt a i ned v e rs u s  

t he e s t i mated  s t a nd a rd d e v i at i on o f  t he net  ( cr } . I f  t he net  i s  l es s  t h a n  

o ,  a l e s s -t h a n  v a l ue i s  rep o rted  a s  <cr . L a b  A t e s t s  t he net re sponse  

v e rs u s  tw i ce t h e  s t and a rd d e v i at i on of  t h e  n e t  (2cr ) . I f  t he net  (R) i s  

l e s s  t h a n  2o t hen  a " l e s s - t h a n  v a l ue "  c a l c u l ated  a s  <R + 2 a  i s  rep o rte d . 
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TAB LE 4 .  THRE E M I LE I S LAND U N I T- 2  REAC TOR B U I L D I NG ATMOSPHERE S AM P L E S : 
LAB B ( c a rbo n - 1 4  a n d  t r i t i um )  

S amp l e r  I dent i f i c at i o n  

Samp l e r  Compo ne n t  

S amp l e  Dat a 

S amp l e  T i me 

S amp l e  Vo l ume ( cm3 ) 

Co ncent rut i on ( �C i /cm3 ) 

3 
H 

1 4  
c 

# 1  
1 4 c 3 H 

�lo 1 ec u 1 a r 
S i e vP. 

5/ 1 /80 

1 4 1 6 - 1 62 1  
1 756- 2048 

4 4 , 400 

_ _  a 

b 
5 . 2  ± 1 . 4 ( - 7 )  

a .  Not ana lyzed f o r  rad i o nuc l i de . 

b .  Read 5 . 2 ± 1 . 4 ( - 7 )  a s  5 . 2  X w- 7 ± 1 . 4 X w- 7 . 

# 1  
l 4 c 3

H 

S i l i c a  
Ge l 

5 / l /80 

1 4 1 6 - 1 6 2 1  
1 7 56- 2048 

4 4 , 4 00 

4 . 2  ± 1 . 0 ( - 5 )  

_ _  a 

#2  #2  
14 c 3

H 
1 4 C j H 

Mo l ec u l a r S i l i c a  
S i e ve Ge 1 

5/ 2/80 S / 2 / S lJ 

l l 4 S - l 4 4 8  1 1 4 5 - 1 1 4 8 

1 9 , 0 32  1 9 , 03L  

_ _  a 6 . 0  ± 1 . 6 ( - 5 )  

3 . 0  ± 0 . 8 ( - 7 ) _ _  a 



TAB L E  5 .  THR E E  M I L E I S L A N D  U N I T - 2  R E A C T O R  G U I L D I N G ATMOS PHE R E  S AM P L E � : L A �  8 ( p a r t i c u l a t e s ) 

I o d i n e I o d i n e To t a 1 To t a l To t d l 
S am p l e r I d e n t i f i c a t i o n S p ec i e s - ·1 S p ec i e s - 2 I u d i ne - 2  I o d i n e - 3  l o d i n e - 4  

S amp l e r  Compo nen t Pari t c ula te P a r t icu l a te P a r t i cu l a t e P a r t i cu l ate P a r t icu l a t e  
Fi l ter F i I ter Fi l t e r  F i l t e r F i l ter 

S amp l e  D a t e  5 / 2 / 80 5 / 2 / 80 S / l / 80 S / l / 8 0  S / 1 / 80 

S amp l e  T i mt: 1 3 4 8 - 1 44 8  1 2 4 6 - 1 34 5 ·1 4 1 G-l :1 1 G 1 S l 9 - l b 2 1 1 / S 7 - 1 o S 5  

S amp l e  Vo l ume ( cm3 ) 3 S 0 , 2 80 3 6 7 , 800 3 :1 2 , 70() 4 0 5 ,  7 S!O 3 B6 , 5 7 0 

N 
C o n c e n t r a t i o n ( 11Ci /cm3l � 

1 34c s 1 . 4 ± 0 . 1 ( - 1 0 ) 3 'J • (. ± O . t+ ( - 1 0 )  1 . 1  ± 0 . 1 ( - 1 0 )  Si . 8 ± 1 . 0 ( - 1 1 ) 1 . 6 ± 0 . 2 ( - l CJ )  

1 3  7 c s 9 . 0 ± 0 . 9 ( - 1 0 )  1 . 3  ± 0 .  1 ( - 9 )  6 . 8 ± U . 7 ( - 1 0 ) S . 8  ± 0 . 6 ( - 1 0 )  1 . 0 ± 0 . ' ( - 9 )  

5 8co < 9 . 1 ( - 1 2 )  ? . 4  ± 0 . 5 ( - l"I J < 3 . 4 ( - 1 2 /  < 8 . 0 ( - 1 2 )  < 6 . 1 ( - 1 2 )  

6 0c o < 2 . 5 ( - 1 2 )  5 . 4 ± 0 . 7 ( - 1 1 )  < 5 . 0 ( - 1 2 ) 2 . 7 ± 0 . 8 ( - -1 2 )  < 2 . S ( - 1 2 )  

1 1  OmAg < 6 .  1 ( - 1 1  ) 4 . 6  ± 0 . 6 ( - 1 1 )  < 6 . 5 ( - 1 2 )  < 7 . 7 ( - 1 2 ) < 5 . 5 ( - U ) 
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TAB L E  6 .  T HR E E  M I L E I SL A N D  U N I T - 2  R EA C TOR B U I L D I N G ATMOSP H E R E  SAf.1 P L E S : LAB B ( g ross a l p t 1a , g ro s s  be t a ,  
a nd be t a -on l y  em i t t e rs ) 

Samp l e r  I de n t i f i c at i o n 

S amp l e r Compo ne n t  

Samp l e  D at e  

Samp l e  T i me 

S amp l e  Vo l ume ( cm3 ) 

Concent rat i o n ( �C i /cm3 ) 

G ro s s  a ·1 p h  a 

Gro s s  be t a  

6 3N i 

8 Sls r 

90s r 

9 l y 

I od i ne 
Spec i e s - !  

P a r i  tau  l ate 
F i l te r  

5 / 2 / 80 

1 348- 1 448  

35 0 , 280 

I o d i ne 
Spec i e s - 2  

P a rt i c u l a te 
F i l te r  

5 / 2 / aO 

1 24 6 - 1 3 4 5  

36 7 , 800 

Tot a l 
I od i ne - �  

P a rt i c u l ate  
F i 1 te r 

S/ l / 80 

1 4 1  b - 1 5 1 6  

3 92 ,  700 

To t a l  
I od i n e - 3  

rJ a r t i c u l a t e  
F i I te r  

5 / l / 80 

1 S l 9- 1 6� 1  

4 0 5 , 790  

To t a l 
I od i n t: - 4  

P d rt i c u l ate  
F i l t e r  

S / l /80 

J E)b , 5 70  

< 5 ( - 1 1 )  <5 ( - 1 1 )  < S ( - 1 1 )  <S ( - 1 1 )  <G ( - 1 1 )  

1 . 2 ± 0 . 1 ( - 9 )  1 . 6  ± 0 . 2 ( - 9 )  9 ± 1 ( - 1 0 )  7 . 3 ± 0 . 9 ( - 1 0 ) 1 . 6  ± 0 . 2 ( - � )  

< 7 ( - .1 1 )  < 6 ( - 1 1 )  < 6 ( - 1 1 ) < 6 ( - l l )  < S ( - 1 1 )  

< 3 ( - 1 1 )  < 2 ( - 1 1 )  < 2 ( - 1 1 )  < c ( - 1 1 )  < � ( - 1 1 )  

1 . 2  ± 0 . 8 ( - 1 0 ) 2 . 5  ± 0 . 8 ( - 1 0 ) <4 ( - l l )  6 ± J ( - 1 1 )  < 7 ( - 1 1 )  

2 . 6 ± 0 . 5 ( - 1 0 )  2 . 9  ± 0 . 3 ( - 1 0 ) 1 . 7  ± o . � ( - 1 0 ) 1 . 2  ± o . z ( - l o ) � . a ± u . J ( - 1 0 ) 

<4 ( - 1 1 )  <4 ( - 1 1 )  < 8 ( - 1 1 )  < 3 ( - l l )  < 3 ( - 1 1 )  



TAB L E 7 .  THR E E  M I L E I S L AN D  U N I T - e  R E A C TOR B U I L D I N G A TM O S P H E R E  S Af·l P L  E S : U\b  l3 ( u ra n i um a n d p l u t o n i um )  

I o d i n e I o d i n e To t a l  To t d l To t a l  

S a 1 1 1p l e r  I d e n t i f i c a t i o n  S p ec i e s - 1 S � ec i t s - 2  I o d i nE: - ? l ou i n e - 3 l o d i n e -4  

S amp l e r  Co rn�o n e n t  P a r i t c u l a t e  P a r t i c u l a t e  P A r t i c u l A t e P a r t i c u l a t e  P a r t i c u l a t e  
F i l t e r  F i l t e r  F i  l t t r  F i lte r F i l t t r  

S amp l e  D a t e  C:, / 2 / 30 '::> / 2 / 80 s l l l oO 5/ 1 / ()0 5 / l / 80 

S amp l e  T i m e  l 34 8 - 1 4 4 8  1 2 4 6 - 1 3 4 ":, I '-1 1 6 - 1 5 1 6  I J l � - 1 6 2 1  1 75 7 - l S � S  

S amp l e  Vo l ume ( crn3 ) 3 S 0 , 2 80 3 6 7 , 80 0  3 � 2 .  7 0 0  4 0 5 , 7 9 0  3 8 6 , S 7 0 
N 

( 1JC i /cm 3l 0"1 C o n c e n t r a t i o n 

2 3Su < 7 . 0 ( - 1 3 ) <? . 0 ( - "i l ) < l . 0 ( - 1 ( ) < 1 . 0 ( - 1 2 ) < 1 . 0 ( - I� J  

2 3 8u <4 . 0 ( - l l ) <2 . 0 ( - 1 1 )  < 2 . 0 ( - 1 1 )  < 7 . 0 ( - 1 3 ) < 4 . 0 ( - l l ) 

2 3 8p u < 8 . 0 ( - 1 2 ) <g . o ( - 1 2 )  < 8 . 0 ( - 1 ? )  < 7 . 0 ( - 1 2 )  < 8 . 0 ( - 1 2 ) 

2 3 9/ 240p u < 2 . 0 ( - 1 2 ) <?. . 0 ( - 1 2 ) < ? . 0 ( - 1 2 )  < � . 0 ( - 1 2 ) < 2 . 0 ( - 1 2 ) 



TA� LE 3 .  THR E E  M I L E I 5 LAND U N I T- 2  R E AC TOR BU I L D I NG ATMOS PHEkE  SAMPL E S : LAB 8 ( ma s s  spec t rome t ry )  

Re l a t i ve Concen t ra t i o n  
( Mo l e  % )  

S amp l e  I .  0 .  
N urn oe r 

2 

3 

4 

H 2 

0 .  70 

0 . 89 

0 . 9 3  

0 . 92 

NOTE : O t h e r  Gas  An a l y se s  

He N 2 

0 . 06 8 3 . 50  

0 . 0 7  83 . 90 

0 . 0 7  8 3 . 90 

0 . 0 7  83 . 80 

a .  Neo n : ncne  o ve r  b a c k g ro u nd ( < 1 00 p pm ) . 

0 2 

1 4 . 60 

1 4 . 00 

1 4 . 00 

1 4 . 00 

b .  S u l f u r  D i ox i d e ( S02 ) :  none detected  ( < 1 00 p prn ) . 

c .  K ryp t on : none  detec t e d  ( < 1 00 ppm) . 

d .  Ca rbo n r 1onox  i de ( CO ) : none detec ted ( < 500 p p rn ) . 

A r  C0 2 

0 . 98 0 . 0 7 5  

0 . 98 0 .  l 0 ':>  

0 . 98 0 . 0 9 5  

0 . 99 0 . 0 7 3  

Xe 
O rg an i c s as C H4 

E qu i vd l e n t s  

0 . 00 9  O . Oob  

0 . 009 0.  0 7 1  

0 . 00 9  U . lJ 6 9  

0 . 008 0 . 070 



TAB L E  9. THR E E  M I L E I S L AND U N I T- 2  R E ACTOR B U I L D I NG ATMO S P H E R E  S AM P L E S : 

L AB B ( tot a l  i od i ne - 1 2 7 a nd i od i ne - 1 29 )  

S amp l e r  I d ent i f i c at i o n  

S amp l e r  Component  

S amp l e r  D a t e  

S am!J i e  T i me 

) amp l e  Vo �l ume ( cm3 ) 

Conc e n t ra t i on ( �C i /cm3 ) 

1 2 9 r ( d i re c t  co u n t )  

1 2 9 r ( NAA ) a 

Conce n t rat i on ( �g/ crn 3 ) 

1 2  7 I b 

# 3  Tot a l  
I od i ne 

C h arc o a  1 

5/ l / 80 

1 5 1 9- 1 62 1 

4 0 5 , 790 

6 ± 2 ( - 1 1 }  

5 . 7 ± 0 . 7 ( - 1 1 )  

< 1 . 3 ( - 4 )  

# 4  Tot a l  
I od i ne 

C h a rc o a l  

5/ l / 80 

1 7 5 7 - 1 855  

386 , 5 7 0  

8 . 6  ± 2 . 2 ( - 1 1 )  

7 . 4  ± 0 . 9 ( - 1 1 )  

< 1 . 4 ( - 4 )  

a .  Quo ted u nc e r ta i n t i es i nc l ud e  t he e s t i mated c o nt r i ou t i o n f rom t he 
reco very p roce d u re . 

b .  I od i ne 1 2 7  re s u l t s  were be l ow t h e  m i n i mum detect a b l e  l e ve l d�e  to  h i g h  
b l a n k  c o ncent rat i o n s . 
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TABLE  1 0 .  THR E E  M I L E I S LAND U N I T-2  R EACTUR B U I L D I N G  ATMO S P HER E SAM P L E S : LAB 8 ( i od i ne - 1 2 9  spec i e s )  

I od i ne 
S amp l e r I d e n t i f i c at i o n S pec i e s - l  

Samp l e r  Comp o ne n t  Pa r i tcu l a te 
F i l t e r  

S amp l e  D a t e  5 / 2/ 80 

S amp l e  T i me 1 34 8 - 1 448 

S amp l e  Vo l ume ( c rn3 ) 3 S 0 , 280 

Concentrat i o n ( �C i / cm3 ) 

1 2 9 I ( d i rec t c o u nt ) < 5 ( - l l )  

Pe rcentag e  of  Detec ted  Ac t i v i ty 

S amp l e r I d en t i f i c at i o n  

Samp l e r  Comp o ne n t  

Samp l e  D a t e  

S amp l e  T i me 

S amp l e  Vo l ume ( cm3 ) 

Conce nt rat i on ( �C i /cm 3 ) 

l 29 r ( d i re c t  c ou nt ) 

#2  I od i ne 
Sp ec i e s  

P a r i tcu l ate 
F i l te r  

5 / 2 / 80 

1 24 6 - 1 345  

3 6 7 , 800 

< S ( - 1 1 )  

Percen t age of Detected Ac t i v i ty 

I od i n e 
S pec i e s - 2  

Cd I :?  
( E l eme nt a l  I 2 ) 

5 / 2 /80  

1 348- 1 44 8  

3 J O , t.8U 

1 . 2  ± 0 . 5 ( - l l )  

1 9  ± 9% 

#2 I od i ne 
Spec i e s 

Cd  I 2 
( E l emen t a l I 2 ) 

5 / 2/80  

1 24 6 - 1 345  

3 6 7 , 800 

< 1 . 0 ( - l l )  

Tot a l  
I od i ne - 2 

I P H 
( HO I )  

5 / 2/80  

l j4 8 - l 448  

3 5 0 , �80 

To t a l  
I o d i n e - 3  

Ag X & C h a rc o a l 
( 0 rg a n  i c I )  

5 / 2 / 80 

1 348- 1 44 8  

3 � 0 , 280 

1 . 0  ± 0 . 4 ( - 1 1 )  4 . 0  ± 1 . 3 ( - 1 1 )  

1 6  + 7% 

#2 I od i n e 
S p ec i e s  

I P H 
( HO I )  

5 / 2 / 80 

1 246 - 1 345  

3 6 7 , 800 

< 1 . 2 ( - 1 1 )  

b 5 ± 2 6% 

# 2  I od i ne 
Spec i e s 

Ag X & C h a rco a l  
( O rg a n i c  I )  

5 / 2/80 

1 246- 1 34�  

3 6 7 , 800 

2 . 9 ± l . 0 ( - 1 1 )  

1 00% 

Tot a l  
I od i ne -4 

Tot a l  

� / 2 / 8 0  

l 34b - l 448 

6 . 2 ± 1 . 4 ( - 1 1 )  

# 2  I o d i n e 
Spec i e s  

To t a l  

� / 2 / SU 

1 24 6 - 1 345  

3 6 / , 800 

2 . 9 ± L 0 ( - 1 1 1  



w 
0 

T AB L E  l l .  THR E E fV1 I L E ! S L . A N D  U N I T - 2  R E A C TOR l3 U I L D I N G A Tr�O S P H E R E  S AI'-l PLE S : L AB A ( k ryp t o n - 8 5 )  

S amp l e  I d e n t i f i c at : o n 

S amp l e  Type  

S amp l e  Date  

S amp l e  T i me 

S amp l e  Vo l ume ( cm3 ) a 

Concent rat i o n ( JJC i /cm3lb 

85K r 

# l  

W ho l e  G a s 

4 / 2 9/ 80 

1 4 30 - 1 500 

7 7 . 4 

0 . 98 ± 0 . 1 0  

# 2  

vJ h o  l e G a s  

4 / 2 9 / 80 

1 4 30 - 1 500 

6 9 . 4  

1 . 0 7 ± 0 . 1 1  

# 3  

W h o l e G a s  

4 / 2 9 / 80 

! 4 30 - I S OU 

70 . 4 

l .  0 3  ± 0 .  1 1  

# 4  

W ho l e  GdS  

4 / 2 9/80 

1 4 30- 1 �00 

6 7 .  3 

I .  00 ± 0 .  l l  

a .  L i s t ed vo l umes a re c u b i c  cent i me t e rs of  s amp l e  a t  s t a n u a rd t empe rat u re a d n  p re s s u re c o n t a i ned i n  t he 
samp l e  c o u n t i ng bomb . Nom i n a l  samp l e  bomb vo l ume s we re 1 50 cm3 . 

o .  Quoted e rro rs i nc l ude  t he con t r i bu t i on f rom a ±5% u nc e rt a i n ty i n  t h e s amp l e  v o l ume , i n  a u d i t i o n t u  t he 
s t at i s t i c a l  net  count i ng e rro r and  t he detec t o r  c a l i b rat i o n  e r ro r .  



w 

TAB L E  1 2 .  THR E E  M I L E I S LAND U N I T - 2  R E AC TOR B U I L D I NG A TMO S P H E R E  S AM P L E S : L AG A ( � a rt i c u l a t e  r d u i o n u c l i a e s ) 

Samp l e  I d en t i f i c a t i o n 

S amp l e  Type 

S an1p 1 e D a t e  

S amp l e  T i m e  

S amp 1 e Vu l ume 

Concen t ra t i o n ( 1JC i /cm3l 

1 34c s 
1 3 7c s  

5 l c r 

5 4M n 

5 9Fe 

5 7co 

5Bco 

6 0co 

9 5z r  

1 03R u 

l 06R h 

# l To t a l I od i ne 

P a rt i c u l a t e 

F i lt e r 

4 / 29/80 

1 4 2 0 - 1 5 2 0  

3 4 2 , 500 

1 . 3 ± 0 .  2 (  - 1  0 )  

6 . 6 ± 0 . 8 ( - l U ) 

< 6 E - l 0  

1 . 6 ± 0 . 8 ( - n ) 

< 5E - 1 1  

< l E - 1 1  

2 . 4  ± 

<3E - 1 1 

< 5 E - 1 1  

< 4 E - 1 1  

< 2 E  - 1 1 

1 . 1 ( - 1 1 )  

# 2  P F  

P a r t i c u l a t e 

F i l t e r  

S/ 1 /80 

;:Q0 2 - ? l  1 0  

4 6 1 , 3 0 () 

? . 3 ± 0 . 3 ( - 1 0 )  

1 . 3 ± 0 . 2( - 9 )  

< 3 E - 1 0  

1 . 3  ± 0 .  6 (  - 1  I )  

< I E - 1 0  

< 1 E - 1 1 

< 1 E - 1 1 

< 4 E  - 1 1 

< 2 E  - 1 1 

< ; [ - 1 1  

< 1 E - 1 0  

# 3 P F  it 4  P F  

P d rt i c u l a t e  P a rt i c u l a t e 
F i l t e r  F i  1 t e r  

S !  1 / 80 5 1 1 / 80 

1 9 1 0 - ? 0 0 0  1 1 4 5 - 1 24 j  

3 1 4 , 8 5 U  3 9 3 , 4 7 0 

? . 4 ± l. L 3 ( - 1 U J 1 .  6 ± 0 .  2 (  - 1 0 )  

l . L  ± 0 . 1 ( - 9 )  9 . 6 ± 1 .  1 ( - I  0 )  

< 3 E - 10 < 4 E - 1 0  

<3 1:: - 1 1  < L: E  - 1  I 

< l - 1 0  < 3 E - 1 1 

< I  E - l l < {' [ - 1 1  

< 2 - E - l l  < 2 E  - 1 1  

< 5 E - 1 1  < 4 E - 1 1 

< 5 E - l l < 4 E - 1 1  

< 4 E - 1 1  < 4 E  - 1 1 

< I E - 10 < l E - 1 0 



TAB L E  1 2 .  ( co n t i nued ) 

Concen t ra t i on ( JJC i /cm 3 ) ( c o n t i n u ed ) 

1 1  OmAg < 2 E  - 1  I <' E - l l  < ! E - l l < 1 E - 1 1  

l 24s b < 1 E - l l < l E - 1 0  < 2 [ - 1 0  < l E - 10 

1 2 5s b < 3 E  - 1 1 < ? E  - 1 1 < t l E - 1 I < �  E - 1 1  

1 2 9re <4 E - 1 0  < 4 E - 1 0  4 . il ± 1 . 9 ( - l l) )  4 . .3 ± 1 . 3 ( - 1 0 )  

1 4 1 c e  < 6 [ - 1 1 < l E - 1 0  < tJ E - 1 1 < I E - 1 1 

w 1 44c� < l E - 1 0  < 1 E - 1 0  < lJ E - 1 1 < � E  - 1 1 N 

1 52E u < 3 E  - 1 1 < 6 E - 1 1 < 4  E - I I  < J E  - 1 1 

1 54E u  < 3 E - 1 1 < { E  - 1 1 < SIE - 1 1  < 2 E - 1 1 

1 5 5E u  < 5 E  - 1 1 < 3 E  - 1 1 < 5 E - 1 I < 4 E - 1 1 

G ro s s  beta  ( d i rect ) 4 . 8 ± 1 . 2 ( - 1 0 ) 8 . 2 ± ? . 0 ( - 1 0 ) 8 . 8 ± ? . 1 ( - 1 0 )  7 . 8  ± 1 . 9 ( - 1 0 )  

Gro s s  a l p h a  ( d i rec t )  <4 E - 1 1  <�E - 1 1 <Z E - 1 1 <2 E - 1 1  



TAB L E  1 3 . TfiR E E  r·1 I L E I S L A N D  U f� I T - 2  R E ACTOR B U I L D I NG A TMOS P H E R E  S AM P L E S : 

LAB A ( i od i ne - l L 9 )  

S amp l e  l d e n t i f i c a i. i o n 

s �mp ' e  T yp e  

S amp l e  D a t e  

S amp l e  T i me 

�� amp l e  Vo l ume ( cm 3 ) 

C o n c e n t r a t i o n ( uC i /cm3 ) a ----
l 2 9 r  

If I To t a 1 I od i ne 

Cha rc o a l 

4 / 29 /80 

1 420- 1 5 20 

342 . 500 

9 . 9  ± 3 . (_{ - 1 1 )  

#2  To t a l  I od i ne 

C h a tcoa l 

5 / l /130 

1 4 1 6- 1 5 1 6 

392, 700 

7 . 8 . 2 . 6 ( - l l ) 

a .  Q u o t e d  u nc e r t a i n t i e s i nc l u d e  t he e s t i ma t e d  c o n t r i bu t � o n f rom t he 
rec o v e ry p roced u re . 
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V .  D I SCUSS I ON 

1 .  W ho l e  G a s  An a l yse s 

An  e rro r-we i g h t ed a ve rage ( l / o 2 we i g h t i ng )  o f  t h e  f o u r va l ue s  f o r  
3 5  3 K r  c o nc e n t r at i o n obt a i ned y i e l d s a re s 0 l t  o f  1 . 02 ± 0 . 05 �C i /cm 
Q C:.  
� --'f': r . Th e  vo l ume u n i t s d re c u b i c  c e n t i <Het e rs a t  s t and a rd temp e ra t u t·e a n d  

p re s s u re ( 7 60 rnm H g  a r1 u  0 °( ) . Samp l e s J rawn b y  o t he r  i n ves t i g a t o r s
8 l1 a v e  

n .J t  D e e n  co rrec t ed t o  s t and a rd t emp e ra t u re a n d  p r,e s s u re { ST P ) . A t  t he t i n1e 

u f  t h 1 s  s amp l i ng ef f o Y't , t he c o n t a i nme nt  ou i L i i ng p r e s su re wa s 7 1 6  mm o f  Hy  

a n u c o n t a i nrnen t t e:np e r'� t u t'•� v1a s  2 9 9 ° K . U s i ng t hese  va l ue s  and  t he me a s u reo 
35 

. s amp l e  vo lurne s p re s e n ted  i n  Tab l e  3 ,  :. - : c K r  concent ra t 1 0 n rne a s u ren1e n t s  

1·1 e re c o r rec ted t o  ac t u a l c on t a i nment  c o na i t i o n s . The resu l t  i s  a n  a verage  

3 5 �: �· c o ncen t ra t i o n o f  0 . 88 ± 0 . 04 11 C i /crn3 a t  t he ex i st i nq R B  cond i t i on s . 

The  u t i l i t y - 6ccep ted  va l ue fo r t h e  p rep u rge  8 5K r  conc e n t ra t i o n i n  t h e  
(' 

T� I - 2 R b  1 s  0 . 30 ± 0 . 02 11C i /c c  a t  reac t o r  bu i l d i ng cond i t i o n s . u T h i s  

va l u e i s  1 n  a g reeme n t  w i th t he re su l t s reported  here i n .  

T he  ma s s  spec t rome t r i c  re s u l t s repo rted i n  Ta b l e  8 i nd i c ate  a n  a tmos 

p ne re d e r- l e ted  i n  oxyg e n  and  h i y n i n  n i t rogen , he l i um ,  hyd rogen , x e no n ,  a nd 

c a rbon  d i ox i d e .  Norma l mo l e  p e rc e n t ages  o f  o2 , N 2 , He , 

(Q � i n  t he a tmo sp he re are 20 . 95% , 78 . 09% , 5 . 24 X 1 0-
4
% ,  

n ' - 1 0 - bo/ ' d 0 0 ')v' t . 1 9 o x � a n  . J� , re spec 1 ve y .  

H 2 , Xe , a nd 
- 5  

5 . 0  X 1 0  % ,  

I t i s  i n t e re s t i ng t o  note  t he d e t ec t i on o f  o rg a n i c  { hydro c a rbon ) c o n 

s t i t u e n t s  i n  t h e  s amp l ed a i r .  T h e  ma s s  spect romet r i c  a n a l ys e s  d i d  not  

d e t e nn i ne t he o rg a n i c  s pec i e s p re sent  b u t  o n l y repo rted t o t a l  o rg an i c s  a s  

C H " e qu i va l e n t s .  Hyd roc a rbo n s  we re detec ted i n  a l l f o u r  s amp l e s  a t  a n  '+ 
a ve rage  l e ve l of 0 . 069% C H

4 equ i va l e n t s . I n i t 1 a l  s amp l i ng p l a n s  i nc l u ded  

d i rec t s amp l i ng f o r  o rg a n i c  hyd ro c a rbons  b y  ad s o rp t i o n o n t o  c h a rc o a l t u be s .  

T h e s e  s amp l e s  we re not  t a k e n  d u e  t o  p rac t i c a l c on s i d e rat i on s  concern i ng t he 

s amp l i ng t i me re qu i red . L ac k i ng t h i s  i nf o rma t i on o n  s pec i f i c  hyd ro c a rbons  

p re s e n t , o n e  can  on l y  specu l a te  c o nc e rn i ng t he o r i g i n  o f  t he o rg a n i c  mat e r i 

a l s  n o t ed i n  t he who l e  g a s  a n a l y se s .  Some p o s s i b i l i t i e s a re vo l at i l e c om 

p o n e n t s  o f  p ump o r  l u b r i c a t i ng o i l s ,  off -g a s i ng o f  epoxy p a i n t s  o r  p l a st i c s ,  

34  



or pos s i b l y  some combus t i o n p roduc t s  p roduced by t he c h a r r i ng of p l a s t i c s ,  

rubbe r ,  or epoxy •nd te r i a l s  duri ng  t he hydrogen i gni t ion  t ha t  occ� rred dur

i ng t he M a rc h  28 ,  1 9 7 9 , i nc i dent . Other  exp l a n a t i on s  mus t  con s i de r  the pos 

s i b i l i ty t h at  org an i c  mate r i a l s  we re i nt roduced by t he s amp l i ng met hodo l ogy . 

The s t a i n l e s s  s tee l p robe may h ave had mac h i n i ng o i l on i t s  i n t e r i or .  The 

w a te r d rop-out was  se a l ed w i th s i l i cone c au l k  wh i c h  evo l ves so l ve n t  fume s 

and  acet i c  ac i d  dur i ng i t s cur i ng p roce s s . 

2 .  P a rt i cu l ate  Rad i onuc l i de s  

T h e  me a s u reme n t s  of g amma - ac t i ve p a 1·t i cu l ate  rad i onuc l i d es (Ta b l e s 5 

a nd 1 2 ) exh i b i t  c e rt a i n  c h aracte r i s t i c s t h a t  h i g h l i g ht  t he i n herent v a r i a 

b i l i ty of p a rt i cu l ate  s amp l i ng a nd t he n ature of l ow - l eve l  g an,ma- ray spec 

t rome t ry .  The on l y  g amma - ac t i ve rad i onuc l ides  de tec ted on a l l f i l te r s  we re 
1 34

c s  a nd 13 7cs . T ne poo l ed resu l t s  f rom bot h  l aDs  for the se i sotopes  

are  cons i s te n t ,  w i t h  no  s t a t i s t i c a l  
. d . d f 1 34( conce n t ra t 1on s eterm1ne or s 

11C i /cm3 and 8 . 4  ± 0. 9(- 1 0 ) 11 C i /cm
3

. 

out l i e rs . The  error-we i g h ted average 
13 7 a nd C s ,  re spec t i ve l y ,  are 1 . 32 ± 0 .  1 (- 1 0 )  

Ce rt a i n other  rad i onuc l i des we re 

J e tec ted occ as i on a l l y on certa i n  f i l te rs . 

t he I od i ne Spec i e s #2  p a rt i c � l ate  f i l te r .  

Note  the  L a b  8 re su l t s  obt a i ned on 

Th i s  f i l te r  s howed re l at i ve l y h i g h  

w i t h  abnorma l l y h i g h l e ve l s  of 1 14 1 3  7 
a c t i v i ty l e ve l s  of C s  and  C s  a l ong  
58 60 1 1 0m . 

Co , Co , a nd Ag --nuc l 1des  not norma l l y detec ted on s i m i l ar f i l -

t e rs . Th i s  i s  p rob a b l y  due to t he co l l ec t i on of a n  i so l a ted " hot " p a rt i c l e  

on t h i s  s amp l e  f i l te r  Resu l t s  on the  other  p a rt i cu l ate  f i l te rs i nc l ude i so-

1 d . t . l f 54M 58C 60C d l 29mT T ate  pos 1 1ve resu _ s  or n ,  o ,  o ,  a n  e .  hese  

re su l t s  a re cons i st ,� n t  w i t h  t he l e s s t ha n  va l ue s  reported and  may be  due t o  

s t at i s t i c a l  v a r i a t i on s  i n  t he c a l cu l ated net  re s pon se . 

T he radi oc hem i c a l  re su l t s  for t he bet a em i t t e rs (Tab l e  6 )  s how cons i s 

t en t  det ec t i on of 90s r  on l y .  S t ront i um - 89 wa s detec ted on t h ree o f  t he 

f i ve f i l te rs a n a l y zed . Not e  t h a t  a l t houg h a l l resu l t s  a re s t at i st i c a l l y  c on 

s i s t e n t , t he h i g he s t  va l ues  determ i ned for bot h 90s r  and  89
s r  we re found 

on  t he I od i ne Spec i e s #2  f i l te r .  Th i s  i s  t he s ame f i l te r  t ha t  g ave a h i g h 

re spon se for t he g amma -em i t t i ng rad i onuc 1 i de s . The e r ror-we i g hted  average  
90s r  conce nt ra t i on det e rm i ned i s  1 . 9 ± 0 .3(- 1 0 )  11C i /cm3

. C a l cu l a -

t i on of a n  a ve rage  89
s r  va l ue i s  comp l i c at ed by t he m i x ture of pos i t i ve 
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( "d e t e c t ed " ) re s u l t s a n d  l e s s -t h a n  v a l u e s . An e rror-we i gh t e d  a ve rage o f  

t he p o s i t i ve re s u l t s  o � l y  y i e l d s  a concent rat i o n o f  8 . 7 ± 4 . 3 ( - 1 1 )  

�C i /cm3 . An a l t e rn a t i ve method o f  c a l c u l at i o n i s  t o  i nc l ud e  t he l e s s 

t h a n  v a l u e s  1 n  t he we i g h ted a v e rag e . I n  t h i s mode , i t  i s  p ro b a b l y  mos t  

a p p ro p r i at e  t o  u s e a n  uncert a i nty  e qu a l  t o  t he e n t e red  v a l u e .  Th i s  met ho d  

o f  c a l c u l a t i o n y i e l d s an  average  ( l ; a 2 we i g hted ) o f  7 . 3  ± 2 . 6 ( - 1 1 )  �C i /cm 3 . 

Th i s  v a l u e  i s  p robab l y  a b e t t e r  e s t i mate  o f  t h e  89s r  concen t ra t i on . 

T he  t heoret i c a l  act i v i ty rat i o  o f  89s r  to  90s r  h a s  been  c a l c u l a t e d  

f rorn t he e s t  i mat�d  c o re i n ve n t o r i e s  d e t e nn i  n e d  b y  t he comp u t e r  p rog ram 

O R I G E N , l O , l l  a nd t he k nown decay cons t �n t s  and s amp l i ng d a t e . The t he o 

re t i c a l  ra c i o  t h u s  determ i ned i s  0 . 4 1 . T h e  s amp l e  res u l t s  repo rted  h e re i n ,  

u s i ng t he 
59

s r  va l u e o f  7 . 3  ± 2 . 6 ( - 1 1 )  �C i /cc , y i e l d  a 
BY

S r ;
90

s r  

react i v i ty r a t i o  of  0 . 38  ± 0 .  1 5 . 

T he  p a rt i c u l a t e  f i l te r s  we re a l so an a l yzed  spec i f i c a l l y  f o r  
� 5

Fe , 
6 3

N i , 9 1 v ,  2 3 5u ,  2 38Pu , a n d  2 391240Pu . None o f  t he s e  nuc l i de s  

w e re d etec ted . 

3 .  I od i ne 

The  poo l ed re s u l t s  obt a i ned b y  bot h  l aborat o r i e s  f o r  1 2 9 1 o n  t h e  

t o t a l  i od i ne s amp l e rs were t e sted  f o r  s t at i s t i c a l  o u t l i e rs , a n d  n o n e  we re 

f o u n d . An e rror-we i g hted  ave rage ( l ! a 2 we . _  t i ng ) o f  t he i nd i v i du a l 

re s u l t s  y i e l d s  a va l ue o f  6 . 6 ± 0 . 5 ( - 1 1 )  �C i /cm
'"' 1 29

1 .  W h i l e t he 1 29
1 

c o n t e n t  o f  t h e  TM I Un i t - 2  RB  a tmos p h e re h a s  n o t  p re v i o u s l y  been meas u re d , 

t he expected  conce n t rat i on h a s  been  e s t i mated  f rom t h e  OR I GE N  c a l c u l a ted  
1 3 1 1 2 91 . . d 1 3 1 1 

. 
I /  core  1 n ven tory rat 1 o s  a n  me a s u red  concent r a t 1 on mea s u re -

1 2  3 ment s .  The  e s t i mated  concent r a t i on t h u s  d e t e rm i ned w a s  6 . 7 ( - 1 1 )  �C i /cm . 

T h e  e s t i mated c oncent rat i on i s  i n  exce l l en t  ag reeme nt  w i t h  o u r  meas u red  

v a l ue .  A t t emp t s  t o  q u a n t i fy the  concent ra t i on o f  s t ab l e  1 2 7 1 f a i l ed d u e 

t o  a h i g h  1 2 7 1 c ontent  o f  t he T EDA-c h a rco a l  med i a .  

The  i od i ne spec i es s amp l e  re s u l t s  i nd i c a t e  t h a t  t he p redom i n a n t  r ad i o 

i od i ne s pec i es i s  t ne o rg a n i c  f o rm .  Th i s  i s  c on s i s t e n t  w i t h  t he b e ha v i o r  

o f  " ag e d " rad i o i od i ne noted  i n  s t u d i e s a t  o t he r  nuc l e a r  powe r p l an t s  a n d  

t h e  me a s u reme n t s  o f  C l i ne e t  a l .
1 2  

a t  TM I . 
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4 .  T r i t i um and  C a rbon - 1 4 

Co ncentrat i o ns  of  3 H  and 1 4c i n  t he TM I - 2 R B  atmosphere we re d e t e r

m i ned t o  be 4 . 7 ± 0 . 8 ( - 5 )  � C i /cm3 and  3 . 5 ± 0 . 9 ( - 7 )  � C i /cm3 , re spec t i ve l y .  

These  re su l t s  a re a n  e rro r-we i g h ted ( l ; o 2 we i g h t i ng ) average  o f  re s u l t s 

o n  t he two s e t s of 3H - 1 4c s amp l e s  o b t a i ned . These  rad i onuc l i d e s  have 

not  p rev i ou s l y  been me a s u red u s i ng equ i pmen t  t h a t  s amp l e s  bot h o x i d i zed a n d  

u nox i d i zed  spec i e s .  

5 .  Resu l t s  Co rre l a t i on  

T h e  raa i o nuc l i de concent rat i on s  determ i ned d u r i ng t h i s s amp l i ng p rog ram 

are p resented i n  Tab l e  1 4 .  The  fo l l ow i ng met hodo l ogy was  u sed i n  c a l cu l a t 

i ng t he f i na l  c o nce n t ra t i on va l ues . I n  c ases  wne re a g i ve n  rad i o nuc l i de �as  

detected  i n  a l l s amp l e s a n a l yzed , the  i nd i v i du a l  re s u l t s  we re t e s ted f o r 

s t at i s t i c a l  o u t l i e rs u s i ng a s ta nd a rd g ap -o ve r - range  t e s t . No o u t l i e rs we re 

detected  i n  a ny of t h i s  wo rk . The f i n a l  concent rat i on s  were t hen  determ i ned 

by  a ve rag i ng t h e  i nd i v i d u a l  va l ue s  w i th  a we i g h ted a ve rage  p rogram u s i ng 

l /o2 we i g ht i ng .  Me a s u rement u nce rt a i nt i es we re p rop ag ated  t hrou g h  t he 

a ve rag i ng ro u t i ne ,  and  both  t he i nt e rn a l  and  extern a l  e rro r o n  t he a ve rages  

we re c a l cu l ated . The  quoted  erro r  i s  t he l a rger  o f  t he two e r ro r  c ompo 

n e nt s . F o r  c ase s i n  wh i c h t he a n a l yt i c a l  me a s u reme n t s  re s u l ted i n  some 

" pos i t i ve "  re s u l t s  and  s ome " l es s -t h a n  va l ues , "  t h e  s ame we i g hted  a ve rage 

p rog ram was  u sed . The l e s s -t ha n  va l ue s  we re c on s i d e red  t o  be  " pos i t i ve "  

re s u l t s w i t h  a re l at i ve s t a n d a rd de v i at i on o f  1 00% . E rro r p ro p ag a t i on w a s  

p e rfo rmed i n  t he s ame manne r a s  before . The s e  c ase s a re foot noted i n  

Tab l e  1 4 . When  a l l a n a l yt i c a l  me a s u reme n t s  re s u l ted i n  l e s s -t h a n  va l ue s , 

t he re s u l t  o f  t he mo s t  s e ns i t i ve me a s u remen t  ( the  sma l l e s t  l e s s - t ha n  v a l ue ) 
wa s accept ed a s  t he upper  co ncent rat i on l i m i t .  

The  a ve rage re s u l t s  d e t e rm i ned per  c u b i c c en t i meter  a t  s t a n d a rd t em

p e r a t u re and p re s s u re ( STP ) we re c o n ve rt e d  to t he act u a l  react o r  b u i l d i ng 

c ond i t i on s  o f  7 1 6 mm of Hg a nd 299°K  u s i ng t h e  i d e a l  g as l aw .  The res u l 

t a n t  c o nc e n t ra t i on s  i n  � C i /cm
3 

of  act u a l  reac t o r  b u i l d i ng f ree vo l ume 

a re p rese nted  i n  T ab l e  1 4  a l ong  w i t h  t he e s t i ma t ed re ac t o r  b u i l d i ng a tmo s 

phe r i c  i n ve n t o ry a t  t he t i me o f  o u r  mea s u remen t s . A f ree  b u i l d i ng vo l ume 
1 0  ') 8 o f  5 . 58 x 1 0  em � was  u sed f o r  t he s e  e s t i ma t e s . 
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T AB LE 1 4 .  RAD I ONUCL I DE CONTE N T  I N  THE  TM I UN I T- 2  R EACTOR B U I LD I NG 
ATMOS PHER E 
A p r i l 2 9 - May 2, 1 980 

� C i /cm 3 at STP  

4 .  7 ± 0 . 8 ( - 5 )  
3 . 5  ± 0 . 9 ( - 7 )  
< 6  E - 1 0  
2 ± 2 ( - 1 1 )  
< 5  E - l l 
< 3  E - l l 
< l  E - l l 
l . O ± 0 . 3 ( - 1 l ) d  
3 ± 2 ( - l 2 ) a 
<2  E - 1 1 
1 . 0 2 ± 0 . 05 ( 0 ) 
7 ± 3 ( - l l ) a 
1 . 9  ± 0 . 3 ( - 1 0 )  
< 3  E - l l 
<2  E - 1 1 
<4 E - l l 
< l  E - 1 0 
1 . 6 ± 0 . 6 ( - l l ) b 
< l  E - 1 0 
< 2  E - 1 0  
4 ± 2 ( - l o ) a 
6 . 6 ± 0 . 5 ( - l l )  
1 . 3 ± 0 . 1 ( - 1 0 ) 
8 . 4 ± 0 . 9 ( - 1 0 ) 
<6  E - 1 1 
< 9  E - l l 
< 3  E - l l 
< 2  E - l l 
< 3  E - l l 
< 7  E - 1 3 
< 7  E - 1 3 
< 7  E - 1 2  
< 2  E - 1 2 

�C i /cm 3 of  
B u i l d i ng Vo l ume 

4 . 0  ± 0 . 7 ( - 5 )  
3 . 0 ± 0 . 8 ( - 7 ) 
<5  E - 1 0  
2 ± 2 ( - 1 1 )  
<4 E - l l 
< 3  E - 1 1  
<9  E - 1 2 
9 ± 3 ( - 1 2 ) 
3 ± 2 ( - 1 2 ) 
< 2  E - 1 1 
8 . 8 ± 0 . 4 ( - 1 ) 
6 ± 3 ( - 1 1 )  
1 . 6 ± 0 . 3 ( - 1 0 ) 
<3  E - l l 
< 2  E - l l 
<4 E - 1 1 
< 9  E - 1 1  
1 . 4 ± 0 . 5 ( - 1 1 )  
< 9 E - l l 
<2  E - 1 0 
3 ± 2 ( - 1 0 )  
5 . 7 ± 0 . 4 ( - l l )  
1 . 1  ± 0 . 1 ( - 1 0 ) 
7 . 2  ± 0 . 8 ( - 1 0 ) 
<5  E - 1 1  
< 8  E - l l 
< 3  E - l l 
<2  E - l l 
< 3  E - l l 
<6  E - 1 3 
<6  E - 1 3 
< 6  E - 1 2 
< 2  E - 1 2 

E s t i matedc 

Reactor  B u i l d i n g 
I n ve nto ry { �C i ) 

2 . 2 ± 0 . 4 ( 6 ) 
1. 7 ± 0 . 5 ( 4 )  
< 3  E + 1 
1 ± 1 ( 0 )  
< 3  E+O  
<2  E +O 
< 5  E - 1  
5 ± 2 ( - 1 ) 
2 ± 1 ( - l ) 
< 1  E +O 
4 . 9 ± 0 . 2 ( 1 0 ) 
3 ± 1 ( 0 )  
9 ± 2 ( 0 ) 
< 2  E+O  
< l  E +0 
< 2  E +O 
< 5  E +O 
8 ± 3 ( - 1 )  
< 5  E +O 
< 1  E + l 
2 ± 1 ( + 1 ) 
3 . 2  ± 0 . 2 ( 0 ) 
6 . 1 ± 0 . 6 ( 0 ) 
4 . 0  ± 0 . 4 ( + 1 ) 
< 3  E +O 
< 5  E+O  
< 2  E+O  
< l  E +O 
< 2  E+O  
<4  E - 2 
< 4  E - 2  
< 4  E - 1  
< 1  E - 1 

a .  C a l c u l ated f rom a m i x t u re of p os i t i ve re s u t l s  a nd l e s s -than  va l ue s .  

b .  The o n l y  p os i t i ve va l ue found f o r  l l OmAg w a s  on t he " ho t " f i l te r  
I od i ne S pec i e s # 2 . E i g ht o t he r  a n a l yses  we re neg at i ve .  T�e v a l ue p re s en t ed 
h a s  been  c a l cu l a ted u s i ng t he met hodo l ogy d i s c u s sed . A mo re re a l i st i c  va l ue 
fo r t he o ve ra l l cont a i nme n t  a verage  i s  p robab l y  <6 E - 1 2 �C i /cm3 . 

c .  B u i l d i ng i n ve n t o ry w a s  e s t i mated by mu l t i p l0 i ng t he me a s u red  c o ncent r a 
t i o n  t i me s  a b u i l d i ng f ree  vo l ume o f  5 . 58 x 1 c l cm3 . 
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