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ABSTRACT 

Surface s amp l es were co l l ected from concrete and tneta l s urfaces with i n  

t he Th ree Mi l e I s l an d  Un i t  2 Reactor Bu i l d i ng o n  December 1 5  and  1 7 ,  1 98 1  

and  aga i n  on March 2 5  and 26,  1 982 . The Reactor Bu i l d i n g  was decontami n ated 

by  h ydro l as i ng d uri ng  the peri od between these  d ates. Th e co l l ected s amp l es  

were an a l yzed  for radionuc l i de concen trat i on at  the I d aho N at i on a l  E n g i n eer­

i n g L aboratory. Th e s ampl i ng equ i pment and procedures , and  the  a n a l ys i s  

methods  and  res ults are d i scu s sed i n  th i s  report . 

Th e measure d  mean s urface concentrat i on s  of 1 37cs and 90sr on  th e 

3 0 5 - ft e l evat i on f l oor before decontami n at i on were , respect i ve l y ,  3 . 6 ± 0 . 9  

a n d  0 . 1 7  ± 0 . 04  �C i /cm2 . Th e i r  mean concentrat i ons  o n  t he  347-ft e l ev at i on 

f l oor were about the  s ame . On both e l ev at i on s ,  wa l l s  were found to  be  con­

s i derab l y  l es s  con tam i nated than f l oors . The fract i on s of the  core i nven­

t ori es of  1 3 7cs , 90sr, and 1 29 1 depos i ted on  R eactor B u i l d i n g  s urfaces 

pri or to decontam i nat i on were ca l cu l ated u s i ng the i r  mean concentrat i on s  o n  

v ari ous types o f  s urfaces . The c a l cu l ated v a l ues for these three n uc l i des 

are 3 . 5  ± 0 . 4  E-4 , 2 . 4 ± 0 . 8  E- 5 ,  an d 5 . 7  ± 0.5 E-4 , respec t i vel y .  

Th e decontam i nat i on operat i on s  reduced t h e  1 3 7cs s urface act i v i ty on 

t h e  305- and  347- ft e l ev at i on s  by  fac tors of 20 and 1 3 , respect i ve l y .  The 
90sr s urface act i v i ty reduct i on was the s ame for both f l oors , t h at b e i ng  

a factor o f  30 . On th e who l e ,  decontam i n at i on of  vert i ca l  s urfaces was  not  

a c h i eved . 

B eta a nd g amma exposure rates that were measured d ur i n g  s urface s amp l ­

i n g  were exam i ned t o  determ i ne  the degree to wh i ch they corre l ated wi t� 

meas ured s urface act i v i t i es .  The d ata  were f i t  w i th power funct i ons  of  the  

f orm y = axb . As m i gh t  be  expected , t h e  b eta  exposure rates s howed the  

bes t  corre l a t i on . Of  the data sets  f i t  wi th  the power funct i on ,  t he  set  of  

December 1 98 1 b eta exposure rates exh i b i ted the  l east  scatter. Th e c oef­

f i c i en t  of  determinat i on for th i s  set  was calc u l ated to be 0 . 9 1 5 .  
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I NTRODUCTI Otl 

To meas ure the effectivenes s  of  the gros s  decontamination experiment 

(principally a water spray tech niaue) performed in the Three Mile Island  

U nit 2 (TMI-2) Reactor Building, the Technical I nformation a nd Examination 

P rogram's radiation and environment personnel made s urface activity measure­

ments before and after the 2xperiment. Eighty-five s urface samples were 

collected during E ntries 25 and 26 (December 15 and 16, 1981) and a n  addi­

tional 95 s urface sample s were obtained during entries 54 and 55 (March 25 

and 26, 1982). Radiological survey, thermolum��escent dosimetry, and gamma 

s pectroscopy mea surements were performed in conjunction with s urface sam­

pling to determine the correlation between surface contamination and 

radiation 

fields . 

The su�face samples were analyzed at the I daho National E ngineering 

Laboratory (INEL) u sing gamma spectroscopy, gross  beta, and neutron activa­

tion analysis (NAA) technque s .  These methods determined the surface concen­

trations of the gamma-emitting nuclides, 
137

cs, 
134

cs, 
125sb, and 60

co , the 

beta-emitting nuclide, 
90

sr, and the x-ray emitter, 129I. The concen­

tration of total fis sile material (i. e .  235u) wa s also determined for 

selected s amples u sing a delayed fis sion neutron counting technique. 

This report presents the results of these analyses a s  pre- and post­

d econtamination surface c oncentrations . Also presented are the beta and 

gamma exposure rates data that were collected concurrently with surface 

s ampling using a gross beta/gamma survey instrument. I n  addition,  decon­

tamination factors (DFs) on a nuclide by nuclide basis are give n  for eac h  

location sampled . 
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SAMPL ING  EQU IPMENT 

Surface Sampl er 

P r i or to December 1 98 1 , efforts to measure the d i s tr i but i on of surface 

c ontami nat i on w i th i n  the TMI - 2  Reactor Bui l d i n g  re l i ed pr i mar i l y  on the use 

of  smear s  and rad i o l og i ca l  survey i n s truments . However , both of these 

methods were of l i m i ted use .  Sffiear s are of unquest i oned v a l ue when used to  

determ i ne  th e presenc e or absence of  l oose contam i n at i on ,  but are i nadequate 

to quan t i fy contami nati on especi a l l y  i f  part of i t  i s  f i xed . Th e s urvey 

i n s truments th at were used l acked suffi c i ent  sh i el d i ng to prov i de good co l ­

l i ma t i on and , i n  add i t i on ,  cou l d  not  dist i ngu i sh  between g amma r ays that 

or i g i nated from the s urface of i n teres t and those that passed through th e 

s urface h av i n g  or i g i nated from o ther s ources . Th i s  l atter fa i l i ng  was par­

t i cul ar l y  troubl esome when survey measurements  were made on the 305-ft 

e l ev at i on because of the contr i but i on to the gamma fl ux from the h i gh l y  

con tam i n ated water presen t i n  the Reactor Bui l d i n g  basemen t .  These short­

comi ngs were s er i ous enough to  warrant  deve l opment of a s urface s ampl i n g  

dev i ce .  

Th e surface s ampl er used t o  co l l ect s ampl es from h or i zontal s urfaces 

at TM I - 2  i s  shown i n  F i gure 1 .  A s im i l ar too l  h av i n g  a sma l l er base p l ate 

was  used to obta i n  s ampl es from v ert i ca l  surfaces. The s ampl er i s  a m i l l i ng 

too l that h as four major components : ( a )  a 1 . 2 7-cm d i ameter , 57 5 rpm ,  con­

s tant s peed dr i l l ,  ( b ) a dr i l l  s upport assembl y t h at a l l ows s ett i ng  the  

samp l e co l l ect i on depth , ( c )  f i l ters for i n tak e a ir  pur i ficat i on and s amp l e 

c o l l ect i on ,  and  ( d ) an a i r  pump t hat for ces a i r  a cross the surface bei ng 

s amp l ed and through the s amp l e  col l ec t i on fi l ter . 

Th e dr i l l  s upport assemb ly  s erves s ever a l  fun ct i on s . I t  ma i nta i ns a 

bi t a x i s  th at  i s  perpend i cul ar to the p l ane of the base p l ate; i t  prov i des  

a pos i t i ve s top for dr i l l  mov emen t i n  the downward d i recti on (the s top i s  

the top s urface of the cyl i ndr i ca l  dr i l l  shaft extens i on receptac l e ) ,  an d 

i t  prov i des ports for connecti ng pur i f i cati on and s amp l e f i l ters . Th e d i s k ­

type fl ange that  i s  we l ded a t  a he i gh t  s l i gh t l y bel ow t he  top of  the recep­

t ac l e  i s  mar ked i n  2 2 - l /2 degree i nterva l s  prov i d i n g  16 numbered r eferenced 

mark s .  
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Zero penetrat i on depth i s  set  wh i l e  the b as e  p l ate of the s ampl er i s  
p res sed f i rml y against the s urface to be s amp l ed .  Th e depth s ett i ng d i sk 

i s  turned counterc l ockw i se enough to have  a separat i on between the sett i n g  
d i sk and i ts s top  wh i l e a s l i gh t  downward pressure ( towards the base plate ) 
i s  app l i ed on the dr i l l .  The sett i n g  d i sk turns  freel y  when not i n  contact 
w i th the s top . W h i l e  the mi l l i ng b i t  i s  r es t i ng on the s urface to be  
s amp l ed ,  the reference z ero i s  set by turning the depth sett i n g  d i sk c l oc k ­
wise unt i l  i t  just  beg i n s  to  b i nd  aga i ns t  t he  s top .  Th e re�erence z ero i s  

now read as th e number that occupies th e sector be l ow the shaft of the d i s k 

l ock i ng 'T ' h and l e . 

Samp l i ng depth may be  set ( after f i rst  z er o i n g  the  s amp l er )  by turnlng 

the penetrat i on depth sett i n g  d i s k  coun ter c l ockw i s e  the des i red number of 

r evo l ut i ons . Con terc l ockw i se rotat i on of the d i s k  from a zero s ett i n g  w i )l 

a l l ow th e bi t to trave l  beyond  the p l ane of the s ampl er's base p l ate when 

the  dr i l l i s  operated . Each counter r evo l ut i on of the d i sk from a reference 

z ero adds 0 . 635  mm to the penetrat i on depth tha t  w i l l  be ach i eved . 

F i gure 2 s hows the ova l  s amp l e  v acuum ch amber that i s  l ocated on the 

bottom surface of th e s ampl er ' s  b ase  p l ate . The chamber , wh i ch has an area 

of 3 9 . 03 cm2 and  i s  1 . 575-mm tal l ,  i s  surroun ded by a foam rubber gasket 

that when compressed seal s the ch amber . A i r  i s  drawn i nto  th e chamber 

t hrough the c i rcul ar port on the l eft and  ex i ts through the port located at  

the  extreme r i gh t  end of t he  chamber . The b i t  receptacle i s  centered a t  

t h e  l arger end of t h e  chamber near the s l op i ng exh aust por t .  A b i t  i s  

fastened to the dr i l l  s haft  by i nsert i n g  the threaded end of the b i t  i nt o  

t h e  b i t  r eceptac l e  a n d  tur n i ng t h e  b i t  c l ockw i se  unt i l s nug . 

A deta i l ed sketch of the s amp l e f i l ter c ar tr i dge i s  shown i n  F i gure 3 .  

Th e c ar tr i d ge b ody i s  composed of p l ast i c  p i pe f i tt i ngs . The s amp l e  co l l ec­

t i on f i l ter , a Whatmun 1 6  �m paper f i l ter , i s  h e l d i n  p l ace i n  the coup l er 

by two s nap r i n gs , a s creen , and  an ' o ' -r i n g .  

The cartr i dge i s  i ns ta l l ed b y  remov i ng the nyl on tube cap  and i nser t i n g  

t h e  p l ast i c  i ntake  tube  i nto t h e  exhaust port s hown on  t h e  r i gh t  of  t he  
cyl i nder t h a t  i s  t h e  receptac l e for the  dr i l l  s haft extens i on (see F i gure 1 ) .  
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Th e s top  for the tube i s  very near the po i n t  where the exhaust  port enter s 

t he  o v al v acuum ch amber so  t hat cross-cortam i nat i on between s amp l es i s  m i n i­

m i zed . Th e nyl on tube p l u g  i s  then removed and th e coup l er on the r i gh t  i n  

F i gure 3 i s  i n serted i n to the tygon t ub i ng that i s  the h eader o f  the  a i r  

p ump . 

C alibr at i on 

Th e v er t i c a l  and h or i z onta l s urface s amplers that were u s ed d ur i ng 

December 198 1 and March 1982 to col l ect s amp l es at TM I - 2  were rece i ved a t  

t he  INEL d ur i n g May 1 982 . After deconta�i nation , they were  both re-fi tted 

w i th new dr i l l s ,  'o ' -r i ngs , gask ets , non - sk i d  pads , a i r  puri f i cat i on f i l ­

ters , tygon tub i n g ,  and a i r  pumps .  The s ampl ers  were s ubseq uent ly  u sed to 

co l l ect  s amp l es from standard i zed concrete and meta l s urfaces . 

F o ur s tandar d i zed s urfaces were prepared, two of  concr ete a nd two of  

meta l . The con crete s l abs , wh i ch were each 3 5 . 6- cm sq u are  and 8 . 9-cm th i ck , 

were  poured dur i n g  March 1 982 . Each was f aced s o  that n o  aggregate w as 

v i s i bl e  and the  s urface was smooth an d unp i tted . After about three months 

of  c ur i n g ,  e ach was brush painted w i th Kee l er and Long N o .  7 1 07 E poxy White 

Pri mer . They were a l l owed to  dry for two days and then three adhes i ve 

s tr i ps , e ach 1 . 9 1 -cm w i de by about 6 -cm l on g ,  were taped to  each s urface at  

l ocati on s on the di a gona l . The s l ab s  were then brush  p a i nted w i th a Keel er 

an d Long E - l -7938 Epoxy I vory Cream Enamel tha t  had 1 37c s  added to produce 

a s urface concentr at i on of approx i matel y 0 . 1  �C i /cm2 • A sim i l ar procedur e  

w as u sed to  prepare the two meta l  s urfaces except that the  p r i mer ar.d f i nish 

pa i nt s  used were C arbo Z i nc  I I  and Pheno l i ne 368 WG , respect i vely ,  both 

manuf actured by  Carbo l i ne  Co . 1h e p a i nts  u sed are the s ame a s  those that 

were used to p a i n t  the correspon d i n g  types of  s ur faces w i th i n  the TMI - 2  

R eactor Bu i l d i ng . 1 

Th e s ur faces were a l l owed to  dry s ev er al d ays and then the adhes i v e  

s tr i ps wer e  removed , cut  to  2 . 54-cm l ength s , a n d  ana lyzed  at  the Radiati o n  

Measurements L aboratory ( RML ) u s i n g  gamma s pectrometry w i th l i th i um-dr i fted 

german i um [Ge ( L i ) ]  detector s to determi ne the absol ute 1 3 7c s  s ur face 

concentrat i on s.  
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Fo l l ow i n g  the same samp l e  col l ec t i on procedure that was used at TMI-2 , 

1 5  sampl es were co l l ected from one  o f  the concete b l ocks and four s amp l es 

were col l ected from each of th e other three standard i zed s urfaces . Th e mean 

va l ues of the 137cs surface concen trat i ons on  the four standard i z ed s ur ­

faces that were determ i ned b y  an a lyz i n g  m i l l ed s amp l es and adhes i ve s tr i ps 

are g i ven i n  Tab l e  1 for compar i son .  A l though the h or i zonta l  concrete s ur ­

face was samp l ed t o  depths o f  0 . 2 5 , 1 . 2 7 ,  and 3.18 mm , on l y  one val ue for 

the  s urface act i vi ty on the h or i zonta l concrete s urface i s  g i ven i n  Tab l e  1 

under "Mi l l ed Sampl es ."  Th e surface acti vi ty data i ndi cate that the act i v­

ity retent i on effic i ency of the  h orizonta l s urface s ampl er i s  essent i a l l y  

i n dependent of samp l i ng depth for the three depths used. The var i ab i l i ty 

i n  sampl e  mass among s amples that we1·e i ntended to b e  co l l ected to the s ame 

depth was more pronounced i n  samp l es col l ected from the TM I - 2  Reactor Bu i l d­

i n g t han in the s amp l e5 col l ected from the s tandardi zed s urface . Unfortu­

natel y ,  on l y  the mas ses of the s amp l es col l ected dur i ng March 1 982 were 

measured but  i t  i s  reasonab l e  to ass ume that the d es i gnated and actual  

s amp l i n g  depth s fer samp l es col l ected dur i n g  December 198 1 were often not 

the  s ame . Th erefore , for the p ur pose of c a l cu l at i ng the  s ampl er ' s  act i vi ty 

co l l ec t i on effi c i ency th e resu l ts for all 1 5  m i l l ed h or i zonta l  concrete 

s ampl es were averaged . 

Th e mean s urface acti vi t i es i n  T ab l e  1 for the vert i ca l  concrete and 

h or i zon tal s tee l surfaces were each ca l cu l ated u s i n g  the ana l ys i s  resu l t s  

for four m i  .led samp l es .  One m i l l ed ve· ti ca l  s teel s amp l e  was r ej ected when 

cal cu l at i ng the mean s urface act i vi ty on that s urface becau se  the penetra­

tion ach i eved was i nadequate dnd pa i nt  r ema i ned . The s urface act i vi t i es 

g i ven i n  Tab l e  1 th at were determi ned by  ana l yz i n g  adhes i ve str i p s  are ,  i n  

each case ,  the  mean va l ue measured on  three s tr i ps .  I n  e ach cas e  the  

unc�rta i nty g i ven i s  on e standard devi �ti on  of  the mean . 

Th e act i vi ty co l l ect i on eff i c i enc i es of the h or i zontal and verti ca l  

s urface s amp l ers  were cal cu l ated us i n g  the mean 1 37cs s urface concen tr a­

t i on s  g i ven i n  Tabl e 1 .  act i vi ty coll ect i on nff i c i ency for each type of  

s urface i s  defi ned h ere as  the rat i o  of the mean val u e  of 1 37c s  concen tr a­

t i on that was determi ned by  a na lyz i ng m i l l ed s ampl es to the mean val ue  that 

5 



was determ i ned by a nalyzing the corre spond i ng adhe s ive str i p s .  The eff i ­

c i enc i e s  were found to be greater than one for a l l  four s urfaces . Thi s  

i mp l i e s  that the act u a l  s urface areas removed by m i l l i ng were l arger than 

the cro s s  sect i onal are a  of the b i t ,  wh i ch was 1 . 27 cm
2

• The eff i c i enc i e s  

range from 1 . 1 for samp l i ng d one o n  vert i c a l  s tee l t o  2 . 6  f or samp l i ng done 

on vert i c a l  concrete . The eff i c i ency for vert i c a l  concrete surfaces i s  

s ub stant i a l ly h i gher than that for vert ica l stee l s urfaces probabl y  because 

of the greater v i brat i o n  i nd uced when m i l l i ng vert ica l  concrete . The sam­

p l i ng eff i c ienc i e s  for hor izonta l  stee l and c oncrete surface s  are about the 

same , be i ng 1 . 6  and 1 . 4 ,  re spect i ve ly .  I n  each case , the uncertai nty i n  

the va lue f or the efficiency was calculated at the one-s igma level by prop­

agat i ng the error s as soc iated w i th the corre spond ing mean surface concentra­

t i on s .  The uncerta i nt i e s  i n  the eff i c i enc i e s  range from± 1 4% for sam­

p l i ng done on hor i zontal concrete tot 27% for samp l i ng done on vert ica l 

stee l . The eff i c i enc i e s  g i ven i n  Tab l e  1 �ere u sed to correct the s urface 

act i v i ty concentrat i o n s  on TMI -2 Reactor Bu i l d i ng s urface s  that were 

reported i n  EG&G I daho i nterna l techn ical reports . 

Gro s s  Beta/Gamma Survey I nstrument 

At each s amp l i ng l ocat io n ,  meas urements were made of the gro ss beta 

and gamma rad i at i on f i e l d s  pr i or to the co l l ec t i on of s urface samp l e s . The 

s urvey i nstruments u sed were a l l  Eberl ine Instrument Corp. R 0-2A•s . The 

R0-2A i s  equ i pped wi th a Juno-type ion i zat i on chamber and a 0 . 0508-mm myl ar 

w i ndow.
2 

A s l i de o n  the b ottom of the i nstrument can be moved to cover 

the w i ndow so a s  to a l l ow measurement of the gamma component of a radi at ion 

f ie l d .  A measurment made w i th the s l ide i n  the open-w i ndow prov i de s  a meas­

ure of the beta-p l us-gamma f i e l d .  Eber l i ne states the accuracy of thi s  

i n strument i s± 5% fu l l  sca l e  and that i t s  photon response i s± 15% 

from 1 2  keV to 1 . 3 MeV . 2 

To m i n i m i ze contam i nat ion of the i ns truments each was bagged i n  p l astic 

p r i or to use i n  the Reactor Bu i l d ing.  Each i nstrument was s im i l ar l y  bagged 

i n  p lastic d ur ing i ts ca l i brat i o n .  A bracket hav i ng four po i nted corner 

posts was attached to each survey i n strument pr ior to u:� to prov ide a 
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constant source-detector geometry . The he i ght of the corner posts was such  

as  to  prov i de a d i stance of o ne  i nch b etween t he  bottom surface of t he  

i nstrumen t and the surface be i ng  measured . 
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SAMP L I NG PROCEDURE 

Th e procedure that was foll owed dur i n g s ur face s ampl e co l l ect i on 

req u i red that a gross  beta-gamma survey be made of th e s urface to be  s amp l ed 

p r i or to s ampl e co l l ect i on. At each l ocati on, both open- and c l os ed-w i ndow 

meas uremen ts were made wh i l e  th e corner pos ts of the  bracket prev i ou s l y  

de scr i bed were i n  con tact w i th t h e  s urface. 

To m i n i m i z e  cross - contam i nat i on between s amp l es ,  a n ew m i l l i n g  b i t  was 

i n s tall ed i n  the s urface s ampl er pr i or to c o l l ect i n g e ach s amp l e. A c ar b i de 

b i t  was used for m i l l i n g  concrete and c i r.der b l ock s urfaces , an d a h ardened 

s tee l b i t  w as u sed for m i l l i ng meta l  s urfaces . Th e s ampl e c o l l ect i on pro­

cedure used for hor i zonta l  s urfaces i n c l u ded an i n i t i a l vacu um of the  s ur ­

face w i thout d r i ll oper at i on t o  r emov e l oo se parti cu l ates . Fo l l ow i ng t h e  

v acuum and pr i or t o  s urface m i l l i ng, a new s amp l e f i l ter c ar tr i dge was 

i n s ta l l ed wh i l e the s ampl er remai ned stat i on ary . Th e s amp l e c o l l ect i on 

procedur e userl for both hor i zonta l and vert i ca l  s urfaces i s  g i v en i n  deta i l 

i n  Append i x  A .  

Th e types of s u1·faces s ampl ed and  the n umber o f  l ocat i on s  s amp l ed a t  

each e l evat i on are l i s ted i n  Tab l e  2 .  These l ocat i on s  are  i n d i cated i n  

Fi gures 4 and  5 as  n umbered c i rc l es and tr i an g l es . Fi gure 4 i s  the  f l oor 

p l an for th e entry- l eve l  f l oor at th e 305-ft el evat i on and F i gure 5 i s  the 

f l oor p l an for the  fue l  h and l i n g  f l oor at the  347-ft , 6- i n .  e l evat i on . Th e 

c i r c l es  corres pond to  s amp l in g  l ocations on hor i zonta l  s urfaces and the  

tr i ang l es i nd i c ate l ocat i ons  where  s amp l es were c o l l ected from v ert i ca l  

s urfaces . Samp l e  l ocat i ons  26 and H I  ( see F i gure 5 )  are both on  the ' A' 

D-r i n g  wa l kway a t  the  367-ft , 4 - i n .  e l ev at i on and  l ocat i on s  I and 2 2  are on 

th e southern I beam that support s  reactor cool ant pump 2A .  Not  shown i n  

fi gure  5 i s  s ampl e l ocat�on H8  on the  e l ev ator s h aft r oof b ecau s e  the l oca­

t i on was  e l i m i n ated when s amp l es wer·e col l ected dur i n g  March  1 982 . 

Th e s amp l i n g  procedure s t i pu l ated that  s amp l es were to  be  co l l ected t o  

a depth  o f  1 . 2 7  mm from a l l vert i ca l  an d hor i zonta l meta l s urfaces , and the 

s tandard  s amp l i ng d epth  was to be  3 . 1 8 mm for a l l h or i zonta l  concr ete s ur­
faces . I n  a n  a ttempt to determ i n e  whether act i v i ty h ad  m i grated i nto 

pa i n ted  concrete , s amples were c o l l ected from f l oors a t  mu l ti pl e  depths at 
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each of  s i x  samp l i ng l ocat i ons before decontam inat i on operat i on s  began and 

at s even l ocations fo l l ow ing compl et i on of decontami nat i on. Samp l i ng was  

i ntended to be  done at depth s from 0 . 25  to 3 . 1 8 mm in  the  s ame v i c i n i ty a t  

each o f  these f l oor l ocat i ons. 

I n  order to e s t imate the actua l samp l i n g  d epth s ach i eved dur i n g  s urface 
s amp l ing, th e net masses of  the mi l l i n g s  of  the March 1 982 surface s amp l es 

were measured. For each m i l l ed s ampl e ,  i ts net mass was c a l c u l ated by s ub­

tract i n g  the  meas ured mean mas s of  th e 38 v acuum s amp l es col l ected i n  March , 

wh i ch was 0 . 2 3  ± 0.03 g ,  from the  mas s of  i ts f i l ter p l us col l ected m i l l­

ings. The cal culated net masses for th ese post-decontami nat i on samples are 

g i v en in  Tab l e 3 l i s ted by type of  s urface. Negat i v e  net mas ses  are 

r eported a s  z eroes i n  the  tab l e. Th ese masses may be  compared w i th the  

th eoret i ca l  masses  corresrondi ng  to  s amp l i n g  depths  of  0 . 2 5 , 1 .2 7 ,  and 

3 . 1 8 mm. I f  we ass ume that the s ampl e core r ad i u s  i s  a constant 6 .3 5  mm 

( th e rad i u s  of  th e m i l l i ng b i t ) and that for concrete surfaces the s amp l e 

dens i ty i s  2 mg/mm3 , t hen these  depths i n  concr ete correspond to  s amp l e  

mas ses  o f  0 .06 , 0 . 3 2 ,  an d 0 . 80 g ,  res pec t i v el y .  The f i r s t  as sumpt i on i s  

b ased on the observat i on th at m i l l i ng o f  h or i zonta l  concrete u s ua l l y  r emoved 

an area  of p a i n t  that was l ar ger th an the cros s seJti on a l  area of th e samp l e 

h o l e. Th e mean measured mas ses of the  mi l l i ng s  of concrete s amp l es that 

were i n tended to be  col l ected to depths  of  0 . 2 5 , 1 . 2 7 ,  and 3 . 18 mm are ,  

r espec t i ve l y ,  0 . 2 6  ± 0 . 1 5, 0 . 2 4  ± 0 .  1 9 ,  and  0 . 7 1  ± 0 . 3 5  g .  I t  i s  

apparent th at on the average , t h e  0 . 2 5  mm s amp l es were actua l l y  co l l ected 

to  a depth about  the s ame as tha t  of  the 1.27 mm s amp l es . 

Th e mas3es of the  h or i z onta l  con crete s amp l es r epor ted i n  Tab l e  3 were 

converted to s amp l i ng depth s after mak i ng the s ame as s umpti ons prev i ou s l y  

u sed . Th e c a l cu l ated depths for s amp�i ng the  0 . 2 5 ,  1 .2 7 ,  a n d  3 . 1 8 mm con­

crete s amp l es are g i ven i n  Tab l e  4 .  The mean v a l ues  of  the c a l c u l ated 

s ampl i n g  d epths  correspond i n g  to  these  i ntended s ampl i n g  dept h s  are 

1 . 00 ± 0 . 60 ,  0 . 93 ± 0 . 75 , an d 2 . 75 ± 1 . 36 mm, r es pect i v ely . Therefor e ,  on 

the aver age , s amp l es wer e  co l l ected a t  on l y  two depth s at  f l oor l ocat i ons  

where mu l t i p l e s amp l es were co l l ected . 
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Keel er and Long , I nc .  provi ded the pa i nts that wer e  ap�l ied on un l i ned 

con crete s urfaces with i n  the TM I - 2  Reactor Bu i l d i ng . They report3 the dry 

f i l m  th i ck nesses of No. 6548 epoxy b l ock f i l l er ,  No. 7 1 07  epoxy wh i te 

pr i mer , an d No .  7475 epoxy wh i te enamel f i n i sh pa i nt as 0 . 1 42 , 0 .076 , an d 

0 . 0 64 mm,  r espectivel y .  Th e s um of  these i s  0 . 2 82 mm, a val ue s ubstanti al l y  

smal l er th an the cal culated depth s o f  sampl i n g  for al l but three f l oor 

s ampl es col l ected dur i ng March 1 982 . A l l of the March s ampl es were v i s ua l l y  

exami ned fol l ow i n g  down l oad i n g  of th e samp l e  f i l ter cartr i dges i nto petr i 

d i shes , and thes� three s am�les , 34F 2 ,  54F4 ( 1 ) , and 54F4 ( 2 ) were  found to 

conta i n  a smal l amount of concrete dust i n  add ition to pa i nt shavi ngs . The 

neg l i g i b l e  sampl i ng depths ca l cu l ated for the�e three s amp l es are probab l y  

d u e  to l arger than norma l f i l ter d i ameters . 

1 0  

L __________ __ 



ANALYSIS METHOD S 

Th e sampl es arr i ved at the INEL as f i l ter cartr idges contai n i ng con­

crete and pa i n t  sh avi ngs ,  metal  and pa i nt  shavi ngs, pa i n t  shavi ngs on l y ,  or 

i n  the case of  v acuum sampl es , j ust a few dozen sma l l p arti c l es .  To achi eve 

a sampl e  confi gurat i on compat i b l e  w i th ex isti ng  RML gamma anal ysi s geome­

tr i es,  the sampl e f i l ter cartr i dges were down l oaded and each samp l e was 

transfered to a 1 50 -ml pol yethyl ene bottl e .  The col l ected m i l l i ngs and 

f i l ters i n  the samp l e  cartr i dges were i n i t i a l l y  transfered to separate , pre­

we i ghed petr i d i sh es .  After f i rst removing  the mi l l i ng  b i t, each cartridge 

was opened w i th the exh aust s ide or i ented down and then i n  turn each h a l f 

of the cartr i dge was he l d over the petr i d i sh and tapped w i th a smal l h and 

tool . Th e f i l ter was then removed and p l aced �n the same petr i dish. Th e 

snap and ' o'-r i ngs were repl aced i n  the cartr i dge h a l f that he l d the fil ter 

and the cartr i dge was r eassemb l ed .  

The cartr i dge ' s  i nternals were then wash ed w i th 50  ml 1� HC l spi k ed 

w i th 3 . 3 mg N a2so3 and 3 . 3 mg KI. After the sol ut i on was poured i nto 

t he  c artr idge , the cartr i dge wa� shaken v i gorously and the l i q u i d  was then 

decanted i nto a 1 50-ml po l ythyl ene bottl e .  Th i s  procedure was repeated 

us i n g  50 ml of de i o n i zed water . The m i l l i n g  b i t  was p l aced i n  a test tube. 

5 ml of the same ac idi c so l u t i on was added , the test tube was shaken vi gor­

ousl y ,  and the l i quid was deca�ted i nto the same po lyethyl ene b ott l e .  Th i s  

was repeated usi n g  5 mL of  de i on i zed water . 

W i th each sampl e ,  a sma l l amount of  w ash sol ut i on was poured from the 

sampl e  bottl e i nto the correspondi n g  petr i d i sh conta i n i n g  the m i l l i ngs and 

f i l ter . Usi ng  tweezers, the f i l ter was ro l l ed i nto a cyl i nder and i nserted 

i n to the sampl e  bottl e .  The l iqu i d  i n  the petr i d i sh was then decanted i n to 

the same b ott l e .  Th e petr i d i sh was washed aga i n  usi ng  about 5 ml o f  the 

same so l ut i on from the sampl e  bott l e .  A spatu l a was used to remove any 

r ema i n i ng part i cu l ates and they were  transferrd to the samp l e bott l e .  Th us ,  

after the preparat i ons  descr i bed above , th e 110 ml of l i q u i d  that had  been 

u sed to wash the samp l e car tr i dge and m i l li ng b i t ,  and the samp l e  f i l ter 

and col l ected m i l l i ngs were comb i ned i n  a 1 50-mL pol yethyl ene bott l e . 
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An al ys i s  tech n i ques th at were used on thes e sampl es i n c l uded gamma 

s pectroscopy , gross beta count i ng, NAA , and  NAA/de l ayed f i s s i on neutron 

(DFN ) coun t i ng .  Each of the 180 s urface s amp l es  was an a l yz ed for gamma 

em i t t i n g  n u c l i des ;  h owever , becau se of cos t and  t i me con s i derat i on s  n ot a l l 

s amp l es were a na lyzed for 9C
sr ,  129r, or f i s s i l e  mater i a l . N i nety-two 

s amp l es were a na lyzed for 90sr , 44 were ana l yzed for 1 29 r ,  and 3 7  were 

an a l yzed for f i s s i l e  mater i a l . Certa i n  samp l es were comb i ned pr i or to 

a n a l ys i s  f or 90sr , 1291, or 2 35u .  Th e v acuum and  mi l l ed s amp l es c o l l ected 

at samp l i n g  l ocat i on 34 were separate ly  conso l i dated pr i or to an a l yzi ng  for 
90s r .  The s ame app l i es to s amp l es co l l ected at s amp l i ng l oc�t i on s  H l O  and  

91 that were an a l yzed for 129 1 .  Th e v acuum s ampl es co l l ected a t  s amp l i ng 

l ocat i on s  H 7 , 54, an d 149 were separate l y  comb i ned pr i or to  ana l ys i s  for 
90sr  and 235u .  

Meas ured act i v i t i es i n  �C i / s amp l e  were converted to  s urface concen­

trat i ons i n  �Ci/c m2 by two d i ffrent methods depen d i ng on  whether the 

s amp l e was c o l l ected by v acuumi ng  on l y  or  by mi l l i n g. The r es u l ts for 

mi l l ed  s amp l es were d i v i de d  by the b i t  mi l l i ng area , 1 . 2 7  cm2 , and by the 

s amp l er act i v i ty co-ll ect i on effi c i ency correspon d i n g  to the type o f  s urface 

s amp l ed to  prov i de s urface act i v i t i es i n  �C i /c m2 . The effi c i en c i es u sed are 

those  l i s ted  i n  Tabl e l .  Th e r es u l ts for v acuum s ampl es i n  �C i / s amp l e  

were converted t o  s urface act i v i t i es i n  �C i /cm2 by as sumi n g  ( a ) the s urface 

v acuumed  i n  each cas e had an area of  3 9 . 03 cm2 , whi ch i s  the area  enc l osed 

by the  s amp l er's v acuum chamber , ( b ) the a ct i v i ty co l l ected d ur i n g  v ac u umi ng  

w i thout dr i l l  operat i on was even l y  d i s tr i bu te d  over 39 .03  cm2 , and ( c ) th e 

a c t i v i ty co l l ecti on eff i c i ency of  the s amp l er dur i ng v acuumi n g  was 1 00% . 

These as sumpt i on s  wer e neces sary because  th e l oose  pctrt i c u l ates act i v i ty 

co l l ect i on e ff i c i ency o f  the  s amp l er was n ot measured d ur i n g  s ampl er c a l i ­

brat i on .  The tota l s urface act i v i ty concentrat i on was determi n ed by s ummi n g  

for each s amp l e set the mi l l ed and v acuum s amp l e res u l ts i n  �C i /c m2 • A 

d eta i l ed descr i pt i on of each ana l ys i s  method that was u sed i s  g i ven i n  

Appen d i x B .  
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R ESULTS 

Th e data tab l es that fol low often presPn t  s urface concen trat i on s by 

samp l e ( e . g .  70F l )  or by samp l e l ocat i on ( e . g .  70 ) .  These two i den t i f i c a­

t i on n umbers are s i mp l y r e l ated; s amp l es co l l ected at a g i v en l oca t i on were 

a l l g i v en s amp l e  number s pref i xed  w i th the sampl e l ocat i on number . 

Th e s urface act i v i ty concen trat i on r e s u l ts for both the  December 1 981 

and March 1982 samp l es are pres ented i n  �C i /cm2 ( decay-corrected to  

March 2 6 ,  1982 ) i n  Tab l es 5 through 2 9. Tab l es 5 through 16 present the 

t esu l ts for each  samp l e  wh i l e  Tab l es 17 throu gh  2 9  g i v e mean s urface concen­

trat i ons  of the detected r ad i on uc l i des by  s amp l i ng l ocat i on .  The u ncer­

t a i nt i es i n  th e concen trati on s determined  by ana l ys i s  of mi l l ed s amp l es are 

g i ven at  the one  s i gma l eve l  and are due  to  coun t i n g  s tat i s t i cs and  the  

uncerta i n t i es i n  the  acti v i ty co l l ect i on effi c i enc i es of th e s amp l ers . Th e 

u ncerta i nt i es  i n  the  concentr at i on s  d etermi ned by ana l ys i s  of v acuum s ampl es 

are g i ven at  th e on e s i gma l eve l and are due to count i ng s tat i s t i cs on l y .  

U n for tunate l y ,  the  ana l ys i s s oftware of t he  gamma s pectrometry sys tem u sed 

for th i s  work d i d not h av e  as  a feature automat i c  detect i on l i mi t  ca l c u l a­

t i on .  Therefore , l ess-than detectab l e  concen trat i on s  of 125sb and 60co 

are  s i mp l y  footnoted i n  the  tab l es .  

Tab l e  30  pres ents  the December 1981  me�n 1 37c s  s urface concen trat i o n  

i n  �C i /c m2 ( decay- corrected to March 2 6 ,  1 982 ) at  e ach s amp l i ng l ocati on 

arranged by  type of  s urface and  e l ev at i on ( i . e . ,  305 ft-0 i n . , e tc . ) .  S i mi ­

l ar r es u l ts for 1 34cs , 90 sr , 1291 , and  125 sb are giv en i n  Tab l es 31 , 3 2 , 

3 3 , and 34 , respect i ve ly .  Mean s urface concen trat i on s  presented i n  thes e 

t ab l es were c a l cu l ated for h or i zontal  and  v er t i ca l  concr ete and h or i zonta l 

an d v ert i ca l  meta l  at  each of  three samp l i n g  e l evati ons . The uncer ta i n t i es 

i n  t he  means are each the  s tandard d ev i at i on of  the  mean c a l cu l ated a t  the 

on e s i gma leve l . Th e mean December 1 98 1  s urface concen tr at i on s  of  these 

f i ve r ad i on uc l i des are compi l ed i n  Tab l e  3 5 .  Th e mean v al u�s of the  r at i os 

of the December 1 981  s urface concen trat i on s  of  s ever a l  r ad i onuc l i des to the  

c oncentrat i on of  137cs measured i n  each s urface s amp l e are g i ven for b oth  

v acuum  and mi l l ed  s amp l es i n  T able 36 . 
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---------
Tabl e 3 7  presents  the March 1982 mean 1 3 7cs s urface concen trat i on i n  

�C i /c m2 ( decay-corrected to March 26, 1 982 ) a t  e ach s amp l i ng l ocat i on 

arr anged by type o f  s urface and e l ev a t i on . S im i l ar res u l t s  for 1 3 4cs , 
90sr , 129 1 ,  and  12 5sb are g i v en i n  Tabl es 38 ,  3 9 ,  40 ,  and 41 ,  r espec t i v e ly .  

T h e  mean March 1982 s urface concentrati ons of  these f i v e  rad i onuc l i des on 

h or i zonta l  and vert i ca l  concrete and meta l  s urfaces are l i s ted i n  Tab l e  42 

by s ampl i n g  l ocat i on e l evat i on . Tabl e 43 presents the mean v a l u es of the 

r·at i os of  the  March 1982 surface concentrat ions  of f i v e  rad i onuc l i des  to 

the concentr ati on of 1 37 cs measured i n  each s urface s amp l e .  The r ati os  

for both vacuum and mi lled samples are g iven in this tabl e .  

Tabl es 44 and 45 present ,  respect i ve l y ,  the  beta and  g amma e xpos ure 

rates that were measured dur i n g  December 198 1 and March 1 982 u s i n g  R02-A 

s urvey meter s . Mean va l ues of  these exposure rates are l i sted i n  Tab l e  46 

arranged by type of s urface and Reactor Bu i l d i n g  e l evat i on . Beta expos ure 

r ates are g i ven in mRad/h and gamma exposure r ates are g i ven i n  mR/h. These 

data were not decay-corrected . 

DFs for 
13 7cs, 90sr, and  1291 are g i ven ,  r es pect i ve ly ,  i n  Tabl es 47, 

48 , an d 49 . The DFs for vacuum and m i l l ed s amp l es are g i ven separatel y for 

each l ocat i on s amp l ed .  Th e OF for each n u c l i de was ca l cu l ated a s  the r a t i o  

of the mean s urface act i v i ty measured at  a g i ven s amp l i n g  l ocat i on before 

decontam i n at i on to the mean s urface act i v i ty measured at the s ame l ocati on 

after decontam i n at i on .  A l l act i v i t i es were decay-corrected to March 26, 
1 982 pr i or to c a l culat i on of  DFs . Th e data i n  these t ab l es are arranged by 

type of  s urface an d by Reactor Bu i l d i n g  e l evat i on . Decontam i n at i on factors 

were a l so c a l cu l ated u s i ng tota l  s urface act i v i t i es ,  these tota l s b e i ng for 

each nuc l i de the  sum of  the mean l oose p art i cu l ate acti v i ty and the mean  

f i xed a ct i v i ty measured at a g i ven s amp l i n g  l ocat i on .  V a l ues of these  DFs 

f or l 3 7c s , 90 sr,  and 1 29 r are presented by s amp l i ng l ocati on i n  Tab l es 50, 

51, an d 52 respecti ve l y .  Mean DFs for sever a l  rad i onuc l i des are l i s ted by 

type of s urface and by Reactor Bu i l d i n g  e l evati on i n  Tab l e  53 . The res u l ts 

for both vacuum and m i l l ed samp-les are presented separate l y  i n  th i s  t ab l e .  

Table 54 presents the DFs by s amp l i ng l ocati on th at were ca l cu l ated u s i n g  

pre- and pos t-decontam i n at i on beta  and gamma exposure rates . Mean exposure 

rate DFs for four gener i c  s ur faces are a l so g i ven i n  th i s  t ab l e .  
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DISCUSSIO N  

Surface Act i v i t i es 

P r i or to decontam i n at i on , fl oors on  both Reactor Bu i l d i n g  e l ev at i ons  

were  con s i derab l y  more contam i n ated th an wa l l s ,  as  m i gh t  b e  expected . The 

r at i os of  th e average surface concentrat i on s  of 1 37cs  and 90sr on the 

concrete f l oor to their correspond i n g  average concentr at i ons on  the D -r i ng 

wa l l are , respect i v e l y 90 to 1 an d 1 90 to  1 on the 305-ft e l evat i on  and 

80 to  1 and  1 60 to  1 for the 347-ft e l ev at i on . The mean s urface concentra­

t i on s  comp i l ed i n  Tab l e  35  i nd i cate that  the average concentrat i ons of a l l 

n u c l i des except 1 25sb were about the s ame o n  b oth f l oors . The concentra­

t i on of th i s  nuc l i de was about a f�ctor of  !0 h i gher on  the 305-ft e l evat i on 

f l oor th an i t  was on the 347-ft e l ev at i on ,  and i ts concentrati on was l ess  

th an detecti b l e  on the ' A '  D-r i ng wa l kway , wh i ch i s  at  a n  e l ev at i on of  

367  ft . The mean December 1 981 concen trat i on s  of 1 37cs  and 90sr on  th e 

305-ft e l eva t i on were , respect i ve l y ,  3 .6 ± 0 . 9  and 0 . 1 7 ± 0 .04 �C i /cm2 an d 

the i r  concen tr at i on s  on the 347-ft e l evat i on f l oor were 2 . 5 ± 0.7 and 

0 . 3  ± 0 . 2 �C i /cm2 , respect i ve ly . 

Th e s amp l i n g  l ocat i on h av i n g  the h i ghest  mean 1 37cs s urface act i v i ty 

b efore decontami n at i on was f l oor l ocat i on H7, wh i ch i s  beneath the  n or theast 

corner of  core f l ood tank 'A ' .  The mean 1 37cs acti v i ty at th i s  l ocat i on 

w a� 8 �C i /cm2 wh i ch i s  o n l y  about a factor of  four h i gher than the l ow-

e s t  l oca l  mean 1 37c s  concentr ati on measured on the  305-ft e l evat i on . How­

ever , s urface acti v i t i es were found to v ary by factors somet i mes  th i s  l arge  

or  l ar ger over s ma l l areas of  f l oor . Samp l es were col l ected i n  the s ame 

v i c i n i ty ,  usua l l y  from po i nts not more than " few i nches apart , at  l ocat i ons 

5 0 ,  3 4 ,  a nd  H7 on  the 305 ft e l ev at i on and at 1ocat i ons 54 , H l O ,  a nd 9 1  on 

the 347 ft e l evat i on . Samp l es were col lected at  each of  these l ocat i ons to  

d i fferent depths  in  an  attempt to  d etermi ne  if  act i v i ty h ad m i grated i n to 

h Th f t. ·t f 1 37c · t d · t· t e concrete . e sur ace ac 1 v 1  y o  s ,  pr 1 or o eco��dmlna ::n, 

v a r i ed by  factm·s of  2 . 2,  2 . 1 and 1 2 . 9  for l ocat i on s  5 0 ,  3 4 ,  and H 7; and 

2 . 0 ,  3 .8 ,  an d 3 . 2  for l ocat i on s  54 , H l0 ,  and 9 1 . F o l l ow i ng decontam i nat i on , 

s u rface act i v i t i es v ar i ed by factors of  30 ,  2 . 1 , 3.6 ,  6.4, 3 . 7 ,  and 2 .3 ,  
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respect i v e l y .  Th i s  n onho�oqene i ty o f  s ur face act i v i ty over sma l l areas  

n u l l i f i es any conclusions regar d�ng acti vity penetrat ion  that m i ght  be dr awn 

from th ese s urface act i v i ty data . 

Of the l ocat i on s  wh ose s amp l es wer e an a l yz ed for 90sr , l ocat i on 1 4 9  

h ad the h i gh 2st pre- decontam i n at i on s urface act i v i ty .  Th at v a l ue  was 
2 90 1<7 

1 . 0 ± 0 . 1  �C i /cm . Th e mean v a l u e o f  t he  r at i o  of  Sr to � C s  that was 

c a l cu l ated for each s ample co l l ected from the 305-ft e l ev at i on i s  

4 ± 2 E - 2 .  S i m i l ar r at i o s for 134cs , 125 sb , 60co , and  129r for v ar i ous  

types  of Reactor Bu i l d i n g s urfaces were presented  i n  Tab l e  36 . The  90sr  

t o  13 7cs r atio for  a l l  v acuum s amp l es co11ected from h or i zontal  s urfaces 

at  a l l e l evat i on s  i s  7 ± 6 E-2 wh i l e  th at  for a l l m i l l ed s amp l es co l l ected 

from the s ame s urfaces is  5 ± 4 E -2. 

l ected from ver t i ca l  s urfaces i s  4 ± 
Th e s ame r at i o for a l l s ampl es co l -

1 E - 2 . Th e v a l ues  of  these rat i os 

are e s s ent i a l l y  equa l  to the v a l ue of  the r at i o  o f  the concentrat i ons  of  
9 0sr to 13 7c s  that was measured i n  the  l i q u i d  s ampl es c o l l ected from 

th e Reactor Bu i l d i n g  basemen t on May 14 , 1981 . 4 The v a l u e  of th i s  l atter 

r at i o ,  3 . 7 E-2 ,  was compu ted after decay correc t i ng the con centrat i ons i n  

�C i /ml  to March  26 , 198?, th e date to wh i ch a l l o f  th e s urface concentr a­

t i on s  i n  th i s  r eport h ave been decay-corrected . Th i s  equa l i ty i mp l i es th at 

th e mode of tran sport of the 
90

sr from the contami nated w ater i n  the b ase­

men t to Reactor Bu i l d i n g  surfaces was i n  water drop l et s  and that the major ­

i ty o f  the  90sr was transpor ted to  the wa l l s  a nd  f l oor s  ctfter i t  h ad 

reached  chem i ca l  equ i l i br i um i n  th e b as emen t water . 

S uff i c i ent  s urface act i v i ty data was co l l ected b efore decontami n a t i on 

to make poss i b l e c a l c u l a t i on s  of the fract i on s  of  the tota l core i nv entor i es 

o f  cer ta i n  f i s s i on p roducts th at were depos i ted and  wh i ch rema i n ed on  Reac­

tor Bu i l d i ng  s urfaces . What i s  needed to perform these ca l c u l a t i on s  i s  an 

i temi zed l i s t  of Reactor Bu i l d i ng s urface areas . Th at l i s t  i s  pro v i ded i n  

Tab l e 55 . The surface areas of the four  gener i c  surfaces5 ( i .e .  hor i zon­

t a1 and  v er t i ca l  c oncrete and s tee l s urfaces) are g i v en i n  th i s  t ab l e .  Th e 

areas o f  these  s urfaces at three d i fferen t e l evat i on i nterv a l s were cal c u­

l ated so  th at mean s urface concentrati ons on s urfaces l yi ng w i th i n these 

i n ter v a l s cou l d  b e  used  d i rectl y .  S i nce no  s ur face s ampl es were co l l ected 

from the R eactor B u i l d i n g  b asement d ur i n g  the D ecember s amp l e  co l l ect i on 
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per i od ,  th e surface act i v i t i es used  for th at  reg i on of the bu i l d i n g  were 

those  measured on  the 305 -ft e l evat i on . S i mi l ar l y  the  concentr at i on s  u s ed 

for surfaces a t  347-ft ,  6- i n . e l evat i on and above were est i mated as th e 

average of  the  mean December 1981 s ur� 1ce act i v i t i es meas ured on  the 34 7-ft , 

6- i n .  an d 367-ft , 4- i n . el evat i ons . U s i n g  the measured December s ur face 

concentrat i on s  and the s urface areas frow. Tab l e  55 , t h e  tota l act i v i t i es of 
13 7 C 90 S 1 2  9 

I d 12 5 Sb 
. 

R t B . 1 d . f s ,  r ,  , an on  v ar 1 ou s  eac or u 1  1 n g s ur aces 

were ca l cu l ated . Thos e act i v i t i es ( meas ured i n  cur i es )  are presented i n  

Tab l e  56 . 

Total  core i nventor ies  of these  n uc l i des and  the i r  ca l cu l ated i nven­

tor i es on Reactor Bu i l a i � g  s urfaces are g i ven  i n  Tab l e  57 . The total  core 

i nv entor i es l i s ted  are thos� that were ca l c u l ated u s i n g  the OR I GEN-2  Code6 

and  h ave  been decay-corrected to March 2 6 ,  1 982 . I t  i s  ev i den t that the 

percentages of the core i nventor i e s  of  thes e  n u c l i des depos i ted  on Reactor 

Bu i l d i n g  s urfaces are a l l  v ery s ma l l ( see Tab l e  58} . Exc l ud i ng i od i ne ,  the 

v a l ues r an ge from 2 .4 E -3% for 90 sr to 4 . 7  E-2% for 1 34 cs . Th i s  l atter 

v a l u e  i s  34% h i gh er than i ts tru e  v a l u e  i f  we as sume the 1 37 cs core i nven­

tory to be  correct , s i nce  the percentage of 1 37 cs depos i ted on  s urfaces 

i s  3 . 5 E - 2% .  The h i ghes t  percentage of the f i v e  n uc l i des l i s ted i s  that of 
12 91 and the  v a l ue  fur i t  i s  5 . 7  E -2% . The core i nv en tory of  1 3 1 1 a t  

t h e  t i me o f  s hu tdown was 7 . 0  E+ 7  C i 6 . I f  we  a s s ume t h at the s ame fract i on 

o f  1 29 1 was o n  the f l oor s  and wa l l s  of  the  Reactor Bu i l d i ng s h ort l y after 

reactor s cram we c�n read i l y  est i mate the  i n i t i a l s ur face concentrat i on o f  
1 31r on  those s urfaces . Mu l t i p l yi n g  the 1 3 1 1 i nven tory by  the  depos i ­

t i on frac t i on for 1 29r an d d i v i d i n g  th i s  res u l t by  2 .2 0  E+8 cm2 , th e 

tota l  i n terna l  Reactor Bu i l d i n g  s urface area ,  o n e  arr i v es at  a March 28, 

1979  average 1 3 1 1 s urface concentr at i on of 1 80 �C i /cm2 • 

Severa l  ::. et s  of  s w·face s ampl es were c o l l ected d ur i n g  December 1 981 

from an area of th e 3C - ft e l evat i on j u s t  s outh  of the open s t a i rwel l .  

S amp l es co l l ected a t  one  of the l ocat i on s  i n  thi s area , l ocat i on 55 , whi ch 

i s  n ear the con l j ; nment wal l ,  were found  to con ta i n  144 ce . Because  Ce  i s  

u s ua l l y  a s s oc i ated w i th fue l , t hese  s amp l es wer e  s ub jected to  a n a l yses for 

f i ss i l e  mater i a l . Th e v acuum an d � i l l e d  s amp l es  i den t i f i ed as 55F l and 

5 5F2 , respect i v e l y , d i d  conta i n  detec t i b l e amount s  of 2 35u .  The s ur -ace 
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concentrat i on s  were measured to be  3 . 9  and 1 00 nanograms of 235u per cm2 

( or 1 50 and 1 80 n anograms per s amp l e ) . Other s ampl es co l l ected from the 

fl oor i n  the same genera l  area  h ad l ess-th an-detect i b l e qu�nt i t i es of 235u .  

Th e r eactor coo l ant dra i n  t ank ( RCDT ) vent l i ne  exhausts on  the wes t s i de 

of the RCDT cub i c l e not tno d i stant from the bottom of the open stai rwel l .  

I t  i s  probab l e  t h �t th� sma l l amount of fuel  th at was measured was l i fted 

from th e b asemen t thruugh the open sta i rwel l dur i n g  the ear l y  stages of RCDT 

d i scharge . Th e obv i ous  i mp l i cat i on i s  that the RCDT and areas of the b as e­

ment f l oor i n  the v i c i n i ty of the RCDT cub i c l e are contam inated w i th fuel . 

Th e h ydro l as i ng of ReactJr Bu i l d i n g  f l oors and wa l l s , wh i ch was the 

pr i nc i p l e  method used dur i n g  decontam i nat i on , reduced the mean 1 37c s  s ur­

face act i v i ty on  the 305-ft e l evati on fl oor to  0 . 7  ± 0 .4 �C i /cm2 • The mean 
1 37c s  s urface act i v i ty on the 3 47-ft e l evat ion  f l oor was reduced to a com­

parab l e l eve l , that be i n g  0 . 3 ± 0 . 1  �Ci /cm2 • The mean s urface concentrati on 

of 90sr fol l ow i n g  decontam i nati on was 2 ± 2 E-2  �C i /Cm2 on the 305-ft el ev a­

t i on f l oor and 8 ± 3 E -3 �C i /cm2 on the 347-ft e l evat i on f l oor . The 

post-decontami nat i on s urface act i v i t i es of other nucl i des were presented i n  

Tab l e 42 . 

Decontam i nat i on F actors  

DFs  for 1 3 7cs , 90sr , and  1 291 that were ca l c u l ated u s i ng pre- and  

post-decon tami nat i on s urface act i v i t i es were presented for both vacuum and 

m i l l ed s ampl es i n  Tab l es 4 7 ,  48,  and 49 , r es pect ive ly .  DFs for these 

n uc 1 i des were g i ven  by samp l i n g  l ocat i on i n  these tab l es .  Tab l e  53  pre­

s en ted the mean DFs for these three nuc l i des an d for 60co , 1 2 5sb , and 235
u 

for four gener i c  s urfaces at each of t hree Reactor Bu i l d i ng e l evat i on s .  

The data presented i n  Tab l e  5 3  i nd i cate that , a s  mi ght b e  expected , 

l oose  p art i c u l ate act i v i ty was r emoved more eff i ci ent ly  tnan was f i xed 

act i v i ty .  The  rat i o  of the OF for l oose 1 37c s  parti cu l ate act i v i ty to 

t h at for f i xed 1 37c s  acti v i ty i s  about 7 to 1 for the 305-ft e l evati on and 

i s  abou t 4 to 1 for the 347- ft el evat i on f l oor . The s ame rati o  for 90sr 

i s  about 6 to  1 for the 305-ft e l evat i on and i s  about 7 to 1 for the 347-ft 
e l evat i on f l oor . 
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The decontam i n at i on operat i on s  reduced the 1 3 7c s  s urface acti v i ty on 

t he 305-ft e l evati on by a factor of 20 and reduced that on  the 347-ft e l eva­

t i on fl oor by a factor of 1 3 .  The s urface act i v i ty reduct i on that was 

ach i eved for 90sr was the s ame for b oth f l oor s ,  that b e i ng a factor of  30 . 

The data i n  Tab l es 50 , 5 1 , and 52 make i t  apparent that , on the who l e ,  

d econtam i nat i on o f  v erti ca l  s urfaces was not achei ved .  I n deed , of  1 5  l oca­

t i on s  on vert i ca l  surfaces that were samp l ed both before and after Reactor 

Bu i l d i n g  decontam i nat i on ,  2 had  s urface concentrat i on s  of 1 3 7cs  that  

rema i ned unchanged and 8 had  s urface concen trat i ons of  1 37cs  that were 

h i gh er after decontam inat i on thao b efore .  Apparent ly  some act i v i ty sp l ashed 

onto the wal l s  dur i n g  hydrol as i ng of the fl oors and was not s ub sequent ly  

r emoved . 

Th e h ydro l as i ng  of the 305-ft e l ev at i on was , o n  the averge ,  equal l y  

effect i ve i n  r emov i ng parti cu l ate 1 37c s  and 90 sr acti v i t i es .  I f  w e  i gnore 

the res u l ts for sampl e l ocat i on 1 49  ( becaus e  the concentrati on of 90sr  

there  w as an  order of magn i tude h i gher than at  a ny other l ocat i on s amp l ed 

dur i n g  December ) , the data i n  Tab l es 47  and  48 i n d i cate that hydrol as i n g  

w as a l so equa l l y  effecti ve i n  remov i ng these p art i cu l ate act i v i t i es from 

the 347-ft e l evat i on f l oor . However , the fracti ona l  reducti on i n  1 37c s  

and  90sr part i cu l te act i v i t i es o n  the u pper f l oor was s ubstant i a l l y  l es s  

than o n  the l ower f l oor .  

The effecti veness  of hydrol as i n g  i n  remov i ng 60co ,  90
sr , and  

1 37c s  

a ct i v i t i es f i xed to Reactor Bu i l d 1 ng f l oors was about the s ame but  i t  was 

l es s  than ha l f as  effect i v e  on f i xed 1 2 5sb and 
235

u .  The data i n  Tabl e 53 

a l so show that par t i cu l ate 1 25sb act i v i ty w as l es s  effecti vel y removed 

t h an the  par t i cu l ate 90sr or 13 7c s  acti v i t i es .  S i nce 1 37c s  i s  so l ub l e  i n  

warm water and  1 25 sb and 235u are not ,  i t  i s  l i ke ly  that s tandi ng w ater 

p l ayed as important a rol e i n  remov i ng 1 37c s  and 90sr act i v i ty from 

f l oor s urfaces a s  d i d  the abras i ve act i on of the  water emi tted from the 

hydro 1 aser . 
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Bet a and Gamma Exposure Rate s 

F i gures 6 an d 7 d i sp l ay the beta and gamma exposure rates data that 

w ere measured dur i ng the December 1 98 1  and March 1 982 s ampl e co l l ect i on 

campai gns . These data for each l ocat i on are d i s p l ayed  i n  a box adjacent  to 

t h e  l ocati on symbo l ; w i th i n  each box the beta exposure r ates are l i s ted on  

th e l eft and  the gamma exposure rates are l i s ted on  the r i ght . F i gure 6 

s h ows the  exposure r ates measured o n  the 305-ft e l evat i on f l oor and  F i gure 7 

s hows s im i l ar dat a measured on the 34 7-ft  e l evat i o n  f l oor . 

Gamma exposure r ates measured on  f l oor s urfaces dur i ng December r ange 

from 90 mR/ h  at l ocat i on  1 1 5 to 1 , 500 mR/ h  at l ocat i on 5 5 .  Beta exposure 

r ates meas ured on  f l oor s urfaces dur i ng December r )nge from 560 mRad/h at 

l ocat ion  47 to 7 ,000 mRad/h at  l ocat i on 34 . The mean beta/gamma rat i o  pr i or 

to  commencement of  d econtami nat i on was about 6 to  1 on  the  305-ft e l evat i on 

f l oor and was about 9 to 1 on the 347-ft  e l ev at i on f l oor . The d i fference 

i s  d ue  to the h i gh er mean gamma exposure r ate on the l ower f l oor . Of t�e 

1 2  samp l i n g  l ocat i on s  on vert i ca l  s urfaces for wh i ch we h av e  December beta/ 

gamma exposure r ates data , o n l y  4 exh i b i t  b eta/gamma r at i os that h ave  v al ues 

greater than one . S i nce the rat i o  of the concentrat i on of 90sr to tha t  

o f  1 37cs  was f ound t o  b e  s tat i s t i ca l l y  t h e  same for both f l oors and wa l l s  

( see T ab l e 9 ) , the gamma exposure rates measured on vert i ca l  s urfaces are 

p r ob ab l y  b i ased h i gh b ecause of  i ns uff i c i ent  s urvey i ns trument col l i mati on . 

Gamma exposure rates measured on f l oor s ur faces dur i n g  March  r an ge from 

6 0  mR/h at l ocat i on 33 to 2 , 500 mR/h at l ocat i on H2 . Beta exposure r ates 

on f l oor s at  th i s  t i me range from < 1 30 mRad/h at l ocat i on 50  to 8 , 580 mRad/h 

at  l ocat i on H2 . As was the case  dur i n g  December , the D -r i n g  w a l l above the  

347-ft  e l evat ion f l oor exh i b i ted the smal l es t  exposure r ates among four 

types of s urfaces s ampl ed . 

u�contam i n at i on r educed the gamma exposure r ates at  s ampl i ng l ocat i ons  

on  th e 305 - ft e l evat i on f l oor by a factor of about 2 . The reduct i on i n  

gamma exposure r ates at s amp l i n g  l ocat i on on the  347-ft e l evat i on f l oor was , 

on the average , about  the s ame , be i n g  a factor of  2 .4 .  Beta exposure rates 
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were reduced by f ac tors of a bout 8 a n d  3 ,  respec t i ve l y ,  at s amp l i ng l oca­

t i o n s  on the 305-ft and 3 47-ft e l e vat i o n f l oors . 

O ne of the p r i mary mot i ve s  for perform i ng beta a nd g amma exposure rate 

mea s urement s at s amp l i ng l ocat i o n s  wa s t o  determ i ne h ow we l l  t h e  beta a n d  

g amma r ad i at i on f i e l ds corre l ated w i th s urface a ct i v i ty .  I f  i t  c ou l d  b e  

s h own t h at the f i e l d s  immed i ate l y  above a s urf ace were l i near l y  o r  otherw i s e  

s i mp ly re l ated to s urface act i v i t ies o n  t h at s urface t hen i t  wou l d  b e  p o s ­

s i b l e  to i nfer s urface act i v i t i e s  u s i n g  t h e  re su l t s  of a q u i c k  and s imo l e  

meas urement . The s urface act i v i ty mea surement resu l t s  r ep orted i n  t h i s  work 

r evea l ed t hat 
1 37

c s  wa s t he p redom i nant rad i onuc l i d e  on R eactor B u i l d i ng 

s urface s both pr i or to a n d  f o l l ow i ng decontam i nat i on and that t h e  concentra­

t i ons of other rad i onuc l i de s  wer e ,  o n  the a verage , p roport iona l t o  i ts c o n­

centrat i on ( see T a b l e s  36 and 43 ) .  Therefore , 
1 37

c s  wa s chosen a s  t h e  

n uc l i de h av i ng t h e  best p otent i a l  for be i ng s imp ly r e l ated t o  both t h e  g amma 

and bet a rad i at i o n  f i e l d s .  

The mea n  Dec ember 1 9 8 1  concentrat i o n s  of 
1 37

c s  measured a t  a l l  sam­

p l i ng l ocat i o n s  are p l otted vers u s  t he i r  c orre spond i ng mea s ured beta a nd 

gamma expo sure rate s i n  F i g ures 8 and 9 respect i ve l y .  F i g ure s 1 0 a n d  1 1 

are s im i l ar grap h s  of t h e  M arch 1 982 data.  An exam i nat i o n  of t h e se p l ot s  

i nd i c ates that t h e  mea s ured gamma expo s ure rate s corre l ate rather poor l y  

w i t h  1 3 7
c s  s urface concentrat i o n s ,  whereas t h e  beta exposure rates appear 

to r i se in a l i near man ner with i ncrea s i ng 1 3 7
c s  s urface act i v i ty .  

B ec a u se a trend i n  t h e se l atter d at a  was s u spected , t h e  c omb i ned D ecember 

and Marc h data were p l otted i n  F i gure 1 2 . 

Least-squares f i t s  of the data t o  equat i o n s  of t h e  form y =ax
b

, where 

y = � C i /cm
2 

of 
1 3 7

c s  a nd x = beta ( mrad/h ) or g amma ( mR/h ) expos ure rate , 

were p erformed . The p ower c urve prov ides the proper f orm f or d i sp l ay i ng 

l i near d at a  on l og- l og p aper . The coeff i c i e n t s  of t h e  f i t s  were c omp u t e d  

a l ong w i t h  the coeff i c ient o f  determ i nat i o n  ( r
2

) .  The c a l c u l ated v a l ue s  

o f  these c oeff i c ients for v ar i ou s  sets of data are g i ve n  i n  T a b l e 58 . 

2 1  



Of th e data sets f i t w i th  the power funct i on ,  the December 1 98 1 beta 

e xposure r ates set exh i b i ted the l east s catter . Th e coeff i c i ents of  deter­

m i nat i on for th i s  set  i s  0 . 9 1 5 .  The f i t  of the March 1 982  beta data i s  much 

poorer , in  part , because of the rel at i v e l y  n arrower ran ges  of 1 37cs  s ur­

f ace concentrat i on s  and beta exposure rates . G i ven the re l ati vely l ong  

h a l f- l i ves of the predom i nan t  nuc l i des ( 1 37cs , 30 . 1 7  years ; 1 34cs , 

2 . 062  years ; and 90sr , 28.8 years ) , the  power functi on and the coeffi ­

c i ents  g i ven i n  Tab l e  5 8  cou l d b e  used t o  est i mate 1 3 7c s  ( and con sequent l y  
1 34c s  and 90sr ) s urface concentrat i ons  on Reactor Bu i l d i n g  s urfaces at 

l ocat i on s  that were not sampl ed u s i n g  beta exposure rate data .  I t  woul d b e  

n eces sary t o  mak e these measurements u s i ng the s ame source-detector 

geometry as was used  i n  th i s  work . 
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Plan elevation 305 ft-0 i n . 

I N EL 3 1 248 

F i gu re 6 .  December 1 98 1  and March 1 982 b eta and  gamma exposure r ates , a t  
the 305-ft e l evat ion ( shown on t h e  305-ft e l evati on  fl oor p l an ) .  
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{J y 
mrad/h mR/h 

1 2/81 XXX ZZZ 
3/82 XXX ZZZ 

t::;::.. 3,150 300 v::.y. 1 ,290 1 50 

' 
®�----------------------� 

a ',....-----
Coolant / 
pump and .-------, motor I 

• .• 70:s:,"o 

;
:

d
m

r 
'.----�==.-�H�e�ad � 

storage �--;==---, stand 

/ 

0 Horizontal location 

Plan elevation 
347 ft -6 in. 

F i gure 7 .  

� Vertical surface sample location 

(a) A val id measurement was not obtained at th is  
sampl ing location 

0 1 20-volt power receptacles INEL 3 1 249 

December 1 981  and March 1 982 beta and gamma expos ure r ates at 
e l evat i on s  347 ft , 6  i n . ,  367  ft , 4  i n . , and 369 ft ,6  i n .  ( shown 
on the  347 f t ,6 i n .  e l evat i on f l oor p l an ) .  
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o Horizontal concrete, 305-ft elevation 
• H orizontal concrete and metal, 347-ft- 6- in .  elevation 
6. Vertical concrete, 347-ft- 6- in.  elevation o 
& Vertical metal,  347-ft - 6- in.  elevation 
o Horizontal concrete and metal, 367-ft - 4- in .  elevation 
• Veriical metal,  367-ft- 4-in. elevation 

0 • 
• 

I I I I I II I 
1 o - 2 1 0 - 1 1 

Cs- 1 37 surface concentration (ILCi/cm2) 

I I I 1 1 1 1  
1 01 

I N EL 3 1 243 

F i gure 8 .  December 1 98 1  C s - 1 37  s urface concentrati on v s  beta exposure r ate . 
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1 o4r---������--������--������--������ o Horizontal concrete, 305-ft elevation 

- 1 03 
J::. 
a: E -

• Vertical concrete, 305-ft elevation 
b. Vertical metal ,  305-ft elevat ion 
a H orizontal concrete and metal,  347-ft- 6-in. elevation 
o Vertical concrete, 347-ft - 6-in. elevation 
• Vertical metal ,  347-ft- 6-in.  elevation 
o H orizontal concrete and meta; ,  367-ft- 4-in.  elevation 
• Vertical metal, 367-ft- 4-in. elevatic'l 

• 
0 

0 

0 

• 

0 0 

• 

• 

• 

0 

0 
& 

Cs- 1 37 surface concentration (�tCi/cm2) 

1 

0 
0 

& 0 0 o4 0  

1 01 

INEL 3 1244 

F i gure 9 December 1 98 1  C s - 1 3 7  s urface concentr ati on v s  g amma exposure r ate . 
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1 04 r---�-r-r�non.----r-�j�j-rjTjTjTjnj,�--�-r-r·���--�--����n 

o Horizontal concrete, 305-ft elevation 
• Vertical concrete, 305-ft elevation 
6. Vertical metal , 305-ft elevation 
• Horizontal concrete and metal, 347-ft- 6-in. elevation 
o Vertical concrete, 347-ft- 6-in. elevation 
• Vertical metal , 347-ft - 6-in.  elevation 
o Vertical metal,  367-ft- 4-i n.  elevation 

• 6. 

6. 
6. 

0 • 0 
• • 

• 

• • 
0 0 0 • 

0 0 
0 0 

co 

0 

, A  

0 

0 

1 01 �--������--������-������--�--���LU 
1 o - 3 1o - 2 1 0 - 1 1 1 01 

Cs- 1 37 surface concentration (JLCi/cm2) INEL 3 1 246 

F i gu r e  10 .  March 1 982 C s -1 3 7 s urface con cen tr ati on v s  beta expos ure r ate . 
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:2 1 03 :0 � E -
Q) ... � 
Q) .... ::J If) 0 a. X w 1 02 

305-ft elevation 

o Horizontal concrete 
• Vertical concrete 
6. Vertical metal 

367-ft- 4-in. elevation 

o Vertical metal 

• 

0 

• 
• 0 • 

• 6. 
• 

6. 0 
• 0 

0 
0 0 0 

0 

347-ft- 6-in. elevation 

• H orizontal concrete and metal 
o Vertical concrete 
• Vertical metal 

1 01�--������������U---������--������ 

1 o - 3  1o - 2 1 o - 1 1 
Cs-1 37 surface concentration (p.Ci/cm2) INEL 3 1 245 

F i gure 1 1 .  March 1 98 2  C s - 1 3 7  s urface concentr at i on v s  gamma exposure r ate . 
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• • • 

• December 1 981 
• • 

• • 
• March 1 982 • • • 

• • 
z • •  - .. "0 • I1S .... • • E - • • .. • Q) • • • • -I1S • .... 
Q) • .... ::J • 1/) 0 • a. • X 

1 02 w • • • 
• • • • 

• • • • 
• • • 

Cs- 1 37 surface concentration (JLCi/cm2 ) INEL 3 1 247 

F i gure 1 2 . December 1 98 1  and March 1 982 C s - 1 37 surface concentr ati on v s  
beta expos ure r ate . 
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TABL E  1 .  ACT I V I TY COLLECT ION EFF I C I ENC I ES OF SURFACE SAI�PLERS FOR 
FOUR TYPES OF SURFACEsa 

Type o f  Surface 

Hori zonta l  Concrete 

Vert i c a l  Concrete 

Hori  zonta 1 r4eta l 

Verti c a l  Meta l 

C s- 1 3 7  
( 1-1 C i /cm2 ) 

Mi  1 1  ed Samp l e s  

1 . 3 9  t 0 . 06 E - 1  

2 . 2  t 0 . 3  E - 1  

1 . 1  t 0 . 2  E - 1  

9 t 2 E - 2  

Adhe s i ve 
S tr i p s  E ff i c i ency 

1 . 0  t 0 . 1  E - 1  1 . 4 t 0 . 2  

8 . 5  t 0 . 2  E - 2  2 . 6  t 0 . 4  

7 . 0  t 0 . 5  E-2  1 . 6  z 0 . 3  

8 . 0  t 0 . 9  E - 2  1 . 1  t 0 . 3  

a .  Acti v i ty col l ec ti on effi c i ency i s  defi ned a s  the rat i o  o f  the mea n  
val uE: of 137 c s  surface acti vi ty a s  determi ned by ana lyz i ng mi l l ed samp l e s  
to the mea n  val ue determi ned by analyz i ng adhe s i ve s tri p s . 
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TABLE 2 .  NUMB ER OF LOCAT I ONS SAMPLED AT EACH REACTOR BU I LD I NG ELEVAT I ON 

E l evat i o n  

305 f t  347 ft  367  ft 372 ft 

Hori zonta l  Su rface s 

C oncrete Fl oor 
Metal Deck i ng 
1 A 1  D-Ri ng Wal kway 
RC- P - 2A I B eam 
El evato r  Shaft Roof 

Verti cal  Surface s 

D-Ri ng Wa l l  
Ai r C ool i ng A ssembly  Wal l 
J uncti o n  Boxe s ,  Etc . 
RC -P-2A I B eam 
C i nder B l ock Wal l 

7 

4 
3 
2 

37  

8 
1 

5 

3 

1 

2 
1 

1 

1 



w (X) 

TABLE 3 .  MASSES OF COLLECTED MI L L I NGS a F OR POST DECONTAMI NAT I O N  SAMP L E S  

Hori zont a l  C o ncrete Vert i ca l  Concrete Vert i c a l  Me t a l  Hori z ont a l  Met a l  
S ame l i ng Deeth Sam� l i ng De�t h SamE l i ng Deet h  Sam� 1 i ng De�th 

0 . 2 5 mm 1 . 2 7  mm 3 . 1 8  mm 1 . 2 7  mm 1 . 2 7  mm 1 . 2 7  mrn 

Net Ne t  Net Net Net Net 
S amg l e  M a s s  Sam� l e  Mass  Silmp l e  M a s s  Samp l e  M a s s  S a mp l e  Ma ss  Samp l e  f4a s s  
N um er .w_ N um e r  19.)__ Number 19.)__ Number 19.)__ Number J.gJ_ Number 19.)__ 
54F2 0 . 4 2  54F4 ( 1 )  0 . 00 2 6F2 0 . 6 6  3 1W 0 . 5 2  82-2 0 . 03 I -2 ( 1 ) 0 . 00 
149F2 0 . 3 3  5 4 F 4 ( 2 )  0 . 01 H I C  0 . 5 5  3 4W 0 .4 3  50W 0 . 00 I -2 ( 2 )  0 . 0 0  

1 49F4 0 . 4 9  H 10-4 0 . 3 2  1 1 5F2 0 . 9 9  V 4  0 . 50 81- 2 ( 1 )  0 . 00 40F2 0 . 2 8  
H 1 0-2 0 . 2 7  9 1 F4 0 . 1 4  5 4F6 0 . 1 6  3 6\-J 0 . 7 1  81 - 2 ( 2 )  0 . 1 5  

9 1 F -2 0 . 1 1  50F4 0 . 1 3  H9- 2 0 . 2 1  V2  0 . 2 8  2 2 1 8 0 . 06  
50F2 0 . 1 6  3 4 F4 0 . 40 14 9F6 1 . 09 1 6W 1 . 3 3  84-2 1 . 5 1  

34F2 0 . 00 H7-5 0 . 50 1 4 9F8 0 . 7 9  l lW 0 . 6 1  V B  0 . 07 
H 7-2 0 . 3 3  H 7-8 0 . 40 V 1 0-2 1 .  01 V 9 0 . 90 V 7 0 . 26 

H 7-4 0 . 20 Hl 0-6 0 . 76 4 6W 0 . 98 V6 0 . 07 
9 1 F6 1 . 01 6 7W 0 . 7 7  83-2 0 . 01 

3 3F2 0 . 3 8  
50 F6 0 . 3 6  

H3 C 0 . 5 5  
H2C 0 . 93 

5 5F 2  0 . 8 5  
70F 2 0 . 2 8  

34F6 0 . 3 8  
H7-10 1 . 1 1  

H7-1 2 1 . 3 6  

a .  The masses g i ven here a r e  t hose report ed i n  t h e  E G G I n tern a l  Tech n i c a l  Report , RE -P-8 2-04 7 ,  a f ter 
subtrac t i o n  of the mean ma s s  of the vac uum s amp l e f i l t er s ,  wh i c h w a s  0 . 2 3  g .  



t "' • " . 4 .. • !.. • • ... � 
TAB LE 4 .  CALCULATED DEPTHS OF SAMPL ING ( a L -HORI ZOIHAL CONCRETE 

I n tended Sampl i ng Depths 

0 . 25 mm 1 . 2 7  mm 3 . 18 ll11l 

Ca l cul ated Cal cul ated Cal cul ated 
Sampl e Depth Sampl e Depth Sampl e 
Number ( mm )  Number ( mm) Number 

54F2 1 . 63 54F40 ) 0 . 00 26F2 
1 49F2 1 . 28 54F4{ 2 )  0 . 04 H IC 
149f4 1 . 91 H l0-4 1 . 25 1 1 5F2 
Hl0 - 2 1 . 05 91F4 0 . 54 54F6 
91F2 0 . 43 50F4 0 . 51 H9-2 
50F2 0 . 62 34F4 1 . 56 1 49F6 
34F2 0 . 00 H7-5  1 . 95 149F8 
H7-2  1 . 28 H7-8 1 . 56 Vl0-2 
H7-4 0 . 78 H l0-6 

91F6 
33F2 
50F6 
H3C 
H2C 
55F2 
70F2 
34F6 
H7- 1 0  
H 7 - 1 2  

a .  Cal cul ated a s sumi ng a constant sampl e den s i ty of 2 mg/mm3 and a 
constant core radi u s  of 6 . 35 mm .  

m h = --

1Tr2 p 
where 

h = sampl i ng depth { mm )  
r = core radi u s  { 6 . 3 5  mm) 
p = sampl e den s i ty ( 2  mg/mm3 ) 
m = sampl e ma s s  ( mg ) .  

39  

Depth 
( mm )  

2 . 57 
2 . 14 
3 . 85 
0 . 62 
0 .82 
4 . 24 
3 . 07 
3 . 93 
2 . 96 
3 . 93 
1 . 48 
1 . 40 
2 . 14 
3 . 62 
3 . 31 
1 . 09 
1 . 48 
4 . 32 
5 . 2 9  



TABLE S o MEASURE D SURFACE ACT!  V I TY CONCE NTRA 1 IONS UN T i lE  CONCR E T E  
( DECAY-CORRECTE D TO MARCH 2 6 ,  1 98 2 )  

Samp l i ng Samp l i ng 
S nmp l e  Depth D a t e  

� (mi 1 )  (M/ Y ) C s- 1 3 4  Cs-1 3 7 
7 0 F 1  Surf ace 1 2 / 81 1 o 28 ± O o Ol E -?b 1 . 26 ± O o 01 E - 1  
70F2 1 2 5  1 2 / 81 4 o 1  * U o 6 E -1 e 4 0 1  * O o fi  E-0 

70F 1 S u rf ace 3 / 82 6 o 2  * O o 3  E -5 5 o 6 ± 0 o 1  E -4 
7UF 2 1 25 3 / RZ 2 0 8  * D o 4  E -2 2 0 8  * O o4 E - 1  

55F 1 f  Surf a c e  1 ? / 8 1  8 o 93 * O o 05 E -3 8 0 fi 7 ± 0 0 01 E -2 
t>SF z f  1 25 1 2 / 81 2 o 3  ± O o 3  E - l  ? o 3  ± O o 3  £+0 

5 S F 1  Surface 3 / 82 6 o 7  * O o 1  E -4 6 o 54 ± O o 02 E - 3  
55F2 ] ? <; 3 / R 2  ? o 6  ± O o4 E - 2  ? o 5  * O o4 E - 1  

::. H2V Su rf ace 1 2 / 8 1  2 o 30 ± O o 02 E -3 2 o 2 3 * 0 o 01 E - 2  
) Hr( 1 ?5 1 2 / 81 2 o 1  * O o 3 E - 1  2 0 1  ± O o 3  E + O  

H 2 V  Surface 3 / 82 l o 8 * 0 o 1  E -5 2 o 20 * 0 o 05 E -4 
H?C 1 25 3 / 82 3 0 1  * O o 4 E - 1  3 o 0  ± O o4 E + O  

H 3 V  Surf  a c e  1 2 / 8 1  1 .4 1  * O o 02 E - 3  1 o 3 9  ± O o 01 E - 2  
H3C 1 ?5 1 2 / 81 1 . 9 * O o 3 E - 1  1 . 8 * O o 3  E -0 

H3V S 1 1rf  ace 3 / 82 5 o  7 ± 0 o 1  E -4 5 o 66 ± O o 03 E - 3  
H3C 1 25 3 / 82 3 o 5 * O o 5  E - 2  3 o 4 * O o 5  E - 1  

50F 1 Surt ace 1 2 / 8 1  4 o 34 ± D o 04 E-.-3 l: o 25 ± O o 01 E-2 
50F2 J O  1 2 / 81 1 . 9 ± O o 3  E - 1  1 o 9 ± O o 3 E+O 

50F3 Surface 1 2 / 8 1  3 o 2 3  ± O o 03 E -3 3 o 1 9  "' O o 02 E - 2  
50F4 50 1 2 / 81 l o 2 * O o c  E - 1  1 . ?.  ± O o 2 [ + Q  

50F5 Surf ace 1 2 / 81 6 . 7 7  * O o Ob E -3 6 o 6 3  ± O o 01 E - 2  
5UF6 1 25 1 2 / ll l  2 o 6  ± O o4 E -1 2 o 6  ± 0 .4 E +Q 

f LOOR AT T HE 305 - F T  E LEVAT I O N  W I T H I N THF  l �l l -2 R E ACTi lR llU I L il i NG L I SlF D  IW Sl\t1P L F  

Su rf � c e  Act i v i t y  Concent ra t i ons 
a 

Sb- 1 2 5  
--c 
--c 

4 o 0  ± O o 5  E - 5  
--c 

7 o 4  ± O o 1  E-3 
2 o 0  * O o 3  E -1 

1 . 1  ± O o 2 E -4 
1 o 4 ± O o ?  [-2 
1 . 8 * O o 2  E -4 
3 o 5  * O o 5 E - 2  

--c 
9 * 2 E-3 

1 . 3 ± O o 3  E -4 
1 . 1  * O o 2  E - 2  

--c 
--c 

1 o 6 ± O o 4  F -4 - -c 
- -c 

4 ± 1 E - 3  

--c 
4 ± 1 E -3 

( � C i /cn? )  

C o-60 

--c 
--c - -c 
--c 

1 . 5  ± O o 1  E -4 
4 o 8  ± O o 7  E - 3  

--c 
1 . 4 ± O o 3  E -4 

4 o 0  ± O o 5  E -6 
5 ± 1 E - 4  

--c 
2 o 1  ± O o 5  E-4 

--c 
5 ± 1 E -4 

--c 
--c 

--c 
--c 

--c 
--c 

--c 
4 o 3  ± O o 9  E -4 

S r-90 

4 oO ± O o 1  E-3 
1 o 2 ± O o t  F. - 1  

3 o 2 l  * O o 08 E - 5  
1 . 0 ± O o 1  E-?  
6 o 7  ± O o 1  E-3 
1 0 8 * O o 3  E - 1  

2 0 4 8 ± 0 0 0 6  t -4 
1 . 1 * O o 2 E - 2  
7 o 5 * 0 o 2 E -4 

9 * 1 E - 2  

1 . 5 9  * O o 04 E -fi 
9 " l E -2 

--d 
--c l 
--d 
- -d 
--d 
--d 

--d 
--rl 
·--d 
--rl 

_0 ______ 
lJ- 2 3 5 �  

1 - 1 29 _ _  _j 1q /cnQ__ 
-- rl - -d 
--d --d 

--d --d 
--d --rl 
- -d ] 0 9  ± O o 3  f •(l 
. -cl 1 . 0 " O o ?  [ -+ (  
--d < 3  F - 1  
- -rl 1 . 0 ± O o ?  [ • ]  
--d < 3  L - 1  
--d <fi  E-0 

--fJ < 3  E - 1  
- -d d \  E . . o 

< 3  E -9 0-d 
4 o 8 * O o 8 F - 7  --rl 

< 3  E - 9  - - -d 
? o il "' o o e. E - 7  - -d 

--d -- rl 
--d --rl 
--d - -d 
--d - - d 
--d --rl 
- -d - -rl 

i I I i 
i 
I I 



TABLE 5 .  ( co n t i nued ) 

Su rface Ac t i v i ty Concen t r a t i o n � a 

( � C i / c m2 ) 

S amp l i ng S amp l i ng 
U-? J 'i ? Samp l e  Depth Date 

Number (mi l) (M/ Y )  Cs-134  C s - 1 3 7  Sb- 1 2 5  C o-60 Sr-90 1 -1 29 -�� 
50F l  S u rf a c e  3 / 82 1 . 8 ± 0 . 2 E-5 ! .  80 ± 0 • 05 E -4 - -c --c --d --d - - rl  
50F2 1 0  3 / 82 2 . 3  ± 0 . 3  E -2 2 .3 ± 0 . 3 E - 1  --c --c - -d ---d --d 

50r3 S u rf ace 3 / 82 6 . 4  ± 0 . 3  E - 5  6 . 5  ± 0 . 1  E -4 1 . 5  ± 0 . 4  E-5 --c - -d --rl - -d 
50F4 50 3 / 82 6 . 4  ± 0 . 9 1:. - 3  6 . 3  ± 0 . 9  E - 2  --c --c --d - - d --ll 

sors S u rf ace 3 / 8? 4 . 6  ± 0 . ? E -5 4 . 1  ± 0 . 1  E-4 --c --c - -d - - rl - -d 
SOF6 1 2 5  3 / 82 1 . 9 ± 0 . 3  E -1 1 . 9 ± 0 . 3  E +O --c --c --d --d --d 

34F l Surface 1 2 / 8 1  1 . 01 "' 0 . 01 E - 2  I .  0 1  ± 0 . 01 E - 1  --c --c 4 . 3 ± 0 . 1  E -3 9  --d --d  
34F2 1 0  1 2 / 81 3 . 8  ± 0 . 5  E - 1  3 . 8 ± 0 . 5 E +O 8 ± 3 E -3 1 . 2 ± 0 . 3 E -4 1 . 3 ± 0 . 2  E - l f - -d --d 
34f3 Surface 1 ? / 8 1  1 . 93 "' 0 . 01 E - 2  1 . 9? "' 0 . 01 E -1 --c - -c 4 . 3  ± 0 . 1  E-39 --d - - d 
34F4 50 1 2 / 8 1  4 . 1  "' O . fi  E -1 4 . 1  ± 0 . 6  £+0 --c 2 . 8  ± 0 . 8  E -4 1 . 3 ± 0 . 2  E - l f --d --rl 

� 34F5 S u r f a c e  1 2 / 8 1  1 . 66 ± 0 . 01 E - 2  1 . 6fi ± 0 . 01 E - 1 --c --c 4 . 3  ± 0 . 1  E-39 --cl --d 
...... 34F6 1 2 5  1 2 / 81 8 ± 1 E - 1  8 ± I F.-0 --c --C 1 . 3 ± 0 . 2 E - 1  f - -rl - - d 

34F l Surface 3 / 82 1 . 9 "' 0 . 2  E-5 I • 80 ± 0 • 05 E -·4 --c - -c 4 . 1  ± 0 . 1  E - � 9  - -rl --cl 
34F2 1 0  3 / 8 ?  4 . ? "' O . fi  E - 3  4 . 4 ± 0 . 6  F - 2  --c 4 ± I E -fi ] . 8 ± 0 . 3  E-Jf --d --rl 

34F 3 Surface 3 / 82 1 . 1 0  * 0 . (}1  E-4 1 . 09 ± 0 . 01 E -3 --c --c 4 . I  ± 0 . 1  F - 5 9  - --rl - -d 
34F4 50 3 / 8 2  6 . 1  ± 0 . 9  E -3 5 . 7  ± O .R E -2 --c --c l . ll ± 0 . 3  E -3f --rl - - d 
34F5 Su rf nee 3 / 82 1 . 5 6  ± 0 . 04  E -4 1 . 5 3 ± 0 . 02 E -3 --c --c 4 . 1  ± 0 . 1  E - 59 --d --d 
34F6 1 25 3 / 82 9 ± I E -3 8 ± 1 E - 2  --c --C 1 . 8 ± 0 .3 E-3f --d --d  

H7-l Su rf ace 1 2 / 8 1  4 . 78 ± 0 . 04  E-3 4.  7 5 ± 0 . 01 E -2 --c --C 4 . 6  ± 0 . 1  E-39 --d < 9  E -?9 
H7-2 1 0  1 2 / 8 1  3 . 4 ± 0 . 5  E - 1 3 .4 ± 0 . 5  E +O --c --c 1 . 2 ± 0 . 2  E -1 --d <6 l +Q 
1 1 7-3 S u rf ace 1 2 / 8 1  2 . 5 6  ± 0 . 01 E - 2  2 . 54 ± 0 . 01 E - 1  --c 5 ± 1 E -6 4 . 6  ± 0 . 1  E - 3 9  --d < 9 E -?9 

H7-4 50 1 2 / 8 1  1 .4 ± 0 . 2 E - 1 1 .4 ± 0 . 2  1:_ +0 --c 4 ± 2 E -3 5 . 8  ± 0 . 8  E -? - - -d  < 6  E +0 
H7-5 Su rf ace 1 2 / 8 1  3 .  50 ± 0 .  (}1 E -3 3 . 4 7  ± 0 . 01 E -2 - -c ! .  7 ± 0 . 4  F -6 4 . 6  ± 0 . 1  E-39  --d < 9  E - ?9 

H7-6 1 2 5  1 2 / 8 1  1 . 8 ± 0 . 3 E +O 1 . 8 ± 0 . 3  £ + 1  2 . 8  ± 0 . 8  E-2 --c 7 ± 1 E -1 --rJ <6 £ +0 
H7-1 Surface 3 / 82 1 . 6 ± 0 . 2  E-5 1 . 4 9  ± 0 . 04  E -4 --c --c ? . 1 7  ± 0 . 05 E-59 --d < 4  E - ? 9  

Hl-2 1 0  3 / 82 7 ± 1 E - 3  7 ± 1 E - 2  --c --c --d --d - - tl 
H7-3 Su rf ace 3 / 82 3 . 0  ± 0 . 2  E-5 2 . 80 ± 0 . 05 E -4 - -c --c ? . 1 7  ± 0 . 05 E-59  --rl < 4  E - ?9 



TABLE 5 .  ( cont i nued ) 

Su rf a c e  Ac t i v i ty Conc e n t r a t i ons a 

( �C i / c m2 ) 

S amp l i ng Samp l i ng 
Samp l e  Depth D a t e  
Number (mi l )  \M/ Y ) Cs-134  C s-1 3 7  S b- 1 2 5  C o-60 Sr-90 1 - 1 2 9  

U-?352 ( ng/ cm ) 

H7-4 1 0  3 / 8 2  9 ± 1 E -3 9 * 1 E -2 --c --C 4 . 6  ± 0 . 7  E-3 
H7-6 Surface 3 / 82 2 . 4  ± 0 . 2  E - "  2 . 1 0 * 0 . 05 E -4 --c --C 2 . 1 7  ± 0 . 05 E - 5g 

-- rl <6 E ' iJ  
--d <4E -?9 

H7-5 50 3 / 82 2 . 5  * 0 . 4  E - 2  2 . 4 ± 0 . 3  E - 1 --c --c 5 . 3 ± 0 . 8  E -3 
H7-7 S u rf ace 3 / 82 1 . 4 ± 0 . ?  E -5 1 . 50 ± 0 . 05 E -4 --c --c 2 . 1 7  ± 0 . 05 E-59  

--d  < 6  E +O 
--d <II E - 29 

H7-8 50 3 / 82 1 . 3 * 0 . 2  E - 2  1 . 3  * 0 . 2  E - 1  --c --c --d 
H7-9 S u rf ac e  3 / 82 4 . 8 ± 0 . 3  E - 5  5 . 1  ± 0 . 1  E -4 --c --c 2 . 1 7 * 0 . 05 E-59 

--d --d 
--d <4 E-29 

H7-10 1 2 5  3 / 82 1 . 6 * 0 . 2  E - 2  1 . 6 ± 0 . 2  E - 1  --c --c 11 . 1  ± 0 . 6  E - 3  
H7-l l Snrface 3 / 8 2  6 . 2  ± 0 . 3  E - 5  6 . 2  * 0 . 1  E -4 --c --c 2 . 1 7 ± 0 . 05 E -�g 

--d < 6  E +0 
--d <4 ( - ?9 

H7-12 1 2 5  3 / 8 2 7 ± 1 � - 3  7 ± 1 E - 2  --c --c --d - -d --d 

a .  The s urf ace a c t i v i ty c oncentr a t i on s  g i ve n  h erp f or m i l l ed s amp l es h a ve b een c orrec t ed for t h e  a c t i v i ty c o l l ec t i on e ff i c i enc i es of the s urf acP 
samp l er s .  

b .  T h e  s urface a c t i v i ty concentr a t i ons g i ven here f o r  v ac u umed samp l es were c a l c u l ated a s s um i ng t h a t  

o The surf ace v a c u umed i n  each c a se h ad an area of 3 9 . 03 c rn2 . 
o The ac t i v i ty c o l l ec ted d u r i ng v ac uumi ng w i thout d r i l l  oper a t i on w a s  c o n s i dered e v e n l y  d i st r i buted over 3 9 . 03 cm2 . 
o The ac t i v i ty c o l l ec t i o n  eff i c i ency of the samp l er dur i ng vacuum i ng w a s  100 p ercent . The uncerta i nt i e s  i n  the concentra t i ons d e termi ned by 

a n a l ys i s  of v a c uumed s amp l e s  are g i ven a t  the one s i gma l ev e l  a n d  a re d u e  t o  c ount i ng s t at i st i c s  o n l y .  

c .  The concentrat i o n  o f  th i s  r a d i onuc l i de w a s  l e s s  than the detect i on l i m i t .  

d .  The samp l e  was not a n a l yzed f o r  t h i s  r ad i onuc l i d e .  

e .  T h e  uncert a i nt i e s  i n  t h e  concentrat i ons determi ned by a n a l ys i s  of  m i l l ed s amp l e s  are g i vPn a t  thP o n e  s i gma l evel a n rl  a r e  d u e  t o  r. ount i nq 
s t at i s t i c s  anc t he uncerta i n t i e s  i n  the act i v i ty c o l l ec t i on eff i c i enc i e s  of the samp l er s .  

f .  T h e  f o l l ow i ng nuc l i des were a l so measured i n  s amp l e s  55Fl and 55F2 ( � C i / crn2 ) :  

Ce-144 Ag-1 10M Ru/R h- 1 06 

55rl Surf ace 1 ? / 8 1  1 . 0  ± 0 . 1  E - 3  9 * 1 E -5 --c 
55F2 125 1 2 / 8 1  2 . 7  ± 0 . 4  E - 2  2 . 1 ± 0 . 4 E - 3  2 . 8  ± 0.5  E-2 ' 

g .  The vacuumed s amp l e s  c o l l ected at th i s  s amp l i ng l oc at i on were c o n so l i d ated pr i or to a n a l ys i s  f or Sr-90 , I -1 29 ,  and/or U-?.35.  

h.  The m'i l l ed s amp l e s  co l l ec t e d  a t  t h i s samp l i ng l ocat i on were conso l i d ated p r i o r  t o  a n a l ys i s f o r  Sr-90 , 1 - 1 2 9 ,  and/or U-2 3 5 .  
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TABLE 6 .  MEASURED SURFACE  ACT I V I TY CONCENTRAT IONS ON THE D-R I NG WALL  AT THE  305-FT E L E VAT I ON W ITH I N  THE TMI -2 REACTOR BU I L D I NG 
L I STED BY SAMPLE ( DECAY-CORRECTED TO MARC H 26 ,  1 982 ) 

Surface Act i v i ty Concentrat i ons  a 

( ll C i /cm2 ) 

Samp l i ng 
Samp l e  Depth Date 
Number {m i  1 � {M/ Y} Cs-134  C s-1 3 7  Sb-1 2 5  Co-60 Sr-90 I - 1 2 9  

67W 50 1 2 / 81 2 . 7  ± 0 .4 E-3 2 . 7 ± 0 .4 E-2 --b 5 ± 1 E-5 8 :t: 1 E-4 --c 
67W 50 3 / 82 1 . 6 :t: 0 . 2  E-3 1 . 7  ± 0 . 3 E-2 --b --b 4 . 1  :t: 0 . 6  E -4 --c 

46W 50 1 2 / 81 1 . 4 ± 0 . 2  E-3 1 . 4 ± 0 . 2 E-2 --b --b 4 . 4 :t: 0 . 7  E-4 --c 
46W 50 3 /82  3 . 0  ± 0 . 5  E-3 3 . 0  :t: 0 . 5  E -2 --b --b 2 . 5  :t: 0 . 4 E-3 --c 

V9 50 1 2 / 81 1 . 7  ± 0 . 3 E-3 1 . 7  :t: 0 .3 E-2 --b 3 . 1  :t: 0 . 9  E-5 9 :t: 1 E-4 - -C 
V9 50 3 /82  3 . 3 ± 0 . 5 E-3 3 .2 * 0 . 5  E-2 --b --b 7 :t 1 E-4 --c 

l lW-1 50 1 2 / 81 1 . 3 :t 0 . 2  E-2 1 . 3  :t: 0 . 2 E-1 1 . 1  :1: 0 . 4  E-3 --b --c <4 E-8 
l lW-2 50 1 2 / 8 1  8 * 1 E-4 7 :t: 1 E-3 --b --b --c <4 E -8 

l lW 50 3 / 82  4 . 2  :t: 0 . 7  E-4 5 . 0  :t: 0 . 8  E-3 --b --b --c --c 

a. The surface act i v i ty concentrati ons g i ven here for m i l l ed samp l e s  have been correc ted for the act i v i ty co l l ec t i on 
eff i c i enc ies  of the surface s amp lers . 

b . The concentrati on of th i s  rad i onuc l i de was l e ss than the detect1 nn l i m i t .  

c .  The samp l e  was not analyzed for thi s rad i onuc l i de .  

U-235 
( ng/ cm2) 

--c 
--c 

--c 
--c 

--c 
--c 

--c 
--c 

--c 
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TABLE 7 .  MEASURE D  SURFACE ACT I V I TY CONCENTRAT IONS ON  VERT I CAL f>£TAL AT  THE 305-FT ELEVAT ION WIT H I N THE TMI -2 REACTOR 
BU I LDI NG L ISTE D BY SAMP LE ( DECAY-CORRECTED TO MARC H 2 6 ,  1 982 )  

Su rface Act i v i ty Concentra t i ons a 

( l!C i !cm2 ) 
Samp l e  

S amp l i ng S amp l i ng 
Depth Date U-235 

Number {m i  1 )  {M/ Y ) Cs-134 Cs-1 3 7  Sb-125 C o-60 Sr-90 l -1 29 ( ng/ cm2 � 

83-1 "10 1 2 / 81 4 :t: l E-3 4 :t: 1 E-2 --b --b 1 . 5  * 0 . 4  E-3 --c --c 
B3-2 50 3 / 82 3 :t: 1 E-2 3 . 5 ± 0 . 9  E-1 --b --b 1 . 5 ± 0 . 4  E-2 --c --c 

V6 50 1 2 / 81 1 . 4 ± 0 .4 E-2 1 . 4  :t: 0 .4 E-1  --b --b --c 7 ± 2 E - 7  --c 
V6 50 3 / 82 1 . 4 :t: 0 . 4 E-2 1 . 4 ± 0 . 4 E-1 --b --b --c 3 . 4 :t: 0 . 9  E -6 --c 

V7 50 12 / 81 5 :!: 1 E-3 5 :t: 1 E-2 --b - -b 2 . 2  ± 0 . 6  E-3 - -c --c 
V7  50 3 / 82 7 ± 2 E-2 7 :!: 2 E-1 --b --b 1 . 8 ± 0 . 5  E - 2  --c - -c 

' VB 50 1 2 / 81 8 :!: 2 E-3 8 :!: 2 E-2  --b --b --c - -c --c 
VB 50 3 / 82 3 . 2 :!: 0 . 9 E-3 3 . 2 ± 0 . 9 E-2 --b --b --c --c --c 

84-2 50 1 2 / 81 7 :t: 2 E-2 7 ± 2 E -1 --b --b - -c --c - -c 
84-2 50 3 / 82 8 :t: 2 E -3 8 ± 2 E-2 --b --b --c 5 :1: 1 E -6 --c 

a. The s urf ace act i v i ty c oncentrat i ons g i ven here for  m i l l ed s amp l es have been c orrec ted for  the a ct i v i ty c o l l ec t i on 
eff i c i enc i e s  of  the surface samp l er s .  

b . The c oncentrat i on of  th i s  rad i onuc l i de w a s  l es s  than  the detect i on l i m i t .  

c .  The samp l e  wa s not ana lyzed for th i s  rad i onuc l i de .  



TABLE 8 .  �1EASUR E D  SURFACE ACT I V I T Y  CONC E NTRAT IONS  O N  THE CONCRE T E  F LOOR AT THt 3 4 7 - F T  E L E VAT I O N  W I T H I N  T HE H11 - 7 RE/\C TOR [liJ J L D I  NG L J STU l BY 
S/\MPLE ( DE C AY-CORRE CTE D TO MARC H 26, 1 98 2 )  

S u rf ace Ac t i v i ty Concen t ra t i on s a 

( � C i / cm2 ) -- -
Samp l i ng S amp l i ng u- n"7 S<�mp l e  Depth Date 

Number ( m i l )  ( M / Y ) Cs-134 C s- 1 3  7 Slo- 1 2 5  C o-60 Sr-90 1 - 1 29 ( ng/ COI ) 

HS F 1  S u rf ace 1 2 / 81 2 . 2 6  ± 0 . 03 E - 3  2 . 2 7  ± 0 . 01  t - 2  - -b 5 * 1 E-6 2 . '27  ± O . Oii F - 3  - -r - - r  
SF2 1 2 5 1 2 / 8 1  1 . 2 * 0 . 2  E -1 1 . 1  * o .  2 E �o --b --b 1 . 0 * 0 . 1  E - 1 - - c  - - c 

1 15 F 1  S u rf ace 3 1 82 7 . 1\  ± U . J  E-5 7 . 2  * 0 . 1 E - 4  --b - -b 7 . 0  ± 0 . 2  f-5 " " - ( - - C 

1 1 5F2 1 2 5 3 { 82 3 . 9  ,t. 0 . 6  E -3 3 . 7  ± 0 . 5  E - 2  - - b  -- b  2 . 3 ± 0 . 3  E - 3 - - c  - - C 

54F1 S u rf ace 1 2 / 8 1 1 . 1  S * 0 .  OJ E - ?  1 . 1 4  ± 0 . 01 E - 1  --IJ - -b 6 . 4  ± 0 . ?  E - J d --c < 0  E - ?rl 
54F2 10 1 2 / 8 1  2 . 8  ± 0 . 4 E -1 2 . 8  * 0 . 4  E +O - -b - -b 1 . 1  :t 0 . ?  E - 1 -- c  < 6  E ' 0  

St\F3 Surf ace 1 2 / 8 1  1 . 4 7  :t 0 . 01 E - 2  1 . 4 6  ± 0 . 01 E -1 --h - -b 6 . 4  :t 0 . 2 E - 3d --C  < o F -?ri 
54F4 50 1 2 / 8 1  3 . 7  * U . S  E - 1  3 .  7 ± 0 . 5  E -0 - -b --b 1 . 2 ± 0 . ?  , - 1 --( <h r • o  

� 54F5 Surface 1 2 / 8 1  1 . 82 :t 0 . 01 E - 2  1 . 8 1  ± 0 . 01 E-1 - -b --b 6 . 4  ± 0 . 2  F - 3d - " " ' < � r - ?d 
(.J'1 54F6 1 2 5  1 2 / 8 1  1 .4 :t 0 . 2  E - 1 1 . 4 * 0 . 2  E +O --b --b b . 4 * 0 . 9  E -2 --( < (, F. 0 

54Fl  Surf ace 3 ! 82 ? , 70 ± 0 . 05 E-4 ? . 70 ± 0 . 02 E-3 - -b - - b  1 . 05 ± 0 . 03 :' -110 - - c  - -c 
54F2 1 0  3 1 82 2 . 3  * 0 . 3 E - 2  2 . 2  ± 0 . 3 E - 1  - -b 3 . 6  * 0 . 9  E - 5  1 . 4 * 0 . 2  E -2 -- ( - - ( 

54FJ-1 Surface 3 / 82 1 • 60 * 0 • 05 E -4 1 . 5 5  * 0 . 02 E-3 --b --b 1 • 05 ± 0 . 03 E -4 d - - c  --( 
54f4-1 50 3 / 82 1 . 7 * 0 . 2  E - 2  1 . 7 ± 0 . 2  E - 1  --b --b --c - - c  - -c 
54F 3-2 Surf ace 3 ! 82 1 . 80 * 0 . 05 E -4 1 .  7 7  :t 0 . 02 E - 3  --b --b i 05 * 0 . 03 E-4rl - - r  - -c 
54F4-2 50 3 / 82 1 . 4 * 0 . 2 E - 2  1 .4 * 0 . 2  E - 1  --b --b 1 . 4 :t 0 . ?  E - ? - - c  - - c 

54FS S u rface 3 { 82 6 . 7  * 0 . 3  E -5 7 . 0  ± 0 . 1  E-4 --b - - b 1 . 05 :t 0 . 03 E -4 °  - -c - - c  
54F6 125 3 1 82 1 .4 * 0 . 2  E-2 1 . 4 ± 0 . 2  E - 1  --b -- h 1 . 1 * 0 . ?  E -? - - c - - c  

H9-l Surface 1 2 / 8 1  1 . 05 ± t . 01 E-2 1 . 06  ± 0 . 01 E - 1  --b --b --c l . 0  ± 0 . ?  F -11 - -( 
H9-2 1 2 5  1 2 / 8 1  9 :t 1 E - 2  9 :t 1 E - 1  --b --b --c 4 . 4 :t O . R  L - 7 - -c 
119- 1 Surf ace 3 1 82 7 . 6  :t 0 . 3 F -5 7 . 4  * 0 . 1  E-4 - -b --b - -c < 3  r --9 --c 
H9-2 1 ? 5  3 / 8 2  7 * 1 E - 3  7 * 1 E -2 --b --b --c 3 . 9  = r1 . <l  r - 7  --c 



TABLE 8 .  ( c on t i nued ) 

Samp l i ng Sarnp l i ng 
Samp l e  Depth DatP 
Number (mi l )  ( M/ Y )  
1 49Fl Su rf a cE' 1 2 / 81 
149F2 1 2 5  1 2 / 81 

149F1 S u rf ace 3 / 82 
149F2 1 0 3 / 82 

1491-3 S u r f ace 3 / 82 
11\ 9F4 1 0 3 / 82 

149F5 S u rf ace 3 / 82 
14 9F6 1 2 5  3 / 82 

149f 7 Surface 3 / 82 
149�8 125 3 / 82 

� 0'1 Vl0-1 Surface 1 2 / 81 
V 1 0-2 1 2 S  1 2 / 81 

V 10-1 Surface 3 / 82 
V l 0-2 1 2 5  3 / 82 

H10-1 Surface 1 2 / 8 1  
H10-2 1 0  1 2 /81 

H10-3 S u rf ace 1 2/ 8 1  
H10-4 50 1 2 / 81 

H10-5 Surf ace 1 2 / 8 1  
Hl0-6 1 2 5  1 2 / 81 

H10-1 Surface 3 / 82 
H10-2 1 0  3 /8 2  

H10-3 Surface 3 / 82 
Hl0-4 50 3 / 82 

Hl0-5 Surface 3 / 82 
Hl0-6 1 2 5  3 / 82 

Cs-13 4 

1 . 5 3 "' 0 . 01 F.-2 
5 . 8  :i: 0 . 8 E -1 

4 . 30 ± 0 . 05 E-4 
7 ± 1 E - 2 

2 . 1  0 :i: 0 .  05 E -4 
5 . 5  :1: 0 . 8  E-2 

5 . 3  ± 0 . 3  E-5 
7 * 1 E-2 

2 . 1 0  ± 0 . 05 E-4 

1 . 8 :1: 0 . 3  �-1 

3 . 09 * O . Ql, E-3 
3 . 3 * 0 . 5  E-1 

5 . 3  ± 0 . 2 E-5  
8 :i: 1 E-2 

1 . 8 9  :1: 0 . 02 E-3 
5 . 0  ± 0.7 E -1 

1 . 6 5  ± 0 . 02 E-3 
2 . 8  :i: 0 .4 E-1 

7 . 0  ± 0 . 2  E-4 

1 . 3  :1: 0.2 E-1 

3 . 5  ± 0.2 E-5 
4 . 4 .t 0.6 E-2 

5 . 1  * 0 . 2  E-5 

1 . 2  :t 0 . 2  E-2 

8 . 7  :t 0 . 3  E-5 
2 . 0  * 0 . 3  E-2 

C s- 1 3 7  

1 . 53 ± 0 . 01 E - 1  

5 . 8  * 0 . 8 E +O 

4 . 24 ± 0 . 03 E-3  
6 . 6  * 0 . 9 E - 1  

2 . 03 ± 0 . 01 E -3 
5 . 5  ± 0 . 8  E - i.  

5 . 1  :1: 0 . 1  E -4 
7 :1: 1 E. - 1  

2 . 03 ± 0 . 01 E - 3  
1 . 7 :1: 0 . 3 E+Q 

3 . 05 ± 0 . 01 E - 2  
3 .3 ± 0 . 5  E +Q 

4 . 8  :i: 0 . 1  E -4 
8 ± 1 E - 1  

1 . 87 :t 0 . 01 E - 2  
4 . 9  :1: 0 . 7 f+Q 

1 . 6 3  ± 0 . 01 E -2 
2 . 8  ::1: 0 .4 E +Q 

7 . 02 ± 0 . 04  E -3 
1 . 3  ± 0 . 2  E+O 

3 . 30 ± 0 . 05 E -4 
4 . 3  ± 0 . 6  E - 1  

5 . 1  * 0 . 1  E -4 
1 . 2  ± 0 . 2  E-1 

8 . 8  * 0 . 1  E-4 
2 . 0  ± 0 . 3  E-1 

U-735., 
Sb- 1 2 5  Co-60 S r-90 1 -1 2 9  (ng/ cm�) 

--b --b 3 . 5 5  ± 0 . 09 E-2 --c <3 E-1 
--b --b 1 . 0  ± 0 . 1  E +O --c <6 E+O 

--b --b 6 . 0  ± 0 . 1  E-5d --c <6 E-2d 
--b 9 ± 3 E -6 1 . 1 * 0 . 2  E-2 --c <6 E +O 

--b --b fi . O  ± 0 . 1  E-5 d --c di E -?d 
--b --b --c --c --c 

--b --h 6 . 0  ± 0 . 1  E-5d --c <fi E-2d 
--b --b 2 . 0  :1: 0 . 3  l - 2  --c <6 E.-0 
--b --b 6 . o  :1: 0 . 1  E -sd --c <fi E-2d 
--b --b 5 . 3  * 0 . 8  E-3 -·-r --c 
--b --b --c - -c --c 
--b --b --c --c --c 

--li --b --c --c --c 
--b --b --c --·C --c 
--b --b - -c !i . 9  ± 0 . 9  E-9d -·-C 
--b 5 ± 2 E-5 - -c 4 . 7  ::1: 0 . 7 E -7e --c 

--b --b --c 5 . 9  ± 0 . 9  E - 9d --c 9 ± 2 E -3 1 . 6 ::1: 0 .4 E -4 --c 4 . 7  ± 0 . 7  E-7e --c: 

--b --b --c 5 . 9  * 0 . 9  E -9d --c 
--b --b - -c 4 . 7  ± 0 . 7  E -7e --·C 

--b --b --c <2 E-9d --c 
--b --b --c 3 . 5  ± 0 . 7  E-7r. --c 

--b --b --c <2 E-9d - -c 
--b --b --c 3 . 5  ::1: 0 . 7  E - 7e --c 

--b --b --c <2 E-9d --c 
--b --b --c 3 . 5  :1: 0 . 7  E - 7e --c 
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TABLE 8 .  (cont i nued ) 

Surface Act i v i ty Concentrat i on s a  
( � C i / cn? ) 

Samp l i ng Samp l i ng 
Samp l e  Depth Oat!' 

1 - 1 2 9  Number (mi l ) (M/ Y ) Cs-134 Cs-137  Sb- 1 2 5  C o-60 Sr-90 

BH ���f ace H��l 2 . 4 5  * 0 . 05 E-4 2 . 34 * 0 . 02 E-3 --b 1 . 2 * 0 . 2  E -6 1 . 8?. * 0 . 05 E-4 --c 
8 * 1 E - 2  8 * 1 E - 1  --b 6 * 2 E - 5 2 . 1  * 0 . 3  E-2 --c 

33F1 Surface 3 / 62 7 . 5  * 0 . 3  E-5 7 . 2  * 0 . 1  E-4 --b - -b 6 . 2  ± 0 . 2  E - 5  --c 
33F2 1 2 5  3 / 8 2  7 * 1 E - 3  7 ± 1 E - 2  --b --b 4 . 8 * 0 . 7  E-3 --c 

91Fl Surface 1 2 / 8 1  3 . 4  * 0 . 2  E-4 3 . 4 7  ± 0 . 04  E-3 --b --b --c <<' E -9d 
91F2 10 1 2 / 81 7 * 1 E-2 7 ± 1 E -1 --b --b --c 4 . 2  * 0 . 7  E -7�' 
91F5 Surf ace 1 2 / 81 1 . 2 8  ± 0 . 05 E -4 1 . 2 2  * 0 . 02 E - 3  --b --b --c <7 E -9d 
91F6 50 1 2 / 81 5 . 5  :t. 0 .8 E-2 5 . 4  * 0 .8 E -1 2 . 1  * 0 .8 E-3 --b --c 11 . 2  ._ 0 . 7 E - 7e 

91F3 Surf ace 1 2 / 8 1  2 . 4  * 0 . 1  E -4 2 . 09  * 0 . 03 E -3 --b --b --c <2 F -9d 91F4 1 2 5  1 2 / 81 2 . 2  * 0 . 3  E-2 2 . 2  * 0 . 3 E -1 --b --b --c 4 . 2  * 0 . 7  E-7e 

91Fl Surf ace 3 / 82 2 . 50 * 0 . 05 E-4 2 . 5 3  * 0 . 02 E-3 --b --b 6 * 1 E -9d --c 
91F2 10 3 /82 2 . 6  * 0.4 E - 3  2 . 5  * 0 .4 E -2 --b --b --c 3 . 0  * O . !'i  [ - 7e 

91F3 Surf ace 3 / 82 1 . 90 * 0 . 05 E-4 1 . 9 9  :1: 0 . 02 E-3 --b --b --c 6 * 1 E -9t1 
91F4 50 3 / 8 2  4 . 1  * 0 . 6  E-3 4 . 0  * 0 . 6  E-2 --b --b --c 3 . 0  :1: 0 . 5  F.-7(' 
91F5 Surf are 3 / 82 7 . 1  * 0 . 3  E-5 7 . 7  * 0 . 1  E -4 --b --b --c 6 * 1 E-9d 
91F6 1 2 5  3 / 82 6 . 1  * 0 . 9  E-3 6 . 1  * 0 . 9  E -2 --b --b --c 3 . 0  * O . !i  E-7e 

a .  T h e  s u rface act i v i ty concentrat i on s  g i ven here f o r  mi l l ed s amp l es h a ve been correc ted f o r  t h e  act i v i ty c o l l ec t i on e f f i c i enc i e s  of surface s amp l er s .  

b .  The concentrati on of t h i s r ad i onuc l i df was l ess than the detec t i on l i m i t .  

c .  The s amp l e  was not ana lyzed for t h i s rad i onuc l i d e .  

u .  The vacuumed s amp l es c o l l ec ted at th i s  samp l i ng l ocat i on were conso l i dated pr i or t o  a n a l ys i s  for Sr-90 , 1 - 1 29, ant1 / n r  U-7 3 !1 .  

e .  The m i l l ed s amp l e s  co l l ected at th i s  samp l i ng l oc a t i o n  were conso l i d ated pri o r  t o  a n a l ys i s  for Sr-90 , 1 -1 2 9 ,  and/or U-23 5 .  

U-235 
( ng/cm2 ) 

--c 
--c 

--c 
--c 

--r 
--c 

--c 
--c 

--c 
--c 

--c 
--c 

--c 
--c 

--c 
--c 

the 



TABL E  9 .  MEASURE D SURFACE ACT I V I TY  CONCENTRAT IONS ON  METAL DECK I NG AT THE 34 7-FT E L EVAT ION WI TH I N  THE TMI -2 REACTOR 
BU I LD I NG L I STED  BY SAMP LE ( DECAY-CORRECTED TO MARC H 26, 1 98?. )  

Su rface Act i v i ty Concen trat i ons a 

( \l e i  /cm2 ) 
Samp l i ng Samp l i ng 

Samp l e  Depth Date U-?35� 
Number �mi 1 )  � M/ y ) C s-134 C s-1 3 7  Sb-1 25  Co-60 Sr-90 I -1 29 ( ns/cmt) 
40Fl Surf ace 1 2 /8 1  1 . 2 R  ± 0 . 02 E-3 1 . 2 5  :1: 0 . 01 E-2 --b --b --C <3 E -9 
40F2 50 1 2 / 8 1  3 . 2 ± 0 . 6 E -1 3 . 2 ± 0 . 6 E-0 --b 5 ± 2 E-5 --c 9 ± 2 E-7 

40Fl Surf ace 3 / 82 1 . 80 :1: 0 . 05 4  1 . 7 7  ± O . Ol E-3 --b --b --c 6 :1:: ? E.-9 
40F2 50 3 / 82 3 . 2  ± 0 . 6  E -2 3 . 2 ± 0 . 6  E-1 6 ± 3 E-4 --b --c 3 . 6 ± O . CJ  E-7 

a .  The surf ace act i v i ty concentrat i ons  g i ven here for  m i l l ed samp les  have been c orrected f o r  the a c t i v i t y  c o l l ect i on 
eff i c i enc ie s  of the surface samp l ers . 

b .  The concentrat i on of th i s rarl i onuc l i de was  l e s s  than  the detec t i on l i m i t .  

c .  The samp l e  was not ana l yzed for th i s  rad i onuc l i de .  

--c 
--c 

--c 
--c 
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TABLE 1 0 .  MEASURE D SURFACE ACT I V ITY  CONCENTRAT IONS ON  THE D-RI NG WALL  A T  THE 347-F T ELEVAT ION  WI TH I N  THE TMI -2 REACTOR 
BU I LD I NG L I STE D  BY SAMP LE ( DECAY-CORRECTED TO MARC H 26 ,  1 982 )  

Surface Act i v i ty Concentrat i ons  a 

( l! C i / crn2 ) 
Samp l i ng S amp l i ng 

U-235 Samp l e  Depth Date 
Number {mi  1 )  {M/ Y ) Cs-1 34 C s-1 3 7  Sb-1 2 5  Co-60 Sr-90 I -1 2 9  ( ng/cm2 ) 
16W 50 1 2 / 81 1 . 2 ± 0 , 2 E-2 1 . 3 ± 0 . 2  E-1 --b --b 3 . 3  ± 0 . 5  E-3 --c --c 
1 6W 50 3 / 82 8 ± 1 E-3 8 :t: 1 E-2 --b --b 2 . 4 ± 0 . 4  E-3 --c --c 

V2 50 1 2 / 81 1 . 4 :t: 0 . 2  E-3 1 . 4 :t: 0 .2 E-2 --b --b --c 1 . 1 :1: 0 . 3  E-7 --c 
V2 50 3 / 82 4 . 0  :t: 0 . 6  E-3 4 . 0  :t: 0 . 6  E-2 --b --b --c <4 E-8 --c 

36W 50 1 2 / 81 2 . 0  :t: 0 . 3  E-3 1 . 8  :t: 0 .3 E-2 --b --b 1 . 1  ± 0 . 2  E-3 --c --c 
36W 50 3 / 82 2 .4 :t: 0 .4 E-3 2 .3 :t: 0 .4 E-2 --b --b 1 . 4 :t: 0 . 2  E-3 --c --c 

34W 50 1 2 / 81 9 :1: 1 E-4 1 . 0  :1: 0 . 1  E-2 --b - -b --c --c --c 
34W 50 3 / 82 1 .8 ± 0 . 3 E -3 1 . 7  :t: 0 . 3 E-2 --b --b --c --c --c 

31W 50 1 2 /81  � . 5  :t: 0 . 9  E-4 5 . 1  :t: 0 .8 E-3 --b --b --c --c --c 
3 1W 50 3 / 82 1 . 2 :t: 0 . 2 E-3 1 . 2 :t: 0 . 2 E -2 --b --b --c --c --c 

a .  The surface a ct i v i ty c o ncentrat i ons g i ven here f or m i l l ed s amp l es h ave been corrected for  the act i v i ty co l l ec t i on 
eff i c i enc i e s  of the surface samp l ers .  

b .  The  concentrat i on of  t h i s rad i onuc l i de was  l ess  than  the  detect i on l i m i t .  

c .  The samp l e  was not ana lyzed for th i s  rad i onuc l i de .  
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TABLE 1 1 .  MEASURE D SURFAC E ACT I V I T Y  CONCENTRAT IONS  ON  THE. C I NDERBLOCK WALL AT THE 34 7-FT ELEVAT ION  W ITH I N 
THE TMI -2 REACTOR BU I LDI NG ( DECAY-CORRECTED  TO MARC H 26,  1 982 ) 

Samp l e  
S amp l i ng Samp l i ng 
Depth Date 

Number (m i  1 } ( M/ y )  C s-134 
V4  50 1 2 / 81 2 . 9  ± 0 . 5  E-3 
V4 50 3 / 82 ?. . 8 :t: 0 . 4 E-3 

Su rf ace Act i v i ty Concentrat i ons a 

( lJ C i / cm2 ) 

C s-137  Sb-1 2 5  Co-60 Sr-90 
2 . 8  ± 0 .4 E -2 --b - -b 1 . 3 :t: 0 . 2  E-3 
2 . 9  ± 0 . 5 E -2 --b 4 :t: 1 E -6 9 ± 1 E-4 

U-235 
I -1 2 9  ( ng/cm2 ) 
--c --c 
--c --c 

a .  The s u rf ace act i v i ty c oncentrat i ons  g i ven here for  m i l l ed s amp l es h ave been c orrected for the act i v i ty 
co l l ect i on eff i c i enc i e s  of  the s u rf ace samp l er s . 

b .  The concentrat i on of t h i s  rad i onuc l i de was  l es s  than  the detect i on l i m i t .  

c .  The s amp l e  was not ana lyzed for th i s  rad i onuc l i d e .  
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TABLE 1 2 .  MEASURED SURFACE ACT I V I TY CONCENTRAT IONS O N  VERT I CAL METAL SURFACES A T  THE 34 7-FT  E L E VAT ION WI TH I N  
THE TMI -2 REACTOR BU I LDI NG ( DECAY CORRECTED TO MARC H 26 ,  1 982 )  

Su rface Act i vi ty Concentrat i ons a 

( IJC i / cm2� 
S amp l i ng Samp l i ng 

S amp l e  Depth Date U-2352 Number  (m i 1 � ( M/ y � Cs-134 Cs-1 3 7  Sb-1 2 5  Co-60 Sr-90 I -1 29  ( ng/cm � 

B1-1 50 1 2 / 82 1 . 6  :1: 0 .4 E-3 1 .  6 :1: 0 .4 E-2 --b --b --c 9 :!: 2 E-7 --c 

B1-1-1 50 3 / 82 4 :1: 1 E-3 5 :1: 1 E -2 --b --b --c --c --c 
B1-1-2 50 3 / 82 1 . 6  ± 0 .4 E-2 1 . 5 :!: 0 .4 E-1 --b --b --c  --c --c 

sow 50 1 2 / 81 2 .4 ± 0 .  7 E-3 2 . 7  ± 0 . 7  E-2 --b --b --c --c --c 
SOW 50 3 / 82 1 . 1  ± 0 .3 E-3 1 . 2  :!: 0 .3 E-2 --b --b --c --c --c 

B2-2 50 1 2 / 8 1  1 . 2 ± 0 . 3 E --2 1 . 1 :!: 0 . 3  E -1 --b --b 2 . 0  * 0 . 5 E-3 --c --c 
B2-2 50 3 / 82 1 . 2  ± 0 .3 E-2 1 . 2  ± 0 .3 E-1 --b --b 2 . 2  ± 0 .6 E-3 --c --C 

a .  The  surface act i v i ty concentrat i ons g i ven here for m i l l ed s amp l es h ave been c orrected for  the act i v i ty 
col l ec t i on eff i c i enc i e s  of the surface samp l er s .  

b .  The  concentrat i on o f  t h i s radi onuc l i de was  l ess  than t h e  detect i on l i m i t .  

c .  The samp l e  was not ana lyzed for th i s rad i onuc l i d e .  
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TABLE 1 3 .  · ME ASURE D SURFAC E ACT I V I TY CONCE NTRAT IONS O N  THE "A "  D-R ING  WAL L  WALKWAY AT THE 34 7-F T  E L E VAT I O N  W ITH I N  
THE TMI -2 REACTOR BU I LDI NG ( DECAY-CORRECTED  TO MARC H 26 ,  1 98?. )  

Su rf ace  Ac t i v i ty Concentrat i ons a 

( llC i / cm2 ) 

Samp l i ng Samp l i ng 
U-235 Samp l e  Depth Date 

( ng;cm2 ) Number  (m i l � �M/ Y �  C s-134  Cs-1 3 7  Sb-1 2 5  C o-60 Sr-90 1 - 1 2 9 
26F1 Surf ace 1 2 / 8 1  5 . 9  * 0 . 1  E-4 5 . 69 ± 0 . 05 E-3  --b - -b - -c - -C --c 
26F2 125 1 2 / 8 1  3 . 9  ± 0 . 6  E-2 3 . 9  ± 0 . 6  E -1 --b --b --c --c --c 

26Fl Surface 3 / 82 1 . 28  * 0 . 01 E-3 1 . 2 7  ± 0 . 01 E-2 --b --b --c --c --c 
26F2 1 2 5  3 / 82 4 . 5  ± 0 . 6  E-2 4 . 5  ± 0 . 6  E -1 --b --b --c --c --c 

H I V  Surf ace 1 2 / 8 1  4 . 5 1  ± 0 . 04  E-3 4 . 4 7  ± 0 . 01 E-2 --b - -b 1 . 65 ± 0 . 08 E -3 --c --c 
H I C  1 2 5  1 2 / 81 2 . 5  ± 0 . 4 E -1 2 . 5  ± 0 . 4  E +O --b --b 1 . 1 ± 0 . 2  E -1 -- c - -c 

H I V  Surface 3 / 82 2 . 1 5  * 0 . 01 E-3 2 . 1 3  ± 0 .  01 E-2 --b --b 1 . 1 5  ± 0 .  03 E -3 --( - -c 
H I C  1 2 5  3 / 82 9 :!: 1 E -2 9 :!: 1 E -1 --b --b 3 . 6 * 0 . 5  E-2 -- c --c 

a .  The s urface act i v i ty c o ncentrat i ons g i ven here for  m i l l ed s amp l e s  have  been corrPcted for  t h e  n c t i v i ty c o l l ec t i on 
eff i c i enc i e s  of the s u rface  s amp l e r s .  

b .  The concentrat i on o f  t h i s  rad i onuc l i de wa s l e s s  t h a n  t h e  detec t i on l i m i t .  

c .  The s amp l e  was not a na lyzed for  th i s rad i onuc l i de .  
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TABLE 14 . MEASURE D SURFACE ACT I V ITY  CONCENTRAT IONS ON  THE RC-P-2A I BEAM ,  ( HOR I ZONTAL ) AT THE 369-FT E L E VAT ION 
W I TH I N  THE TMI -2 REACTOR BUI LDI NG ( DECAY-CORRECTED TO MARC H 2 6 ,  1 982 ) 

Su rface  Act i v i ty Concentrat i ons a 

( l! C i /cm2 ) 
Samp l i ng Samp l i ng 

Samp l e  Depth Date 
Number {mi 1 }  {M/ Y } C s-134  C s-1 3 7 . Sb-1 2 5  Co-60 Sr-90 I - 1 29 
I-1 Surf ace 1 2 / 8 1  1 . 4 9  ± 0 . 02 E-3 1 . 50 ± 0 . 01 E-2 --b --b --c - -C 
1-2 50 1 2 / 8 1  9 ± 2 E-2 9 ± 2 E-1 --b --b --c --c 

I-1 Surf ace 3 / 82 5 . 5  ± 0 . 1  E-4 5 . 3 5  ± 0 . 02 E-3 --b --b --c - -C 

I -2-1 50 3 / 82 2 . 1  ± 0 . 4 E-3 2 . 1  ± 0 . 4 E-2 --b --b --c --c 
I -2-2 50 3 / 82  6 ± 1 E-3 5 ± 1 E-2 1 . 3 ::1:: 0 .3 E-3 --b - -c - -C 

a . The s urface act i v i ty c oncentr a t i ons g i ven here for m i l l ed s amp l es have  been corrected for  t h e  a c t i v i ty 
col l ect i on eff i c i enc i e s of the s u rface  s amp l er s . 

b . The concentrat i on of t h i s rad i onuc l i de was l es s  than  the  detect i on l i m i t .  

c .  The s amp l e  was not ana lyzed for  th i s rad i onuc l i d e .  

U-235 
( ng/cm2 ) - -c - -c 

--c 

--c 
--c 



TABLE 1 5 .  MEASURE D SURFACE ACT I V I T Y  CONCENTRAT IONS AT THE RC-P-2A I BEAM ( VERT I CA L )  ON THE 369-FT  E L EVAT I ON 
W I TH I N  THE TMI -2  REACTOR BU I LDI NG ( DECAY-CORRECTE D  TO MARC H 2 6 ,  1 982 )  

Samp l i ng Samp l i ng 
Samp l e  Depth Date 
Number ( m i  1 � { M/ y }  Cs-134 

2 2 I B  50 1 2 / 81 3 ;t: 1 E-3 
2 2 I B  50  3 / 82 2 . 2 * 0 . 6  E-3 

Surface Act i v i ty Concentrat i onsa 
�) 

( lJ C i / cm'- ) 

C s-137  Sb-1 2 5  Co-60 Sr-90 

4 * 1 E-2 --b --b --c 
2 . 0  * 0 . 6  E-2 - -b --b --c 

1 -1 29 
--c 
--c 

U-2352 ( ng /cm ) - - c - - C 

a .  The surface act i v i ty concentrat i ons g i ven  here f or m i l l ed samp l es h ave been c orrected for the act i v i ty 
col l ecti on eff i c i enc i e s  of the surface samp l er s .  

b .  The concentrat i on of th i s  rad i onuc l i de was l ess  than  the  detect i on l i m i t .  

c .  The samp l e  wa s not analyzed for th i s rad i onuc l i d e .  



TABLE 1 6 .  MEASURE D SURFACE ACT I V I TY  CONCENTRAT IONS O N  THE ELEVATOR SHAFT ROOF A T  THE 3 72-F T  EL EVAT ION WI TH I N  THE TMI -2 
REACTOR BUI LDI NG ( DECAY-CORRECTED TO MARC H 26, 1 982 ) "  

Samp l i ng Samp l i ng 
Samp l e  Depth Date 
Number (mi 1 )  { M/ y) C s-134 

H8-1 Surf ace 1 2 /81 4 . 2  :t: 0 . 1  E-4 
H8-2 1 2 5  12 /81  3 .0  :t: 0 .4  E-2 

HB-1 Surface --d 
H8-2 1 2 5  --d 

Su rface Act i v i ty Concen trat i on s a 

( IJ C i / cm2 ) 

C s-13 7  Sb-12 5  C o-60 

4 . 08 :t: 0 . 04  E-3 --b --b 
3 . 0  :t: 0 . 4  E-1 2 . 1  :1: 0 . 8  E -3 1 . 3 :t: 0 .  3 E-4 

Sr-90 1 -1 29  
U-235? 

( ng/cm ) 

--c --c - -c 
--c --c - - c 

a .  The surface act i v i ty concentrat i ons  g i ven here for mi l l ed samp l e s  have been corrected for the act i v i ty c o l l ec t i on 
eff i c ienc i es of the surface s amp l ers .  

b "  The concentrat i on of  th i s  rad i onuc l i de was  l es s  th an the  detec t i on l i m i t .  

c .  The samp l e  was not ana lyzed for th i s  rad i onuc l i d e .  

d .  March 1 982 samp l e  wa s  n o t  co l l ected . 
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TABLE 1 7 .  MEASURE D SURFACE ACT I V I T Y  CONCE NTRAT I O N S  O N  THE CONCRE TE F LOOR A T  T H E  305-FT E L E VAT I O N  W I TH I N  THE TMI -? RlAL T OR BU I L D I NG L I S I E O  BY SAMP L I NG 
LOCATION ( DECAY-CORREC T E D  TO MARC H 2 6 ,  1 982)  

Mean Surf ace Ac t i v i ty Concent r a t i ons a 

( � C i / cm2 ) 

Sampl i ng 
S amp l i ng Samp l i ng 

Depth Date ll- 7 1 � �  
Loca t i on (mi 1 )  (M/ Y )  C s-1 34 Cs-137 Sb- 1 2 5  C o-60 Sr-90 I - 1 2 9  ( nq / cm' ) ------

70 S urf ace 1 2 / 81 1 . 2 11  ± o . o2 E -2b 1 . 2 6  ± 0 . 01 E - 1  --c - ·-C 4 . 0  ± 0 . 1  E --3 --ri - -ri 
70 1 25 1 2 / 81 4 . 1  ± 0 . 6  E-le 4 . 1  ± 0 . 6 E+O --c --c 1 . 2 * C U '  E - 1  - -d - - d 
70 Su rf ace 3 ! 82 6 . 2  ± 0 . 3  E -5 5 . 6 ± 0 . 1  E -4 4 . 0  ± 0 . 5  E - 5  --c 3 . 2 1  ± 0 . 08 F -5 - - d -- d 
70 1 2 5  3 / 82 ? . 8  ± 0 .4 E - 2  ? . 8  ± 0 . 4  E - 1  --c - -c 1 . 0 ± U . 1  E - 2  --d -- rl 

s sf S u rf ace 1 2 / 81 8 . 9 3 ± 0 . 05 E-3 8 .  6 7 ± 0.  01 E -2 7 . 4  ± 0 . 1  E - 3  1 . 5  ± 0 . 1  E -4 6 . 7 ± 0 . 1 F -3 .. -d  3 .  q � 0.  3 F 4 0  

5 5f 1 2 5  1 2 / 81 2 . 3  * 0 . 3  E - 1  2 . 3  ± 0 . 3  [ +0 ;:> . 0  ± 0 . 3  E - 1  4 . 8  ± 0 . 7  E -3 l . R ± 0 . 3  E - 1  - - d 1 . 0 .. l) . 2  [ +?. 

55 Su rface 3 / 82 6 .  7 ± 0 . 1  E -4 6 . 5 4  ± 0 . 02 E -3 1 . 1  ± 0 .  2 E -4 --c 2 . 4 S  ± 0 . 06 E -4 -- d d E - I  
55 1 ?5 3 / 8? 2 . 6  ± 0 . 4 E - 2  2 . 5  ± 0 . 4  E - 1  1 . 4 ± 0 . 2 E - 2  1 . 4 ± 0 . 3  E -4 1 . 1  ± 0 . 2  E - 2  - - ri 1 . 0 * 0 . ? f + 1  

HZ Surf ace 12/ ill 2 . 30 ± 0 . 02 E -3 2 . 2 3  ± 0 . 01 E - 2  1 . 8 ± 0 . 2  E -4 4 . 0  * 0 .  5 E -6 7 .  5 ± 0 .  2 E -4 - d d L - 1  
H? 1 25 1 2 / 81 ? . 1  * 0 . 3  E - 1  2 . 1  * 0 . 3  E + O  3 . 5  * 0 . 5  E -2 5 ± 1 E -4 9 * 1 E -2 - -d , r. F • u  

HZ  Su rf ace 3 / 82 1 . 8 ± 0 . 1 E - 5  2 . 20 ± 0 . 05 E - 4  --c --c 1 . 59  ± u .  04 E- 6 - -d <3 [ - 1  
HZ 1 2 5  3 / 82 3 . 1  * 0 . 4  E - 1  3 . 0  ± 0 . 4 E+O 9 ± 2 E - 3 2 . 1  * 0 .  5 E -4 9 ± 1 r - 2  - -·d < n  f + lJ 

H3 S u r f  ace 1 2 / 81 1 . 4 1  ± 0 . 02 E -3 1 . 39 ± 0 . 01 E-2 1 . 3 ± 0. 3 E -4 -- c --d <3 f. -9 --d 
H3 1 2 5  j 2 / 81 1 . 9 ± 0 . 3  E-1 1 . 8 ± 0 . 3  E +O 1 . 1  ± 0 . 2  E - 2  5 * 1 E-4 --d 4 . 8  ± O . R  E - 7  - - d 

H3 Surface 3 / 82 5 . 7  ± 0 . 1  E -4 5 . 66 * 0 . 03 E-3  --c --c --d <3 E - 9 --d 

H3 1 2 5  3 / 82 3 . 5  ± 0.5 E-2  3 . 4  * 0 . 5  E-1 --c --C --d 2 . 8  � O . R  E - 7 - - d 

50 Su rf ace 1 2 / 8 1  5 ± 1 E - 3  5 * 1 E - 2  1 . 6 ± 0 . 4  E -4 - - c -- rl - - d --d 

50 1 0 ,  50 
1 2 5  

1 2 / 81 1 . 9  * 0 .4 E - 1  1 . 9  ± 0 . 4  £ + 0  4 * 1 E - 3  4 . 3  ± 0 . 9 E -4 --ri - -d - -ri 
50 Su rf ace 3 / 82 4 * 1 E -5 4 * 1 E -4 1 . 5  ± 0 . 4 E - 5  --c - -d - -d --rl  
50 1 0 ,  5 0 ,  

1 ?. 5  3 / 82 7 ± 6 E - 2  7 :t: 6 E -1 - -c - -c - - rl - -ti --d 
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TABLE 1 7 .  ( co n t i n ued ) 

Me a n  S u rf ac e  Act i v i ty Concentrat i on s � 
( � C i / c m2 ) 

Samp l i ng Samp l i ng 
Samp l i ng Depth Da te 
Locat i on (mi l )  (M/ Y) Cs-1 3 4  C s-1 3 7  Sb- 1 2 5  Co-60 Sr-90 

U-?35 ? 
1 -1 2 9  ( ng/ cn' ) 

34 S u rf ace 1 2 / 8 1  1 . 5 ± 0 . 3 E - 2  1 . 5 ± 0 . 3  E - 1  --c --c 4 . 3  ± 0 . 1  F. -31" - - rl --d 
34 1 0 ,  50 , 

1 . 3  ± 0 . 2  E - l f 
1 25 1 2 / 81 5 ± 1 E - 1  5 ± 1 E+O 8 ± 3 E -3 ? . 0  ± 0 . 8  E -4 --rl - -rl 

34 Surface 3 / 82 1 . 0 ± 0 . 4  E-4 9 ± 4 E -4 --c --c 4 . 1  * 0 . 1  E - �r --d - - IJ 
34 1 0 ,  50, 

1 2 5  3 / 82 6 ± 1 E - 3  6 ± 1 E-2 --c 4 ± 1 E -6 1 . 8 * 0 . 3  E - 3f --d --rl 

1 17  S u rf ace 1 2 / 81 1 . 1  * 0 . 7  E-2 1 . 1 * 0 . 7  E-1  --c 3 * 2 E - 6  4 . 6  * 0 . 1 E-3P --- rl < Q  E- ?r 
H7 1 0 ,  !:>0 , 

1 25 1 2 / 81 8 * 5 E-1 R * 5 E+O 2 . 8  * 0 . 8  E -2 4 ± 2 E - 3  3 * ? E - 1  - -rl <(; F • O  
H7 Surf ace 3 / 82 3 . 2  * 0 . 8  E-5 3 . :?  * 0 . 8 E-4 --c --c ? . 1 7  * O . OS E - �e --rl < n  F - ?�' 
H7 1 0 ,  50, 

1 2 5  3 / 82 1 . 3 * 0 . 3  E-2 1 . 3 * 0 . 3  E - 1  --c --c 4 .  7 * 0 . 3  F. - 3  - - rl d ;  1 • 0 

ao Thr surface act i v i ty c oncentr a t i ons g i ven here f o r  m i l l ed samp l es h a ve been c orrer. t erl f o r  t h e  ac t i v i t y c o l l ec t i on r f f i r i rnr i po; nf t hr � 1 1 r f � r e  
samp l er s .  

b .  The s urface act i v i ty conce n t r a t i ons g i ven here f or v a c uumerl � amp l e s  were c a l c u l at e d  a s s um i ng t h a t  

o The s u rf ac e  v a c uumed i n  e ach c a s e  h a d  an area of 3 g . 03 cm2 . 
o The a c t i v i ty c o l l ected d u r i ng v ac u um i ng w i thout d r i l l  oper at i on w a s  c on s i dered even l y  d i str i b u t e d  over 3 9 . 03 em? . 
o The act i v i ty c o l l ec t i o n eff i c i ency of the s amp l e r d u r i n g  v ac uumi ng w a s  100 perce n t . T h e  u n c e r t a i n t i P S  i n  the c o n c r n t r a t  i on s  detf'rm i nert by 

a n a l ys i s  of v a cuum"d s a mp l es a re g i ven at the one s i gma l e ve l a nd a re clue to c ou n t i ng s t a t i st i c s  o n l y .  

c .  The concen trat i on o f  t h i s  r a d i onuc l i de w a s  l e s s  t h a n  detec t i o n  l i m i t .  

d .  The s �mp l e  was n o t  a n a l yzed f o r  t h i s  racl i onuc l i d e .  

e .  The v a c u umed s ,,mp l es c o l i ec ted a t  t h i s s amp l i ng l oc a t i on were c o n so l i d a ted p r i or t o  il n a l ys i s  f or Sr-90 , 1 - 1 ?9 ,  ilnd / n r  U - 2 3 5 . 

f .  The m i l l ed samp l e s  c o l l ec t e d  il t  t h i s  samp l i ng l oc a t i o n  were c o n so l i d at ed p r i or to a n a l ys i s  f o r  Sr-90 , 1 - 1 :? 9 ,  and / or U-? 3 5 . 
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TABLE 1 8 .  MEASURE D SURFACE ACT I V I T Y CONCEN TRAT I O N S  O N  THE D-R I NG �AL L  A T  T H E  305-F T  E L E VAT I ON WI T H I N  THE TMI -2 REAC TOR BU I L DI NG 
{ DE CAY-CORRE CTED TO MARC H 2 6 ,  1 982 ) 

Surface Ac t i v i ty Concentrat i on s a 

( I! C i / cm2 ) 

S amp l i ng S amp l i ng 
Samp l i ng Depth Date 
Locat i on {mi 1 ) (M/ Y ) C s- 1 34 C s-1 3 7  Sb-1 2 5  Co-60 Sr-90 I -1 2 9  -------

67 50 1 2 / 81 --b --b --b --b --b - -b 
67 50 3 / 82 1 . 6 :t: 0 . 2  E -3 1 . 7 :t: 0 . 3  E -2 - -c -- c 4 . 1  :t: 0 . 6  E -4 -- b 

46 50 1 2 / 81 --b --b - -b --b --b - -b 
46 50 3 / 82 3 . 0  :t: 0 . 5  E -3 3 . 0  :t: 0 . 5  E -2 --c - -c 2 . 5  :t: 0 . 4 E -3 - -b 

V9 50 1 2 / 8 1  1 . 7  ± 0 . 3 E -3 1 . 7  ± 0 . 3  E-2 --c 3 . 1  :t: 0 . 9  E -5 9 ± 1 E -4 --b 
V9  50 3 / 82 3 . 3 ± 0 . 5  E-3 3 . 2 :t: 0 . 5  E -2 --c --c 7 : 1 E -4 - -b 

1 1  50 1 2 /81  7 ± 6 E -3 7 ± 6 E - 2  1 . 1 :i: 0 . 4  E -3 --c --d <4 E -8 
1 1  50 3 / 82 4 . 2 :t: 0 .  7 E -4 5 . 0  :t: 0 . 8  E -3 --c --c --d - -b 

a .  The s urf ace ac t i v i ty c o nc entr at i ons  g i ven here for m i l l ed s amp l e s h a v e  b e e n  co rrected for t h e  ac t i v i ty c o l l ec t i on 
eff i c i enc i e s of the s u rf ac e  s amp l er s .  

b .  These d ata were rej ected b ecause o f  c o nf i rmed s amp l e  c o l l ec t i on pro b l em s .  

c .  The concentrat i o n  o f  th i s  rad i onuc l i d e was  l e s s  t h a n  detec t i o n l i mi t .  

d .  The s amp l e  was not ana l yz ed for t h i s  rad i onuc l i d e .  

U-235 
( ng/cm2 ) 

--b 
--d --b 
--d 

--d 
--d 

--d 
--d 
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TABLE 1 9 .  MEASURED SURFACE ACT I V I TY CONCENTRAT IONS  ON VERT I CAL METAL SURFACE S  A T  THE 305-FT ELEVAT ION WI TH I N  THE 
TM I -2 REACTOR BUI LDI NG ( DECAY-CORRECTED TO ��RrH 26 , 1 982 )  

Su rface Act i v i ty Concentrat i ons a 

( ll C i /c m2 ) 
Samp l i ng Samp l i ng 

Samp l i ng Depth Date U-235 

Locat i on (m i l ) (M/ y )  Cs-134 Cs-13 7  Sb-125  Co-60 Sr-90 1 -1 29  �m!J. 
83 50 1 2 /81 4 � 1 E-3 4 � 1 E-2 --b --b 1 . 5  � 0 .4 E-3 --c --c 
83 50 3 / 82 3 � 1 E-2 3 . 5  :t: 0 . 9  E -1 . --b --b � . 5 :t: 0 . 4 E-2 --c --c 

V6 50 1 2 / 81 1 . 4 :t: 0 .4 E-2 1 . 4  :t: 0 . 4  E-1 --b --b --c 7 :t: 2 E-7 --c 
V6 50 3 / 82 1 .4 :t: 0 .4 E-2 1 . 4 :t: 0 . 4 E-1 --b --b --c 3 .4 � 0 . 9  E-6 --c 

V7 50 1 2 / 81 5 :t: 1 E-3 5 :t: 1 E-2 --b --b 2 . 2  :t: 0 . 6 E-3 - · ·C --c 
V7 50 3 / 82 7 � 2 E-2 7 :t: 2 E-1 --b --b 1 . 8 :t: 0 . 5  E-2 --c --c 

V8 50 1 2 / 81 8 :t: 2 E-3 8 :t: 2 E-2 -·-b --b - - C --c --c 
VB 50 3 /82 3 . 2  :t: 0 . 9  E-3 3 . 2  :t: 0 . 9  E-2 --b --b --c --c --c 

84 50 12 /81 7 :t: 2 E-2 7 � 2 E-1 --b --b --C --c --c 
84 50 3 /82 8 � 2 E-3 8 � 2 E-2 --b --b --c 5 � 1 E-6 

a. The surface act i v i ty c oncentrat i ons g i ven here for m i l l ed s amp l es have been corrected for the act i v i ty c o l l ect i on 
eff i c i enr. i e s  of the surface s amp l er s .  

b .  The concentrat i on o f  th i s  radi onuc l i de was  l e ss  th an detec t i on l i m i t .  

c .  The � amp 1 e  w a s  not ana lyzed for t h i s rad i onuc l i d e .  
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TABLE 20 . MEASURED SURFACE ACT I V I T Y  CONCEN TRAT IONS ON T H E  CONCRETE � LOOR AT T H E.  34 7-F T E L E. VAT I O N  WITH I N  THE TMJ -2 REIIC l OR BU I L D I NG 
( DE CAY-CORRECTED TO MARC H 26,  1 982)  

Me a n  S u rface Ac t i v i ty Concentrat i ons a 

( IJ C i / cm2 ) 

S amp l i ng Samp l i ng 
Samp l i ng Depth Date U-235? 
Locat i on (m i l ) (M/ Y ) C s- 1 34 C s- 1 3 7  Sb-1 2 5  Co-60 Sr-90 l - 1 2 9  JI!_gl cn.:J ------

1 1 5  Surface 1 2 / 8 1  2 . 2 6 ± 0 . 03 E-3 2 . 2 7 ± 0 . (11 E - 2  --b 5 :t 1 E -6 2 . 2 7  ± 0 . 06 E - 3  --C --c 
1 1 5  1 2 5  1 2 / 8 1  1 . 2 ± 0 . 3  E-1  1 . 1 ± 0 . 2  E +O --b --b 1 . 0 :t 0 . 1  E - 1 - - c - - C 

1 1 5  S u r f  ace 3 / 82 7 . 4  ± 0 . 3  E-5 7 . 2  :t 0 . 1  E -4 --b --b 7 . 0  :t 0 . 2  E - 5  --c - ·  c 
1 1 5  1 25 3 / 82 3 . 9  :t 0 . 6  E -3 3 .  7 :t 0 .  5 E -2 --b --b t . < :t 0 . 3 E - 3  --c - - C 

54 Surf ace 1 2 / 8 1  1 . 5 :t 0 . 2  E-2 1 . 5 ± 0 . 7  E - 1  --b --b 6 . 4  :t 0 . 2 E - 3d --c � 9 F _zd 
54 c o ,  50 , 

1 25 1 2 / 81 2 . 6  :t 0 . 7  E - 1  2 . 6  :t 0 . 7  E -0 --b --b 1 . 0 ± 0 . 2  E - 1  - -C <f. F + O 
54 Surf ace 3 / 82 1 . 7 :t 0 . 4  E -4 : . 7  :t 0 . 4  E-3 --b --b 1 . 05 :t 0 . 03 E -4 d  --c - - c 
54 1 0 ,  50 , 

1 25 3 / 82 1 . 7 :t 0 . 2  E -2 1 . 7 ± 0 . 2 E -1 --ll 3 . 6  ± 0 . 9 E - !:  1 . 3 ± 0 . 1  E -2 - -c - -c 

H9 Surface 1 2 / 81 1 . 05 ± 0 . 01 E-2 1 . 06 ± 0 . 01 E -1 - -b --b --e 1 . 0  :t 0 . (  [ - 8 - -· (  
H9 1 25 1 2 / 81 --e --P --e --e --e - -e - - e 

a .  The s u r f ace ac t i v i ty concentr a t i ons g i ven here f o r  m i l l ed s amp l e s have been corrected f o r  the ac t i v i ty c o l l ec t i on e f f i c i rnc i t' s  of t hP 
surface s amp l ers . 

b. The concentra t i on of t h i s  rad i onuc l i de was l e ss t h a n  d etect i on l i m i t .  

c .  The s amp l e  was not a n a l yzed for th i s  rad i onuc l i d e .  

d .  The vacuumed samp l e s  c o l l ec ted � t  t h i s  s amp l i ng l oc a t i on were conso l i dated p r i or t o  a n a l ys i s  f or Sr-90 , 1 - 1 2 9 ,  and / o r  U-?� 5 .  

e .  These d a t a  were rejected bec a u s e  of conf i rmed s amp l e  co l l ec t i o n  prob l em s .  
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TABLE 2 1 .  MEASURED SURFACE ACT I V I TY CONCE NTRAT IONS ON THE CONCREH F LOOR AT TilE 347-FT E L E VAT I ON Wl l H I N  l l ll  TMI - 2  REACTOR llU I L D I NG 
( OE C/\Y-CORRECTED TO M/\RrH 7.6, 1 982)  

Mean Surface Ac t i v i ty Concen trat i ons a 

( p C i  /cm2 ) 

Samp 1 i ng Samp l i ng 
Samp l i ng Depth D a t e  
Loc a t i on (mi l ) (M/ Y ) Cs-134 Cs- 1 3 7  Sb-125 Co-60 Sr-90 __ 1_-1�--

H9 Surface 3 / A?. 7 . 6  ± 0 , 3  E -5 7 . 4  ± 0 . 1  E-4 --b - -b - -c < 3  E - 9  
H9 1 25 3 / 82 7 ± 1 E -3 7 ± 1 E - 2  --b --b - -c 3 . 9  ± 0 . 9  E - 7  

149 Su rf ace 1 2 / 8 1  1 . 5 3  ± 0 . 01 E-2 1 . 5 3 ± 0 . 01 E-1 --b - -b 3 . 5 5  " 0 . 09 [-?  - -c 

1 4 9  1 2 5  1 2 / 8 1  5 . 8 "' 0 . 8  E -1 5 . 8  z 0 . 8  f +O - -b - -b 1 . 0 " 0 . 1  E +O - - c  

1 49 Surf ace 3 / 82 2 . 3  z 0.8 E - 4  2 . 2  z 0 . 8  E-3 --b --b 6 . 0  z 0 . 1  E - sd - -C 
149 1 0 ,  125 3/82 9 ± 3 E -2 9 ± 3 E - 1  --b 9 ± 3 E -6 1 . 2 ± U . 4  E - 2  - - c 

V 10 Surface 1 ? / 8 1  3 . 09 ± 0 . 04 E -3 3 . 05 ± 0 . 01 E-2 --b - -b --c --c 
VHl 125 1 2 / 8 1  3 . 3  ± 0 . 5  E - 1  3 . 3  ± 0 . 5  E +O --b --b --c -- c 

V10 Surface 3 / 82 5 . 3  ± 0 . 7.  E-5 4 . 8  ± 0 . 1  E-4 --b --b --c --c 
V10 1 25 3 / 8 2  8 ± 1 E - 2  8 ± 1 E - 1  --b --b --C --c 

mo Sur i n c e  1 2 / 8 1  1 . 4 " 0 . 4  E-3 1 . 4  ± 0 .4 E-2 --b --b · · - C 5 . 9  ± 0 . 9  [ _Qr1 
H 10 10,  50, 

1 50 1 2 / 8 1  J z 1 E -1  3 z 1 [+0 9 ± 2 F.-3 1 . 1  z 0 . 6  E-4 --c 4 . 7  ± 0 .  7 f - 7 P  
tH O Surface 3 / 82 6 z 2 E -5 6 "' 2 E -4 --b --b --c < 7  f _gd 
H10 10, 50, 

1 25 3 / 82 3 z 1 E - ?  2 . 5 z 0 .9 E · 1 - -b --b --c 3 . 5  ± 0 . 7  ( -]P 
.13 Surface 1 2 / 8 1  2 .4 5  z 0. 05 E - 4  2 .3 4  * 0 . 02 E - 3  --b 1 . 2 z 0 . 2  E -6 1 . 8 2  z 0 . 05 [ -� - - r  
3 �  1 2 5 1 2 /!ll  8 "' I E -? 8 z 1 E-1  --b 6 * 2 F -5 7 . 1  z 0 . 3  f: - ?  - · · ( 

33 Su rf ace 3 / 82 7 . 5 * 0 . 3 E -5 7 . 2  "' 0 . 1  E -4 --b --b 6 . 2  z 0 . ?  l - 5  --r 
33 1 25 3 / 8 2  7 z 1 E - 3  7 ± 1 E -2 --b --b 4 . 8  z 0 . 7  E-� - -c 

91 Surface 1 2 / 8 1  2 . 4  z 0 . 6  E -4 2 . 3  z 0 . 7  E-3 --b --b - ·C <7  [ _gn 
91 10, 50 , 

1 ?.5 1 2 / 8 1  5 ± 1 E -2 5 ± 1 E - 1  2 . 1  z 0 . 8  E-3 --b --c 4 . ?  • 0 . 7  F - 7r 
9 1 Surface 3 / !l2 1 . 7 z 0 . 5 t -4 1 . 8 ± 0 . 5  E-3 --b --b - - r. fi * I r -grl 
91 10, 50 , 

1 25 3 / 82 4 z 1 E -3 4 z I E - 2  --b --b - -c 3 . 0  " 0 . 5  E-7e 

u- n:.� 
�:� . - c 

d r - I  
<Fo  f + (l 
di l - 211 
<6 f t Q  - - r 

- ·C  - - r 

- -c 

- -c 
- -f • · · f -· - r 
. - c 

-- -( 
. . c 

. -C 

- -c 
--c 

--c 

a. The surface ac t i v i ty concent rat i ons g i vrn here for m i l l ed samp l � s  h a ve bren correc ted f o r  thr ar t i v i ty c o l l Pc t i on cf f i c i enr l e 5  o f  thP 
surf ace samp l ers . 

b .  The concentrat i on of t h i s  r a d i onuc l i d e  �o�as l es �  t h an d e t ec t i on l i m i t .  

c .  The samp l e  was not ana lyzed for t h i s  radi onuc l i d e .  

d .  The vac uumed samp l e s  c o l l ected at t h i s  samp l i nq l ocat i on were conso l i datt>d pr i or to an� l ys i s  f o r  Sr-90 , l - 1 ?.9, anr1/ or 1.1-:?35 .  
e . The mi l l ed samp l e s  c o l l ec ted a t  t h i s  samp l i ng l oc a t i o n �o�ere conso l i da t ed p r i o r  t o  ana lys i s  for Sr-90, l - 1 2 9 ,  and / or 1 1-? 3 S .  
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TABLE 2 2 .  MEASURED SURFACE ACT IV ITY CONCENTRAT IONS ON  METAL DECKING  A T  THE 347-FT ELEVAT ION WITI I I N THE TMI -2 REAClOR 
BU ILDI NG ( DECAY-CORRECTED TO MARC H 26 , 1 982) 

Su rf ace Act i v i ty Concentrat i onsa 

( IJ C i / cm2 ) 
Samp l i ng Samp l i ng 

Samp l i ng Depth Date 
Locat i on �mi l }  {M/ Y }  Cs-134 Cs-1 3 7  Sb-125  C o-60 Sr-90 I-129 

40 Surface 1 2 /81 1 . 28 ::1: 0 . 02 E-3 1 . 25  ::1: 0 . 01 E-2 --b --b --c <3 E-9 
40 50 12/81 3 .2  ::1: 0.6 E-1 3 . 2  ::1: 0 . 6  E+O --b 5 ::1: 2 E-5 --c 9 ± 2 E-; 

40 Surface 3 /82 1 . 80 ::1: 0 . 05 E-4 1 .  7 7  ::1: 0 . 01 E-3 --b --b --c 6 ::1: 2 E-9 
40 50 3 /82 3 . 2  :t: 0 . 6  E-2 3 . 2  ::1: 0 . 6  E-1 6 ::1: 3 E-4 --b --c 3 . 6  ::1: 0 . 9  E-7 

a. The surf ace act i v i ty concentrat i ons g i ven here for mi l l ed samp l es have been corrected for the act i v i ty co l l ect i on 
eff i c i enc i es of the surface samp l ers .  

b. The c oncentrati on of th i s  radi onuc l i de was l ess t h an detecti on l imi t .  

c .  The samp l e  was not ana lyzed for th i s rad i onuc l i de .  

U-235 
{ng/cm2) 

--c 
--c 

--c 
--c 
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TABLE 23 . MEASURED SURFACE ACTI V I TY CONCENTRAT I ONS ON THE D-R I NG WALL Af YN£ 347-FT ELEVAT ION WITH I N  THE TMI -2 REACTOR 
BU ILD ING ( DECAY-CORRECTED TO MARCH 26 ,  1 982) 

Mean  Surface Act i v i �� Concentrat i ons  a 

( lJ C i / c¥
� ) 

Samp l i ng Samp l i ng 
Sampl i ng Depth Date U-235 

Locat i on (mi 1 )  (M/ Y ) Cs-134  Cs-1 3 7  Sb-1 2 5  t0-60 Sr-90 I -129  ( ng/cm2 ) � 
16 50 1 2 / 81 1 . 2  ::!: 0 . 2 E-2 1 . 3  :I: 0 . 2  E-1 --b r�b 3 . 3 ::!: 0 . 5  E-3 --c --c 
16 50 3 / 82 8 ::!: 1 E-3 8 ::!: 1 E-2 --b r-b 2 . 4  ::!: 0 . 4  E-3 --c --c 

V2 50 1 2 /81  1 . 4 ::!: 0 . 2 E-3 1 . 4 :I: 0 .2 E-2 --b r-b --c 1 . 1 :i: 0 .3 E-7 --c 
V2 50 3 / 82 4 . 0  :I: 0 . 6 E-3 4 . 0  ::!: 0 . 6 E -2 --b r�b --c <4 E -8 --c 

36 50 1 2 /81  2 . 0  :I: 0 .3 E-3 1 . 8  ::!: 0 . 3  E-2 --b 1"'-b 1 . 1 ::!: 0 . 2  E-3 --c --c 
36 50 3 /82 2 . 4 * 0 . 4 E-3 2 .3 ::!: 0 . 4 E -2 --b r-b 1 .4 ::!: 0 . 2  E -3 --c --c 

34 50 1 2 / 81 9 :I: 1 E-4 1 . 0  :I: 0 . 1  E-2 --b /'-b --c --c --c 
34 50 3 /82 1 . 8 ::!: 0 . 3 E-3 1 . 7 ::!: 0 . 3 E-2 --b 1"'-b --c --c --c 

31 50 1 2 /81 4 . 5  :I: 0 . 9  E-4 5 . 1  :I: 0 .8 E-3 --b v'D --(; --c --c 
31 50 3 /82 1 . 2 ::!: 0 . 2  E-3 1 .2 ::!: 0 . 2  E-2 --b /"'-b --c --c --c 

a. The surface act i v i ty concentrat i ons g i ven here for m i l l ed s amp l es hav� ��e� corrected for the act i v i ty co l l ect i on 
eff ic ienr ies  of the surface samp lers .  

b .  The concentrat i on of  th i s rad i onuc l i de was l ess t han  detect i on l imi t .  

c .  The samp l e  was not ana lyzed for th i s rad i onuc l i de .  



TABLE 24 . MEASURE D SURFACE ACT I V I TY CONCENTRAT IONS  ON  THE  C I NDER BLOCK WAL L  AT THE 34 7-FT  E L E VAT ION  \� T T I ! I N T H E  nn -?. 

Samp l i nq 
Locat i on 

V4 
V4 

REACTOR B U I LDI NG ( DECAY-CORRE CTED TO MARC H 26, 1 982 )  

Samp l i ng Samp l i ng 
Depth Date 
{ mi 1 � {M/ y � Cs-134  

50 1 2 / 81 2 . 9  ± 0 . 5  E-3 
50 3 / 82 2 . 8  ± 0 . 4  E-3 

Mean  Su rface Act i v i ty Concentrat i ons
a 

( 11C i / cm2 ) 

C s-1 3 7  Sb-12 5  Co-60 Sr-90 

2 . 8  ± 0 .4 E-2 --b --b 1 . 3 :1: 0 . 2  E.-3 
2 . 9  . =  0 . 5  E-2 --b 4 :1: 1 E-6 9 :t: 1 E -4 

I -129 

--c 
-- C 

U-2 35 2 
( no /�u 

-- c 
-- c 

a .  The surface act i v i ty concentrat i ons g i ven  here for m i l l ed s amp l es have been correc ted for the act i v i ty c o l l ec t i on 
eff i c i e nc i e s  of the surface s amp l er s . 

b .  The concentrat i on of t h i s rad i onuc l i de was l e ss  than detec t i on l i m i t .  

c .  The s amp l e  was not ana l yzed for th i s  rad i onuc l i d e .  
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TABLE 2 5 .  MF.I\SURE O SURFACE ACT I V ITY  CONCENTRAT IONS ON VERT I CAL METAL SURFACES AT HIE 347-FT ELEVAT I ON WITH I N  THE TMI -? 

Samp l i ng 
Locat i on 

�l 
50 
50 

B2 
B2 

REACTOR BU I LDI NG ( DECAY-CORRECTED TO MARC H 26,  1 982 )  

Mean Surface  Act i v i ty Concentrat i ons 
a 

Samp l i ng 
Depth 
(mi  1 }  

50 
50 

50 
50 

50 
50 

Samp l i ng 
Date 

(M/ Y } 
1 2 / 81 
3 / 82 

1 2 / 81 
3 / 82 

1 2/ 81 
3 / 82 

C s-134 
1 . 6  = 0 . 4  E-3 

--d 

2 . 4  = 0 . 7  E-3 
1 . 1 = 0 . 3  E-3 

1 . 2 : 0 . 3  E-2 
1 . 2 = 0 . 3 E-2 

( � C i / cm2 ) 

Cs-1 3 7  Sb-1 25  C o-60 Sr-90 
1 . 6  :I: 0 . 4  E-2 --b --b - -c 

--d --d --d --d 

2 . 7  :I: 0 . 7  E-2 --b --b --c 
1 . 2 :I: 0 . 3  E-2 --b --b --c 

1 . 1  = 0 . 3  E-1 --b --b 2 . 0  : 0 . 5  E-3 
1 .2 :1: 0 . 3 E-1 --b --b 2 . 2 ± 0 . 6 E -3 

I -1 29  
U-?35? 

( ng/cm L 
9 = 2 E -7 --C 

- -d -- d 

··-C --( 
--c - - c 

--C --C 
--C --c 

a. The surface act i v i ty concentrat i on s  g i ven here for m i l l ed s amp l e s  have been corrected for the act i v i ty co l l ec t i on 
eff ic ienc i e s  of the surface samp l er s .  

b .  The concentrat i on o f  t h i s  rad i onuc l i de was l ess  than detect i on l imit .  

c .  The samp l e  was not analyzed for th i s  rad i onuc l i d e .  

d .  These data  were rejected because o f  conf i rmed sampl e co l l ect i on prob l ems . 
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TABLE 2 6 .  ME ASURE D SURFACE ACT I V I TY CONCE NTRAT IONS ON THE " A "  D-R I NG WA LKWAY A T  THE 3 6 7-FT E LE VATION W I TH I N  THE 
TMI -2 REACTOR BU I LD I N G  ( DECAY-CORRECTE D TO MARC H  2 6 ,  1 982 )  

Mean Su rf ac e  Act i v i ty Concentrat i on s a 

( �.� c i  /cm2 ) 

Sampl i ng 
Samp l i ng Samp l i ng 

Depth Date  U-235 
Locat i on (mi l J (M/ Y } C s-134  C s-1 3 7  Sb-1 2 5  Co-60 Sr-90 l -1 2 9  ( ng/cm

21 
26 Surf ace 1 2 / 8 1  5 . 9  ± 0 . 1  E -4 5 . 6 9  ± 0 . 05 E -3 --b --b --( --C --c 
26 1 2 5  1 2 / 81  3 . 9  ± 0 . 6  E -2 3 . 9  :t: 0 . 6  E-1  --b --b --c --c --c 

26 Surface 3 / 82 1 . 28 :t: 0 . 01 E-3 1 . 2 7 :t: 0 . 01 E-2 --b --b --c --c --c 
26 1 2 5  3 / 82 4 . 5  :t: 0 . 6  E-2 4 . 5  :t: 0 . 6  E-1 --b --b --c --c --c 

H I  Surf ace 1 2 / 81 --d --d --d --d --d --d --d 
H I  1 25 1 2 / 81 2 . 5  :t: 0 . 4  E - 1  2 . 5 :t: 0 . 4  E+O --b --b 1 . 1 :t: 0 . 2  E-1 --c --c 

HI  Surface 3 / 82 2 . 1 5  ± 0 . 01 E-3 2 . 1 3  :i: 0 . 01 E-2 --b --b 1 . 1 5 ± 0 . 03 E-3 --c --c 
H I  125  3 / 82 9 :t: 1 E-2 9 :t: 1 E - 1  --b --b 3 . 6  :t: 0 . 5  E-2 --c --c 

a .  The s urface act i v i ty concentrat i ons  g i ven here for m i l l ed s amp l es h a ve been corrected for the act i v i ty c o l l ect ion 
eff i c i enc i e s  of the s u rface s amp l er s .  

b .  The concentrat i on o f  th i s  rad i onuc l i de w a s  l e ss  t h a n  d etect i on l i mi t .  

c .  The s amp l e  was not ana lyzed for th i s  rad i onuc l i d e .  

d .  These d at a  were rej ected because o f  conf i rmed s amp l e c o l l ect i on  probl ems . 
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TABLE 2 7 .  MEASURE D SURFACE ACT I V I TY CONCE NTRATIONS ON THE RC-P-2A I BE AM ( HORI ZONTAL ) AT THE 367-FT E L E VAT I ON W I TH I N  
THE TMI-2  REACTOR BU I LD I NG ( DECAY-CORRECTE D TO MARCH 2 6 ,  1 982 ) 

Mean Su rf ace Act i v i ty Concentrat i on sa 

( JJ C i / cm2 ) 
Samp l i ng S amp l i ng 

Samp l i ng Depth Date 
Locat i on �mi l l  (M / Y ) C s-134 C s-137  Sb-1 25 Co-60 Sr-90 I -1 29 

I Surface 1 2 /81  1 . 49  :1: 0 . 02 E-3 1 . 50 :1: 0 . 01 E-2 --b --b --c - -c 
I 50 1 2 / 81 9 :1: 2 E-2 9 :1: 2 E-1 --b --b --c --c 

I Surf ace 3 / 82 5 . 5  :1: 0 . 1  E-4 5 .  3 5 :!: 0 • 02 E -3 --b --b --c --c 
I 50 3 / 82 6 :1: 1 E-3 5 :1: 1 E-2 1 . 3 :1: 0 . 3  E-3 --b --C --c 

a .  The surf ace act i v i ty c o ncentr at i ons  g i ven here f or m i l l ed s amp l es h ave been c orrected for  the act i v i ty 
co l l ec t i on eff i c i enc i es of  the s u rface samp l er s .  

b . The concentrat i on o f  t h i s  rad i onuc l i de was  l es s  than  d etect i on l i m i t .  

c .  The s amp l e  was not ana l yzed for th i s  rad i onuc l i d e .  

U-235 2 ( ng/cm ) 
--c - -c 
--c 
--c 



TABLE 28 .  MEASURED SURFACE ACT I V I TY CONCE NTRAT I ON S  ON  THE RC-P-2A I BEAM ( VE RT I CAL ) ON THE 3 6 9-F T E l . E VAT J O N  
W I TH I N  THE  TMI -2 REACTOR BU I LD I NG ( DECAY-CORRECTED TO  MARCH  26 ,  1 982 ) 

Mean  Su rface Act i v i ty Concentrat i ons 
a 

( 11 C i  / cm2 

Samp l i ng Samp l i ng U-235  Samp l i ng Depth  Date 

_lr�_gj c m 2 ) Locat i on {Ill i 1 � { M/ y ) C s-134 Cs-1 3 7  Sb-1 2 5  Co-60 Sr-90 I -1 2 9  

2 2  50 1 2 / 81 3 ± 1 E-3 4 ± 1 E-2 --b --b --c - -c - -C 
22  50 3 / 82 2 . 2 ± 0 . 6 E-3  2 . 0  ± 0 . 6 E-2  --b --b --c - -c - - c 

a. The s u rf ace act i v i ty concentrat i ons g i ven here f or m i l l ed samp l e s h ave been c0rrec ted f or the  a c t i v i t y 
col l ect i o n  eff i c i enc i e s of the s urface samp l er s .  

b .  The concentrat i on of t h i s rad i onuc l i de was  l e ss  t h an detect i on l i m i t .  

c .  The s amp l e  was not ana l yzed for th i s  rad i onuc l i de .  



TABLE 2 9 .  MEASURED SURFACE ACT I V I TY CONCENTRAT IONS A T  T H E  E L EVATOR SHAFT ROOF O N  TH E 3 7 2-FT E L EVAT ION  
W I TH I N  THE TMI -2 REACTOR BU I LDI NG ( DECAY-CORRECTED  TO MARC H 2 6 ,  1 98 2 )  

S amp l i ng Samp l i ng 
Date 

Mea n  Su rf ace Act i v i ty Concentrat i ons a 

( ll C i I cm2 ) 
U-23 5  

') Samp l i ng Dept h  
Locat i on {m i  1} { M/ y ) C s-134 C s-13 7  S b-1 2 5  Co-60 Sr-90 I -1 29 ( ng t cm'- ) 

H8 Surf ace 1 2 / 8 1  4 . 2 :!: 0 . 1  E-4 4 . 08 :!: 0 . 04  E-3 --b --b --c - - c --c 
H8 1 2 5  1 2 / 81 --d --d --d - -d --d --d - - d 

H8 Surf ace 3 / 82 --e 
H8 1 2 5  3 / 82 --e 

a .  The surface act i v i ty concentr at i ons g i ven here for m i l l ed s amp l e s h a ve been corrected for  the  ac t i v i ty 
col l ect i o n  eff i c i enc i e s of the s urf ace samp l er s .  

b .  The concentrat i on of t h i s  rad i onuc l i de w a s  l e s s  t h a n  detect i on l i m i t .  

c .  These d at a  were rejected becau s e  of conf i rmed  s amp l e co l l ec t i o n  prob l em s .  

d .  The s amp l e  was  not a n a l yzed for th i s  rad i onuc l i de .  

e .  A samp l e  w a s  not co l l ected d ur i ng Ma rch 1 98 2 .  



TA3 L E  30 . D E C EMB ER 1 9 8 1  MEAN C s - 1 3 7  S U RFACE CONC EN TRAT I ONS L I ST E D  BY T Y P E  
OF S U RFAC E A N D  EL EVAT I Q Na 

E l ev a t i o n  3 0 5  ft El evati o n  347 ft , 6 i n .  El evati on  367 ft, 4 i n .  

Sampl i ng 1 3 7c s  Sampl i ng 1 37c 5  Sampl i ng 1 37c 5  
L ocati on  ( � C i /cm2 ) Locati on ( llC i /cm2 ) Locat i o n  ( � C i /cm2 ) 
Hori zontal 

Concrete 

70 4 . 2  ± 0 . 6  E+O l 1 5  1 . 1  ± 0 .  2 E +O 26 4 . 0  ± 0 . 6  E - 1  
55  2 . 4 ± 0 . 3  E+O 54 2 . 8 ± 0 . 7  E +O H I  2 . 5  ± 0 . 4  E +O 
H2 2 . 1  ± 0 . 3  E +O H9 - -b 
H3 1 . 8 * 0 . 3  E+O 149 6 . 0  ± 0 .8 E +O 
50 2 . 0  * 0 . 4  E +O V10  3 . 3  ± 0 . 5  E+O  
34  5 :t 1 E +O H lO 3 .  :t 1 . 0 E +O 
H7 8 ± 5 E +O 33 8.  ± 1 E - 1  

9 1  5 .  * 1 E - 1  

M�an  3 . 6  ± 0 . 9  E +O 1·1ea n  2 . 5  ± 0 . 7  E+O 1•1ean  1 ± 1 E+O 

Verti cal 
Concrete ----

6 7  - -b 1 6  1 . 3 ± 0 . 2  E - 1  
46 - - b  V 2  1 . 4 * 0 . 2  E - 2  
V9 1 . 7 ± 0 . 3  E-2  V4 2 . 8 ± 0 . 4  E - 2  
l l  7 * 6 E - 2  3 6  1 . 8 * 0 . 3  E-2  

34 1 . 0  * 0 . 1  E - 2  
31  5 . 1  * 0 . 8 E-3  

r�tean  4 :1: 3 E - 2  i•lean  3 ± 2 E-2  

Hori zontal  
Metal 

40 3 . 2  * 0 . 6  E+O I 9 * 2 E - 1  

Verti cal  
!�etal 

83 4 * 1 E - 2  8 1  1 . 6  ± 0 . 4 E-2  22  4 ± 1 E -2 
V6 1 . 4 ± 0 . 4  E - 1  50 2 . 7  ± 0 . 7  E - 2  
V 7  5 ± 1 E - 2  B 2  1 . 1  ± 0 . 3  E - 1  
VB 8 ± 2 E - 2  
B4 7 * 2 E - 1  

t4ea n  2 ± 1 E - 1  i4ean  5 ± 3 E - 2  f�ean  4 ± 1 E - 2  

a .  Ac ti v i ti es g i ven  here i1ave been decay-corrected to Marc h  26 , 1 982 . 

b .  S ampl e wa s rejected because o f  sampl e col l ec t i o n  probl em s . 
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TAo LE 31 . DECEMB ER 1 981 MEAN C s- 134 SURFACE CONCENTRAT I ONS L I STED B Y  TYPE 
OF SURFACE AND ELEVAT IONa 

E l eva t i o n  305 ft El evati on  347 ft , 6 i n .  El evati on 367 ft , 4 i n .  

Sampl i ng C s - 1 342 Sampl i ng C s - 1 3� Sampl i ng C s- 1 342 Loca ti on ( �t C i /cm ) Locati on ( �tC i /cm ) Locati on ( �t C i /cm ) 
Hori zontal 

Conc rete 

70 4 . 2  t 0 . 6  E - 1  1 1 5  1 . 2 t 0 . 2  E - 1  26 4 . 0  t 0 . 6  E - 2  
55  2 . 5  t 0 . 3  E - 1  54 2 . 8 :t 0 . 7  E - 1  H I  2 . 5  t 0 . 4  E - 1  
H 2  2 . 1  t 0 . 3  E - 1  H 9  - -b 
H3 1 . 9 t 0 . 3  E - 1  149 6 . 0  t 0 . 8 E - 1  
50 2 . 0  t 0 . 4  E - 1  VlO 3 . 3  t 0 . 5  E - 1  
34 5 t 1 E - 1  H lO 3 :t 1 E - 1  
H 7  8 :t 5 E - 1  3 3  8 t 1 E - 2  

9 1  5 t 1 E -2 

14ean 3 . 7  :t 0 . 9  E - 1  Mean 2 . 5  :t 0 . 7  E - 1  Mean 1 t 1 E - 1  

Verti cal  
Concrete 

67 - -b 1 6  1 . 2 t 0 . 2  E - 2  
46 - - b  V2  1 . 4  t 0 . 2  E - 3  
'19 1 . 7  t 0 . 3  E-3  V4 2 . 9  :t 0 . 5  E-3  
1 1  7 t 6 E - 3  36  2 . 0  t 0 . 3  E-3  

34 9 :t 1 E-4  
31  4 . 5  t 0 . 9 E-4  

Mean 4 t 3 E-3  Mean 3 t 2 E - l  

Hori zontal  
Metal 

40 3 . 2  t 0 . 6  E - 1  I 9 t 2 E - 2  

ve�ti cal  
Metal 

B3  4 t 1 E - 3  B 1  1 . 6  t 0 . 4  E - 3  2 2  3 t 1 E - 3  
V6 1 . 4 t 0 . 4  E - 2  50 2 . 4 t 0 . 7 E - 3  
V7  5 t 1 E-3  B 2  1 . 2 :t 0 . 3  E - 2  
VB 8 t 2 E - 3  
3 4  7 t 2 E - 2  
r�ean 2 t 1 E - 2  1>1ean 5 t 3 E - 3  Mea n  3 :t 1 E - 3  

a .  Acti v i ti es gi ven here have been decay-corrected to March 26 , 1982 . 

b .  Sampl e was rej ected because o f  sampl e col l ecti on prob l em s . 

7 1  



TAB L E  32 . DECEMBER 1 9 8 1  MEAN Sr-90 SU RFAC E CONC ENT�AT I ONS L I STED B Y  T Y P E  OF 
SU RFACE AND ELEVAT IQNa 

El evati on 305 ft El evati on 34 7 ft , 6 i n .  El evati on 367 ft , 4 i n .  

Sampl i n� Sr- 902 Sampl i ng Sr- 902 Sa111p 1 i ng Sr-90 2 L oc a t i on ( 11 C i /cm } Locati on ( 11 C i /cm } Locati on ( 11 C i /cm } 
Hori  zonta 1 

Concre te 

70 1 . 2  ± 0 . 2  E - 1  1 1 5  1 . 0 ± 0 . 1  E - 1  H I  1 . 1  :1: 0 . 2  E - 1  
5 5  1 . 9 ± 0 . 3  E - 1  5 4  1 . 1  ± 0 . 2  E - 1  
H2 9 ± 1 E - 2  149 1 . 0 :i: 0 . 1  E +O 
34 1 . 3  ± 0 . 2  E - 1  33 2 . 1  ± 0 . 3  E - 2  
H7 3 ± 2 E - 1  

r�ean 1 . 7 ± 0 . 4  E - 1  Mean 3 ± 2 E - 1  r�ean 1 . 1  ± 0 . 2  E - 1  

Verti cal  
Concrete 

67 - - b  1 6  3 . 3  ± 0 . 5  E - 3  
4 6  - - b  V 4  1 . 3  ± 0 . 2  E - 3  
V9 9 :1: 1 E-4  36  1 . 1  ± 0 . 2  E - 3  

Mea n 9 :1: 1 E -4 Mean 1 . 9  :t 0 . 7  E - 3  

Verti cal  
r�eta 1 

B 3  1 . 5  :t 0 . 4  E - 3  B 2  2 . 0  :t 0 . 5  E - 3  
V 7  2 . 2  :t 0 . 6  E - 3  

f4ea n  1 . 9 :t 0 . 4 E - 3  Mea n  2 . 0  :t 0 . 5  E - 3  

a .  Ac ti v i ti es  gi ven here i1ave been decay-corrected to Ma rch  26 , 1 982 . 

b .  Samp l e wa s rej ected because of sampl e col l ecti on probl ems . 
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TABLE 33 . DECEt�B ER 1 981 MEAN I - 129 SURFACE CONCENTRAT I ONS L I STED B Y  TYPE OF 
SURFACE AND ELEVAT I ON 

El evati o n  305 ft 

S ampl i ng 
Loc a t i o n  
Hori zonta l  

Conc re te 

H 3  

Mea n 

Verti c a  1 
C onc rete 

1 1  

H o r i  zon ta 1 
!�e ta 1 

Verti cal  
Metal 

V6 

I -1 2 92 
( � C i /cm ) 

4 . 8  ± 0 . 8E - 7  

4 . 8  ± 0 . 8E-7 

<4E-8 

7 t 2E-7  

El evati o n  347 ft , 6 i n .  

Sampl i ny I - 1 2 92 
Locati on  ( 11C i /cm ) 

H - 1 0  4 . 8  ± 0 . 7E-7  
� 1  4 . 2  ± 0 . 7E - 7  
14ea n  4 . 5  t 0 . 3E - 7  

V2  1 . 1  t 0 . 3E - 7  

40 9 t 2E-7  

B1  9 t 2E-7  
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TABLE 34 . DECEMB ER 1 981 r�tEAN Sb- 1 2 5  SURFACE CONCENTRAT IONS L I STED B Y  TYPE 
OF SURFACE AND ELEVATIQNa 

E 1 evati on 305 ft 

Samp l i ng 
Loca ti on 

Hori zonta l 
Concrete 

55 
H2 
H3 
50 
34 
H 7  

Mea n  

Verti cal  
Concrete 

1 1  

Sb- 1 2 52 ( 11C i /cm ) 

2 . 1  ± 0 . 3  E-1  
3 . 5  ± 0 . 5  E-2 
1 . 1  ± 0 . 2  E-2  

4 ± 1 E - 3  
8 * 3 E -3 

2 . 8 .t 0 . 8 E-2  

5 ± 3 E-2 

1 . 1  ± 0 . 4  E-3  

El evati on  347 ft , 6 i n . 

Sampl i ng 
Location  

H10  
91  

Mean 

Sb- 125 2 
( 11C i /cm ) 

9 .t 2 E - 3  
2 . 1  :1: 0 .8 E - 3  

6 :1: 3 E - 3  

a .  Ac ti v i ti e s  g i ven here have been decay-corrected t o  Harch 26 , 1 982 . 
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TABLE 3 5 . DECEMBER 1981  MEAN SURFACE CONCE NTRAT IONS OF SEVERAL NUCL IDES  L I STE D BY TYPE OF SURFACE AND 
E LEVA T IONa 

E l evat i on 305 ft 

Hori zontal  Concrete 
Vert i c a l  Concrete 
Hori zonta l  Met v l  
Vert i c a l  Meta l 

E l evat i on 347 ft  

Hori zontal  Concrete 
Vert i c a l  Concrete 
Hori zonta l  Metal  
Vert i c a l  Meta l  

E l evat i on 3 6 7  ft 

Hori zonta l  Concrete 
Vert ica l  Concrete 
Hori zontal  Metal  
Vert ica l  Meta l  

1 . 7  ± 0 .4 E-1 
9 :1: 1 E-4 

1 . 9 :t: 0 . 4 E-3 

3 ± 2 E-1 
1 . 9 ± 0 .  7 E-3 

2 . 0  :t: 0 . 5 E-3 

1 . 1  :t: 0 . 2  E-1 

Mean  Su rf ac e  Concentrat i o n  

( p C i /cm2 ) 
Sb-1 25 I -1 29 Cs-1 34 

5 :t: 3 E-2 
1 . 1  :t: 0 .4 E-3 

6 :1: 3 E-3 

4 . 8  :1: 0 .8 E-7 
<4 E -8 

7 :1: 2 E -7 

4 . 5 :t: 0 .3 E-7 
1 . 1 :1: 0 . 3  E-7 

9 :1: 2 E-7 
9 :1: 2 .  E-7 

3 . 7 :t: 0 . 9  E-1 
4 :t: 3 E-3 

2 :1: 1 E-2 

2 . 5 :1: 0 . 7  E-1 
3 :1: 2 E-3 

3 . 2 :1: 0 . 6 E-1 
5 :t: 3 E-·3 

1 :1: 1 E-1 

9 :1: 2 E-2 
3 :t: 1 E-3 

a .  Act i v i t i es g i ven here h ave been decay-corrected to March 26 ,  1 982 . 

Cs-1 37 

3 . 6  ± 0 .9 E-0 
4 ± 3 E-2 

2 ± 1 E-1 

2 . 5  ± 0 . 7 E+O 
3 :t: 2 E-? 

3 . 2  ± 0 .6 E+O 
5 ± 3 E-2 

1 :1: 1 E+O 

9 :1: 2 E-1 
4 :t: 1 E-2 



TABLE 36 . MEAN VALUES F Or· EACH T Y P E  OF SUR FAC E  OF THE RAT I O S  OF T H E  DE C EM BE R  1 981 SUR FACE CONc t NTRAT I ON S  
OF SEVERAL RAD!ONUC L I DE S  T O  T H E  CONCENTRAT ION O F  CS- 1 3 7  ME AS URE D I N  E ACH SURFACE SAMPL Ea -----

Rat i os of Concentr at i ons  

Cs-134 Sb-12 5  Co-60 Sr-90 I -129 

E l evat i on 305 f t  

Concrete F l oor 

Vacuum 1 . 01 :!: 0 . 01 E-1  3 :!: 4 E-2 5 :!: 8 E-4 4 :1: 2 E - 2 <2 . 2  E-7b 
Mi l l ed 1 . 00 :!: 0 . 02 E-1 2 :1: 3 E-2 8 :!: 12 E -4 4 :1: 2 E-2 2 . 7  :t: 0 .6 E -7b  

D-R i ng Wal l 

M i l l ed 1 . 05 ::t: 0 .08 E-1 8 ::t: 3 E-3b 1 . 8  ::t: 0 . 6  E-3b 5 ::1: 1 E-zb <3  . 0  E -fib 

� Vert i c a l  Meta l  
0\ 

Mi l l ed 1 .  00 ::t: 0 .01 E-1 --c --c 4 . 1  ::t: 0 . 5  E-2 5 ::t: 2 E-fib 

E l evat i on 34 7 f t ,  6 i n .  

Concrete F 1 oor 

Vacuum 1 . 02 ::t: 0 . 04  E-1 4 :t: 2 E-4 1 . 1 ::t: 0 .8 E-1 3 :!: ? E-7 
M i l led  1 . 01 :t: 0 . 02 E-1 3 . 6 :t: 0 . 5  E-3 5 ± 3 E-5  7 '*' 6 E-2 5 ::t: 5 E -7 

D-R i ng Wa l l  

M i l l ed 9 . 6  :t: 0 .9 E-2 4 ::t: 3 E-2 8 :t: 2 E -6 b 

Vert i c a l  Meta l 

M i  1 1  ed 1 . 0  :t: 0 . 1  E-1 1 . 8 ::1: o . 7  E-2b 6 :t: 2 E-5 b 

A l l Hor i zonta l  Surfaces 

Vacuum 1 . 02 '*' 0 . 03 E-1 3 :t: 4 E-2 5 :t: 7 E-4 7 ::t: 6 E-2 3 ::t: ?. E-7 
Mi l l ed 1 . 01 :t: 0 . 02 E-1  1 ::t: 3 E-2 5 :t: 10 E -4 5 :t: 4 E-2 4 :!: 3 E -7 



TABLE 3 6 .  ( Cont i nued ) 

Cs-134 

A l l Vert i c a l  Surfaces 

Mi l l ed 9 . 9  :1: 0 . 9  E-2 

Rat i os of Concentrat i ons 

Sb-1 25 Co-60 

8 :1: 3 E-3b 1 . 8  :1: 0 . 6  E-3b 

Sr-90 

4 :t: 1 E-2 

a .  Act i v i t i es were d ecay-corrected to March  26, 1 982, pr i or to  computat i on o f  rat i os .  

b .  Rat i o  for a s i ng l e samp l e .  

c .  Concentrat i on  o f  radi onuc l i de was l e ss th an detect i on l imi t .  

I-1 29 

2 :t: 3 E-5 



TABLE 37 . !�ARCH 1 982 r�EAN C s- 1 37 SURFACE CONCENTRAT IONS L I STED BY TYPE OF 
SURFACE AND ELEVAT IQNa 

El evati o n  305 ft El evati on 347 ft , 6 i n . El evati on 367 ft , 4 i n .  

Sampl i ng 1 37c s  2 Sampl i ng 137c s  2 Sampl i ng 1 37c s  2 Loca ti on ( 11C i /cm ) Locati on ( 11C i /cm ) Locati on ( llC i /cm ) 
Ho t·i  zonta 1 

Conc rete 

70 2 . 8  t 0 . 4  E - 1  1 1 5  3 . 8  t 0 . 5  E - 2  2 6  4 . 6  t 0 . 6  E - 1  
55 2 . 6  :t 0 . 4  E - 1  54 1 . 7 :t 0 . 2  E - 1  H I  9 :t 1 E - 1  
H2 3 . 0  t 0 . 4  E+O H9 7 :t: 1 E - 2  
H 3  3 . 5  ± 0 . 5  E - 1  149 9 :t 3 E - 1  
50 7 :t: 6 E - 1  V l O  8 t 1 E - 1  
34 6 :t: 1 E - 2  H 1 0  2 . 5  :t 0 . 9  E - 1  
H 7  1 . 3  t 0 . 3  E - 1  33 7 t 1 E - 2  

91  4 t 1 E-2 

Mea n  7 t 4 E - 1  Mea n  3 t 1 E - 1  Mean 7 t 2 E - 1  

Verti cal  
Conc rete 

67 1 . 7  :t 0 . 3  E-2  16  8 :t 1 E - 2  
46 3 . 0  :t 0 . 5  E - 2  V2 4 . 0  :t 0 . 6  E - 2  
V 9  3 . 2  :t: 0 . 5  E-2  V4  2 . 9  t 0 . 5 E - 2  
1 1  5 . 0  t 0 . 8 E - 3  3 6  2 . 3  t 0 . 4 E - 2  

34 1 . 7  :+: 0 . 3  E-2  
31 1 . 2 :t 0 . 2  E - 2  

Mean 2 . 1  t 0 . 6  E-2  Mean 3 t 1 E - 2  

Hori zonta l 
r�eta 1 

40 3 . 2  t 0 . 6 E - 1  I 6 t 1 E-2  

Verti ca 1 
Metal  

B3  3 . 5  ± 0 . 9  E-1  B1  - -b 22 2 . 0  :t: 0 . 6  E -2 
V6 1 . 4 t 0 . 4 E - 1  50 1 . 2  t 0 . 3  E - 2  
V7  7 :t 2 E - 1  B 2  1 . 2 t 0 . 3  E - 1  
va 3 . 2  :t: 0 . 9  E - 2  
B4 8 :t: 2 E-2  

Mean 3 :t 1 E - 1  r�ea n  7 t 5 E - 2  14ea n  2 . 0  :t 0 . 6  E-2  

a .  Acti v i ti es g i ven here have been decay-corrected to March 26 , 1 982 . 

b .  Samp l e wa s rej ected because o f  sampl e col l ecti on probl ems . 
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TABLE 38 . MARCH 1 982 MEAN C s- 134 SURFACE CONCENTRAT I ONS L I STED B Y  TYPE OF 
SURFACE AND ELEVATI QNa 

E l evati on  305 ft E l evati on 347 ft , 5 i n . El evati o n  367 ft , 4 i n .  

Sampl i ng C s- 1 342 Sampl i ng C s- 1 342 Sampl i ng C s- 1 342 Loca t i o ra ( 11C i /cm } Loca ti on ( 11 C i /cm } Locati on ( 11C i /cm ) 

Her;�e�QU1 
10 2 . 8  t 0 . 4 E - 2  1 1 5  4 . 0  t 0 . 6  E - 3  26 4 . 6  t 0 . 6  E-2  
55 2 . 7  t 0 . 4  E - 2  54 1 . 7  t 0 . 2  E - 2  H I  9 t 1 E - 2  
H 2  3 . 1  t 0 . 4  E - 1  H 9  7 t 1 E -3 
H3 3 . 6  t 0 . 5  E-2 149 9 t 3 E - 2  
50 7 t 6 E-2  VlO  8 t 1 E-2  
34 6 t 1 E - 3  H l O  3 t 1 E - 2  
H 7  1 . 3 t 0 . 3  E-2  33  7 t 1 E-3  

91 4 i: 1 E - 3  

Mean 7 t 4 E-2 Mean 3 t 1 E- 2 Mean 7 t 2 E - 2  

Verti ca l  
Conc rete 

67 1 . 6 t 0 . 2  E-3 16 8 :� 1 E - 3  
46 3 . 0  t 0 . 5 E - 3  V2 4 . 0  :t 0 . 6 E-3 
V9 3 . 3  t 0 . 5  E - 3  V4 2 . 8  t 0 . 4  E - 3  
1 1  4 . 2  t 0 . 7  E - 4  36 2 . 4  :t 0 . 4  E - 3  

34 1 . 8 :t 0 . 3  E - 3  
3 1  1 . 2 :t 0 . 2  E - 3  

Mean 2 . 1  :t 0 . 7  E -3 Mean 3 :t 1 E -3 

Hori zontal  
Metal 

40 3 . 2  t 0 . 6 E - 2  I 7 :t 1 E - 3  

Verti cal 
Metal 

B 3  3 t 1 E - 2  13 1  --b  22  2 . 2  :t 0 . 6  E - 3  
V6  1 . 4 ± 0 . 4  E-2  50 1 . 1  :t 0 . 3  E - 3  
V7  7 :t 2 E-2 B 2  1 . 2 :t 0 . 3  E - 2  
V8 3 . 2  t 0 . 9  E - 3  
B 4  8 :t 2 E - 3  

14ean 3 t 1 E-2 Mean 7 t 5 E - 3  Mean 2 . 2  :t 0 . 6  E - 3  

a .  Acti v i ties  g i ven here have been decay-corrected t o  1>1arch 26 , 1 982 . 

b .  Sampl e wa s rej ec ted becau se o f  sampl e col l e c ti o n  probl em s . 
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TAB LE 39 . MARCH 1 982 MEAN Sr- 90 SURFACE CONCENTRAT IONS L I STED 3Y  TYPE OF 
SURFACE AND ELEVAT I ONa 

E l evati on  305 ft 

Sampl i ng 
Loca t i o n  
Hori  z o n ta 1 

Conc rete 

70 
55 
H 2  
34 
H7  

t4ean 

Verti ca  1 
Concrete 

67 
46 
V9 

f4ean  

Verti cal  
f4etal 

B3 
V7 

rvtea n  

1 . 0 :t: 0 . 1  E-2  
1 . 1  :t: 0 . 2  E - 2  
9 :t: 1 E - 2  
1 . 8 :t 0 . 3  E - 3  
4 . 7  t 0 . 3  E - 3  

2 t 2 E - 2  

4 . 1 :t: 0 . 6  E -4 
2 . 5  ± 0 . 4  E - 3  

7 t 1 E - 4  

1 . 2 :t 0 . 7  E - 3 

1 . 5  ± 0 . 4 E - 2  
1 . 8 :t 0 . 5  E - 2  

1 . 7  ± 0 . 2  E - 2  

E l evati on 347 ft , 6 i n .  El evati o n  367 ft , 4 i n .  

Sampl i ng 
Loca ti on 

1 1 5  
54 

1 49 
33 

�lea n  

1 6  
V2 
36 

Mea n  

13 2  

rvtea n  

2 . 4  ± 0 . 3  E - 3  
1 . 3  ± 0 . 1  E - 2  
1 . 2 t 0 . 4  E - 2  
4 . 9  t 0 . 7 E - 3  

8 :t: 3 E - 3  

2 . 4  ± 0 . 4  E - 3  
9 ± 1 E-4  

1 . 4 :t 0 . 2  E-3  

1 . 6 :t 0 . 4 E - 3  

2 . 2  :t: 0 . 6 E -3 

2 . 2  :t: 0 . 6 E-3  

Sampl i n g  
Locati o n  

H I  

r�ea n  

S r- 902 ( 11C i /cm ) 

3 . 6  t 0 . 5  E - 2  

3 . 6  ± 0 . 5  E - 2  

a .  Acti v i ti es  g i ven here have been decay-corrected to Ma rch 26 , 1 982 . 
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TAB LE 40 . 1>1ARCH 1982 MEAN I - 1 29 SURFACE COI�C ENTRATI ON S  L I STED BY  TYPE OF 
SURFACE AND ELEVAT I ON 

E l eva ti on  305 ft El evati on  347 ft , 6 i n .  

Sampl i ng I - 1292 Sampl i ng I - 129  2 
Locat i on ( 11C i /crn ) Loca t i on  ( 11C i /cm ) 
Hori  zonta 1 

Conc rete 

H3 2 . 8  ± 0 . 8  E - 7  H -9 3 . 9  ± 0 . 9  E - 7  
H lO 3 . 5  ± 0 . 7  E - 7  
91  3 . 1  ± 0 . 5  E - 7  

Mean 2 . 8 ± 0 . 8  E - 7  14ea n  3 . 5  :t 0 . 2  E - 7  

Verti c a l  
Concre te 

V2 <4 E - 8  

Hori zonta l  
r�eta 1 

40 3 . 7  ± 0 . 9  E - 7  

Verti c a l  
Metal 

V6 3 . 4  ± 0 . 9  E-6 132 5 :t 1 E-6 

Mea n 3 . 4  ± 0 . 9  E- 6 Mea n  5 :t 1 E - 6 

8 1  



TAB LE 41 . !�ARCH 1 982 �1EAN Sb-125  SURFACE CONC ENTRAT I ONS L I STED BY  TYPE OF 
SURFACE AND ELEVAT IONa 

El evati o n  305 ft 

Sampl i ng 
Locati o n  
Hori zontal 

Concrete 

Sb- 1252 ( 11C i /cm ) 

70 4 . 0  ± 0 . 5  E-5  
55  1 . 4  ± 0 . 2  E-2  
H2  9 ± 2 E-3  
50 1 . 5  ± 0 . 4  E-5  

Mean 6 t 3 E-3 

Hori zonta l  
Metal 

E l evati o n  347 ft , 6 i n .  El evati on  367 ft , 4 i n . 

Sampl i ng Sb- 1252 
Locat i on ( 11 C i /cm ) 

40 6 t 3 E-4 

Sampl i ng 
Locati o n  

I 

Sb- 1 2 52 
( 11C i /cm ) 

1 . 3  ± 0 . 3  E - 3  

a .  Acti v i t i e s  gi ven here have been decay-corrected t o  f>1arch 26 , 1 982 . 
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TABLE 4 2 . MARCH 1 982 MEAN SURFACE CONCENTRATIONS OF SE VERAL NUC L I DE S  L I ST E D  BY TYPE OF SURFACE AND 
E LEVA T IONa 

E l evat i on 305 ft 

Hori zontal  Concrete 
Vert i ca l  Concrete 
Hori zonta l  Meta l  
Vert i ca l  Me t a l  

E l evat i on 347 ft 

Hor i zonta l  Concrete 
Vert i ca l  Concrete 
Hori zonta l  Metal 
Vert i ca l  Meta l  

E l evat i on 367 ft 

Hori zontal  Concrete 
Vert i ca l  Concrete 
Hori zonta l  Metal  
Vert i c a l  Met a l  

Sr-90 

2 ± 2 E-2  
1 . 2 ± 0 . 7  E-3 

1 . 7 ± 0 . 2  E-2 

8 ± 3 E-3 
1 . 6 ± 0 . 4  E-3 

2 . 2  ± 0 . 6  E-3 

3 . 6  ± 0 . 5 E-2 

Mean Su rface Concentrat i on 

( �c  i / cm2 ) 
S�-1 25 I -1 29  Cs-1 34 

6 ± 3 E-3 

6 ± 3 E-4 

1 . 3 ± 0 .3 E-3 

2 . 8 ± 0 .8 E-7 

4 . 2 ± 0 . 8  E-6 

3 . 5  ± 0 . 2  E-7  
<4 E -8 
3 . 7  :t: 0 . 9 E-7 

7 ± 4 E-2 
2 . 1  ± 0 . 7  E-3 

3 ± 1 E-2 

3 ± 1 E-2 
3 :t: 1 E-3 

3 . 2  ± 0 . 6  E-2 
7 ± 5 E-3 

7 ± 2 E-2 

7 :t: 1 E-3 
2 . 2 :t: 0 . 6 E-3 

a .  Act i v i t i es  g i ven here have been decaY-c orrected t o  March 2 6 ,  1 982.  

C s- 1 3 �  

7 ± 4 E-1  
2 . 1  ± 0 . 6  E-2 

3 :t: 1 E - 1  

3 :t: 1 E - 1  
3 :t: 1 E-2  

3 . :?  ± 0 . 6 E - 1  
7 :t: 5 E - 2  

7 ± 2 E- 1  

6 ± 1 E-2 
2 . 0  ± 0 . 6 E -2 
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TABLE 4 3 . MEAN VALUES FOR EACH TYPE OF SURFACE OF THE  RAT I O S  OF THE  �1ARC H 1 982 SURFACE CONCF NTRA T I ONS OF 
SEVERAL RADI ONUC L I DES TO THE CONCE NTRATION OF  C S- 1 3 7  ME ASURE D I N  E AC H  SURFACE SAMP L E a 

E l evat i o n  305 f t  

Concret e F l oor 

V acuum 
M i  I l ed 

D-R i n g W a l l 

M i  1 1  ed 

Vert i c a l  Met a l  

M i  1 1  ed 

E l ev at i o n  34 7 f t 2  6 i n . 

C o ncrete F 1 oor 

V acuum 
M i l l ed 

D-R i ng W a  1 1  
M i  1 1  ed 

Vert i c a l  Met a l  

r� i 1 1  ed 

A 1 1  Hor i zont a l  Surf aces 

V a c u um 
M i l l ed 

C s- 1 3� 

1 . 02 .:t: 0 . 08 E-1 
1 . 02 '"' 0 . 04 E-1 

9 . 5  .:t: 0 . 8  E-2 

9 . 7  .:t: 0 . 6  E-2 

1 . 02 :t: 0 . 04  E -1 
1 . 02 :t 0 . 02 E-1  

1 .  02  .:t: 0.  03  E-1 

9 . 6  .:t: 0 . 6  E-2 

1 .  02 :t: 0 • 06 E -1 
1 .  02 * 0 • 04 E -1 

Sb- 1 2 5  

4 :t: 3 E -2 
3 :t: 4 E -2 

4 :t 3 E-2 
2 :t: 3 E-2 

R a t i os of Concentra t i ons 

C o-60 

--b 
2 .:t: 3 E -4 

9 .:t: 1 1  E-5 

2 :t: 2 E -4 

S r-90 

4 .:t: 2 F - 2 
3 .:t: 1 E -2 

4 .:t: 3 E -2 

3 .:t: 1 E -2 

7 :t: 3 E-2 
5 .:t: 3 E-2 

5 :t: 2E-2 

1 . 8 :i: 0 . 7[ - ?.b 

5 :t 3 E -2 
4 :t 3 E-2 

I -1 2 9  

< S . 3 [ - 7 C  
8 ± �E -7b 

4 .:t: 3 F - 5  

3 ± H _r,b 
4 ± 3 E -6 

< 1 . 0  r -n b 

3 . 40  :t O . Ol E --6 
3 .:t: 3 E -6 
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TABLE 4 3 .  ( Cont i nued ) 

Rat i o s of Concentrat i o n  

Cs-1 34 Sb- 1 2 5  Co-60 S r-90 l -1 29 

Al l Vert i c a l  Su rf aces :  

M i l l ed 9 . 9  ± 0 .6 E-2 1 . 4  ::1: 0 .4 E-4b 4 :1: 2 E-2 4 :1: � F - �  

a.  Act i v i t i es were d ec ay-c orrected to  Marc h  2 6 , 1 982 pr i or t o  computat i on of rat i os .  

b .  Concentra t i o n  o f  rad i onuc l i d e  was l es s  than  detec t i o n  l im i t .  

c .  R at i o  f or a s i ng l e  s amp l e .  



TABLE 44 . DECEMBE R  1 5  and 1 7 ,  1 98 1 ,  BETA AND G '\MMA E X POSURE RATES t'E ASURE D ·, T SURFACE SAMP L I NG LOCAT IONS 
I NS I DE  THE TMI -2 REACTOR BUI LDI NG 

E l evat i on 305 ft  E l evat i on 34 7 ft , 6 i n . E l evat i on 36 7  ft , 4 i n . 

Beta Gamma Beta Garma Bet a Gamma 
Locat i on {mrad / h) (mR / h) Locat i on (mrad / h} (mR/ h} Loc at i on ( mrad / h )  {mR / h� 
Hori zonta l  
Concrete 

70 2000 360 1 1 5  1000 90 26  7 711 2 80 
55 1 900 1 500 54 5 200 3 10 H I  28L o.� 290 
H2 --a --a H9 3 500 390 
H3 3 700 1000 149  4380 7 50 
50 3 300 400 V 10 6 1 30 500 

O:J 34 7000 500 H10  3 1 50 300 
0"1 H7 560 250 3 3  700 200 

91 1 400 300 

Mean 3 100 670 Mean 3 200 360 Mean 1 800 290 

Vert i c a l  
Concrete 

67 3 7  280 1 6  1 23 4 5 
46 - - a --a V 2  3 5  1 10 
V9 --a --a V4 70 7 5  
1 1  <7 10 900 36  3 5  7 5  

3 4  3 5  6 5  
3 1  70 3 5  

Mean < 3 70 590 Mean 61 68 



TABLE 44 . ( Cont i nued ) 

E l evat i on 305 f t  E l evat i on 34 7 ft , 6 i n . E l evat i on 367 ft , 4 i n . 

Beta Gamma Bet a Gamma Bet a Gamn�a 
Locat i on (mrad / h )  (mR/h)  Locat i on (mrad / h) �R / h ) Loc at i on ( mrad / h) ( mR / h )  

Hori zont al  
Met a l  

40 7 530 500 4 30 0  2 70 

Ve rt i ca 1 
Met al  

00 
B3 81 105 1 50 22 "'"-J --a --a 1 58 3 2 5  
V6  --a --a 50 2 10 1 65  
V 7  --a --a 82 525  1 20 
VB --a --a 
134 <790 1000 

Mean < 790 1000 Mean 280 145  Mean 1 5 8  32 5 

a .  A measurement was not made at t h i s l ocat i on .  



TABLE 45 . MARCH 2 5  AND 2 6 ,  1 98 2 ,  BETA AN D G AMMA EX POSURE RATES  ME ASURE D AT  SURFACE SAMPL I NG LOCAT IONS 
I NSI DE THE TMI-2 REACTOR BU I LDI NG 

E l ev at i o n  305 ft E l ev at i on 34 7 ft , 6 i n  o E l ev at i on 36 7 ft , 4 i n  o 
Bet a Gamma Beta Gamma Beta Gamma 

Locat i on (mrad / h )  (mR / h )  Locat i on (mrad / h) (mR / h )  · Loc at i on (mrad ! h )  (mR / h ) 
Hori zontal 
Concrete 

70 <410  500 1 1 5  --a --a 26 --a - - a 
55 3900 50 9 54  --a --a H I  --a - - a 
H2 8580 2 500 H9 --a --a 
H3 <830 1000 149  980 4 50 
50 < 1 30 1 50 V 10 1 870 2 20 

co 34 5 1 0  250 H10 1 2 90 1 50 co H7 860 80 33  3 10 6C 
9 1  4 70 1 60 

Mean < 2 1 70 7 10 Me an 980 2 10 

Vert i ca l  
Concrete 

67  <500 600 1 6  96  36  
46  600 200 V 2  40 70 
V9 400 2 50 V 4  80 80 
1 1  400 200 3 6  40 50 

34 40 50 
3 1  48 36 

Mean <480 3 10 Me an 5 7  5 4  



TABLE 45 . ( Cont i nued ) 

E l evat i on 305 ft  E l evat i on 347 ft , 6 i n .  E l evat i on 367  ft , 4 ; n .  

Beta Gamma Beta Gamma Bet n G nmma 
Locat i on (mrad / h ) (mR / h )  Locat i on (mrad / h) (mR / h )  Locat i on (mrad / h) ( mR / h )  
Hori zont al  

Metal  

40 4 70 1 80 I --a - - (1  

Vert i ca l  
Metal  

co 
83 1.0 --a --a 81  1 60 100  2 2  240  2 fi0 
V6  820  600 50 80 100 
V7 400 400 b2 4 80  100 
VB 100 375  
84 400 300 

Mean 430 420 Mean 240 100 Mean 240 260 

a .  A va l i d  measurement was not made at th i s  l ocat i on. 



TABLE 46 . MEAN DECEMBER 1 981 a nd MARCH 1 982 B ETA AND GAMf4A EXPOSURE RATES 
L I STED BY  SURFACE TYPE AND ELEVAT ION 

El evati on El evati o n  El eva tion 
305 ft 347 ft , 6 i n .  367 ft,  4 i n .  

Date Beta Gamma Beta Garm1a Beta Gai!IDa 
( iv!/Y ) ( mrad/ h ) ( mR/h ) ( mrad/ h )  ( mR/h )  ( mrad/ h ) ( mR/h )  

Hori zonta l 
Concrete 

12/81 3100 670 3200 360 1800 290 
3/82 <2170 7 10 980 210 - -a - - a  

Verti cal  
Concrete 

12/81 <370 590 61 68 
3/82 <480 3 10 57  54 

Hori zonta l  
Meta l 

12/81 7530 500 4300 270 
3/82 4 70 180 - -a - - a  

Verti cal  
t4eta l 

12/81 < 7 90 1000 280 145 158 325 
3/82 430 420 240 100 240 260 

a .  Exposure rate data that  were obtai ned for thi s  e l evati o n  were rejected 
because of measurement  probl ems . 
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TABLE 4 7 .  MEASURED DECONTNH NAT JON FACTORS FUR LOOSE AND F I XE D  C s-1 3 7  SURFACE ACT I V I T Y  L I STE D BY RE /\ C 1 0R BU I L D I NG E L E VAT I O N  AND SN�PL I NG L OC A T I O N  

E l ev a t i o n  3 0 5  f t  E l ev a t i o n  3 � 7  f t ,  6 i n .  E l €'va_t_i on 367 f t ,  4 i n . 

Decontarni nat i on F actor De cont ami nat i on F actor De contam i na t i on F a c t nr 

Samp 1 i n g  Vo� uum Mi l l ed Sam p l i ng Vacuum Mi l l e d  Samp 1 i ng Vac uum t� i l l ed 
Loca t ion Samp l e s  Samel es Locat i on S am�l es Samel es Locat ion  Samp 1 PS Same l es 

Hor i zont a l  
Concre!�-

70 2 . 2 5 ± 0 . 04  E +2 1 . 5  ± 0 . 3  £ + 1  1 1 5  3 . 1 5  "' 0 . 05 E+1 3 . 0  ± 0 . 7  1:+1 ?6 � . � 8  ± (1 . 05 F - 1  9 "' 2 E - 1  
5 5  1 . 33 ± 0 . 01 E + 1  9 ± 2 E +O 5 4  9 :t 2 E + 1  1 . 5 "' 0 . 4  E + 1 H I  -- a 7 . 8  ± 0 . 5  E+O 
112 1 . 01 ± 0 . 02 E+2 7 :t 1 E-1 H9 1 . 4 3  '* 0 . 02 E +2 --a 
H3 2 . 46 ± 0 . 02 E+O 5 :t 1 E +O 1 4 9  7 :t 3 E + 1  6 :t 2 E +O 

50 1 . 3  ± 0 . 4  E+2 3 '* 2 E +O V 10 6 . 4  ± 0 . 1  E + 1  4 . 1  ± 0 . 8  E+O 

34 1 . 7  ± 0 . 8  E+2 8 ± 2 E+1 H10 2 :t 1 E + J  1 . 2 ± 0 . 6  E • 1 

H7 3 ± 2 E+2 6 ± 4 E + 1  3 3  3 . 25 ± 0 . 05 E+O 1 . 1  :t 0 . 2  E + 1  
9 1  1 . 3 '* 0 . 5  E+O 1 . 3 ± 0 . 4  E + 1  

Vert i c a l  
Concrete 

67 NA --a 1 6  NA 1 . 6  ± 0 . 3  E+O 0..0 
46 NA --a V 2  NA 3 . 5  '* 0 . 7  E - 1  

V9 NA 5 ± 1 E - 1  V4 NA 1 . 0 ± 0 . 2  [+0 

11 NA 1 '* 1 E +1 36 NA 8 :t 2 E - 1  
34 NA 6 ± 1 E - 1  

3 1  N A  4 :t 1 E - 1  

Hori zonta l  
Met al  

4 0  7 . (16  ± 0 . 07 E +O 1 . 0 "' o . J  r • 1 ? . Bo ,. o . o2 r • o  1 . 11  * 0 . 5  [+ ]  
Vert i c a l  

Net a l  

8 3  NA 1 . 1  '* 0 . 4  E - 1  8 1  N A  --a 7? tU1 1 . 0  ± 0 . 11  E • O  
V6 NA 1 . 0  '* 0 . 4  E+O 50 NA 2 . 3  ± 0 . 8  E+O 

V7 NA 7 '* 2 E-2 82 NA 9 :t 3 E - 1  

VB NA 2 . 5  "' 0 . 9  E + O  

84 NA 9 ± 3 E+O 

a.  December or March data was r€',jec ted hec ause o f  s amp l e  c o l lec t i on prob l em s .  

b .  Not app l i c ilb l e .  
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TABLE 4 8 .  MEASURE D  DECONTAM I NAT ION FACTORS F O R  LOOSE 1\.ND F I XE D  Sr-90 SURFACE ACT I V I TY L I ST E D  B Y  REAC TOR BU I L D I NG E I . E VA1 1 0 N  ANll SI\MPI. I NG L OrAT ION 

Samp 1 i , , �  
loc a t i on 

Hor i zont a l  
Concrete 

70 
55 
H2 
34 
H7 

Vert i c a l  
Concrete 

V9 

Vet·t i r. a l  
Met a l  

83 
V7 

E l evat i on 305 f t  

Decontam i n a t i on F a c tor 

Vac uum __ Samp l e s  

1 . 2 5  ± 0 . 04  E+2 
2 . 70 ± 0 . 08 E + 1  

4 . 7  ± 0 . 2  [ + 2  
1 . 05 ± 0 . 04 E -< 2  
? . 1 2  ± 0 . 07 E + 2  

NA 

NA 
NA 

M i l l ed 
Samp l e s  

1 . 2 ± 0 . 2  E + l  
1 . 6  ± 0 . 4 E + 1  
1 . 0 ± 0 . 2  E +O 

7 ± 2 E +J 
6 ± 4 E + 1  

1 . 3 "' 0 . 2  E +O 

1 . 0 "' 0 . 4  E - 1  
1 . 2 ± 0 . 5  E - 1  

Samp l i ng 
L o c a t i on 

1 1 5  
5 4  

1 4 9 
3 3  

1 6  
V 4  
3 6  

B? 

E l ev a t i o n 3 4 7 f t ,  6 i n .  

Decont ami n a t i on F a c tor 

Vocuum 
Samp l e s  

3 . 2  ± 0 . 1  E + 1  
6 . 1  ± 0 . 3  [ + 1  
5 . 9  ± 0 . 2  E + 2  
2 .  9 ± 0 . 1  E +0 

NA 
NA 
NA 

NA 

M i l l e d  
S a mp l E' s  

4 . 3  ± 0 . 7  E + 1  
8 ± 2 E +O 
8 ± 3 F. <l  

4 . 4 ± 0 . 9  E • O  

1 . 4 ± 0 . 3  E+O 
1 . 4 ± 0 . 3  E+O 

8 ± 2 E - 1  

9 "' 3 E - 1  

a .  December or March d a t a  were rejec terl because of s amp l e  c o l l ec t i on pro b l em s .  

b .  Not app l i c ab l e .  

Samp 1 i ng 
Loc ,,t i on 

H I  

-

·-- ----- ------
Dccon t ;�mi n a t  i (lr F � <' l or 

Vncuum 
_Sam11 l_f':.:� 

--a 

----- - - ---

�� i 1 1  rrl __ S�:'Tl P_<;__ _ 

3 . 1  • 0 . 7  f + O  



TABLE  49 . MEASURED DECONTAM I NAT I ON FACTORS FOR LOOSE AND F I XED I - 1 2 9  
SURFACE ACT I V I TY L I STED B Y  REACTOR BU I LD I NG ELEVAT I ON AND 
SAMPL I NG LOCAT I ON 

El evati on  305 �t El evati o n  347 ft , 6 i n . 

Decontami nati on  Factor Decontami nati o n  Factor 

Sampl i ng ' 'acuum Mi l l ed Sampl i ng Vacuum Mi l l ed 
Locati o n  _?ampl es  Sampl es Loca ti on  Sampl e s  Sampl e s  

Hori zon ta l  
C o nc rete 

H3 - - a  > 1 . 6  E+2 H9 > 3 . 3  E +O - - b 
H lO > 3 . 0  E+O 1 . 3 :1: 0 . 3  E +O 
91  <3 . 3  E - 1  1 . 4 :1: 0 . 3  E+O 

Verti cal  
Conc rete 

V2 NAC >2 . 8  E+O 

Hori zonta l  
f1etal 

40 <5 . 0  E - 1  2 . 5  ± 0 . 8  E+O 

Verti c a l  
Metal 

V6  NA 2 . 1  ± 0 . 8  E - 1  H 9  

a .  December a n d  f4arch concentrati o n s  were l m1er than detect i o n  l imi t .  

b .  December sampl e wa s rej ected because o f  sampl e col l ecti on probl ems . 

c .  Not appl i cabl e . 
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TABL E  50 . MEASURED DECONTAM I NAT I O N  F ACTORS F OR TOTAL C s - 1 3 7  SURFACE ACT I V I TY 
E LEVAT ION AND SAMPL I NG LOCAT I O N  

E l evat i o n  305 f t  E l evat i on 3 4 7 ft , ':i i n .  

Samp l i ng 

Loc at i on 

Hori zont a l  
Concrete 

70 
55 
H2 
H3 
50 
34 
H7 

Mean 

Vert i c a l  
Concrete 

67 
46 
V9 
1 1  

Mean 

Hori zontal 
Met a l  

Vert i c a l  
Met a l  

83 
V6 
V7 
VB 
84 

Mean 

Decontam i n a t i o n  
Factor 

1 . 5  ± 0 . 3 E+1 
g z 2 E+O 
7 ± 1 E-1 
5 z 1 E+O 
3 ± 3 E +O 
8 ± 2 E + 1  
6 z 4 E + 1  

2 ± 1 E+J  

--a 
--a 

5 ± 1 E-1 
1 ± 1 E + 1  

5 ± 5 E + O  

1 . 1  z 0 . 4  E - 1  
1 . 0  z 0 . 4  E+O 

7 * 2 E-2 
2 . 5  z 0 . 9  E+O 

9 ± 3 E +O 

3 z 2 E +O 

Samp l i ng 
Locat i on 

1 1 5  
54 
H9 

1 4 9  
V 1 0  
H 1 0  

33 
9 1  

Mean 

1 6  
V 2  
V4 
36 
34 
3 1  

Mean 

40 

81 
50 
82 

Mean 

Decontam i nat i on 
Factor 

2 . 9  ± 0 . 6  E+1 
1 . 6 ± 0 . 5  E+1 

--a 
7 ± 2 E+O 

4 . 1  ± 0 . 8  E+O 
1 .2 ± 0 . 6  E + 1  
1 . 1 ± 0 . 2  E+1 
1 . 3 ± 0 . 4  E+1  

1 . 3 z 0.3 �+1  

1 . 6 z 0.3  f. +O 
3 . 5  z 0 . 7  E -1 
1 . 0  z 0 . 2  E +O 

8 ± 2 E - 1  
6 ± 1 E -1 
4 ± 1 E -1 

8 ± 2 E -1 

1 . 0 ± 0 . 3  E+1  

--a 
2 .3 ± 0 . 8  E+O 

9 z 3 E -1 

1 .6 z 0 . 7  E +O 

a.  Surface act i v i ty data was rejected bec ause o f  s amp l e  c o l l ec t i on prob l em s .  

L I STED B Y  RE ACTOR BU I LD I NG 

E l ev a t i o n  36 7 f t ,  4 i n . 

Samp l i ng Decontam i nat i on 
Loc a t i o n  Factor 

26 9 ± { [ - 1  
H I  2 . 8  z 0 . 5  E+O 

Mean 2 * 1 E+O 

1 . 5 * 0 . 4  E + J  

2 2  2 . 0  * 0 .8 E+O 

Mea n  2 . 0  * 0 . 8  E +0 
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TABLE 5 1 .  �1EASURE D DECONTAMI NATION FACTORS FOR TOTAL Sr-90 SURFACE ACT I V ITY L I STED  BY REACTOR BU I LDI NG 
ELEVAT ION  AND SAMPL I NG LOCAT ION 

E i evat i on  305 ft E l evat i o n  34 7 ft ! 6 i n . E l evat i o n  367 f t ,  4 i n . 

Samp l i ng Decontami nat i on Sampl i ng Decontami nat i on Samp l i ng Decontami nat i on 
Locat i on Factor Locat i o n  Factor 

Hori zontal 
Concrete 

70 1 . 2  :!: 0 . 2  E+1 1 1 5  4 . 2  :�.: 0 . 7  E+J  
55 1 . 7  :�.: 0 . 4  E+l 54 8 :!: 2 E+O 
H2 1 . 0 :!: 0.2 E+O 149  8 :!: 3 E+l 
34 7 :!: 2 E+1 33 4 . 3  :!: 0 . 9  E +O 
H7 6 :!: 4 E+1 

Mean 3 :t: 1 E+l Mean 3 :1: 2 E+1 

Vert i ca l  
Concrete 

67 --a 1 6  1 . 4 :�.: 0 . 3 E+O 
46 - - C' V4 1 .4 :t: 0 . 3 E +O 
V9 1 . 3  :t: 0.2 E+O 36 8 :t: 2 E-1 

Mean 1 .3 :t: 0 . 2  E +O Mean 1 .2 :t: 0 . 2 E+O 

Vert i ca l  
Meta l  

B3 1 . 0  :t: 0 .4 E-1 B2 9 :t 3 E-1 
V7  1 .2 :t: 0 . 5  E-1 

Mean 1 . 1  :t: 0 . 1  E-1 Me an 9 :t 3 E-1 

a .  Surface act i v i ty data were rejected because o f  samp l e  c o l l ect i on proo l ems.  

Locat i on Factor 

H I  3 . 1  :I: 0 . 7  E+O 

Mean 3 . 1  :t 0 .  7 E +O 



TABLE  52 . MEASURED DECONTAMI NATION FACTORS FOR TOTAL I - 129 SURFACE 
ACT I V I TY L I STED B Y  REACTOR BU ILDING ELEVATION AND SAf�P L I NG 
LOCAT ION 

El evati on 305 ft 

Samp l i ng 
Locati on 

Hori zontal  
Concrete 

H3 

r�ean 

Verti cal 
Concrete 

Hot' i  zonta 1 
Metal 

Verti cal 
t�eta 1 

V6 

Decontami nati on 
Factor 

1 .  7 t: 0 . 6  E+O 

1 .  7 t: 0 . 6 E +O 

2 . 1  t: 0 .8 E-1  

96  

El evati on 347 ft , 6 i n .  

Sampl i ng 
Locati o n  

H10 
91 

Mean 

V2 

40 

Decontami nati on 
Factor 

1 . 4 :t 0 . 3  E+O 
1 . 4 :t 0 . 3  E+O 

1 . 4 :t 0 . 3  E+O 

> 2 . 8  E+O 

2 . 4  :t 0 . 8  E+O 



TABLE 53 . MEAN DECONTAM I NAT I ON FACTORS F OR SEVE RAL NUC L I DE S  L I ST E D  BY TYPE OF SURFACE AND E L E VA T I O N  

E l ev at i on 3 0 5  f t  

Nuc l i d e  

Hor i zo nt a l  
Concrete 

C o-60 
Sr-90 
Sb- 1 25 
I -1 2 9  
Cs-137 
U-235 

Vert i c a l  
Concret e 

Sr-90 
I - 1 2 9  
Cs-137 

Hor i zo nt a l  
Met a l  

Sr-90 
1 - 1 2 9  
C s- 1 3 7  

Vert i c a l 
Met a l  

Sr-90 
1 -1 2 9  
Cs-137 

V ac u um 
S amp l e s  - -a 

1 . 9 :t: 0 . 8 E+2 
4 :t: 3 E +1 

1 . 3  ::!: 0 .4 E+2 
>1 . 3  E + 1  

NAb 

NA 
NA 

NA 
NA 
NA 

Mi 1 1  ed 
S amp l e s  

3 ::!: 1 E + l  
3 ::!: 1 E +1 
9 ::!: 5 E +O 

>1 . 6  E +2 
2 :I: 1 E + 1  

1 . 0  * 0 . 3 E +1 

1 . 3  * 0 . 2 E +O 

5 * 5 E +O 

1 . 1  :1: 0 . 1  E-1 
2 . 1 :1: 0 . 8  E - 1  

3 :1: 2 E +O 

a .  Nuc l i de w a s  n o t  d et ect ed o r  me a s u red . 

b .  Not appl i c a b l e  

E l e v at i on 3 4 7  f t ,  6 i n . 

Vacuum 
S amp l e s  

2 :1: 1 E + 2  

5 :!: 2E +1 

NA 
NA 
NA 

Mi 1 1  ed 
S amp l e s  

3 * 2 E +1 

1 . 35 ::!: 0 . 05 E +O 
1 . 3  ::!: 0 . 3 E + 1  

1 . 2 :1: 0 . 2 E +O 
>2 . 8  E +O 

8 * 2 E -1 

< 5  E - 1  2 . 5  :t: 0 . 8 E + O  
7 . 06 * 0 . 07 E+O 1 . 0  * 0 . 3 E+1 

NA 
NA 
NA 

9 :t: 3 E-1 
1 . 6  :1: 0 . 7 E +O 

E l evat i on 3 6 7  f t ,  4 i n . 

Vac u um 
Sampl es 

4 . 4 8  * 0 . 05 E - 1  

M i  1 1  eel 
Samp l e s 

3 . 1  :I: 0 .  7 E +O 

2 :I: l [ +0 

2 . 80 ::!: 0 . 02 E +O 1 . 8 ± 0 . 5  E + J  

NA 
NA 
NA ? . o  :1: 0 . 8 �: � o  



TABLE 54 . DECONTAMI NAT ION FACTOR S CALCULATE D U SI NG PRE- AN D POST-DE CONTAMI NAT ION BETA AND GAMMA 
E XPOSURE RATES DATA 

E l evat i o n  305 ft  E l evat i o n  34 7 ft , 6 i n . E l ev at i o n  36 7 ft , 4 i n . 

Decontami nat i on De contami nat i on Decontami nat i on 
Factor Factor Factor 

Sampl i ng Samp l i ng Samp l i ng 
Loc at i on Bet a Gamma Locat i on Bet a Gamma Locat i on Bet a Garrm a --
Hori zontal  
Concrete 

70 >4 . 9 E-0 7 . 2  E-1 1 1 5 --a --a 26  --a --- a 
55  4 . 9  E-1 3 . 0  E+O 54 --a --a H I  --a --a 
H2 --a --a H9 --a -- a 

� H3 >4 . 5  E+O 1 . 0  E+O 149  4 . 5  E+O 1 .  7 E+O 
co r n  >2 . 5  E+1 2 . 7  E+O V lO 3 . 3 E+O 2 . 3  E+O ::> v  

34 1 . 4  E+l 2 . 0  E+O H i O  2 . 4  E+O 2 . 0  E+O 
H7 6 . 5  E-1 3 . 1  E+O 33  2 . 3  E+O 3 . 3  E+O 

9 1  3 . 0  E+O 1 .  9 E+O 

Mean >8 . 3  E+O 2 . 1  E+O Mean 3 . 1  E+o 2 . 2  E +O 

Vert i cal  
Concrete 

67  >7 . 4  E-2 4 . 7  E-1 1 6  1 . 3  E+O 1 . 3 E+O 
46 --a --a V 2  8 . 8  E-1  1 . 6 E +O 
V9 --a --a V4 8 . 8  E-1 9 . 4  E-1 
1 1  < 1 . 8  E+O 4 . 5  E+O 3 6 8 . 8  E -1 1 . 5 E+O 

34 8 . 8  E-1 1 . 3 E+O 
3 1  1 . 5 E +O 9 .  7 E -1 

Mean 2 . 5  E+O Mean 1 . 1  E+O 1 . 3 E+O 



1.0 
1.0 

TABLE 54 . (cont i nued ) 

E l evat i o n  305 ft E l evat i o n 347  ft2  6 i n . 

Decontami nat i on Decontam i nat i on 
Factor Factor 

Sampl i ng Samp l i ng 
Locat i on Beta Gamma Locat i on Bet a Gamma 

Hori zonta l  
Metal  

40 1 . 6  E+1 2 . 8  E +O 

Vert i cal  
Metal  

B3 - -a --a 81 6 . 6  E-;1 1 . 5  E +O 

V6 --a --a 50 2 . 6 E +O 1 .  7 E +O 
V7 --a --a B2 1 . 1  E +O 1 . 2  E+O 
VB --a --a 
84 >2 . 0  E+O 3 . 3  E +O 

Mean >2 . 0  E +O 3 . 3 E +O Mean 1 5 E +O 1 . 5 E+O 

a .  Exposure rate d ata were rejected because of measurement prob l ems .  

E l evat i o n 36 7 ft , 4 i n .  

Decontami nat i on 
Factor 

S amp l i ng 
Locat i on Bet a Gamna --

I --a - - a 

22  6 .  6[ - 1  1 . 3E +O 

Mean 6 . 6E-1 1 . 3E +O 



TABL E  55 . REACTOR B U I L D I NG SURFACE AREAS 

Area Percent o f  
E l evati on  347 ft , 6 i n .  and above ( cm2 ) To tal a 

Verti cal Steel 4 . 709 E+7 21 . 4  
Ver i t i c a l  Concrete 1 . 997 [+6 0 . 9  
Hori zontal Steel 2 . 601 [+7  1 1 . 8  
Hor i zonta l Concrete 9 . 400 E+6 4 . 3  

E t evati o n  305 ft to 347 ft, 6 i n .  

Vertical  Steel 2 . :;7 3  [+7 10 . 3 
Veri ti c a l  C onc rete 2 . 452 E+7 1 1 . 2  
Hori zonta l Steel 2 . 640 E+7 12 . 0  
Hori zonta l Concrete 9 . 908 [+6 4 . 5  

E l eva t i on 282 ft , 6 i n .  to 305 ft 

Vert i ca l  Steel 1 . 659 [+7 7 . 6  
Veri ti cal  C oncrete 1 . 65 9  E+7 7 . 6  
Hori zontal Stee l 8 . 332 c:+6 3 . 8  
Hori zontal Concrete 9 . 107 [+6 4 . 1  

a .  Based on total i nternal Reactor Bui l di ng surface area o f  2 . 20 E+8 cm2 . 
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TABLE 56 . TOTAL SURFAC E  A C T I V I T I ES I N  CURI E S  ON RE ACTOR BU I L DI NG SURFACESa 

S u rf ace Ac t i v i ty 
( C i )  

E l evat i on Cs- 1 3 7  Sr-90 1 -1 29 Sb- 1 ? 5  

28 2 ft , 6 i n . t o  J 0 5  f t  

Hori zont a l  Co ncrete 3 . 2 8 ± 0 . 8 2  E +1 b 1 .  s s ± o • 3 6 E +o 4 . 3 7  :t: 0 . 7 3  E-6 4 . 6  :t: 2 . 7  E - 1  
Vert i c a l  Concret e 6 . 6  :t: 5 . 0  E -1 1 .4 9  :t: 0 . 1 7  E-2 < 6 . 6  [ -7 1 . 9 9  ± 0 . 6 6  E - 2  
Hori zont a l  Met a l  3 . 00 ± 0 • 7 5 E + 1 1 . 4 2  :i: 0 . 3 3  [ +0 4 • 00 ± 0 • 6 7 E -6 4 . 2 ± 2 . 5  E - 1  
Vert i c a l  Me t a l  3 . 3 :t 1 .  7 E +O 3 . 1 5  ± 0 . 6 6  E -2 1 . 1 6  :t: 0 . 3 3  E -5 - -( 

305 ft t o  3 4 7  f t 1 6 i n . 

Hori zonta l  C o ncrete 3 . 5 7  ± 0 . 89 E +1 b 1 . 68 :i: 0 . 40 [ +0 4 . 7 6 ± 0 . 7 9 E-6 5 . 0  ± 3 . 0  E - 1  
Vert i c a l  Concrete 9 . 8 :t: 7 . 4 E - 1  2 . 2 1  :i: 0 . 2 5  ::. - 2  < 9 . 8  E - 7  2 . 94 ± 0 . 9 8  E -2 
Hori zont a l  Met a l  9 . 5  :1: 2 . 4  £+1 4 . 5  :t: 1 . 1  E +O 1 . 2 7  ± 0 . 2 1  E-5 1 . 3 2  :+ 0 . 7 C! E +O 
Vert i c a l  Met a l  4 . 8  ± 2 . 4 E +O 4 . 5 1  :t: 0 . 95 E-2 1 . 66 ± 0 . 4 7  E -5 

347 f t ,  6 i n .  and Above 

Hori zont a l  Concrete 1 . 7 :t: 1 . 2  E+1d 1 .  93 :t: 0 . 2 7  E + O  4 . 2 3  ± 0 . 28 E -6 1 . 1 3  ± 0 . 3 P.  E -2 
Vert i c a l  Concrete 6 . 0  :t: 4 . 0  E-2 3 . 8 :t: 1 . 4 E-3 2 . 20 :t: 0 . 60 E-7 2 . 4 0  ± 0 . 80 E -3 
Hori zont a l  Met a l  5 . 3  :1: 1 . 7  E +1 5 . 3  :J: 5 . 2  E +O 2 . 3 4  :J: 0 . 5 2  E-5 l . 5 fi  ± 0 . 7 8 E-1  
Vert i c a l  Met a l  2 . 1  :J: 1 . 5 E +O 9 .4 :J: 2 . 4  E - 2  4 . 24 ± 0 . 94 E - 5  

a .  Ac t i v i t i e s were d e l ay-c orrec ted t o  M a rch 2 6 ,  1 982 

b. The mean December 1 981 s u rf ace ac t i v i t i e s me a s ured o n  t h e  305-ft  e l evat i on were u s ed t o  c omp u t �  t o t a l  
ac t i v i t i e s  i n  t h i s  c o l umn . 

c .  The s �rf ace c oncentrat i on o f  t h i s  n uc l i d e  w a s  not  me a s ured . 

d .  The average of the mea n  December 1 98 1  s u rface act i v i t i e s  me a s u re d  o n  the 34 7-ft , 6-i n .  an d 
367-f t ,  4 - i n .  e l ev at i on s  were u s ed t o  c ompute t o t a l  a ct i v i t i e s  i n  t h i s  c o l umn.  



TABLE  57 . PERCENT OF TMI -2 F I SSION PRODUCT CORE I NVENTORY MEASURED ON 
REACTOR BU I LD I NG SURFACES 

Total  Surface Total Core 
Acti v i ty I nventorya Percent of Core 

Nucl i de ( C i ) ( C i ) I nventory 

134c s  2 . 75 t 0 . 35 E+1b 5 . 8 E+4b 4 . 7  t 0 . 6  E - 2  
137c s  2 . 75 t 0 . 35 E+2 7 . 9  E+S 3 . 5  t 0 . 4  E-2 
90sr 1 . 66 :1: 0 . 54 E+1 7 . 0  E+5 2 . 4 t 0 .8 E-3 
129r 1 . 25 t 0 . 1 2 E-4 2 . 2  E - 1  5 . 7  t 0 . 5  E - 2  
1 2ssb 2 . 92 t 0 . 93 E+O 5 . 7  E -4 5 t 2 E - 3  

a .  B a sed on i nventory reported i n  NSAC EPRI  ORIGEN Code Cal cul ati on of 
TMI - 2  F i s s i on Product I nventory ,  Technol ogy for Energy Corporation Report 
No . R-80-012 , Knoxv 1 l l e ,  Tennessee ( May 1 980 ) . 

b .  Acti v i ti es a re decay-corrected to March 26 , 1 982 . 
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TAB LE 58 . COEFF I C I ENTS OF POWER FUNCT I ON F I TS OF C s- 1 37 SURFACE 
CONCENTRATI ONS ( llC i /cm2 ) AND B ETA ( mrad/ h )  OR GAt�l-1A ( mR/ h )  
EXPOSURE RATESa 

Coe ffi c i ent 
Coeffi c i ents of of 

P ower Functi on  Fi t Determi nat i o n  
Number 

of 
r2 Data Set Poi n ts a b 

December 1 981 Beta 2 5  1 . 20 E-4 1 . 22 0 . 91 5  

March 1 982 B eta 24 5 . 85 E-4 0 . 866 0 . 643 

December and March Beta 49 1 . 60 E-4 1 . 1 4 0 . 82 7  

December 1 981 Gamma 

Al l da ta ( 305 ft)  8 6 . 26 E +3 - 1 . 274 0 . 286 
Al l data ( 347 ft) 1 7  2 . 41 E -6 2 . 23 0 . 652 

March 1 982 Gamma 

Hori zontal Concrete ( 305 ft)  7 5 . 18 E - 3  0 . 691 0 . 414 
Al l data , excl udi ng  91 1 2  4 . 81 E - 5  1 . 6 7  0 . 799 

and 50 ( 347 ft)  

a .  137c s  surface concentrati on  ( 11C i /cm2 ) = y ,  
Beta ( mrad/ h )  or gamma ( mR/h )  exposure rate = x ,  and  a and b = coeffi c i ents 
o f  power functi on y = axb . 
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APPEND I X  A 

SAMPL I N G  PROCEDUR E 

Th e procedure th at was fol l owed to col l ect s amp l e s u s i n g  th e s ur face 

s ampl er s i s  as  fol l ows : 

1 .  I n s ta l l  an un u s ed m i l l i n g b i t  t h at i s  correct for the type of s urf ace 

to be samp l ed .  Con crete s urfaces req u i r e a carb i de b i t  an d meta l  s ur ­

f aces r eq u i re a h ardened s teel  b i t .  I n s t a l l the b i t  a s  fol l ows : 

1 . 1 T urn the penetrat i on depth sett i n g  d i s k countercl ockw i s e  

u n t i l about 0 . 2  em o f  thread r ema i n s  above i t .  Press  down 

on th e dr i l l .  Turn th e s amp l er on i t s s i de .  

1 .2 Obta i n  e i ther a h ar dened s teel or c arb i de b i t .  Th e cutt i n g  

en d o f  each b i t i s  i n s er te d  i n to a shor t  p i ece o f  tygon 

tu b i n g .  Hand l e  the b i t  b y  gr a s p i nQ o n l y  t h e  tub i n g .  

1 . 3 I n s er t  th e b i t  i n to the receptac l e  l ocated on the bottom o f  

the s amp l er ' s  b as e  p l ate and turn i t  c l ockwi s e  unti l s eated 

f i nger ti ght . 

1 .4 R emove the tygon tub i n g  a n d  p u t  a s i de for l ater u s e .  

1 . 5 T i gh ten th e b i t  u s i n g  a c1 ean open-en d wrench . 

1 . 6 W h i l e  the s amp l er i s  s t i l l  on i t s s i de ,  p u l l the dr i l l  away 

from i t s  b as e  p l ate . 

2 .  I n stal l a n  u n u sed s ampl e f i l ter c ar tr i dge a s  fo l l ows : R emov e  the nyl on 

cap from th e f i l ter car tr i dge ' s  i n take tube an d i n s er t  th e tube i n t o  

t h e  exh aust p o r t  o f  the s ampl er u nt i l  i t  i s  f i rml y s eated . 

3 .  P l ac e  th e b as e  p l ate of th e s ampl er a ga i n s t  th e surface to b e  s amp l ed .  

Th e gasket on the b ottom o f  the b as e  p l ate mus t  b e  ent i r e l y i n  contact 

wi th th e s urface . 
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4 .  Remov e the nyl on p l u g  from the f i l ter car tr i dge ' s  exhaus t tube an d 

i n sert  the tube i n to the  tygon tube th at i s  c onnected to the a i r  pump .  

5 .  I f  th e s urface b e i n g  s amp l ed i s  h or i z onta l  s urface , proceed to 

S tep b .  1 ,  o therw i s e  proceed to Step 6 .  

5 . 1  Obta i n  a v acuum  samp l e by turn i n g  on l y  the  a i r  pump on wh i l e  

pres s i ng t he  b as e  p l ate aga i n st the s urface . Turn the a i r  pump 

off after fi fteen seconds of operat i on .  

5 . 2  R emove the  s amp l e  f i l ter cartr i dge wh i l e  l eav i ng the s ampl er base  

p l ate  sta t i on ary. I nstal l th e nyl on cap and p l ug on  the f i l ter 

car tr i dge . 

5 . 3  I n sta l l an u nu sed s amp l e f i l ter c ar tr i dge a s  descr i bed i n  Steps 2 

an d 4 .  Then proceed to Step 6 .  

6 .  R ezero t he  samp l er a s  fo l l ows : 

6 . 1 Wh i l e  pres s i ng on the h and l e of the dr i l l , turn the depth sett i n g  

d i sk counterc l ockw i s e  u nt i l i t  turns free l y .  Th e b i t  i s  n ow i n  

contact wi th the surface . 

6 . 2 R otate the pen etrati on depth s et t i n g  d i sk c l ockwi se u nt i l i t  comes 

i nto contact w i th the top of th e chuck receptac l e .  

6 . 3  N ote the  n umber of the  s ector that i s  b e l ow the ' T '  handl e  that 

i s  attached to the depth sett i n g  d i sk .  That number i s  the 

r eference z er o .  

7 .  Set the des i red s ampl i n g  depth by r otat i ng the depth s ett i ng d i s k  

counter c l ockw i s e  th e proper number of  rev o l ut i ons . A samp l i n g  depth 

o f  0 . 2 5  mm corresponds to a r otat i on of 6 .4 s ectors wh i l e  depth s of 

1 . 2 7  an d 3 . 1 8 mm are ach i eved  by turn i n g  th e d i s k  two and f i v e  compl ete 

r evol ut i on s ,  r especti v e l y .  
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8 .  P us h  fi rml y on the samp l er to sea l  the vacuum ch amber g asket  aga i n s t  

t h e  s urface t o  be  s amp l ed .  

9 .  Turn th e a i r  pump and dr i l l  on . 

10 . P u s h  f i rml y on the dr i l l  unt i l the depth sett i n g  d i s k  comes i n to con­

tact w i th  the top of the chuck receptac l e .  Th i s  w i l l  r eq u i re 

1 5  s econds  of dr i � l  operat i on for the 0 . 2 5  and 1 . 2 7  mm depths and 

20 s econds  for th e 3 . 18 mm depth . Then turn the dr i l l  off . 

1 1 .  Wh i l e  s t i l l  push i n g  f i rm ly  on the s ampl er ' s  b ase  p l ate , p u l l the  d r i l l  

away from th e base  p l ate . A l l ow the pump to  operate an add i t i on a l  

1 5  s econds after t he  dr i l l  i s  turned o ff .  

1 2 . Remove th e samp l e  f i l ter cartr� i d ge from the exhaust  por t and i nsta l l 

th e n yl on cap . I f  th e s ampl e was co l l ected from a hor i zontal  s urface , 

turn th e samp l er base  p l ate upr i ght s o  that the cartr i dge i s  on the 

s i de that i s  down b efore attempt i n g  to  r emove the car tr i dge . Th i s  

or i entat i on w i l l  a l r eady e x i s t  i f  th e s urface samp l ed was a v ert i ca l  

s urface . 

1 3 . I n s pect t h e  m i l l ed h o l e for s hape and presence of  r es i dua l  m i l l i ngs . 

I f  m i l l i ng s  rema i n , uncap the f i l ter cartr i dge , turn the a i r  pump on , 

and  v acuum the  h o l e .  Turn the  p ump o ff wh2n f i n i sh ed .  

1 4 . I nsta l l th e nyl on cap , gen t l y  d i s en gage the f i l ter car tr i dge  from the 

tygon tube wh i l e h o l d i n g  the c ar tr i dge  s o  that i ts i ntake tube i s  

s l i gh t l y  i nc l i ned towards  the  f l oor . I ns ta l l the nyl on p l ug . 

1 5. Remov e the  m i l l i n g  b i t  as  fo l l ows : 

1 5 . 1  Turn the sampl er on i ts s i de .  

1 5 . 2  P res s  t he  d r i l l  h and l e  towards  th e b as e  p l ate . 
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1 5 . 3  U s i n g  a c l ean , b i t chang i n g  wrench  l oosen the b i t  by turn i ng i t  

coun terc l ockw i s e .  

1 5 . 4  S l i p  t h e  s hort tygon t u b e  that h ad been used to i nsta l l t h e  b i t  

over the b i t  and turn i t  counterc l ockw i s e  unt i l free . 

1 5 . 5  Remove t he  nyl on p l ug from the  exh aust  tube of the s amp l e  f i l ter 

cartr i dge  and i nsert th e b i t  i n to the exhaust  tube d i scard i n g  th e 

tygon tube . 

1 5. 6  I n sta l l the  nyl on p l ug .  

1 6 . Label  the s amp l e f i l ter car tr i dge i n d i cat i ng  n umber , type of s urface 

samp l ed ,  s urface or i entat i on ,  and samp l i n g  depth . 

1 7 . Return to Step 1 to co l l ect  the n ext s amp l e . 
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APPEND I X  B 

ANAL YS I S METHODS 

The methods  used  to ana lyze  s urface s amp l es are des cr i bed be l ow .  

Gamma Spectroscopy 

S amp l es were ana lyzed v i a  gamma s pectroscopy u s i n g  t he  Ge ( L i ) s pectro­

meter sys tems at the Rad i a t i on Meas urements  L aboratory . Th e abso l ute count­

i n g  eff i c i enc i es of the  detectors were determi ned by  g amma count i ng a 1 10 ml 

l i q u i d  stan dard at a d i s tance of 5 em , wh i ch was the coun t i n g  geometry used 

for s ampl e a na lys i s .  Because  the s tandard was l i q u i d  o n l y  a nd  e ach s amp l e  

con ta i ned i n  addi t i on to l i qu i d  a f i l ter and mi l l i n gs , a s amp l e  was cen tr i ­

f uged and  th e l i qu i d  and so l i d  components were ana l yzed separate l y .  The 

act i v i t i es were summed and compared w i th the act i v i ty that was measured when 

t h e  s amp l e  was i n  i ts or i g i n al cor.fi gurat i on .  Th e d i fference b etween the 

two v a l ues was l es s  th an f i ve% .  

P r e- decontami nat ion s amp l es were counted for 2 0  m i nutes and post­

decontam i nat i on s amp l es were counted for one h our . Sampl e  count  resu l ts 

w ere  s oftware- corrected for amb i ent  b ack ground and  detector coun t i n g  eff i ­

c i ency . I sotopes were i dent i f i ed  by computer reference to  an i sotope 

1 i br ary,  a nd q u ant i ta t i v e  resu l ts wer e  c a l cu l ated i n  �C i / s amp l e .  

Stront i um-90 

A chemi ca l  separ at i on techn i q u e  was used to  segregate and pur i fy 90sr  

i n  e ach s ampl e pr i or to gross beta coun t i n g .  Nonradi oact i ve s tront i um was 

i n i t i a l l y  added to each s amp l e as a tracer to determ i n e  the chem i c a l  yi e l d 

o f  the s eparati on procedure . Th e procedure was to : { a ) add phosph or i c  aci d  

( H3P 04 ) to th e 1 10 ml samp l e so l u t i on to form s tron t i um phosph ate 

[ Sr3 ( P 04 ) 2 ] ,  ( b )  add ammon i um h ydrox i de ( NH40H } to prec i p i tate Sr3 ( P04 ) 2 , 

( c ) d i sso l ve the prec i p i tate i n  n i tr i c  ac i d  { HN03 ) ,  ( d )  prec i p i tate 

s tron t i um n i trate [ Sr { N03 ) 2 ] w i th fum i n g  HN03 , ( e )  d i s so l ve  the prec i p i tate 

i n  5 ml H20 ,  ( f )  repeat s teps d and e three t i mes , ( g )  add 5 mg of i ron  

and N H40H to prec i p i tate i ron hydrox i de [Fe ( OH ) 3 ] ( 90v i s  a l so  prec i p i tated 
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as Y ( OH ) 3 ) and record t i me ,  ( h )  f i l ter the so l u t i on and d i scard the pre­

c i p i tate , and ( i )  add s od i um carbonate ( N�co3 ) to prec i p i tate s tront i um 

carbonate ( SrC03 ) .  The Srco3 prec i p i tate was then gros s  beta counted 

u s i n g  an  end-w i n dow gas f l ow proporti onal  counter that h ad been ca l i brated 

us i ng traceab l e  s tandards  of the N at i on a l  Bureau of Standards ( NBS } .  The 

chemi ca l  y i e l d of the s epar at i on p rocedure was determi ned by we i gh i n g  the 

SrC03 prec i p i tate . 

I od i ne- 1 29 by N eutron Act i v at i on Ana lys i s  

The N eutron Act i vat i on Anal ys i s  ( NAA )  techn ique  used to meas ure 
1 291 

began w i th an  oxi dat i on-reduct i on-ox i dat i on treatmen t to separate the 1 291 

from the  s amp l e .  Th e s epar ated 1 291 s o l ut i on was passed through an an i on 

exch ange co l umn to col l ect  the  i od i ne , and the res i r  from th i s  col umn was 

then act i vated . The determi nat i on of 1 291 by NAA i s  based on  the  neutron­

capture r eact i on 1 291 ( n ,y }  1 30 1 ,  w i th measurement  of the  i nduced 
1 30r act i v i ty u s i n g  g amma s pectroscopy . 

N d .  t ·  " d " d  . d 1 2 5 I b th dd d t  h l lO  L onra 1 oac 1 v e 1 0 1 e carr 1 er an were o a e o eac m 

s ampl e b efore s tart i n g  the  i od i ne s eparat i on procedure . Th e fm·mer was 

added to ensure th at the 1 29 I beh aved wel l chemi ca l l y , and the l atter was 

added to determ i n e  the chem i ca l  y i e l d of the s amp l e  preparat i on and i on 

exch ange . I od i ne was then chemi cal l y  s eparated from each s ampl e s o l u t i on 

by ox i d i z i n g  the i od i de to iodate ( I 03 } ,  reduc i ng I 03 to I - wi th s u l ­

f i te ( so3 ) , ox i d i z i n g  the  I - t o  I 0 w i th n i tr i te ( N02 ) ,  and extract-

i n g  the 1 ° i n  c arbon tetrach l or i de ( CC L4 } .  The I 0 was next converted 

to  I- , t he  proper form for i on exch ange , by add i ng  one drop of N H40H and 

two drops of sod i um s u l fate ( N a2so3 ) .  The CCL4 was then d i s carded , 

and the s o l u t i on was passed through a sma l l vo l ume of Oowex- 1  ( N 03 form ) ,  

an an i on exch ange res in .  The rer i n was then dr i ed and transferred to a n  

act i v at i on c apsu l e  for i rr ad i at i on " 

1 25 
P r i or to act i v at i on , each s amp l e caps u l e was ana lyzed for · I us i n g  

a h i gh -reso l uti on Ge ( L i } s pectrometer sys tem to G�  - �rmi ne t h e  ch em i ca l  

recovery of the s amp l e preparat i on procedure . The caps u l e was then i rr a­
d i ated i n  the  Advanced Tes t Reactor ( A�R ) for 60 m i nutes . Th e ATR prov i des 
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a f l u x of  about 7 x 1 01 2  n/s/cm2 . Dur i ng each i rrad i at i on an 1 2 9 1 

s tan dar d was concurren tl y i rrad i ated to measure the neu tron f l u x  exact l y .  

Th e s amp l e and  s tandard were a l l owed t o  decay s i x  t o  e i gh t  h our s b efore they 

were an a l yzed for 1 30 1  us i ng a Ge ( L i ) s pectrometer system t hat h ad been 

cal i br ated us i n g  NBS traceab l e  s tandards . 

Ur an i um- 235 by the  N eutron Act i v at i on Ana lys i s/ 

De l ayed F i s s i on Neutron Tech n i que 

Th e p r i nc i p l e  of the  NAA/Del ayed F i s s i on Neu tron ( DFN ) tech n i q ue i s  

th at a f i s s i l e  nuc l i de ,  upon neutron capture , can produce f i s s i on products 

th at decay by  emi tt i n g  a neutron . These f i s s i on products decay w i th h a l f­

l i ves  r ang i n g  from abou t 0 . 2  to 55  seconds . These decay t imes are l on g  

enough to  count neutrons after prompt- f i s s i on n eutrons and i nterfer i n9 

del ayed neutron s from nuc l i des such  as 1 7N h ave  decayed away . 

Samp l e i rrad i ati ons for th i s  work were performed u s i n g  the  r abb i t  

pneumat i c tr ansfer system i ns ta l l ed a t  the Coupl ed Fast  Reacti v i ty Measure­

ment F ac i ' i ty ( CFRMF ) l ocated at the Tes t Reactor Area ( TRA ) . Th e thermal 

fl u x  at th e i rrad i at i on l ocat i on i n  the CFRMF core i s  about 5 . 8  x 1 0 1 1 n/cm2 ; 

s ec and  i s  h e l d constant and reprodu ci b l e  to  w i th i n  ± 0 . 5% by a power 

l evel  s ervomech an i sm .  Sampl es were i rradi ated for 6 0  seconds and then 

au tomat i ca l l y  tran sferred to  a neutron detector . I n  each case the samp l es 

were a l l owed t o  decay for 40 s econns before de l ayed neutron count i n g  was 

i n i t i a ted . Th e neutron detector i s  a c i r cu l ar array of s i x  H ar shaw neutron 

proporti on a l  counter tubes embedded i n  a cast b eeswax moderator . Samp l es 

were counted for 60 seconds  and then automat i ca l l y  transferred to a drop-ou t 

termi nus . 

Th i s  sys tem was c a l i brated by i rradi at i n g  and then count i ng  s tandards 

conta i n i ng measured q uant i t i es of 235u i n  water . The · • o l ume of the s tan­

d ards wa s 3 ml , wh i ch i s  the s ame as the vo l ume of samp l e  that was i rr ad i ­

a ted i n  each cas e .  Vo l umetr i c  s ampl es for f i ss i l e  mater i al assay were 

col l ected from th e 1 1 0 ml s urface s amp l e so l u t i on s  immed i atel y after they 
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h a d  b e e n  s h ak e n  v i g o r ou s l y e n o u gh t o  t h or o u gh l y  f r ac t i on a te th e f i l t e r  
p a pe r . S u r f a c e  c o n ce n tr a t i on s  o f  f i s s i l e m a t e r i a l  a r e  r epor te d  i n  t h i s  w o r k  
a s  2 3 5 u  c o n c e n tr at i on s  i n  n g/ r. m2 • 
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