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ABSTRACT 

The March 28, 1 979 l oss-of-coo l ant accident at Three Mile  Island 

Unit 2 (TMI-2) exposed about 7 , 200 m2 of concrete surfaces within the 
R eactor Bui l d ing to l i quid and v apor-phase contaminants . The majority of 

those surfaces are protected by coatings of epoxy-based, nuclear grade 
p aints . Dur ing September 1 983, seventeen h i gh qual ity cores were extracted 

from the concrete f l oors and D-r ing wal l s  at the 305- and 347-ft el evations 

of the Reactor Bui lding. The samp l es were subjected to a ser ies of 

analyses to determine the surface concentrat ions of radionuclides presen t 

a nd to characterize their d istribut ion in the coat i ngs l ayer and 

sub-surface concrete. 

The analys i s  results indicate the protect ive coatings prov ided 

s ign if icant protection against radionuclide penetration. Rad ioces ium , in 

most cases, was found to be conf ined w ithin a few mi ll imeters of the top 

surface of the coat ings l ayer. However , at f l oor l ocations hav ing coat ings 

t hat were damaged prior to the acc ident, rad ioces i um penetrated into the 

sub-surface concrete to a depth of several centimeters . Parametric 

c alcul at i ons performed us ing the I SOSHL0-2 computer code ind icate that the 

decontami nation of the 347-ft elevation floor wil l reduce the general are a 

gamma exposure rates at th is e l evation by as much as 40%. The data 

i ndicate that scabb l i ng wou l d  be an effective decontamination technique . 
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I NTRODUCTION 

Dur ing the f i rst  three days foll owi ng the shutdown of the TMI - 2  

reactor , an est i mated 1 . 0 x 1 06 L of contami nated primary coolant escaped 

from the primary system through the pressure-operated reli ef valve ( PORV) 

o n  the pressur izer . Th i s  lost  coo l ant f lowed through i nterconnect i ng 

p ip i ng to the Reactor Cool ant Dra in Tank (RCDT) , located i n  the south-west 

quadrant of the Reactor Bu ild i ng basement. The rupture d i sk on the RCDT 

burs t w i th i n  mi nutes of the i n it i al open ing of the PORV, allowi ng pri mary 

cool ant, along w i th hydrogen gas generated by the met a l/water react ion in 

the core , to pass from the tank through a vent l i ne to the Reactor Bu ild i n g  

b asement . Suff i c i ent hydrogen was re l eased to the Reactor Bu i lding 

atmosphere by th i s  pathway to cause a detonation, wh ich  i n  turn actuated 

the post-LOCA contai nment spray system. Th i s  system, located on the 

Reactor Bu i ld i ng dome, sprayed 6.4 x 104 L of water treated wi th boron 
a nd sod i um hydroxi de into the Reactor Bu i l d i ng atmosphere. Duri ng th is 

t ime ,  the Reactor Bui ld i ng a i r  cooli ng assembl y on the 305-ft e l evat i on 

f loor was c i rcu l at i ng mo isture-laden a i r  from i ts i mmedi ate env ironment to 

the Reactor Bu i l d i ng dome. 

The Reac tor Bui l d i ng atmosphere l ikely rema ined s aturated w i th water 

for months following the acc i dent , resu l t i ng i n  extens i ve pool ing of 

c ontaminated water on upper-level hor i zontal surfaces . W ith the except i on 

of the Reactor Bu i ld i ng basement i mpi ngement walls , all Reactor Bu i ld i ng 

c oncrete surfaces are protected from contami nat i on penetrat ion by coat i ngs 

of epoxy-based, nuclear-grade pai nts supp l i ed by Keeler and Long, I nc .  The 

c oat i ngs prov i de a res i l ient ,  water res i stant surface for the otherwi se 

porous concrete.  

The f i rst systemat ic s ampling of Reactor Bui ld ing surfaces took p l ace 

duri ng December 1 98 1  and March 1 982, before and after the Reactor Bu i l d i ng 

g ross decontami nat i on experiment . 1 Surface s amples were collected us i ng 

a mi lli ng tool developed by EG&G Idaho, I nc .  One of the objectives of the 

s urface sampling program was to determi ne the depth of penetrat ion of 

act i v i ty i nto structural concrete. However, bec ause of the nature of the 

s ampli ng method used, the results were i nconc l us i ve .  Therefore, a second 
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samp l ing c ampaign that used a different s ampl ing techn ique was conducted 

d ur ing September 1 983. Seventeen core s amples , each approximately 4 . 5  em 

in diameter by 5. 5 em in length , were removed from Reactor Building 

c oncrete floors and D-ring wal ls.  

Following their removal from the Reactor Build ing, the  core s amples 

were subjected to an alyses under the general guidance found in 

R eference 2 .  Prior to any destructive analyses , the beta and g amma 

exposure r ates on the top and bottom s urfaces of each core were measured 

u sing two types of r adiological survey instruments and thermoluminescent 

dos imeters ( TL Ds ) .  The whole cores were initially analyzed using gamma ray 
s pectroscopy and autoradiography analys is techniques. Several of the cores 

were then longitudinally sectioned and one section from each was cut into 

wafers . These wafers were individual ly analyzed for activ ity content. 

Coatings removal  experiments were performed on l ongitudinal  sections cut 

f rom four cores. I n  addit ion , s ix s amples , including both sect ioned and 

who l e  core samples , were l ongitudin ally gamma scanned using a h ighly 

c ollimated intrinsic german ium spectrometer. 

The autoradiography and whole core gamma spectroscopy analysis result s  

are reported in Reference 3. This report presents those findings and , in 

addition , presents the resu l ts  of the l ongitudina l  gamma scans  and the 

c oncrete wafer analyses . 
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SAMPLING AND MEASUREMENT METHODS 

Sampli ng Locati ons 

The total surface area of concrete floors, wall s, and other structural  

components wi th i n  the Reactor Bui ld i ng i s  about 7, 200 m2 . Since on l y  a 

•odest number of core samples were to be col lected, the sel ection of s amp l e  

l ocations was pr imar i ly based upon the fol l owi ng two criter i a; (a) sample 

l ocati ons must  be representative of the major concrete surfaces at each 

access i ble elevat i on and some must be i n  areas where contaminated water 

pooled for long periods of time and { b)  a l imi ted number of samples must be 

collected at l ocat i ons  that exh i b i t  vis i ble surface scars or other signs of 

d amage to the c oat i ngs layer. Based upon the above cr i teria and v i sual 

inspec t i ons  of Reactor Bui ld i ng concrete surfaces , 17 sampling location s 

were chosen . The l ocat i ons se lected are shown in F i gures 1 and 2, wh ich  

are, respecti vely, the floor plans of  the 305- and 347-ft elevat i ons . The 

s amp l ing locat i ons  are i nd i cated in these figures by darkened c i rcles and 

correspond i ng sa.pl e  numbers . Locat i ons 305-2 , 305-7, and 347-3 are on the 

' B' D-r i ng wa l l; a l l  other locations are on e i ther the 305- or 347-ft 

elevat ion  floors . 

Core Bor i ng 

Concrete core s amp l es were col l ected u s i ng a Drillco F l ex-Shaft core 

bor i ng mach i ne equ i pped with a 5.08-cm outside d i ameter core-bori ng bit 

with a d i amond surface . All dri lling was conducted at 800 rpm u s i ng a slow 

bi t advance rate . I n  order to avo i d  l each i ng the concrete dur i ng core 

removal, li quid b i t  c oolant was not used. Adequate coo l i ng was ach i eved by 

forc i ng a sma l l  quant i ty of compressed a i r though the holl ow b i t  dur i ng 

b or i ng .  T o  ma i ntai n  good cutting qua l i ty and t o  prevent sample cross 

contami nat i on, the b i t  was changed after each dr i l li ng.  The concrete core s 

were typi cal ly  4 . 5  em i n  d i ameter and 5. 5 em i n  length . 

At the sampli ng s i te, each core was sealed inside a clean p l asti c 

b ag .  A l l samples were later tr ansferred to a c l ean, p l astic-l ined g l ovebox 

where they were v i sually inspected and cleaned of the loose dust which had 
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accumu l ated duri ng dri lli ng.  E ach sample was wiped gently w ith  a dry c loth 

u nt i l  no v i s i ble dust was transferred from the s ample to the cloth . After 

cleaning , each core was transferred to a clean polyethylene bag and placed 

i ns ide a second polyethylen e  b ag to provide addit ional  protection against 

the release of contamin ation . 

Exposure Rate Measurements 

Followi ng the c lean i ng descri bed in  the prev ious sect i on ,  each cor e  

was subjected t o  bet a and gamma exposure rate measurements wh ile still 

e nc l osed i n  the two polyethyl ene b ags.  Exposure r ate measurements were 

made at both the top and bottom surfaces of each core u sing an 

E berline R0-2 ion i zat ion chamber survey meter and an E berline E- 530N 

Geiger-Mu l l er survey meter that was equ i pped with  a shielded probe h av ing a 

c ert ified 50 to 1 front-to-back r at i o .  I n  add i t ion , measurements were made 
us i ng P anasonic TL Ds that had windows that were 7, 300 , and 1 000 mg/c� 
t h ick .  The TL D measurements were all made while the  plane of  the TLD c h ips 

was loc ated 2 . 54 em away from the pai nted surface of each  core. The 

average TLD exposure t ime was about 47 hours .  The TLDs were r ead u s ing the 

on- i sland GPU Nuclear TLD read i ng system . 

Whole Core  Gamma Ray Spectrosc opy 

The i nventory of gamma-r ay-emitt i ng r ad ionuclides in each s ample core 

was measured us i ng GPU Nuc l ear lithium-dri fted germanium [Ge( L i ) ] 
s pectrometers . Dur i ng each measurement, the painted circular surface of 

the core was or iented towards the detector and the counting geometry was 

t he s ame as that used to assay 5. 08-cm d iameter p art i cu late f i lt ers.  Th i s  

count i ng geometry was chosen so that the photopeak count rate data obta i ned 

c ould be converted to r ad ionucl i de concentrations u s i ng available count i ng 

effic i ency t ab l es .  The counting eff i ciency tables for t h e  part iculate 

f i lters that were used were not corrected for s ample sel f- absorpt ion; but 

ca lcu l at i ons  have been performed that show that for act i v i ty even ly 

distr i buted to a depth of 1. 27 em w i th in a concrete core h av ing t he  s ame 

dimens ions as the sampl es , the correct i on i s  only about 25 %.4 
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Autoradi ography 

Autoradiography i s  a measurement techn ique that i nvol ves plac ing a 

r ad i oac t i ve source i n  i nt imate contact wi th a photograph ic film to produce 

a latent i mage of the d i stri but ion of act ivity across the source. The 

s ample cores were autoradiographed by plac i ng the painted surfaces on 

1 0.16- by 1 2 . 7-cm Pol aro i d  land ASA 400 speed f i lm for per i ods of t ime 

r ang i ng from 30 mi nutes to 24 hours. Many cores were also autorad i ographed 

on Kodak Xomat AR f i lm for compari son . F igure 3 shows the autoradi ograph 

of sampl e number 305-7 overlai d  on a photograph of the pai nted surface of 

the sample so that a comparison may be made between surface features and 
act i v i ty d i stri but i on .  

Sample Sectioning and Leach ing  

F ive c ores were long i tud i nally sect i oned us ing a Buhler lapi dary saw 

equi pped with a 0 .89-mm thick d i amond t i pped blade . To minimize the spread 

of contami nation , no c oolant was used to cool the blade and cutt i ng was 

d i rected from the bottom of each core towards the pa i nted surface. Four of 

t hese longi tudinal sections were cut i nto wafers , each wafer being about 

8 mm th ick . Three such wafers were obtained from the pai nted end of each 

of  the four core sect i ons . 

The twel ve wafers thus obtai ned were ana lyzed for act i v i ty content 

us i ng an ac i d  leach technique . Each wafer was sequent i a l ly i mmersed in 

c oncentrated hydrochl oric ac i d  baths unt i l d i scolorat ion of the ac id 

ceased . The ac i d  l eachants and a sample of the concrete res i due were then 

analyzed for gamma-ray-emi tt i ng rad i onucli des us i ng the on- i s l and Pac if i c  

Northwest Laboratory ( PNL) Ge( li ) spectrometer system. 

In order to determi ne the efficacy of paint removal as a 

deconta.inat i on method, the coatings on the surfaces of four core sect ions  

were ra.oved . The process was completed i n  four stages on two of the 

sa.ples and i n  two stages on the remai n ing two samples . After each stage , 

t he core sect i on was counted for 5 mi nutes w ith a Ludl um mode l 

• 
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Concrete core sample autorad iograph showing dark shad ing where 
the coating pro�ected the concrete from r ad iation penetrat i on .  
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2000 Geiger-Mu l l er sc a l er us ing a 5. 08-cm d iameter end window 

( 1 .5 to 2 . 0  mg/cm2 m ica  w i ndow) detector .  The  sampl e-to-detector 

count ing d istances used were 5 and 2 em for each core . 

The f i rst  three steps i n  the coat ings remov al  process were sequential  

s andi ngs of the pai nted surface wi th 400- and 800-gr i t  sandpaper. The 

c oat i ng con s ists of three l ayers , which, in the order that they were 

ori g inal ly  app l i ed on the concrete surfaces,  are Keel er and long No. 6548 

epoxy b l ock f i l l er, No . 7 1 07 epoxy wh i te pr i mer, and No. 7475 epoxy wh i te 

ename l  f in i sh paint . Keel er and long5 reports the dry f i l m  thicknesses 

of those pai nts are, respect ively,  0. 1 42, 0 . 076, and 0. 064 mm. The in it i al 

s and i ng restored the coat i ngs ori g i na l  col or, that bei ng cream whi te. The 

s econd step was a repeated l ight s and i ng .  The th i rd s and i ng probab ly  

re.oved the major i ty of the f i n i sh and pri mer l ayers . The  fourth and f i n a l  

s tep i n  the coat i ngs removal process used a Dreme l e lectr ic  hand tool w i th 

f i ne stones that i s  norma l ly used to carve wood and soft stone. Fol l owing  

t h i s  l ast s tep, the surface was free of any coat i ng except that i n  the 

i n access ib l e crev i ces and pores of the concrete . 

D ur i ng the course of remov i ng the coati ngs . precaut i ons were t aken to 

prevent sampl e recontami nati on .  Fol l owi ng each treatment, the core sampl e 

w as vacuu�d and t ape was used to remove l oose surface contami nants. 

Col l imated Source Gamma Ray Spectroscopy Measurements 

To determine the d i stribut ion of rad ioces i um that had mi grated through 

the 0.282 �th i ck coat ings l ayer and i nto the sub-surface concrete, s i x  

core sampl es were l ongi tud i na l l y gamma scanned us i ng a h igh ly  col l i mated 

i ntr i ns i c  german i um  spectrometer. The techn i que invo lved mak ing repeated 

measurements of the count rate of the 662-keV photopeak of 1 37cs wh il e 

mov ing the sampl e i ncremental ly across the f ie ld  of v i ew of the 

spectrOMeter . A p lot of count rate versus scan pos i t i on prov i des a 

knowl edge of the d i stri but i on of 1 37cs as a func t i on of depth w ith i n  a 

c ore (see F i gures 4 through 9). 

Each core was scanned wh i l e hel d in a bracket that k ept the 

l ong i tud i na l  axis of the core perpend icul _, to the vert ica l  centerl i ne of 

9 



"0 
c: 
0 
0 
CD 
Ul 
.... 
CD 
a. 

Ul -
c: 
::::J 
0 
0 

� 
CIS 
CD 
a. 
0 -
0 

s=. 
a. 

> 
CD 

� 

N 
U) 
U) 

10 
8 

Background 

WJi'l Activity in 
fLfLJ concrete 

0 

0.01�--�--�--�--._--�--�--�--�--�--�--�---4--�--� 
-0.30 -0.20 -0.10. 0 0.10 

Depth into core (in.) 

0.20 0.30 0.40 
INEL 4 4662 

Figure 4. 1 3 7 cs d istribution profil e within con cr ete core s ample 

number 305 -3. 

10 



'0 
c 
0 
u 
• • 
... 
• 
Q. 
• -
c 
::II 
0 
u 
.IC 
• 
• 
Q. 
0 
0 
s:. 
Q. 
> 
• .IC 
N 
I 

100 �--r---�--�--�--�---,----
80 
10 
60 
50 

.a 

30 

20 

• 

2 

o.• 
0 

I 
0

0 

0.01 �--._ __ ._ __ �--�--�--�--�--�--_. __ _. __ �--�--�--� 
-0.30 -0.20 -0.10 0 0.10 0.20 0.30 0.40 

Depth Into core (ln.) 
INEL 4 4670 

Figure 5. 1 37cs d i stribution prof ile within concrete core sample 
nunmer 305-4. 

11 



"0 
c: 
0 
0 
Q) 
Ill 
.... 
'l) 
a. 

� 
c: 
::J 
0 
0 

� 
"' 
Q) 
a. 
0 

0 
.r= 
a. 

> 
Q) 

� 

N 
<0 
<0 

1��--��,--.--.--.--.---r-�--���-r--�� 

0.8 

0.6 
0.5 
0.4 

-0.20 

0 

-0.10 

l� 
Background 

0 0.10 0.20 0.30 0.40 
Depth into core (in.) 

INEL 4 4671 

Fi gure 6.  1 3 7 cs d i str i but i on prof i l e  w i th i n  concrete core s amp l e  
number 305-5 .  

1 2  



• 

� 
0 

i 

0.4 

o\ 
I 0 

i 0.2 

1 \ Background\ 
oJ \o\ o/o�/ o 

JJb�o....._
o

"""' o' 
• -
c 
:::ll 
0 
u 
� 
• 
& 
0 
0 
c. 
Q. 
> 
I» 
� 

i 
0.02 

-0.20 -0.10 0 0.10 0.20 0.30 0.40 

Oeph into core (in.) INEL 4 4668 

F i gure 7 .  1 3 7 cs d i str i but i on prof i l e  wi th i n  concrete core sampl e 
number 305-8 . 

1 3  



"C 
c: 
0 
(,) 
(I) 
1/) 
.... 
(I) 
c. 

� 
c: 
:I 
0 
(,) 

..ll:: 
"' 
(I) 
c. 
0 -
0 

.r;; 
c. 

> 
(I) 

..ll:: 

C\1 
co 
co 

1o�--�--�--�--.---.---�r---r---r---r---.---.---.---,---. 
8 

6 
5 
4 

2 

0.002 

0 

0 

• 

WJJ;I Activity in 
rtLfJ concrete 

o-o 

Background 

0.001 '--L--L--L--'----11.....---IL....---IL....---IL._____J_�L._____JL____J _ ___J..____..J 
-0.30 - 0.10 0 0.40 

Depth into core (in.) INEL • •663 

Fi gure 8 .  1 3 7 cs d i str i but ion prof i l e  w i t h i n  con cr ete cor e  s amp l e 
number 347-5 . 

1 4  



"0 
c 
0 
u 
., 
., 
... 
., 
Q. 
., 
c 
� 
0 
u 
� 
• 
., 
Q. 

0.4 

0 0.2 0 
I:. 
Q. 
> 
., 
� 0.1 

I o.oe 
0. 07 
0.06 
0.05 

0.04 

0.03 

0.02 

F igure 9. 

0 

-0.20 -0.10 0 0.10 

r77l Activity 
[LLJ in concrete 

0 

0.20 0.30 0.40 

Depth into core (in.) 
INEL 4 4669 

1 37 cs d istr i but i on prof i l e  w i th i n  concrete core samp l e  
number 347-8 .  

15  



the col l imator's aperture . The aperture , wh ich  measured 20 . 3  em h igh  by 

1 0. 2  em deep by 0 . 6 1  mm w i de ,  was fash ioned by s andw i c hing thin s h i ms 

between two lead brick s whose surface s had been mach ined f l at to with i n  a 

t ol erance of + 0 . 025 mm . Dur ing count i ng ,  the detector's end- cap was 

centered on the aperture and was f ixed at a d i st ance  of about 3 mm from the 

r ear surface of the lead brick s that formed the col limator . E ach core 

s amp l e  was scanned whil e pos i t ioned so that the side of the core nearest 

t he detector was at a distance of 2 em from the front s urface of the 

colli mator . The cores were eac h i n i t i ally posit i oned so that the painted 

s urface of the core was con serv at i ve ly  outside the f i e l d  of v iew of the 

detector . The painted surface was then moved towards the aperture i n  

increments that r anged between 0 . 508 and 1 . 27  mm. The u se of these 

relat ively large steps cont i nued until a s i gn i ficant  increase in count rate 

w as detected , at wh ich t i me the increment was reduced to 0 . 1 27 or 

0 . 254 mm. I n  each case , the average count rate measured wh il e the surface  

of the core was  out si de t he  detector's f i e l d  of  v iew, was  cons i dered to  be 

the background count rate for that samp l e .  

I n  order t o  determi ne the resolut i on of the col l imator , a contaminated 
part i cu l ates f i lter was gamma sc anned using the same procedure used to scan 

t he core s ampl es . P articu l ates were deposited on the  f i l ter over a region 
about 1 . 2 em in diameter and the average surface dens ity of the material 

w as about 4 mg/cm2 . The th i ck ness of the deposi t was not measured, b ut 

for an assumed dens i ty of 3 g /cm3 this surface density trans l ates i nto an 

average thickness of 0 . 0 1  mm.  Cert a i n  region s of  the deposit may h ave been 

an  order of magn i tude thicker than t hi s .  

The f il ter was mounted on one end of an uncontamin ated concrete cor e 

s ec t i on during t he measurements so as  to duplicate the c ase where  al l of 

the activ i ty i s  bound i n  the �oatings layer and none res ides i n  the 

c oncrete . The fil ter was scanned wh ile its near edge was pos it ioned at 

d istances of 2 and 3 em from the front face of the col l imator . The 

activity prof i les  that were measured are shown in Figures 10 and 1 1 .  
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DISCUSSION OF RE SULT S 

Rad ioces ium Surface Concentrat ion s 

The surface concentrat i ons of 1 34cs and 
1 37cs that were measured 

b y  gam.a r_, spectroscopy pri or to the start of any destructive analyses on 

t he core sa.pl es are presente� in Tab l e  1 .  The concentrat i ons are 

equ ival en t  surface concentrat i ons  s i nce they were ca lcu l ated by d i v id in g  

t he tota l  act iv ity �asured by the core's cross-sect ional area (i . e .  

1 4 . 53 c.,).  The l i s ted concentrat ions are decay-corrected to November 1 .  

1 983 .  

The D-ri ng wal l s amp l es exh ib i t  rad i oces ium surface concentrat i ons 

that are on the average two orders of magn i tude l ower than those measured 

o n  f l oor sampl es . Cesium-1 37 concentrat ions on f l oor surfaces range from 

0.0 1 1 �Ci/c� at  sampl i ng l ocat i on 347-7 to 5. 3 �C i /c� at sampl i ng 

locat i on 305-3.  The core s amp l e  hav i ng the h i ghest surface act iv i ty 

concentrat ion , sampl e 305-4 , was too rad ioac t i ve to be counted so i t  i s  

o n l y  pos s i b l e  to est imate i ts 1 37cs surface concentrat ion based on i ts 

ga..a exposure rate . Us i ng the resul ts of the l i near regress i on ana lys i s  

that is  descr i bed i n  a foll owing sect ion of this report, the 1 37cs 

s urface  concentrat ion at l ocat ion 305-4 was est imated to be about 

1 6  �C1/cM2• ( The 1 000 mg/cm2 TLD data was used to make th i s  

e s t i .ate . )  Th i s  abnorma l ly h i gh 1 37cs surface concentrat i on is , in part , 

due to the presence of a s i gn i f i cant amount  of subsurface act iv ity at th i s  

l ocat ion .  The s amp l e  exh ib ited a deep scar i n  i ts protect ive coat i ng that 

was of pre-acc i dent or ig i n  which a l l owed act iv ity to penetrate i nto the 

concrete i n  the near v i c in i ty of the scar (See Fi gure 5) . 

The  rat i o  of 1 3 7 cs to 1 34 cs concentrat ions as of November 1 ,  1 983 

t s  near l y  constant at 1 6  to 1 .  Th i s  is cons i stent with computer 

project i ons  of the core i nventory of these two nuc l i des and with analys i s  

resu l ts for other types of samp l es col l ected from the Reactor Bui l d ing. 
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TABLE  1 .  E QU I VALENT SUR FACE CONCENTRAT IONS O F  1 34cs AND 1 3 7cs MEASURE D 
IN WHOLE CONCRETE CORE SAMP LES US I NG GAMMA RA Y 
SPECTROPHOTOMETR Ya 

Core 1 34Cs  137Cs  Samp l e  
{�C i /cm2

)
b {�C i /cm2 ) b 

Number 

305- 1 8 .3 E -3 1 . 4 E - 1  
305-3  3. 2 E - 1 5 .3 E +O 
305-4 __ c __ c 
305-5 8 .9 E-3  1 .4 E -1 
305- 6 7 .6 E-3 1 .2 E - 1 
305-8 1.4 E -2 2. 3 E - 1  

305-2d 7 .6 E-5 6.  5 E-4 
305- 7d 1 .4 E -3 2 .4 E -2 

347-1 6 .5 E-3  1 .1 E - 1  
347-2 5.4  E -3 a. 9 E -2 
347-4 1 .8 E- 1  2 .9 E +O 
347-5 6. 9 E -2 1 .2 E +O 
347- 6 4 .2 E-2 6 .7 E- 1 
347-7 7. 6 E -4 1 .1 E -2 
347-8 5 .2 E-2  8 .3 E - 1 
347-9 1 .  7 E -2 2 .  8 E -1 

347-3d 3 .3 E -4 5 .0 E-3  

a .  Act i v i t i es as of  1 1 /0 1 /83. 

b .  Equ i va lent surface act i v i t i es were c a l cu l ated u s i ng a whol e core 
surface area of 1 4 .53 cm2 . 

c .  Th i s  s ampl e was not measured because act i v i ty was too h i gh . 

d .  Thi s sampl e was col l ected from a D-r i ng  wa l l . 
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1 3 7  A compari son between the mean C s  surface concentrat ion s that were 

d etermi ned by measurements made on the core s amp l es and those that were 

determi ned by measurements made on s amp l es co l l ected a year and a ha l f 

e ar l ier duri ng March 1982 using a surface mi l l i ng techn i que , i s  presented 

i n  Tab l e  2 .  ( The concentrat i on s  l i sted in the tab l e  were a l l  

dec�-corrected to a common date , November 1 ,  1 983 . ) The mean 1 37cs 

s urface concentrat i ons that were determi ned us i ng these two s amp l i ng 

techn i ques agree reasonab l y  wel l .  The large uncertai nties i n  the mean 

val ues ref l ec t  the fac t  that l oca l  1 37cs surface concentrat i ons  on a 

g i ven gener i c  surface var i ed over a w i de range of v a l ues . Samp l es 

col l ected i n  the v i c i n i t i es of f l oor dra ins , for exampl e, exh i b i ted 

act i v i ty concentrat i ons that were an order of magn i tude h i gher than those 

measured at l ocati ons  where l ong-term poo l ing of contami nants d i d  not occur . 

The autorad i ographs made of the painted surfaces of the cores reveal 

that the surfaces s amp l ed conta i n  a fa i r l y  uni form background of 

rad i onuc l i des  trapped w ith in  the coat i ngs l ayer that i s  dotted wi th sma l l 

local i zat i on s  of h i gher act i v i ty .  I n  general , rust-col ored spots and 

s ta i n s  correspond to areas hav i ng the h i ghest i ntens i t i es i n  the 

autorad i ographs .  ( See F i gure 3 for a c ompari son of v i sual  surface features 

w i th autorad i ograph i c  features of core samp l e  number 305- 7 ) . 

The present general  area gamma exposure rate on the 347-ft e l evat ion  

of the  Reactor Buil d ing is  about 1 00 mR/h . To est imate what fract ion of 

thi s  f i e l d  i s  c aused by contaminants trapped i n  the f l oor , parametr i c  

calcu l at i on s  were performed us i ng the ISOSHLD-2 computer code . 4 D i s k  

s ources , wh ich  ranged i n  d i ameter from 3 .04 to  9. 1 4  m ,  were model ed to 

dupl i c ate the f l oor surfac e  source term. Based on a 1 3 7cs surfac e  

c oncentrat i on equa l  t o  the average val ue measured t o  b e  present o n  the 

347-ft  e l evat i on f l oor (0 . 76 �C i/cm2 ) , the gamma exposure rate wa s 

c a l cu l ated at a po i nt 1 m above the center of each d i sk .  The resu l ts are 

presented bel ow .  
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3 .04 
4 . 57 
6. 09 
9. 1 4  

D i s k  D i ameter 
(m) 

Exposure Rate 
(mR/h)  

23  
30 
36  
43  

These data  i ndi cate that from about 20  to 40% of the  current genera l 

a rea exposure rate at th i s  e l evat ion i s  due to contami nants t rapped i n  the 

f l oor . 

Beta  and Gamma Exposure Rates 

The beta and gamma exposure rates that were measured on the pa i nted 

surface of each con crete core samp l e  are presented3 i n  T ab l e  3. One of  

t he primary mot i ves for performi ng these measurements was to  determi ne how 

wel l the exposure rates correl ated wi th meas ured surface act i v i ty .  I f  i t  

cou l d be shown that the exposure rates i mmed i ately above a s urface were 

s imply  rel ated to surface act i v i ty con centrat i ons  on that s urface then i t  

wou l d  be pos s i b l e  to i nfer surface act i v i ty concentrat ions on s urfaces not 

yet s amp led us i ng the resu l ts  of a re l at i ve ly  qui ck and s i mp ly  survey 

measurement . S i n ce 1 37cs was determi ned to be the predomi n ant 

radi onucl i de on Reactor Bu i l d i ng surfaces i t  was chosen as the nucl i de 

h av i ng the best potenti a l for bei ng s imp ly rel ated to the beta and g amma 

exposure rates . 

Least-squares f i ts of the d ata to the l i near equat i on ,  y = a+ bx ,  

where y = �Ci /cm2 of 1 37 cs and x = beta (mrad /h )  o r  g amma ( mR/h) 

exposure rate , were performed. The coeffi ci ents of the equat i on were 

computed al ong with the coeff i ci ent of determ inat i on ( r2 ) separately 

u s i ng e ach of the 1 2  d ata  sets l i sted i n  Tab l e  3. The cal cu l ated 

coeffi ci ents are presented i n  Tab l e 4 for 1 0  of these d at a  sets .  The 

resul ts  for the 300 mg /cm2 TLD d ata are omi tted s i n ce the TLD i s  not 

sens i t i ve to the rel at i ve ly  l ow energy bet a emi tted by 1 37cs . 
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TABLE 2 .  COMPARISON OF MEAN 1 37 cs SURFACE CONCENTRATIONS MEASURED IN 
MI LLED SURFACE SAMPLE S WIT H T HOSE MEASURED IN CONCRETE COR E 
SAMPLE S1 

Mil l ed Sampl es b 
Core Samples Rat i o  of 

Milled to Core 
Locat i on � a.C i /cJ l �a. C i /cJl Sampl es 

E levat i on 305 ft 

Concrete F loor 6 . 6  t 9.6 E-1 1.2t 2 . 3  E+O 5. 5 t 1 3 .0  
E - 1 

D-r i ng Wall 2 .0 t 1 . 3 E -2 1 . 2 t 1 .  7 E-2 1 . 7 t 2.6  
E+O 

E l evat i on 347 ft  

Concrete F l oor 2. 8 t 3 .4  E -1 7 . 6  t 9. 6 E- 1  3 . 7  ± 6. 5 
E -1 

D-r i ng Wa l l 3 . 3  t 2 . 4  E-2 5 . 0  E -3 6 . 6  E+O 

a. Activ i t i es as of 1 1 /01/83 . 
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TABLE 3. EXPOSURE RATES MEASUR ED ON THE TOP SURFACE OF EACH CONCRETE CORE 
SAMPLE 

E ber l ine 
P anason i c  T LOa E berl i ne R0-2 E530N 

Core Beta {mrad/h) Gamma {mR/h ) 
Samp l e  Gamma Bet a  Ganma 

7 mg/cm2 300 mg/cm2 1 000 mg/cm2 Number {mR/h) {mrad/h) {mR/h} 

305- 1  1 . 0  94.0 2. 5 1 3 1 .03 1 . 84 0. 97 
305-2 0 .2 __ b <1.0 o. 89 0.00 0.21 
305-3 32.0 1 1 3 6.0 75. 0 18 14 .92 52.40 3 1 . 69 
305-4 60. 0  1 880.0 300.0 3528. 42 35. 28 93. 8 1  
3 05-5 1 .0 78.0 5.5 1 40.29 0. 65 o. 77 
305- 6 1 .0 94.0 2.5 1 69. 1 5  1 . 39 0.8 1  
305- 7 0.2 5.0 <1.0 8.2 6  0.1 3 0. 2 1  
305-8 1 . 5  1 1 7.0 4. 0 235.42 0.69 1 . 29 

347- 1 1.8 66. 6 11 .0 2 68. 09 6. 00 3. 72  
347-2  0.4 9.2  1 .5 1 5.50 1 . 24 o. 74 
347-3 0.2 0.4 <1 .0 0.91  0.00 0.22  
347-4 6.0 300.0 45.0 87 7.78 39. 33 25. 56 
347-5 3.2 94.0 27. 5 391 . 40 1 5.08 0. 74 

. 347- 6 2.0 96.0 11.0 2 69.57 8.09 4.02 
347-7  0. 2 3. 2 <1 . 0  1 1 . 7 7 o. 1 7  0. 2 1  
347-8 2 .2  45.6 1 2. 5  1 90.60 7 . 9 6  5.57 
347-9 0.8 4 1. 4  4.0 1 1 8.09 4 .49  2.03 

a.  These numbers refer to the surface dens i ty of the TLD  wi ndow used to  
di scrimi nate energy . 

b .  Not  measured. 
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TABLE 4. RESULTS OF LINEAR RE GRESS ION ANALYSI S  

Coefficients a 

2 Type of 
Survel Devi ce a b r Measurement 

Eber 1 i ne R0- 2 

305-ft data -0.027 0. 1 665 1 . 000 ganma 
-0 . 242 0 . 004 9  0 . 996 beta 

347-ft data -0.227 0.4845 0.939 ganma 
-0.026 0. 0096 0.91 4 beta 

Eberline E530N 

3 05-ft data -0. 1 02 o. 0720 0 . 999 ganma 

347-ft data -0.1 26 0.0619 0 . 917 ganma 

Pa nason ic TLD 

305-ft data -0 . 226 0.0030 0 . 991  beta (7 mg/cm2) 
-0.0 1 0  0.1676 1 . 000 ganma ( 1000 �/ cm2) 

347-ft  data -0.093 0 . 0032 0.913 beta (7 mg/cm ) 
+0.0 1 2  0.1 140 0 . 972 ganma ( 1000 mg/cm2) 

'� Coeff i c i ents of l inear equat i on .  y z a +  bx , where y = �C i/cm2 of 
7cs and x z beta (mrad/h) or gamma (mR/h) exposure rate. 
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The resu l t ing  l i near equat i ons  are pl otted i n  Fi gures 1 2  and 1 3 .  
Fi gure 1 2  p l ots the equat i ons obtai ned us i ng the beta exposure r ate d at a  whi le  

Fi gure 13  p lots  the  equat i ons  obta i ned us i n g  the  gamma exposure r ate  data. An 

exami nat i on of these graphs reveal s  th at the beta and gamma exposure r ates 

measured on the surfaces of s amp les co l l ected from the 347-ft e l evat i on us i n g  

the Eberl i ne R0-2 dose rate measurement i nstrument are b i ased l ow compared to 

the res u l ts obtai ned us i ng the E530N and TL Ds .  The gamma exposure r ates 

measured us i ng E530N are h i gher by about a factor of two compared to the 

resu l t s obta ined us i ng the 1 000 mg /cm2 TL Ds .  However , if  we i gnore the 

347-ft R0-2 data,  predi cted 1 37cs surface concentrat i ons  v ary by on ly a 
factor of about 2 us i ng the beta exposure rate l i near equat i on s  and they v ary 

by a f actor of about 3 us i ng the gamma exposure r ate l i near equat i ons.  

Because the exposure rate measurements were made i n  a l ow-back groun d  

envi ronment outs i de of the Reactor Bui l d i ng ,  the l i near equat i ons  rel at i ng 

exposure rates to 1 37
cs surface concentrat ion that were presented in Tab l e  4 

must be used wi th some caut i on when pred i ct i ng s urface act i v i ty b ased on 

measurements made i ns i de the Reactor Bui l d i ng. Th i s  is parti cul ar ly germane 

when gamma exposure rate measurements are used s i n ce survey i nstruments are 

not often suffi ci ent ly  col l imated to prov i de an accurate read i ng of the 

exposure rate ar i s i ng from a smal l regi on of a l arge surface sour ce .  G i ven 
t h i s  ci rcumstan ce ,  the use of beta exposure r ates to pred i ct surface 

act i v i t i es i s  l i ke ly  to be a more rel i ab l e  method than one that uses gamma 

exposure r ates. 

Depth of Radi onucl i de Penetrat i on i nto Coat i ngs and Concrete 

Several d i fferent types of measurements were performed on v ar ious core 

samples  i n  an effort to characteri ze the d i str i but i on of r ad ionucl i des  w i th i n  

and below the coati ngs l ayer. They i ncl uded a coat i ngs removal  experi ment ,  

autorad iography meas urements , r ad i ochemi ca l  an a lyses performed on  wafers cut 

from core s amp l es ,  and gamma r ay spectroscopy measurements that used a h i ghly 

co l l imated i ntr i ns i c german i um spectrometer. 

The data obtai ned from the coat i ngs removal exper iment that was performed 

on l ong i tud ina l  sect i ons  cut from four core s amp les  are presented3 in 

Tab l es 5 and 6. The res u l ts for s amp l es 347 -2 and 305-1 are expressed as 
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TABLE 5. RESULTS OF COAT I NGS REMOVAL EXPRESSED AS PERCENT REDUCT ION I N  
MEASURED D ISINTEGRATI ONS PER MINUTE 

Core Sa��Pl e  
NUIIber 

347-2 
305- 1 

1 

85.30 
85. 84 

Coatings Removal  Step 

2 

91 .80 
__ a 

3 

95 . 75 
__ a 

a .  No intermediate steps were used to remove coatings l �er . 

TABLE 6 .  RESULTS OF COAT I NGS REMOVAL ON SURFACE E XPOSURE RATE 

Init i a l  Final 

Core SaiiPl e  
N ud»er IIIR/h mrad/h mR/h mrad/h mR/h 

347-4 10 400 4 200 60 
3 05-4 25 700 1 6  1 000 36 

29 

• 

Percent 
Reduction 

4 

98. 1 8 
99. 96 

mrad/h 

50 
-42 



c umu l at i ve percent reduct i on i n  gross act i v i ty, measured i n  d i s i ntegrat i ons  

per mi nute , fol l owi ng each stage in  the coat i ngs l ayer removal process.  

Th e data for sect ions  347-4 and 305 -4 are expressed as percent reduct i ons 

in beta and gamma exposure rates fol l owi ng remova l  of the pai nt  f rom the 

top surfaces . The coat i ngs on those l atter two sect ions were removed in a 
s i ng l e  step . 

The i n i t i al l i ght s andi ng of core sect i ons  347-2 and 305 -1 reduced the 

measured gross act i v i t i es of both sect ions  by about 85 %. The ori g i nal  

c o l or of the pai nted concrete surfaces w i th i n  the Reactor Bu i l d i ng h ad been 

a g l ossy cream wh i te ,  however, i t  was general l y  observed that the col or had 

yel l owed . The cores col l ected from the f l oors exhi b i ted cons i derab ly more 

yel l owing  than d i d  those obta ine d  from the D-ri ng wal l .  The yel l owed l ayer 

was eas i ly removed by li ght s andi ng and i t  i s  est imated that t h i s  l ayer i s  

between 0 .05 1 and 0 .102 mm th i c k . Based on a coat i ngs l ayer th i ckness of 

0 .282 mm, the maximum th ic kness of the yel l owed l ayer i s  about one-th i rd 

that of the coat i ngs l ayer .  Comp letely remov i n g  the coat i ngs from sect ions  

347-2 and 305 -1 reduced the i r measured gross act i v i t i es by 98 .1 8  and 

99 . 96%, respect i vely.  

The removal of the coat i ngs from sampl e  sect ions 347-4 and 305 -4 

produced l ess  dramat i c  resu l ts . The s amp l es '  gamma exposu re rates were 

reduced by 60 and 36%, respecti vely.  The beta exposure rate of s amp l e  

347-4 decreased by 50%, however, the beta exposure rate o f  s amp l e  305 -4 

actual ly i nc reased by 42% .  Th i s  i nd i c ates that moderate quant i t ies of 
beta-emi tt ing nuc l i des mi grated through the coat i ngs l ayer at th i s  l atter 

l ocat i on and that the coat i ngs l ayer was act i ng as an effect i ve beta 

shie l d.  As was prev ious ly  menti oned, samp l e  305 -4 has a deep scar in i t s  

p rotect i ve coat i ng that i s  o f  pre-acci dent ori g i n  and the l oc at i on a t  wh i ch 

the core was removed had been covered by standi ng water for an extended 

period of t ime. 

The autorad iographs of s amp l e  305 -4 confi rm t he f i n di ngs of the 

coat i ng remova l  experiment. Autorad i ographs of whol e cores and 

l ong i tud inal  sect i ons of cores that were made by l ayi ng the samp l es 

l ength-wi se on photograph i c  f i lm, i nd i cate that act i v i ty penetrated i n to  
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the concrete at only  one other l ocat i on, that be i ng 305-3 . The 

a utoradiographs of these two sampl es i nd icate that the max imum depth activ i ty 

penetrated i s  2 mm at l ocation 305-3 and 3 em at locat ion 305-4 . To further 

investi gate this phenomenon, l ongitudi na l  sect i ons from those and two other 

sampl es were cut i nto wafers and subjected to radi ochemical  anal yses . 

The resu l ts of those ana lyses are presented i n  Tab l e  7. The tab l e  
137 presents the Cs  act i vities that were measured i n  the pa i nt and the 

concrete wafers obtai ned from core sections 305-1 , 305-3 , 305-4 , and 347-4 . 

The pa i nt that was removed from sect i on 305-4 and 347-4 duri ng the coat i ngs 

r�val exper i ment was , unfortunately, l ost , so for those two sampl es only  the 

activ i t i es that were measured i n  the wafers are presented. The depth 

interva l s  shown i n  the tab l e  correspond to the coat i ngs l ayer (0 .00 to 

0.2 8 Mm) and to the three wafers cut from success i vely deeper reg ions of each 

core sect ion, each wafer bei ng about 8 mm thick . 

The data i n  Table 7 support the conc l us ion , first suggested by the 

autoradi ography resul t ,  that act i v i ty penetrated i nto the concrete at sampl i n g  

l ocat i ons 305-3 and 305-4 , but they a l so i ndicate that rad i oces i um penetration 

occurred at sampl i ng l oc at ing 347-4 . The autorad iograph of the top surface of 

sa.ple 347-4 exh i b i ted a high i ntens i ty reg ion whose pos i t ion and shape 

corresponded to a sha l low groove that runs across one quadrant of the 

s urface. As i s  suspected to be the case with s amp l e  305-4, thi s type of 

surface feature may be respons i b l e  for the observed deep activ i ty penetrat ion .  

The data presented i n  Tab l e  7 for samp l es 305-1 and 305-3 support 

contradictory conc l us i ons regard i ng the s i gnif i cance of penetrated act i v i ty .  

E s sent i a l l y a l l (i. e .  99. 871} o f  the act i vity i n  core sect i on 305- 1 was found 

to be bound in the coatings l ayer but on ly 3.51 of the tota l  act i v i ty measured 

t n  core sect i on 305-3 was found to be assoc i ated w i th its coat i ngs l ayer. In 

a l l cases, the major i ty of the penetrated activ ity was found to res i de i n  the 

top-.ost wafer, or, t n  other words , wi thin  a depth of 8 .2  mm from the coat i ngs 

l ayer s urface. The top wafers were found to conta i n  from 88. 3 to 99. 91 of the 

total activ i ty measured i n  each set of wafers . W i th in  the depth i nterva l  9 . 12 

to 17 . 17 mm s imi l ar percentages range from 11 .6S for s ample 347-4 to 0 . 04S for 

s ampl e  305-3. 

31 



w 
N 

TABLE 7 .  C s -1 37 ACT I VI T I ES MEASURE D  I N  PAI NT REMOVE D AN D CONCRETE WAFERS CUT FROM SELECTE D CONCRETE CORE 
SAMPLEs  a 

Samp l e  Number 

Depth Interval 305-1 305-3 305-4 347 -4 
( mm) {l!C i }  {l! C i ) {l!Ci) { )Jc i ) 

0 .00 t o  0 .28b 1 .  55 ± 0 .0 1  E - 1  4 .79 ± 0 .03 E - 1  Not measured  Not  measure d  

0 . 2 8 t 0 8 . 2 3 C  2 ± 1 E-4 1 .3 1  ± 0 .0 1  E+l 6 .3 1  ± 0 .05 E+l 1 .48  ± 0 .0 1  E+l 

9 .1 2 tol7 .1 7  <4 .0 E -5 4 .9 ± 0 .2 E-3 7 .7 6  ± 0 .07 E - 1  1 .95 ± 0 .02 E+O 

1 7 .96  to  25 .9 1  <3 .2 E-5  2 .0 ± 0 .2 E-3  2 .2 6  ± 0 .0 6  E-2  1 .0 6  ± 0 .02 E-2  

a. Act i v i ties as of 1 1 /1 5 /83 . 
b .  This i nterval  corresponds to  the coatings l ayer . 
c .  This i nterval  correspon ds to  the con crete just  bel ow the coat i ngs l ayer. 



I n  order to make a compar i son between the resu l ts presented i n  Tab l e  7 

a nd the equ iva l ent 137cs concentrat i ons reported i n  Tab l e  1, the paint 

and wafer act i v i ties were summed by samp l e  and the total ac t i v i t i es were 

c onverted to surface concentrat i ons  by d ivid i ng by the est imated cross 

sect i on a l  areas of the wafers. The areas used were 6. 72 cm2 for sect ion s  

305-1 , 305-3, and 34 7-4 and 3.36 cm2 for sect ion 305-4 . The ca lcu l ated 

s urface concentrations are shown in Tab l e  8 under the heading 11Table 711• 

It i s  ev i dent that the general  agreement between the resul ts  obt a i ned 

by the two d i fferent methods i s  not exact enough to a l l ow a rel iab l e  

ca lcu l ation by s ubtrac t ion of the act i vi t ies in the coat ings l ayers of 

sa.pl e sect i ons  305-4 and 347-4 . However , core 305-4 was among the six 

cores or core sect i ons  that were l ongitud i nal l y  gamma sc anned . 

To  determ i ne the resol ut ion of the col l imated spectrometer that was 

used to gamma scan the core sampl es a contaminated part i c u l ates f il ter was 

s canned whi l e  posi tioned at two different source-to-detector d istances . 

F i gures 1 0  and 1 1  show the count rate profil es that were obta i ned by gamma 

scanning the particu l ates fil ter . Dur i ng the measurements , the p l ane of 

the fi l ter was kept paral l e l  to the p l ane of the col l imator aperture so as 

to dupl icate the geometry used dur ing scann i ng of the core s amples .  In 

eac h  figure, the count rate of the 662 keY photopeak of 1 37cs is p l otted 

a s  a funct i on  of scan pos i t ion . F igure 10 shows the resu l ts of the scan 

that was done whi l e  the fil ter  was pos i t i oned with its near edge 2 em away 

f roM the front surface of the col l imator and Figure 1 1  shows s imil ar 

res u l ts for the scan made using a count i ng distance of 3 em .  

As mi ght b e  expected , both count rate prof i l es exhib i t a sharp , 

synmetr ica l  peak. A modes t broaden i ng of the peak with i ncreas ing count i n g  

d i stance i s  ev ident when the wi dths o f  the peaks are compared . The fu l l  

wfdth of the peak at one ha l f  i ts max i mum va l ue (FW 1 /2M) increases from 

a bout 0. 78 mm for count i ng done at 2 em to about 0.94 mm for count ing done 

at 3 em. These graphs show the profil e that shou l d  resu l t  from scann i ng a 

c ore s amp l e  whose sub-surface concrete i s  free of contami nat ion . 

The 1 37 cs photopeak count rate profi les measured by gamma scann i ng 

whol e  core or core sec t i on samp l es 305-3,·305-4, 305-5, 305-8, 347-5, and 
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TABLE 8. COMPARISON OF 1 37cs SURFACE CONCENTRATIONS (pCi/c�) 

Sample Table 1 Table 7 

305 -1 o. 1 4  0.02 
305 -3 5.3 2.0 
305-4 1 5 . 7a 19 . ob 
347-4 2.9 2.5b 

a. Estimate based on 1 000 mg/cm2 TLD data. 

b. Does not include contribution from paint. 
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347-8 are shown , respec t i vely, i n  F i gures 4 through 9 .  Samp l e  305- 3 was a 

l ong i tud i na l  hal f-sec t i o�f the ori g i n a l  core and samp l e  305-4 was a 

l ong i tud inal  three-quarter-sec t ion of the or i g ina l  core . The rema i n i ng 
four samples were i ntac t  whol e  cores . 

B ased on the assumpt i on that the l ead ing edge of each prof i l e  up to 

the maxi�• count rate corresponds to a measurement of act i v ity in or very 

n ear the coat i ngs l ayer, s�tr tca l  peaks were drawn under the prof i l es of 

the four most contami nated s amp l es ( 305-3 , 305-4 , 347-5,  and 347-8) i n  

order t o  est imate the partit i on i ng of act i v i ty between the coat ings l ayer 

and the sub-surface concrete . The FW 1 /2Ms of the resu l t i ng four peaks are 

essent i al ly i dent ica l  and have an average v a l ue of 1 . 22 � 0.04 mm . Th i s  

wi dth agrees reasonab l y  �1 1 wi th the wi dth pred i cted for a 4 . 3-cm d i ameter 
� 

p l ane source.  

The areas under the symmetr ica l  peaks and under the ent i re prof i l es 

were determi ned and i n  each case the former was subtracted from the l atter 

to est i mate the fract i on of the tot a l  acti v i ty res i d i ng i n  the concrete . 

Because the count rates p l otted i n  the graphs were not corrected for samp l e  

se lf-absorpt ion , the areas under the prof i l es correspondi ng t o  act iv ity in 

the concrete were mult i p l ied by correct i on factors and new total areas were 

c �uted . Approx imate s�f-absorpt ion correct ion f actors were c a l cu l ated . - 1  
us i ng a l i near attenuat i on coeff i c i ent at 662 keY of 0 . 1 84 em and , i n  

e ach c ase,  an attenuati on th ickness equal  to one-ha l f  the core or sect ion 

th i ckness . 

The anal ysis descr i bed i n  the prev i ous paragraph was performed on the 

count  rate prof iles of samples 305-3 , 305-4 , 34 7-5 , and 34 7-8 . The 

resul ts , both uncorrected and corrected for self absorpt ion , are presented 

t n  Tabl e 9. 

The percentages for samp l e  305-4 are presented as less-than and 

greater-than v a l ues because an insuff i c i ent length of the core was scanned 

to determ i ne the total r�ati ve activ i ty content of the concrete ( $ee 

F i gure 5) . The relative acti v i ty content of the concrete of sample 305-4 

d etermi ned by gamma scann i ng ( 20 . 41 )  may be compared with the v a l ue that 

may be i nferred us ing  the res ults of the 'oat1 ngs removal decontami nation 
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T ab l e  9 .  1 37cs  PARTIT ION I NG RESULTS 

Act i v i ty Content ( %) 

U ncorrected 
S amp l e  
N umber P ai nt Cnncrete P a i nt 

305-3 9 1 . 2  8 . 8  89 . 6  
305-4 <85 . 3  > 1 4 . 7  < 79 . 6  
347-5 98 . 0  2 . 0  9 7 . 0  
347-8 63 . 2  36 . 8  53 . 6  
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Corrected 

Concrete 

1 0 . 4  
>20 . 4  

3 . 0  
46 . 4  



exper iment .  Remov i ng the pa i n t from a quarter- sec t i on of 305-4 decreased 
i ts gamma exposure rate by 361 . Based on th i s  resu l t  at l east 641 of the 

tot a l  act i v i ty measured i n  the sect i on i s  bound i n  the concrete . 

The resu l ts presented i n  Tab l e  9 for samp le  305-3 i nd i cate that about 

l OS  of the 137cs  act i v ity i s  be l ow the coat i ngs l ayer on the h a l f-sec t i on 

that was scanned . However . the resu l t s  of rad iochemi cal  ana lyses performed 

on the pa i nt and concrete wafers obta i ned from the mat i ng hal f-sect i on of 

sa.pl e 305-3 i nd icate about 951 of i ts 1 3 7cs  act i v i ty i s  bound in 

subsurface conc rete . The d i s agreement cou l d  be exp l ai ned i f  the l arge 

.ajori ty of acti v i ty i n  th i s  s amp l e  i s  d istri buted i n  a pl ane at or just 

below the i nterface of the coat i ngs l ayer and concrete . The spat i al 

resolut ion of the system used to scan the cores was too l arge to accuratel y  

resol ve the part i t ion ing i n  such a case .  

Severa l of  the count rate prof i les show evi dence of  act i v i ty 

s trat i f i cat i on w i th i n  the core samp l es .  Th is i s  part i cu l ar ly ev i dent i n  

the profi l es of s amp l es 305-3 . 347-5. and 347-8 . ( See F i gures 4 .  a .  and 

9) . Based on these prof i l es .  the max i mum depths that 1 37cs penetrated 

i nto the f loor at these three l ocat i ons are. respec t i ve ly. 5. 1 .  2 .3 .  and 
1 37  2 .8  mm .  The count rate prof i l e  at core 305-4 i nd icates Cs  penetrated 

at th i s  l ocat i on to depths beyond 8 . 4  mm. 
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CONCLUS ION S  

R esu l ts of analyses of surface s amp l es co l l ected pri or t o  the Reactor 

Bu i l d i ng gross decontami nat i on!txper iment revea l ed that the frac t i ons  of 

t he core i nventor i es of f i s s i on products  depos i ted on Reactor Bu i l d i ng 

surfaces a t  tho 305-ft e l evat i on and above were les s  than 0. 05�. 1 They 

a l so i nd i cated that Cs and Sr were transported to Reactor Bu i l d i ng surfaces 

i n  water drop l ets  and that the major i ty of the i r  measured surface 

act i v i t ies were deposi ted after the nuc l i des h ad reached chemi ca l  

equ i l i br i um i n  the water i n  the b asement . 

The data obtai ned from th i s  c urrent study i nd i cate that the protect i ve 

coat i ngs on concrete surfaces prov i ded s i gn i f i cant  protec t i on aga i nst  

r ad i onuc l i de penetrat i on . On the 305- and 347-ft e l ev at i on f l oors , 

rad i oces i um i s  general ly  conf i ned w i th i n  a few mi l l i meters of the top 
s urface of coati ngs l ayer . F or th i s  genera l  case , the part i t i on i ng of 

rad i oces i um between the coat i ngs  l ayer and the subsurface concrete var i e s  
c ons i derab ly . However , a t  f l oor l ocati ons h av i ng coati ngs that were 

damaged pri or to the acc i dent , rad i oces i um penetrated i nto the concrete to  

a depth of  several  centimeters . A breach or  part i a l breach i n  t he  coati ngs 

l ayer comb i ned w i th l ong-term pool i ng  of contami nated water at  the l oc at i on 

of  the damage i s  thought to be the cause of th i s  phenomenon . The outward 

spread of sub-surface contami nat i on at such l ocat i ons appears to be 

c onfi ned to the near v i c i n i ty of the s i te of the damage . 

P arametr i c  ca lcu l at i ons i nd i cate that the decontami nat i on of 347 -ft 

e l evat i on f l oor s urfaces wi l l  s i gn if i cant ly reduce the general  area gamma 

exposure rates at th i s  e l evat i on . Measurements made of the depth of 

r ad i onuc l i de penetrat i on i ndi cate that scabb l i ng wou l d  be an effect i ve 

decontami nat i on techn i que . 

The l i near regress i on analys i s  resu l ts s uggest that measurements of 

the contact beta and gamma exposure rates of a surface cou l d  be used 

i nstead of col lect i ng s ampl es from the s urface to make a determi nat i on of 

the act i v i ty concentrat i on on the surface . Because of the requ i rement that 

the survey i nstruments used for- th i s  purpose be h i gh ly col l imated , the use 

of bet a exposure rates is l i k e ly  to be a more rel i ab l e  method than one that 
u ses gamma exposure rates . 
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