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ARSTRACT 

The results of an analysis of radioiodine behavior during and after the 

March 28, 1979 accident at TMI-2 are presented. All available measurement 

data for 1291 and 131r are summarized. Measurements show that from 11\ 
to 28\ of the iodine originally in the fuel could be accounted for outside 

the core on August 28, 1979 (when the first basement water sample was 

taken). To fill in gaps where measurements are not available mathematical 

models are used. Models for the transport of iodine from the fuel to the 

Reactor Building are developed and benchmarked to measurements. It is es

timated that approximately 1\ of the iodine originally in the fuel was made 

airborne during the accident, and the maximum air concentration during the 

accident resulted from transport of 0.2\ of the original core inventory. 
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INTRODUCTION 

The pu rpose of this work was to perform a pre l i mina ry ana l ysis of the 

fate  of radioiodine du r i ng and fo l lowi ng the acc ident at Three Mi le Is

land , Unit 2 (TMI-2) . The plant ha1 been operat i ng for approximately 95  

�ffect i ve fu l l  powe r days when it  t r i pped at  0400 on March 28 , 19'79. Sub

sequent events lead to reac tor coo l ant system (RCS) liquid being re leased 

to containment unt i l  approx imate ly 0620 when the b lock va lve (RC-V2) was 

c losed. At this t ime rad i a t ion mon i tors began record i ng substantia l  rad i 

a t i on l evels in contai nment i ndi cating t hat t he loss of cool ant had caused 

fue l damage. Start ing at approxi mate l y  0 7 1 3  and lasting unt i l approxi 

mately 1700 hours. coo lant . as steam and liquid . was re leased to cont a i n

ment i nt e rmit tently car rying rad i oac t i vity f rom the damaged core. At 1 350 

hou rs , contai nment sprays were in i t i a ted for approximately 5 mi nutes which 

reduced concent rations of radionuc l ides in the contai nment atmosphere . 

Containment pressure fel l be low atmospher i c  pressu re at  1730 hou rs and re

mai ned the re . indi cat i ng t hat l i t t l e or no vapor escaped f rom t he RCS 

aft er that t ime . However ,  some leakage of RCS l iquid continued .
6 

This work summar i zes the quant i ties of iod i ne i n  p l ant systems and 

compar tments f rom t he sta r t  of the accident . The systems and compa rtments 

i nc l uded are the reactor coo l ant system ,  con t a i nment basement ,  surfaces 

i nside contai nment . containment atmosphere and the aux ll i a ry bui lding . To 

the extent poss i b l e ,  measu rement resu l ts we re used in the ana lysis . Fo r 

time inte rva ls when data we re not avai l ab l e , mathematica l mode ls we re used 

to fi  1 1  i n  the mi ssi ng info1rma t i on .  Mode ls were adjusted lo co r respond 

wi U1 measu rements made pr i o r  to and fol l owi ng such intervals . 

Re l evant measurement resu l ts are summa rized in the f i rst pa rt  of the 

repor t . The second pnr t  o f  the report desc r i bes the mathematica l mode ls 

and p r�sen ts model results. 
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RADIOIODINE MEASUREMENTS AT TMf-2 

The resu l t s  of rad i o i odi ne measurements made at TMI-2 are summari zed 

in t h i s  section. The med i a  samp l ed included reactor coolant ,  t he Reactor 

Bui l ding atmosphere, t he React or Bu ild i ng basemen t li qu i d, l iqui ds in t he 

Aux i liary Bui ld i ng, eff luent a i r  d i scharged from t he Auxi liary and Fue l 

Handling Build i ngs, charcoa l from f i lter beds i n  t he Auxi l i ary and Fuel 

Hand l ing Bui l d i ng discharge l i nes, and samp l es of pai nt from surfaces i n  

t he Reactor Bui lding. I n  add i t i on, i odine concentration o n  React or Bui ld

ing surfaces was est imated from gamma spectra obt a i ned by a co l l imat ed de

tector positioned out s i de t he bui ld i ng. Most of t he sampl es col lected 
131 

soon after t he acc i dent were ana lyzed for I by gamma spectrometry. 

Subsequent samples were ana l yzed for 
129

r by x·-ray spectrometry and neu

tron act ivat ion ana lysi�. Each major i nventory component i s  t rea ted i n  a 

separat e  subsectior. To fac i li ta t e  comparisons among nuc l i des and between 

samples taken at different t i mes, t he measured ac t i v i t i es have been decay 

correc ted t o  t he t i me of react or shutdown, 0400 on March 28 , 1979, and ex·

pressed as a fraction of t he shut down i nventory of t he measured radio

nuclide. 

Reac tor Coo lant Syst em Liquid 

Jod i ne-131 was detected in reac tor  coo l ant system (RCS) l i quid samp l es 

co l lected before August 15, 1979 . 1'
2 

The concent rat i on of 
129

r has 
3-5 

been measured i n  two RCS sampl es . The resu 1 ts of the measurements 

are g i ven in Tab l e  1. In add i t i .on to t hese measurements , the 131r con

cent rat i on of a sample taken at 0850 on the day of the acc i dent was re-
6 

port ed to be 81 lJCi lml. However, the resu l t  is ques tionab l e  because 

of sampl ing d i ff i culties and the probab le exi s tence of a vapor barr i e r be

t ween t he l i qu i d i n  t he core and t he l i qu i d  bei ng sampled . Af ter :woo 
hours on t he day of the acci dent , an i n-service reactor  coo l ant pump as
sured reasonab l y  good mix i ng i n  the RCS. Iodine-1 29 , -131, and -133 con

cen t ra t i ons were measu red i n  the first RCS samp l e  l isted in TabJe 1. The 
131 133 

d h f. 
129

J 
. 

d resu l ts for I, I, an t ·� 1 rst measurements are 1n goo 

agreement and i nd i ca te that about Q.2% of the iod i ne i nven tory was in the 

RCS 37 hours aft er react o r  shutdown . The quantity of radioiodi ne in t he 

2 
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TABLE l .  MEASUREMENTS OF RADIOIOOINES 
IN THE TMI-2 REACTOR COOLANT SYSTEM 

Time (hr )  After Percent of Ini t igl 
Shutdown (Date) Radionuclide Core Inventory: Reference 

31 {3/29/19 ) 13 11 1 . 6 2 
1331 8 . 9  2 
1291 1 1  3 
1291 0 . 18 3 , 4 
1291 19b 5 

3 16 (4/ 10/19 ) 13 11 14 1 
458 {4/ 16/19 ) 13 11 12 1 
483 {4/ 11/19 ) 13 11 12 1 
522 {4/ 18/19 ) 13 11 12 1 
605 {4/22/19 ) 13 11 9 . 1  1 
616 (4/25/19 ) 13 11 8 . 9 1 
84 1 (5/2/19 ) 13 11 6 . 1  1 

1040 {5/ 10/19 ) 13 11 1 . 5 1 
1230 (5/ 18/19) 13 11 8 . 0  1 
1510 (6/ 1/19 ) 13 11 8 . 0  1 
11 10 {6/1F19 ) 13 11 5 . 2  1 
1860 (6/i3/19 ) 1311 4.1 1 
2000 {6/ 19/19 ) 13 11 4 . 6  1 
2 190 (6/21/19 ) 13 11 4 . 2  1 
2380 (1/5/19 ) 13 11 4 . 9  1 
2530 (1/ 1 1/19 ) 13 11 5.8 1 
2610 (11 11/19 ) 13 11 3 . 6 
2840 (1/24/19 ) 13 11 5. 1 1 
30 10 (1/3 1/19 ) 13 11 3 . 1  1 
3200 (8/8/19 ) 13 11 0 . 43 1 

12 100 (8/ 14/80 ) 1291 1.0 3 
1291 0.5 3,4 

a. computed using a reactor coolant system vo lume of 3.23xl08 ml and 
init ial inventories of 7 . 0xlo7 CL 1.6xto8 CL and. 0.22 Ci  for 13lr, 
1331 ,  and 1291 , respect ively . The i nventori es were taken from Refer
ence 2 1 . 

b .  Possibly not an aliquot of the same sample .3 

3 



RCS l iquid at  t i mes prior to  37 hours can on ly be infer red f rom calcu l a

t ional mode ls . Samples t aken f rom 37 to 522 hours showed t hat t he RCS 

l iquid iod1ne increased to 12--14\ of the core inventory and t hen declined 

t o  about 1\ of the core invento ry at 12 ,100 hours after shutdown . The in

crease is believed t o  be due to leaching of iodi ne from the dama<Jed fuel 

or from internal surfaces o f  the pri mary system,  where i t  may have depos

i ted following release from the fuel. The dec rease after about 522 hours 

i s  due to leakage 0f water from the RCS into the Reactor  Bui lding Base

ment. Radioiodine input and output rates to the RCS liquid are similar to 

radioces i um input and output rates during t he same t ime per iod . 6 

Reactor Building Basement 

The Reactor Bui )ding Basement is potentia l ly a l arge reservoi r for 

radioiodines. The few measurements that have l�en made are summarized in 

Table 2. Each va lue is the sum of radioiodine in the l iquid and in fi l

terable so lids, when present . Each sample is discussed brief ly below .  

The first set o f  samples was taken on August 28. 1979 and ana lyzed by 
7 

Oak Ridge Nattonal Laboratory (ORNL} . The samples we re t aken th rough a 

long tygon tube threaded through a penet ration above the basement wat e r  

level . A l though tygon is a notorious "'Je t t er" o f  e l emental  iodine when 

used for a i r sampling , it is doubt ful that much plateout of iodine occur

red f rom t he liquid s t ream . This is because t he deposition rate i s  con

t rol led by t he mobi lity of the i on in a liquid and i s  therefore very slow 

compared t o  the sampling ratE! . The bot tom sample . taken t h ree inches 

above t he f l oor, conta ined solids which we re cent rifuged and ana lyzed sop-
131 

arately . The on l y  va l ue for I concent ration in t hl"? basement ( 0 . 12 

pCi/ml )  is from t he l iquid portions of these samp l es .  and i s equi va l ent 

t o  17 pe rcen t of  the co re inventory at 0400 hours March 28 . 1979. Thi s  

es timate  is based on 5 16.000 ga llons of l i quid in  the reactor bui lding 

""�8 1979 Th l/.9I i ' h l' id f basement on August /.. . . e concentcat on 1n t e 1 qu rac-

t i on of the sarnpl es. 0. 078 llg/m l .  represents 12 percen t of the core i n

ven t o ry .  The 129r concen t rat.:lon in the solids is reported in terms of 

t he t o t al vo l ume of the bot tom sample: 0. 07 llg/ml .  The calcu lation of 

t he 129r inven tory in haseme•nt so lids requi res an assumption on the 

4 
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TABLE 2 .  MEASUREMENTS OF RADIOIODINES IN THE 
TMI-2 RF.ACTOR BUILDING SUMP 

Percent of Ini t ial 
Core Inventorya 

Time ( hr )  After 
§hutd9Wil (Date )  Radionuclide Liquid §_olids Total 

3 , 680 (8/28179 ) 

18 , 680 ( 5/ 14/8 1 ) 

21 . 870 (9/24/8 1 )  

1 3 11 

1291 

1291 

1291 

nb 
12b 

5 . 5e 

25f 

N . M . c >17 

0 . 4-?d 12-19 

o.s-sd 6-ll 

N . M .  >25 

Reference 

1 
1 
8 , 9 

10  

a.  Core invent ories at shutdown of 129r and 131r taken as 0.22 Ci and 
7 . 0xl01 Ci respect ively . 

b .  Based on an est imated basement volume of 5.16xlo5 gal on Augus t 28 , 
1979 and the average concentration found in three samples of liquid . 

c .  N . M .  = not measured . 

d .  varies according to amount of solids estimated . See text . 

e. Based on an est imated basement volume of 6.4xto5 gal on May 14, 1981 
and the weighted averag� of the concentrat ions found in four samples of the 
liquid fract i on .  

f. Based on an estimated basement volume of 6. 5xlo5 gal on September 24, 
198 1. 

5 



depth of solids-laden water . The mi n imum depth is three i nches, whi ch 

cor responds to a volume of l . 69xl0
4 

ga l lons. 'fhe maximum possibl e  depth 

i s  just below the nex t  h i gher sample (60 i nches above the floor). in whi ch 

no solids were reported . wh i ch cor responds t o  a volume of 3 .  38xi0
5 

ga l

lons . The 129r core i nventory in the solids thus ranges from 0.4 to 7 

percen t . The total core inventory in the basement ranges from 12 to 1 9  

percent . 

A second set of basement samples was taken du r i ng the tenth ent ry (May 

14, 1981) and analyzed by EG&G Idaho , Jnc .
8•9 

The lowest samp le  of the 

fou r was from the basement f l oor  and contained solid materials . The next 

sample up was 5 3/.8 i nches above the floor .  

"contained no observable s0l1ds" . 
8•9 

The 

It and the top two samples 
1 29 I concent rat i on i n  the 

l iqui ds decreased toward the bottom of the basement .  The f ract ion o f  the 

core i nventory in the liquid was 5 . 5  percent . The 
1 29

r concent ration i n  

t he sol ids , dete rm i ned by neut ron act i vat ion ana l ys i s ,  was 0 . 065 percent 

by wei ght . The re was 0 . 9  mg of sol ids per mi l l i l i te r  of the sample. so 

the 
1291 concent rat ion in the so l ids was l . Ox l 0

-4 
�C i /ml of sampl e  

a s  co l lected. The amount of 
1 29

1 i n  the basement so l i ds depends o n  the 

depth of sol ids-bea r i ng water used i n  the ca l cu lat ion . An upper l i m i t  i s  

5 i nches whi ch yi elds a core fract i on of 5 percent . If a 0. 5-inch he i ght  

i s  assumed as  the lDW�?r l i mit , t h i s  rep resent s 0 .  5 percent of t he 1 ).9
r 

core i nventory . '!'he tota l core i nventory rep resented thus l i es between 

about 6 and 11 �rcent . 

The f inal basement sample , ClOl , was co l l ected September 24, 198 1. 

p r i o r  t o  t he s t a r t  of process i ng of the basement wa ter by the Submerged 

Demi ne r a l i ze r  System .
1 0  

Alt hough the sample  was f i l tered , the on ly 

129r value reported is for the l i qu i d  port ion and is thus a 1 ower 
-5 

l i mi t . The concent rat i on of 2 . 2x l 0  �Ci /m l  corresponds to a core-

i nven t o ry f r ac t i on of 25 percent , the highest measured . 

The calculat ions of  fractiona l core jnventories of iod i ne in the base

ment all sha re the assumpt ior1 that each samp l e  is representat i ve of the 

ent i re basement at the t i me of col l r>ct ion. The dif fe rences in t he results 

a re p robably  due a t  l east part l y  to i nhomogeneities in the basement con-

tents . 

6 



�e�ct_or Bui ld!_r:!9_Atmosphere 

The first sample of the reactor building atmosphere was collected 75 

hours after shutdown on M<trch 31, 1979.2 Ten more samples were collect

ed and ana 1 yzed for 131 
I .  11 -1:3 •rhe last two 131 I measurements were 

14. 15 
;nade using an airborne radioiodine species sampler. The results of 

these ml?asurements are shown i n  Table 3. Also shown in Tnble 3 are the 
129 

results of - r mnasurements made during 1980, both prior to and after 

the Reactor Building purge. 
16•17 

The average of the two analyses performed on the first sample repre

sents 0.005\ of the original core inventory. Subsequent samples represent 

fractional core inventories which range from a low of 0.001% to a high of 

0.03%. The average of all samples is 0.01% of the original core inven

tory. From June 1979 to May 1980, iodine levels i n  containment atmosphere 

steadily declined from 0.03% to 0.0015%. After purging, the leve l 

(O.OOll'lt.) was not much lower than the level just prior to purging 

(0.0015\). The reason for the decrease from June 1979 to r1ay 1980 may be 

that the rate of resuspens i on of iodine from surfaces decreased over that 

time period thus changing the iodine equilibrium between surfaces and 

air. A more detailed discussion of iodine behavior is included in the 

next section. Suffice it. to sny here that at 75 hours the measured lf�vel 

of iodine in containment atmosphere was 0.005%. 

The radioiodine species sampling results are quHe �;imi Jar for gaseous 

1 29r and 
131 I. •rhe principal species found in all measurements was 

* 

organic. The commonly recognized volatile forms of iodine are elemental 

*
References 14 nnd 15 describe a samp1 ing system in whid� air is 

passed serially through four ndsorbers which selectively collect different 
forms of iodine. The first is a parUculate filter which collects and re-
tains i od i ne irreversibly attached to particles. The second adsorber is 
Cdi 2 which retains elemental and passes less reactive forms. ·rhe third 
is IPh which collects a form of i od i ne cal led HOI which penetratef; the 
Cdr2 adsorber but does not adsorb CH1I. The fourth adsorber is impreg-
nated charcoal or silver zeol1te which collects dll known forms of iodine, 
and placed after Cdi2 and lPh j• collects the least reactive forms of io
dine, �.g . . organic iodine of whlch CH3T is the most likely form. Jo 
this wport elemental, HOI and organic iod i ne refer to those forms of io
dine identified with the above sampling system . 

. , 



TABLE 3. MEASUREMENTS OF �DIOIOOINES IN THE 

Time (hr) After 
Shutdown (DaLe) 

75 (3/31/1�) 

121 (4/2/79) 

890 (5/4/79) 

1130 (5/14/79) 

1420 {5/26179) 

1450 (5/27/79) 

1520 (5/30/79) 

1540 (5/31/79) 

2040 (6i21/79) 

2170 (6/26/79) 

2480 (7/9/79) 

9590 (511/80) 

9630 (5/3/80) 

11710 (7/31/80) 

TMI-2 REACTOH BUILDING Jl.TMOSPHERE 

Radionuc lidE� 
131I 
131! 
131! 
1311 

13Ir 

1311 
1311 
131! 
1311 
1311 
1311 
1311 
1291 
129! 
1291 

Percent of Initial 
Core Inventorya 

0.0026 

0.0065 

0.0012 

0.0053 
0.0058 

0.020 

0.019 

0.030 

0.019 

0.014 

O.OlGb 
0.0089c 

0.0017d 

0.0015e 

0.0011f 

Reference 

2 

11 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

16 

16 

17 
-------

a. Computed using an average net air 
Reactor Ruqding for the l3 Ir samples. 
air vol�litle was taken to be 5 .. 37x1Ql0 
the volume taken up by s��p water. 

volume of 5.46x1ol0 cm3 in the 
For the 129r samples, the net 

cm3. The difference 1 s due to 

b. Radioiodine species: 0.04% of airborne activity associated with 
particulates, 7.8% I2, 5.7% HOI, aud 86% organic iodides. 

c. Radioiodine species: 0.04% of airborne activity associated with 
particulates, 9.2% 12, 13% P.OI, atnd 78% organic iodides. 

d. Based on average of four samples of total gaseous iodine collected 
over 2 -day period. 
e. Gaseous radioiodine species:: 19% I2, 16% HOI, 65% organic iodides. 
The uncertainties associated wtth these species fractions are -30% of 
t he values, much larger than the uncertainties for the other species 
measurements. 

f. �eak activity measured after most of the purge had been completed and 
airborne activity returned to equiJjbrium. Gaseous radioiodine species: 
2.5% I2, 7.3% HOI. 90% organic iodides. 

8 



U
2

>, o rganic (�. g. , CH3I) and a form which bf:haves unlike r
2 

or or

ganic which i s  generally called hyporodous acid (HOI) . In addit ion to 

these forms , iodine can exist in part iculate mat ter ( � . g . ,  as Csl) or ad

sorbed on par t iculate mat ter .  The iodine on building surfaces could have 

been t ransported t here in any of these states, e i t her singly or i n  combi

nat i on . 

Reactor Building Sur faces 

The f i rst est imates of the l�dioiodine concentrat ion on surfaces wi th

i n  the Reactor Building were derived from ganuna spect ra obtained on June 

1. 1979 us ing a collimated Ge ( Li) detector located outside t he Reactor 

Building equipment hatch .
18 

The results of those measurement s  and of 

di rect measurements on samples removed frGm the Reactor Building at later 

t imes are given in Table 4.7•10•19 
The first sample for direct analys is 

was the cutout of the penetrat ion seal plate obtained on August 28, 
7 129 

1979. The est imates based on analyses of I in six paint sam-
10 19 

ples ' average 0.24\ of t he i n i t i al inventory which is lower but com-
131 

parable t o  the earlier re�ults for I .  

Auxiliary and Fuel Handling Buildings 

Measurement s  of 
131

r in the Auxiliary and Fuel Handling Bui lding 

l iquids have shown that reactor coolant bleed tanks (RCBT) cont ained t he 

vast majori t y  of t he radioiodine. 
6•20 

Table 5 shows t he est imated liq

uid inventories based on analyses of bot h  
131

r and 
1 29r .

3•6•20 
The 

129 
t ank samples analyzed for I were taken at different times. Sampling 

dates were December 20 , 1 979 , January 28 , 1980 , and February 4, 1 980 for 

RCBT-A , RCBT-B , and RCBT-c, re•spective 1 y .  The later est imates of individ

ua l t ank and total tank inventories agree wHhin about a factor of two. 

Note that tank capacities werE� used i n  the calculat i on of total act i vity, 

and therefore the resu lts represent upper limits. Radioiodine levels in 

other liquids , in charcoal filter beds and on bui lding surfaces are t r i v1-

al
6 

compared with those in RCBT liquids. At the t ime of this writing, 

measurements results of 
129

r in s ludge material taken from makeup and 

9 



TABLE 4. MFASUREMENTS OF RADIOIODINE ON SURFACES IN THE 
TMI-2 RI!:ACTOR BUILDING 

-----

Time (hr )  After Measurement Percent of Ini t ial 
Shutdown (Date ) Type __ core Invento�a Reference 

1560 (6/l/79) 13lr . Indirect. by 0.49 18 
Gamma Spect romet ry 

3680 (8/28/79) 13lr. Di rect. Sample 0.69 7 
of Penet rat ion Seal 
P l ate 

1.7000 (3/7/81) 129r. Di rect . Paint 0. 13 19 
From Seal Table Area 

17000 (3/7/81) 129r. Direc t . Paint 0.47 19 
From Stairwell Area 

17000 (3/7/8 1) 129r. Direct. Fallen 0.025 19 
Paint Chip. Found on 
305' Level 

19600 (6/2 1/31) 129r, Direct , Paint 0.36 10 
on F.JB , b 305' Level 

19700 (6/25/81) 1291. Direct , Paint 0.17 10 
on EJB , b 341' Level 

19800 {1/1/8 1) 129r, Di rect , Fallen 0.29 . 10 
Pa int From Dome , 
Found on 347' Leve l 

a .  

b .  

Computed using a surface area o f  2.2x108 cm2. 

Elec t r i cal Junct ion box. 

--- --- ------ ---- ------ -----
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TABLE 5. 

�--· 

MEASUREMENTS OF RADIOIODINES IN 
AUXILIARY BUILDING TANKS 

Percent of Initial Core Inventory 
In �he Reactor CooJant Bleed Tanksa 

Time (hr )  After 
§t.tutdown (Date)  Radionuclide __ A_ B c Total Reference 

46--50 131I 5xlo-6 
{3/30/79) 

140--150 1311 0.077 
(4/3/79) 

1900 1311 0.72 
(6/ 14/79) 

6420 t o  1291 1.3 
{ 12/20/79) 

7520 1291 0.59 
{2/4/80) 

0.051 0.054 

0.054 NOb 

1.1 1.1 

1.1 2.3 

0.59 1.1 

0.10 

2.9 

4.7 

2.2 

- - --

12 

12 

20 

3 

3, 4 

a. Computed assuming liquid volumes of 2.92xlo8 ml , which is t he 
capacit y  of each tank . 

b. No data available . 

11 
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131 
letdown f i lt ers are not available. In another analysis o f  I behav-

ior. 6 it was estimated that the letdown demineralizer may have collected 

1\ of the radi oiodine . Howeve ;: . no measurements are available and t here

fore demineralizer radioiodine is not included in Table 5 .  

�ummary of Iodine Inventory _Evaluat io� 

The observed fract i onal inventories in the various media are summa

r i zed in this sec t ion. The first time at which a detailed account of the 

measurement s  of iodine inventory can reasonably be attempted is August 28 . 

1979 . 3680 hours after shutdo�1. Prior t o  that time. no direct measure

mvnts o f  the basement or Reactor Bui lding surfaces had been made. Table 6 

sununar izes the results of i nventory measurements at 3680 hours (8/28/79) . 

The possible range in the portion of the total inventory contai ned in t he 

media sampled is from 17 to 28 percent. There is no evidence that any 

other system or area of the plant held a significant quantity of iodine. 

(As noted above. th2 letdown demineralizer inventory could raise the frac

t ion of  t he total iodine accounted for at that t ime) . 

The same accounting procedure (using data from References 1. 3 and 20 ) 

i dent i fies approx imately 50\ o f  the 3H and 137
cs inventory on the same 

date . The fractional inventories of these elements in t he RCS and Auxil

i ary Building
3

•
20 

are comparable to those for i od i ne . The principal 

di f ference between the cesium and trit ium inventories on the one hand and 

the iodi ne inventory on t he. other lies in t he f ract i ons found i n  React o r  

Bui l ding Basement. 

Potent i a l  l ocations of additional iodine have been i dentified . These 

are l isted and discussed bri efly below: 

o relat ively undamaged fue'l 

o reactor vessel internals and RCS piping 

0 pressurizer relief syste'm i nc luding t he reactor coo l ant d ra i n  t ank 

o makeup and letdown syste•m 

0 solids in t he Reactor  BUiilding sump and basement 

o Reactor Building air cooler su rfaces 

12 



TABLE 6 .  SUMMARY OF MEASURED RADIOIODINE 
INVF.NTORIES ON AUGUST 28, 1979 

Locat ion ___ _ 

Reactor Coolant System 

Reactor Bui lding Basement 

Reactor Building Atmosphere 

Reactor Building surfaces 

Auxiliary Bui lding Liquids 

Total Ident i f ied 

13 

Percent of Init i a l  
Core Iodine Inventory 

2--3 

12-- 19 

0.002--0.003 
0.5--0.7 

2--5 
17- -28 

. �' ,. 
• 4- " l  ":;II ' I  ' 



Al though none of these locat ions has yet been analyzed for iodine con

tent by di rect or  indi rect measurement techniques . each is a candidate for 

future measurements t hat can improve the accounting i n  Table 6 .  Because 

port ions of the reactor core remained at relat ively low temperatures . un

damaged fuel would be expected to  contain a large frac t i on of the original 

i odine inventory . Radioiodine released f rom the fuel at higher tempera

tures may have deposi ted on internal surfaces . such as the �lenum or pri

mary piping , that were exposed for an extended t ime .  Much of the released 

iodine passed through the pressurizer and i ts rel ief lines to t hE RCDT. 

The contents of the RCDT have not been sampled: nei ther have the lnter!or 

surfaces of the t ank and assoc iated piping . Part  of the iodine p resent i n  

the RCS between 0400 and 1900 on March 28 would have been collected on the 

letdown deminera l i zer . Radiat ion survey data show that the demineralizer 

contains large amounts of radioact ivi ty . The high concent rat ion of 
1 29

r 

in solids present in basement samples suggests that addi t iona l iodine may 

be present in the basement. If the concent rat ions of sol ids i n  samples 

col lected to  date under-represent the t rue mass of sol ids in  the basement, 

then addit ional samples may indicate a higher inventory than that in  Table 

6 .  The surfaces of the heat exchangers in the five Reactor Bui lding ai r 

coolers may have removed iodine from the containment atmosphere . During 

the period when t he concent rat ion of radioiodine was the highest i n  con

tainment ai r .  i t  is  likely that the surface of the cooling coils was cov

ered wi th condensate . Therefore . some of the iodine removed by the cool

ers followed the condensate into the Reactor Bui lding Basement .  

Impl i cat ions 9f Data Regarding the Chemical Form 
of Ai rborne Radioiodine 

The purpose of this section i s  to exami ne surface measurements of 

137Cs, 131r, and 129 I t o  provide :tnsight into the form i n  wh ich iod i ne was 

t ransported to  surfaces . Because of the like ly p resence of iodi ne i n  the 

form of Csi escapi ng from the core , it is wort hwhi le to examine the rela
tive quantities of iodine and cesium measured on surface__;_ Core inven
tode5 of radioiodine and radiocE�sium21 at the time of the accident are 

127 133 
shown in Table 7. Also shown are I and Cs whi ch are stable  fis-

14 
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(Jl 

cesium 

Isotope Curies 

134Cs 1 .  58 (5) 
135Cs 2.63 
131cs 8.43(5) 
l33Cs 

TABLE 1. DISTRIBUTION OF IODINE ISOTOPES AS CESIUM IODIDE 

Atoms of Iodine i f  All I i s  Assumed to be Csi 

Atoms 1291 1311 1331 1351 

5.53xlo23 a 
22 1.45:do22 3.4lxlo·21 1.03x 1o21 [0.0056] 3.03xl0 

1.33x1o25 [0.134] 1.30x1o23 3.49xlo23 8.38xlo22 2.41x1o22 

4.28xlo25 [0.43] 2.35xlo24 1. 12x1024 2.10x1o23 
7.96xlo2/. 

4.28xlo25 [0.43] 2.35xlQ24 1.12x 1o24 2.10x1o23 
7.96x1o22 

---

9.95xl025 5 .. 46x1o24 2.60x1o24 6.21x 1o23 1.85x1o23 

[0.525] [0.25] [0.060] [0.0 18] 

a. The numbers in brackets are fract ion of total atoms of that isotope . 

---- ----· 

1211 Total 

8.45xlo2 1 5.78xlo22 

2.03x1o23 1.39xlo24 

6.54x 1o23 4.41x1o24 

6.54xlo23 4.41xlo24 

1. 52xlo24 1.04xlo25 
[0 .146] 



slon products not included i n  Reference 2 1 .  on the basis of other calcu

lations. 
45 133cs and 137c:s atoms �Jere assumed to be equal in number. 

and the number of 
127

r ator.tS was taken to be 28\ of 129r atoms . As a 

first approximation. these isot.::.pes are in the same proportion as their 

fission yields. Table 7 shows there were approximately 10 cesium atoms 

for each iodine atom. 

Table 8 surmnariz;es pertinent measurements and shows the ratio of io

dine to cesium atoms on building surfaces. If all the iodine was trans

ported to containment surfaces as cesium iodide. and both the cesium and 

iodine persisted in the same proportion thereafter. the I/C� ratio would 

be 1 .  If all 10 cesium atoms escaped the core and were transported. de

posited and persisted proportionately with each iodine atom. the ratio of 

iodine to cesium atom..o; on containment surfaces would be 0 .1. Table 8 
shows that the measured range was 0. 7 to 300. All but one measurement 

showed a ratio substantiaily greater than l. The average ratio on the 

paint chip samples was approximately 30. The iodine to cesium ratio on 

the seal plate cutout was 300. 

The measurement showing an I/Cs ratio less than 1 was t he on ly one 

made which included a floor area. in this case t he floor in front of the 

equipment hatch on the 305' level. The difference between the ratio on 

the floor and wall is the level of ces,_um-137 present. The iodine levels 

are nearly the same, 0.49\ of the core on the floor and an average of 
137 

0. 30\ on the wall samples. On the other hand, Cs measured on t he 

floor was 32 tiw.�s higher than lh£� average 
137

cs measured from wa l l  sam

ples. Apparent 1 y, higher levels have persisted on floors. Wall and floor 

measurements of 
137

cs made before the March 1982 Decontamination Experi

ment showed that floor ievels were eight times the levels on nearby 
46 

walls. 

EJ tt.er of two explanat i ons is consisten t  with these f i nd ings . One is 

that the iodine was t ransported ,  dE�posi ted and pe rsisted i ndependently of 

the cesium. If it were in a gaseous form, i t  would depos i t  rathe r  even ly 

on ver·tical and hor izonta 1 surfaces a 11 ke . The ces i u.m on t he ot her hand, 

16 



TABLE 8. IODINE AND CESIUM INVENTORIES ON 

REACTOR BUILDING SURfo'ACF.Sa 

------- --------------------------- �--- --·----

T i me (hr) A ft er 
Shutdown 

1 560 (6/ 1/19) 

Floor 

1 560 (6/ 1/19) 
Wa l l 

3680 (8/28/79) 

1 "7000 (3/7/8 1 )  

nooo (317/8 1 > 

17000 (3/7/8J) 

19600 (6/21 /8 1) 

t<noo (6/25/8 1> 

19800 (7/l/8 1 )  

Nuc l ide 
Measuredb 

1 3 1 1 
1 37cs 

1 3 1 1 
1 3 7cs 

13 l r 
1 3 7cs 

1291 
137cs 

129.r 
13 7c5 

1291 
13 7cs 

1 291 
1 3 7c5 

1291 
1 37cs 

1291 
137cs 

Tot a l  Cs 
and I AtomsC 

5 . lxlo22 

7 . 0xl.o22 

3 . lxto22 

2.2xlo21 

7 . 2xJ.o22 

2 . 3xlo20 

1 . 4 x l o22 

6 . 7xlo20 

4 . 9x J o22 

l.Oxlo27. 

2 . 6xlo2l 

1 . 4 xlo20 

3 . 7x l o22 

5 . 2xlo20 

1. 8x 1Q22 

4 . 3 xJo20 

3 . 0xlo22 

3 . 4xlo2 1  

Iodi ne Atoms 
Ces ium Atoms 

0 .  7 3  

1 4 . 

300 . 

21. 

4 . 9  

19. 

71. 

42 . 

8 . 8  

a. Unless o therwise i nd i ca ted , measu rements were made on ve r t i ca l  
su r faces . 

b. See Tab le 4 for 13 l t and l29r levels on su rfaces. 13 7cs l evels 
we re t aken from re ferences sho�m in Table 4 .  

c .  To ca l cu l a t e  tota l jod i ne and cesium a t oms conve r t  13 l r o r  129r o r  
1 T7cr; measu remen t s  t o  atoms cmd d i v i de h y  t he f ract1on each nuc l i de i s  
of t he total ,  i . e. ,  0 . 25 , 0.525 and 0 . 43 respec t i vely . (See Tabl e 7 ) .  



deposi ted mai n  I y on hor izonta l  surfaces , perhaps by g rav i tational set tl i ng 

c� pa rUcles . Another explanati on 1s that the iodine was transported and 

deposi ted as Csi, but on l y  the iod i ne pers i sted on vertical surfaces , 

while the ces i um was washed o f f  by condensate . 

'fhe fi rst a l terna t i ve best f i ts a l l the avai lable i nformat i on .  Expe r

i ments have shown f l oo r  to wa l l  rat i os of depos i ted particu l ate ma t te r  of 

3 to 12 .
21 

Th i s  range i s  l owe r than the measured ratio of 32. However. 

one would expect that containment sprays, whi ch ope rated at TMI -2. would 

inc rease f l oo r  concent rat i ons n� l at i ve to wal l concent rations . I f  iodine 

deposited as Csi , then from 95% to 99% of the ces i um was l ater  washed off 

surfaces by natura l processes . In v i ew of the d i f f i cu l t i es encounte red in 

removing cesium dur i ng the March 1982 decont am i nat ion experiment, 46 
such 

a high removal rate under nat u ra l  cond i t i ons see�s unl ikely . 

C'f t he known iod i ne species, the on ly one wi th  a deposi t i on vel oc i ty 

g reater  t han that of  sma l 1 partic l es is element a l .  The deposit i on ve l oc i 

t ies of  both o rganic iod i de and HOT are l ower than that fo r sma l l parti

c les . Therefore , if  th� i od i ne was present i n  e i ther o f  these for�s. t he 

TICs rat i o  would have been much l ower than measured . 

It shou l d  be poi nted out that the existence of a small fracti on of 

e lemen t a l i od i ne i n  the conta i nment atmosphere does not preclude the pos

sib i li ty t ha t  i od i ne escaped from the fuel and even the RCS as Csi. Oxi

dat i on o f  Csi i n  sma l l pa r t i c l es or I in sma l  1 water droplets ent rai ned 

i n  s team a re poten t i a l  sources of elemental iodine. Indeed there is d i

rect evi dence tha t  the i od i ne which entered the basement may have been jn 

a form othe r  than vo l at i l e i od i ne. In 1981, a samp l e  of basement liquid 

was ana l yzed for vo latile i od i ne (Cc14 ext ractab l e ) , i odide and io

date. 
51 

The nuc l ide measured was 
l/.9r. The results were /.% vol at i le 

i od ine. 96% i od i de and 2% iodate. S i milar measurements we re made i n  this 
43 

labo ratory of water  to which iodine had been added i"lS J 2 and as 

Na!. Ana l ytica l  results were reported in terms of volatlles and non

volat iles. The nonvo l a t i le frar:t'ion includes iodide and iodate. H 70% 
of the co re i od i ne inventory were dissolved in 180,000 ga l l ons of basement 
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water the concent ra t ion wou l d  be approximat e] y 7. 5xlo-4 mg/ ml . (See 

page 28 for explanation o f  basemen t liquid vol ume). The relevant labora

tory test resul t s
43 in this concen t ra t i on range were as fol l ows . For 

addit i on as I
?.

' ?.7% and 51\ o f  the total iodine was m(�asured to be in 

the vo l at i le form a t  pH 9.3 and 7. 0. respectlvely. Fo r the�;e two experi

ment s. the concentration of t o t a l iodine was approximately 10-3 mg/ml. 

In one experiment iodine was added as NaT to a pH 5. 2. ?.5°C solution. 

On l y 1.8\ was measured to be i n the volatile f o r m. This fraction is ob

viously closest to the one measured in 'rMr basement water, and supports 
the assump t i on that most of the iodine entered the basement in tonic 

f o r m .  The l arge uncertainty in applyin� these resul ts to TMJ is the very 

large difference in times between ).odine injection and analysis. In the 

l abo r a t o r y  experiments , a typical time between iodine injection and analy

sis was two hou rs. The compa rable Ume for the 'l'MI san1;1le wns two years. 

CALCULATIONS OF RADIOIODINE BEHAVIOR AT 'I'Mf-2 

'I'he previous sec t i on illustra t es the uncertainty about the fate o f  to

dine during and after the accident at TMI-2. 'I'he first re l iab le fll(�asure

ment s  of radioiodine in the RCS and contai nmer•t atmosphere, made 37 and ·75 

hours after shutdown respectivel y, provide benchmarks for any models used 

to compute iodine behavior and distribution. In this section, mode l s  of a 

variety o f  processes are employed to provide estimate� of iodine behavior 

dur i ng the early h0urs o f  the accident. 'I'he processes treated by ca l c u l a

ti ona l models are the following : 

o rel ease of iodine from the fuel 

o deposition of iodine on surfaces from the gas space wHhin the 

primary syst em 

o movement o f  reactor cool ant to the RCD'I' and basement and to the 

Auxiliary Buil ding 

o distribl!t.ion of iodin1e in the air, on sur faces and in basement 

l iquids after release to the Reactor Building 

o removal of airborne iodine by Reactor Building sprays. 

19 



'rhe expected rel ease of  i.odine f rom the uo2 fuel matrh dur i ng the 

acc i dent depends upon a number of parameters , but the most impor tant i s  

the temperat ure d i str]bution wi t h i n  the core as a func t i on of  time.22 
Estimates of t he temperat ure history of five sect i ons of t he TMI-2 core 

dur i ng the accident have been made usi ng the Trans i ent Reactor Ana l ysis  

Code (TRAC).  
23 

These tempera ture est i mates �e re used togethe r  wi th  re

lease rate coef fici ents for iod i ne and its precursors ant i mony and te l lu

rium. to compute t he i odi ne releas•� frac t i on .  The f ractional release rate 

coef f i c i ents used were t he best est i mate va lues g i ven i n  Figure 4.3 of  

Re ference 22 . These rel ease rat e  coef f i c i ents were deri ved f rom exper i 

ment a l  measurement s  of t he tota l release f rom fue l at t he end of a per iod 

dur i ng wh i ch t he fue l was at  a known tempe rature . Thus the release rates 

a re less well known than the tot a l  re l ease cJnd a re cons ide red to  be o rder 

of magnit ude estirnates .
22 

The release of i odi ne f rom the fue l duri ng t he peri od between 10,000 s 
and 12.500 s (2.8 to 3.5 hou rs )  afte r  the acc ident ��s est i mated for each 

sect i on of t he core cons idered in the TRAC ca lcul at i on. The est imated 

f uel temperatu res suggest  that the lower ha l f  of the core d1d not contri

bute any of the i n i t i a l  i odine re l ease whi l e v i rtua l ly a l l the iodi ne was 

re l eased from the hot test region. Most of the rel ease from the fuel is 

estimated to have occurred in a period of about 10 minut es beg i nn i ng 3.2 

hours afte r  shutdown. The h igh fw:?l temperatures were reduced d ramat i ca l

l y  by t he h i gh pressure injection flow about 3 .3 hours after  shutdown . 

Lat e r  increases in the iodine i nventory in the RCS are probably a t t r i but

ab l e  tv l each i ng of  i od i ne from the fue l or f rom i nterna l sur faces of t he 

vesse l ,  p l enum . and p r i mary pi p i ng . 

The frac t i ona l releHse rates for ces i um are comparable to those for 
22 iod i ne at  t empe ratures above 1200°C. · Thus the initial cesium release 

is esUmat ed to have been the same as tha l for iodi ne .  Subsequen t i n·

creases in the RCS inventory were also observed for cesium, presumabl y  al
so due to leaching from the fuel or primary surfaces. Because the initial 
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re leases o f  t he two c l emen t s  and t hei r subsequen t addi t i ons to t he RCS a re 

ca lcu l a ted t o  be nea r ly equa l . one wou l d  expec t t he basement inventor i es 

t o  be more nea r l y equa l t han measu remen t s  i nd icate . 

In t he t ranspo r t  calcu l a t i ons .  t h ree t i me periods are cons i de red : 

co re voiding and uncove ry ( 2 . 0 · - 3 . 2  h r ) , excess ive co re t empera tures 

( 3 . 2- - 3 . 33 h r ) . and pos t h i gh p ressure in j ec U on (a f t e r  3 . 3 3 h r ) . The 

core ave raqe re l ease ra t e  cvns t ants used i n  the calculat i ons are given in 

Tab l e 9 . A ft e r  3 . 3 3 hr . the release ra t e  cons t ants are assumed to be 
those i n  t h·� l as t  co l umn o f  Table 9 . 'J'hey correspond to a t empera ture of 

ll00 °C , even t hough t he average t empera ture of t he core was not ll0 0 °C 

du ring t he per i od . I t  was kno\lm to be lower because the core was covered 

wi th Wd te r .  Howeve r .  H is li kely that l each i ng of iodine frow fuel oc 

cur red a f t 0r recove ry o f  t he co re . 
6 

Also i odine wh i ch had pla t ed ou t on 

in t e rna l sur faces was sub j ect to leach i ng aft e r  n�covery . Tab le 1 2  shows 

t ha t  20% o f  t he core i od i ne inven tory i s  ca l cu l a t ed to have escaped t o  t he 

RCS up t o  3 . 3 3 hours . A f t e r  3. 3 3  hours . approx i mate ly 6% i s  calculat ed to 

have escaped to t he RCS . The t o t al for t he 1 3 . 25 hour period is calcu 

la t ed t o  have been 26% . 

��osi t i pn on Reac t or Vesse l Internals 

'fhe reac t o r  vessel i n t e rna l [.; have a su r face to coolr.n �  volume ra t i o  o f  

0 . 2  cm
- l 

Sec Re ference 4 1  for a d i scuss i on o f  t he su t face t o  'JOlume 

ra t i o used . This rela t i vely la rge su rface t o  vo l ume r a t i o . coupled wi th 

even a modera t e  res i dence t i me of gases . provides an opport un t  ty for t he 

depos i t i on o r  condensa tion o f  gases . The purpose o f  t h i s  sec tion i s  to 

e x plore t he likelihood t ha t  deposi t i on on react or ves .:;el. i n terna l s  was a 

s i gni f i cant mcchan 1 sm fo r reduc i ng releases o f  radio i odine t o  t he TMI - 2  

con t a i nment . 

The fo 1 l owing i s  n simpl i f i ed model desc ribing t he removal p roce::,b 

ove r sho r t  U me pe riods : 



Element 

I .  Xe . cs 

Te 
Sb 

TABl.F. 9 .  CORF. AVERAGE RELF.ASF. RATE CONSTANTS 
USED FOR TRANSPORT CALCULAT IONS 

Re lease Rate Cons t ant ( s - 1 )  

2 . 0- -3 . 2  hr 3 . 2 - -3 . 33 h r  

l . ?x l o -5 J . Ox l o -4 

J . Jx l o -6 l . 3x l o -4 

1 . 5xlo-7 l . Bxlo -5 
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3 . 33 - - 13 . 25 hr 

2 . 1x l o -6 

l . Ox l o -1 

1 .  7xl o -8 



where 

q
a 

=- qu.ant i t y of iod i ne in f ree vo l ume (Ci ) 
I i od i ne i nput rate to t he vessel (Ci /s ) 

- 1  
r � resuspensi on rate from su r faces { s  - )  

qs quant i ty of i od i ne on surfaces (Ci ) 

= 

= 

depos i t i on ve loci ty of i od i ne to surfaces {cm/s ) 

su rface to vo lume rat i o  of reactor  vesse l i nterna l s  {cm
- l

) 

steam and hyd rogen f low rate. { cm
3

/s ) 

{ 1 ) 

(2 ) 
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Deposi t i on measurements  for i od i ne gene rated as H J  onto stai n l ess 

stee l prefi l med wi th  an ox j de coat i ng showed tha t  v
d 

dec reased wi th i n

c reas i ng temperature . At 4 0 0 °C , the t emperature reco rded i n  the hot l eg 

a rea dur i ng the per iod of fue l damage , v
d 

was reported to be approx i 
mat e ly 0 .  0 0 5  em/sec . 

4 2 
'l'he l ower regi ons of the reactor vesse l we re 

probabl y  hot ter  so that 0 . 00 5  em/sec represent s  an uppe r l i mi t . Mo re re -
4 ., 

cent measurements suggest that t he depos i t i on ve loc i ty for Csi on pre -

fi lmed 304 sta i n l ess stee l  a lso dec reases wi th  i nc reas i ng tempe rat u re . 

The l owest  temperature used was 550 °C whe re the depos H i on ve l oc i ty was 

measured to  be approx i mate l y  0 . 00 1  em/sec . By ext rapolat i ng the depos i 

t ion ve l oc i ty ve rsus tempe ratu re curve ( F i gure 7 i n  Re ference 4 7)  to  

4 0 0 ° C , a depos i t ion ve l oc i ty of 0 . 0 1 5  em/sec i s  obta i ned . As is  d i scussed 

bel ow ,  at concen t rat i ons of cs r wh i ch may have been present in the TM T -2 
core a rea , condensat i on wou l d  have occu r red a t  a temperature h i ghe r t han 

4 0 0 ° C . Thi s i s  d i scussed be l ow .  

Resuspenslon ] s  a ma jor cont r i butor t o  ai r concent rat i ons on ly when 

t he sur face act i v i ty } s  l a rge .  Dur i ng the ea r ly pe r � ods of depos i t i on t he 

sur face act i v i ty l s  sma l l and resuspens ion i s  re l a t i ve l y unimpor tant . 

)3 



Va lues of r rangi ng from 10
-9 

to  10 -
5 

sec
- l 

ha�e been observed .
* 

In thi s ca lculat i on a va lue of r=l0-6 
sec 

- l 
i s  used . Us ing 10-5 or  

-9 - 1  
1 0  sec wi l l  produce approxi mately the same resu l ts . 

As a f i rst approximat ion , the vapor f l ow f rom the core a rea i s  assumed 

to be through the PORV after the block va lve was opened at approximately 

3 . 2  hours . Thi s  flow ranged f rom 30 lb/sec for a short t i me a fter the 3 . 2  
hour openi ng to 1 5  l b/sec for most of the t ime the reafter . A val ue of 20 

lb/sec ( 550 kg/min ) is used for this ca l cu lat ion .  For the period from 3 . 2  
to 8 hours after the t r i p , pressure ranged f rom 2000 psi t o  1200 psi . 

Host of the i odi : le  i s  calcu l ated to have been rel eased dur i ng this  pe riod 

( see Table 1 2 ) . The cor responding range i n  speci fic vol ume of steam dur-
3 

i ng the period i s  0 . 1 9 to 0 . 36 ft  / l b .  For the purposes of this  ca l cu-

l at i on a speci f i c  vo l ume of 0 . 3  ft 3/ lh is used for the f i rst  f i ve 

hours . 
- 1  

s 

and r 

Thi s  i s  equi va lent to a f low of 360 c fm and t he rat i o  Q/V = 0 . 004 
- 1  

Wi th thi s va lue of Q/V and A/V o 0 . 2  em , v
d 

::c 0 . 005 cm/s , 
-6 - 1  

= 10 s , equat ions 1 and 2 were used to approximate t he f rac-

t i on of the iodi ne retained by i nterna l  reactor surfaces . 

The ca l culat ion shows that less than 0 . 4\ of the i odine rel eased f rom 

the fuel i s  expected to be retained on i nterior reactor sur faces . Even i f  

t he depos i t i on ve loc i ty were 0 . 0 1 5  cm/s , the ca lculated retent i on would be 

on l y  0 . 7\ .  I t  appears that under average condi t i ons i t  is not l i ke ly t hat 

depos i t i on .  as thought of in the convent i ona l way on i nterna l surfaces , 

could have resul ted l n  a s igni f i cant loss of  iodi ne .  Dur i ng approxi mately 

1 / 3 of the f i ve hour per iod . thE� b l ock va lve was c losed and Q/V was very 

sma l l .  The remai n i ng 2/3 of the t i me Q/V was approximately 50\ larger . 

Equat ions 1 and 2 we re used to ca lcu l a te the depos i t i on dur i ng the two 

t ime per i ods assurni ng that the re lease ra t e  to  the RCS was the same for 
-1 

bo th pe r i od�; . A va l ue of Q/V = 0 .  00045 was used for the c losed block 

va l ve case . The resu l t s  show t hat even under these non ave rage condi 

t ions . conven t i ona l depos H ion ana l yses show t ha t  i nt e rna l vesse l sur faces 

we re probably not sj t es for s i g n j  f i can t depos 1 U on of i od i ne . 

* 1 0 --9 

Tabl e  15 . 

sec- 1 j s  de r i ved f rom l 7.9 r measurement s  
I o - 5 sec - l j s  f rom Refe rence 3 5 . 
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Another  process by wh ich iodine might  be retained on reactor  interna l 

surfaces i s  t he condensa:: ion of Csi . The fo l lowing range of cond i t i ons 

a re est imated for t he ear ly stages of the accident : 

Mo la r rat io of ces i um to iodine : - 1 0  

Mo lar  r a t i o  of iodine t o  water : 

Max i mum of - lx l o -4, equiva l ent to 14 g I leaving t he core per 
minute : 

Typica l ly -4x l 0
- 5

, equiva lent to 5 g I pe r minut e :  

Minimum o f  -Sx l0
-6

, equi va lent t o  0 . 7  g I pe r minute . 

( If a l l t he water in t he p r i ma ry system ( as s team) we re mi xed 

wi th  a l l  the i odi ne i n  the core the mo lar rat io wou ld  be about 

Sx l 0
-6

. Page 5 . 4, Reference 22) . 

Temperature of plenum : -l lOO 'C a t  bot t om to -400 ' C  at top . 

Pressure : -1 200 to -2000 ps i .  

Mo l a r  rat i o  of H to 0 :  2 . 0  ( reduc i ng) . 

Under these condi t i ons iodine is  present most l y  as Cs i (Appendi x C, 

Refc� mnce 22) . (See a l so References 48 and 49) . 

The temperatu res bel ow which Cs i wou ld  condense for va r i ous I/H
2

o 

rat i os ( and Cs/ I  � 1 0  and p = 1 4 . 7  psi) are (Tab le c . L Re ference 22) : 

I/H
2

o ·r
csr -----

2 X 1 0
-3 

760 ' C 

2 X 10
-5 

555 ' C  

L X 1.0
-7 

4 1 8 ' C  

Hence H seems like ly some Cs i wou ld  condense on the coo ler pa r t  of 

the plenum at  atmospher i c  pressure . Unde r the range of acc i dent pressu res 

the vapor p ressure of cs r changes on l y  a few pe rcent . ( For  examp l e ,  at  

738°C the vapor pressure is l mm Hg at  1 4 . 7  psi , 1 .  06 rnm Hg a t  1 200 psi , 

and 1 . 1 1  mm Hg at  2000 psi )I . Thus , highe r pressures do not change this 

conc lus i on .  

I f  an appreciab l e  f raction o r  t he iodine was i n  the core a rea as Csl , 

i t  appears that condi U ons favo ring condensat i on did ex i s t whe re tempera

t u res app roached the hot leq temperatu re . Howeve r ,  i t  i s  diff i cu l t  and 
25 



beyond the f$COpe of t h i s  work to quant i fy the l 1. ke 1 y l oss of  Csi due t o  

condensat ion , and we have assumed no loss due to Csi deposi t i on o n  reactor 

1 nternal surfaces . 

�odel_fqr_Jodi ne Transpor t  f rom RCS t o  Reactor 
and Aux i l iaiY_Bu i ldings 

The t ransport of f i ss i on products from t he core t o  the RCS and sub 

sequent ly to  t he Reactor and Auxi l i a ry Ru 1 ldi ngs is  a dynamic p rocess that 

i nvo l ves bot h  rel ease f rom the fue l and d i scharge of reactor coo lan t  f rom 

the RCS as a func t i on of  t ime . 

The gene ral rate equa t i on for the i nventory o f  a radioac t i ve nuc l ide 

i n  the reactor coolant for this mode l i s : 

where 

F }.. . 1 ] -

N 
c 

N
f 

= 

-- .0 N - y N 
c c 

(3 ) 

i nventory �f nuc l ide i n  react o r  coo lant ( at oms ) 
I 

escape rat� coef f i c i en t  ( s
- 1

) for nuc l i de 

( see Tab l e  9 )  

i nven t o ry o f  nuc l i de i n  fue l ( a toms ) ( see Tab l e  7 )  
N

. 1 1 - , C  i nput ( a t oms/s )  f rom precu rsor i n  coo l an t  wh i ch 

dec ays t o  nuc l ide of i nt e res t 

}.. = 

.0 

- 1  
decay cons t ant of nuc l ide ( s  ) 

remova l coef f i c i ent f o r  d i scha rge v i a  l e t down 

( s
- l

) ( see Tab l e  1 0 )  

y remova l coe f f i c i en t  f o r  d i scha rge f rom t he RCS , 
- 1 

e . g  . .  t h rough p ressu r i ze r ( s  ) ( see Tab l e  1 1 ) . 
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TAR I.E 1 0 • E:S'f IMA TED LETDOWN FLOW RATES
* 

Time ( h r )  After Est imated Letdown 
Shutdown Flow Rates ( kg/min )  

2 . 0 --8 . 0  265 

8 . 0 --9 . 3  1 3 3  

9 . 3 -- 1 4 . 0  265 

14 . 0 --14 . 8  1 5 1  

14 . 8 -- 1 5 . 3  303  

1 5 . 3--18 . 5  227 

18 . 5- -26 . 5  0 . 0  

26 . 5 --35 . 0  95 

* To obtain  the remova l coeffic ient . B ,  divide f l ow 
rate by the mass of reactor coolant , 1 1 500 kg . 
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TARLF. 1 1 . 
-· - -- ---- - - - --

}ime (hr_) ___ After T!l£ 

2 . 0--2 . 08 
2 . 08 - -2 . 33 
2 . 33 · -3 . 20 
3 . 20 --3 . 33 
3 . 33 ·-3 . 42 
3 . 42- -3 . 50 
3 . 50 --3 . 5 1 
3 . 5 1 --3 . 67 
3 . 67--3 . 75 
3 . 15 - -4 . 00 
4 .  00·--4 . 3 3  
4 .  3 3 - -4 . 58 
4 .  58·--4 . 83 
4 . 83 - -5 . 11 
5 . 1 7--5 . 72 
5 . 72--5 . 83 
5 . 83·--6 . 1 7  
6 .  1 7 - ·-7 . 00 
1 .  00 · · -7 .  50 
1 . 50 --7 . 63 
7 . 63 - -7 . 75 
7 . 75- -7 . 83 
7 . 83 --7 . 92 
7 . 92--8 . 00 
8 .  00·--8 . 1 7 
8 . 11- -8 . 50 
8 . 50 --8 . 75 
8 . 15 - -9 . 23 
9 .  23 ·- -9 . 24 
9 . 24 - -9 . 3 3  
9 . 3 3 · -9 . 50 
9 . 50 - -9 . 80 
9 . 80 · ·-9 . 82 
9 . 82 - - 1 0 . 0  

1 0 . 00-- 1 0 , 3 3 
1 0 . 33 - - 1 0 . 58 
1 0 • 58 - - 1 1 .  20 
1 1 . 20 . - 1 2 . 5 '7 

1 2 . 5  7 -- - ]  3 .  25 

ES'riMATF.D COOLANT FLOW FROM RCS l 

Est imated Discharge Rate ( kg/min )  

270 
340 
u o2 

170 
1 1600 

620 
530 
uo2 

520 
630 
560 
540 
480 
500 
460 

3 1 00 
3400 
3400 
3300 
6300 

760 
650 
540 
440 
3 30 
270 
200 
1 80 
1 60 
u o2 

160 
u o2 

380 
2 1 0  

1700 
1 500 

1 70 
. 1 1  o2 

250 

1 . To obt a i n  t he r emova l coe f f i c i en t  h. .  d i v i de f l ow rate by t he mass of 
reac t o r  coo l an t . 1 1 50 0  kg . 

7. .  Es t j ma t ed l ea k age f rom re l i e f va l ves based on p re acci den t est i ma tes . 
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S i mi l a r  equa t i ons app l y  to each nuc l ide o f  i n te res t i n  t he coo l an t  and 

to t he same nuc l i cles in the fue l . They form set s  of :. i mu l taneous d i f fP- r 

ent i a l equa t i ons t ha t  desc r i be t he behav i o r  of each nuc l tde . The equa·

t i ons were sol ved nume r l ca l l  y us i ng t he RADTRAN
50 

compu t e r  code wh i ch 

a l so computes t he cumu l a t ive i nven t o r i es o f  act i v i t y  t ranspo r t ed ( a )  t o  

t he Aux i l i a ry Bui l d i ng v i a  the l etdown and ( b )  t o  t he Reac t o r  Bu i l d i ng v i a  

t he d i scha rge t h rough the p ressu r t zer . 

The rate cons tants used i n  t he ca l cu l a t i ons a re p rov ided as input . 

The est i mated average rate cons tants for t rans�,• r t  f rom fue l to coo l an t  

we re g i ven i n  Tab l e  9 f o r  the th ree t ime pe r iods of i nt e res t . The remova l 

coe f f i c i en t s  o f  f i ss i on produc t s  v i a letdown we re comput ed us i ng dat a  on 

l et down f low rates as a func t i on of t ime .
24

•
25 

The est ima t ed letdown 

f l ow rates for va r i ous t i me pe r i ods a re g i ven i n  Tab le 10 . 

D i scha rge of RCS l t qu i d  out o f  t he PORV was ca l c u l a t ed us i ng t he Moody 

c r i t i ca l f l ow t ab l es ancl t he RCS hot leg t empe r a t u res and p ressures . The 

ca l cu lated f l ow r a t es out of the PORV a re p resen ted i n  Figure 1 .  'fhe t o 

t a l  re l ease f rom t he PORV was cst �ma t ed t o  be 80 , 000 ga l lons . The t o t a l  

quant i ty o f  wa t e r  known t o  have been i n jec t ed i nt o  t he RCS up t o  0 8 0 0  on 

Ma rch 30 . 1979 was approx i ma te l y  265 , 000 ga l l ons , based on bo rated wat e r  

s t o rage tank (RWST ) l eve l  changes and h i gh p ressu re i n j ec t i on ( HPI ) system 
/.6 

ope r a t i on .  

coo l an t  mass 

Re l ease r a t es of coo lant we re adjus ted so that t he t ot a l  

i n  t he basement a t.  1:3 hou rs was 1 80 , 000 ga l lons w H h  t he re-

rna i n i ng 85 , 0 0 0  ga l l ons res i d i ng i n  the reac t o r  coo l ant b l eed t anks . Va r i 

ous assumpt i ons we re made about the t i m i ng o f  coo l ant re lease r a t es . One 

assumpt i on was that pre�;su r i ze r  code re l i e f  va l ves cont i nued to l eak a t  

t he p reac c i dent rate du r i ng the acc i dent . Ano t he r  was t ha t  t h e  ma jo r i t y  

o f  t he unaccou n t ed f o r  coo l an t  i n  t he basemen t was re l eased f rom t he RCS 

du r i ng pe r i ods of h i ghes t r eac t o r  coo l an t  p ressure and when t he b l ock 

va l ve was opened . Tab l e  l l  sununa r i zes t he re l ease r a t es used in t he 

RAOTRAN ca l cu l a t i on .  No a t tempt i s  made to i dent i fy t he sou rce o f  coo l ant 

J oss . The ossumpt i on o f  pe r i od i c  h igh r e l ease ra tes o f  coo l an t  l ead t o  

h i gher con t a i nmen t a j  r concen t ra t i ons than wou l d  be t h e  case H i t  we re 

assumed t ha t  t he' r e l ease r a t e  wa s u n i form ove r t he ent i re pe r i od .  
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I n i t i a l  Transpor t ( 2 - 1 3 J!oursl 

Ear ly i n t he acc i den t , i od i ne f rom t he RCS ente red the Reactor Rui l d 

i ng p r i nc i pa l l y  v i a  the Reactor  Coo l an t  D ra i n  Tank . The resu l t ant i odi ne 

i nvento ry i n  t he Reactor  Bui l d i nq ,  computed us i ng the RADTRAN code as de 

sc r i bed above , i s  shown i n  Tab l e  1 2 .  I t  i s  assumed that no s i gni f i cant 

damage to  t he core had occur red up to  2 hou rs a f t e r  shutdown . By the end 

o f  t he pe r i od of b l ock va lve ope ra t i on ,  (wh i ch cor responds t o  1 3 . 25 hours 

a f ter shut down ) approx i mate l y  1 7  pe rcent o f  t he i od i ne i nvenl ory was ca l 

c u l a ted to be i n  the Reactor  Bui l d i ng .  car r i ed the re i n  appro: d mate l y  

1 80 , 000 ga l lons o f  coo lant . The ca lcu l a t i on assumes that i od i ne re l eased 

f rom the fue l  was i nstantaneous l y  mi xed i n  the coo lant and that no s i gni 

f i cant loss by depos i t ion on the i nte rna l sur faces of the vesse l , p l enum , 

or  p i p i ng occur red dur i ng t ransport  th rough the vapor space . Nor i s  any 

pa r t i t i on i ng of  the iodi ne assumed between the wat e r  and t he vapo r space 

whi ch separated t he core regi on and t he p ressu r ize r . 

}.ranspor t A f ter 1 3  Hours 

The subsequent movement of i od i ne to  the Reactor  Rui lding was corn -
1 3 1  . 1 

puted us ing measured concent ra t i ons o f  I 1 n  t he reac tor coo l an t  

and est i mated reac tor coo lant l eakage rates . 40 Tab l e 1 3  shows t he cu

mu lat i ve f ract i on o f  rad i o i od i ne l eakage f rom the RCS (presumab l y  to t he 

basement )  after  the f i rst coo lant sampl e  was taken at hou r 37 .  

Ca l cu l at i ons s i mi l a r  to that desc r i bed above for i od i ne have a l so t�en 

per formed for the ces ium i nventory us i ng dat a  on 
1 3 7

cs concent rat i ons i n  

the RCS . Ca l cu lat i ons i n  Reference 40 est i mate t ha t  26% of the ces i um i n 

ventory was d i scha rged f rom the RCS a f t e r  3 6  hou rs . Approx i mate l y  4 5% of  

the ces i um i nventory was found in  the basement on  August 28 , l 979 . 6 
That i mp l i es that 1 9% entered t he basement p r i o r  to 36 hou rs . As noted 

ea r l i e r , t he i ni t i a l  d i scharge· of  Cs i s  be l i eved compa rab le  to that pre

d i c ted for I wlt i ch i s  ca l culated here to have been 17% du r i ng t he f i rst 1 3  

hou rs . seventeen pe rcent a t  1 3  hou rs i s  consi stent w i th t.he I Q% est imate  

a t  3 6  hours . 
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TABLE 12 . EST IMATED FRACTION OF ORIGINAL CORF. IOD INE 

INVENTORY IN THE RCS , REAC'fOR BUILDING AND AUXILIARY BUILDING 

--- Frac t i on of Core Inventory 

Time (hr )  After Reactor Reactor Aux i l iary 
Shutdown Coolant System Bui lding Bui lding 

2 . 08 0 . 004'7 8 . 7x1o-6 8 . 4xlo-6 
2 . 15 0 . 008'7 2 . 7x1o-5 3 . 0x1o-5 
2 . 33 0 . 0 19 1 .  3xlo-4 1 . 4x lo-4 
3 . 20 0 . 067 8 . 4x1o-4 0 . 00 1 8  
3 . 33 0 . 19 0 . 0030 0 . 0026 
3 . 4 1  0 . 16 0 . 034 0 . 0033  
3 . 50 0 . 16 0 . 036 0 . 0040 
3 . 67 0 . 15 0 . 039 0 . 0051  
3 . 75 0 . 15 . 0 . 039 0 . 0056 
3 . 95 0 . 1 5 0 . 042 0 . 0070 
4 . 33 0 . 14 0 . 048 0 . 0095 
4 . 58 0 . 14 0 . 05 1  0 . 0 1 1  
4 . 83 0 . 14 0 . 054 0 . 0 1 3  
5 . 17 0 . 1 3 0 . 058 0 . 0 1 5  
5 . 72 0 . 13 0 . 063 0 . 0 18 
5 . 83 0 . 12 0 . 070 0 . 0 19 
7 . 00 0 . 064 0 . 13 0 . 023 
7 . 50 0 . 05 1  0 . 15 0 . 024 
7 . 63 0 . 045 0 . 15 0 . 025 
7 . 83 0 . 044 0 . 16 0 . 025 
7 . 9 1  0 . 045 0 . 16 0 . 025 
8 . 17 0 . 045 0 . 16 0 . 026 
8 . 50 0 . 047 0 . 16 0 . 026 
3 . 75 0 . 048 0 . 16 0 . 026 
9 . 33 0 . 050 0 . 16 0 . 027 
9 . 90 0 . 052 0 . 16 0 . 028 

1 0 . 33 0 . 049 0 . 16 0 . 029 
10 . 58 0 . 047 0 . 17 0 . 030 
1 1 . 33 0 . 049 0 . 17 0 . 03 1  
1 2 . 33 0 . 053 0 . 1 7 0 . 033  
13 . 25 0 . 055 0 . 17 0 . 035 
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TABLE 1 3 . RADIOIODINE FROM RCS LEAKAGE AFTER 37 HOURS 

Sampling Time Hours Since Leakage 
( 1979 ) Shutdowr. From RCS (m1 ) 

1 700 . 3/29179 37 

0730 . 4/ 1 0179 3 14 1 . 46x10
8 

0600 . 4/ 16/79 456 7 . 47x l 0  
7 

0700 . 4/17179 48 1 1 . 3 lx 1 0
7 

2 140 . 4/ 18179 520 2 . 03x 1 0
7 

0900 . 4/22/79 603 4 . 03x10
7 

0820 . 4/25179 674 3 . 45x10
7 

0500 . 5/2/79 839 7 . 97x 10
7 

1 200 . 5/ 10179 1038 7 . 23xl0
7 

1 100 . 5/ 18179 1229 6 . 93x10
7 

1 200 . 6/ 1179 1 566 1 . 22x 10
8 

1 400 . 617179 1 7 1 1 5 . 26x10
7 

1 200 . 1)/ 1 3/79 1854 1 . 35x 1 0  7 

1 000 . 6/ 19179 1 996 1 . 34xl0
7 

1 300 . 6/27179 2 1 9 1  1 . 84x 10
7 

1 230 . 7/5179 2383 1 . 80x 10  
7 

1 000 . 7 / 1 1179 2524 1 . 33x 10
7 

1 200 . 7 / 1 7/79 2670 1 . 37x 1 0
7 

1 200 . 7/24/79 2838 1 . 58x l 0
7 

1 200 . 7/31 179 3006 6 . 78x 1 0
6 

1045 . 8/8179 3 197  7 . 69x 1 0
6 

* Decay cor rec ted to 0400 on March 28 . 1 979 . 
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1 3 1 r  Cone . *  
(11Ci/ml ) 

1 . 45x 10
4 

9 . 5x 1 04 

5 . lxl0
3 

4 . 8x 10
3 

4 . lx10
3 

2 . 4xl0
3 

1 .  1x10
3 

7 . 1 x l0
2 

3 . 9x 1 u
2 

2 . 1 x 1 0
2 

63 

24 

13 

7 . 7  

3 . 5  

2 . 03 

1 . 5  
0 . 55 

0 . 43 

0 . 17 

0 . 0 1  

Cumulat ive 
Fract i on 
of Core 

Inventory: 

0 . 06 1  

0 . 089 
0 . 094 

0 . 102 

0 . 1 1 4 

0 . 123 

0 . 1 40 

0 . 157 

0 . 174 

0 . 204 

0 . 2 1 3  

0 . 2 1 5  

0 . 2 1 7  

0 . 2 19 

0 . 222 

0 . 224 

0 . 226 

0 . 228 

0 . 229 

0 . 229 



The mode l emp l oyed t o  es ti ma t e  t he d i st r i bu t ion o f  i od i ne fo l l owi ng 

i t s r e l ease t o  t he Reac t o r  Bu i l d i ng i s  shown i n  1-' i gu re 2 .  The mode l  i s  a 

combi na t i on o f  p rev j ous mode l i ng approaches t h a t  p r ov i des f o r  e x p U c i t 

cons i de r  a t  i on o f  a i rbo rne i od i ne spec ies . ( Sec foot no t e  on Page 14 f o r  

expl ana t ton o f  spec i es ) .  The p rocesses t rea t ed expl i c H l y  by the mode l 

and t he impo r t an t  assumpt i ons emp l oyed a re desc r i bed be l ow .  fo l low i ng a 

b r ie f  d i scuss i on o f  t he background o f  e x pe r i men t a l wo r k  t ha t  l ed t o  1 t s  

fo rma t ion . 

Re leases o f  i odi ne i n to reac t o r  con t a i nment s  o r  c losed vo lumes s i mu 

l a t i ng t hem have shown t h a t , unde r e i t he r  wet o r  d r y  cond i t i ons . t he con 

cent rat i o;t o f  a i rbo rne ac t i v i t y dec reases r ap i d l y w H h  t ime .
27

·
28 

Wi t h 

i n  a sho r t  pe r i od an equ i l i b r i  urn l s e s t ab l i shed and t he a i r concen t r a t i on 

rema i ns essen t i a l l y  cons t an t  t he rea f t e r . (A numbe r o f  i l l u s t  ra U ve exam-

p l es o f such behav i o r  c He con t a i ned i n  the p roceed i ngs o f  an NSAC wo r kshop 

d i  . d "  3 7 )  F d i  . h . d i  d t 1 d on r a  0 1 0  l nE L  o r  con t l ons w en 1 0  ne an s earn a re re ease 

s imu l t aneous l y . a mode l was deve l oped t o  accoun t f o r  t ranspo r t of a i rbo rne 

i od i ne f rom t he a i r to t he f i l m  of mo i s t u re on condens i ng sur faces and 
3 1  

t hence t o  t he bnseme n t . 1'hat bas k mode l was used 1 n t he R0ac t o r  

Safety S t udy
3 2  

t o  es t i ma t e  t he behavi o r  o f  i no rgan i c i od i ne i n  react o r  

con t a i nment bu i ld i ngs . A somewhat d i f fe rent mode l .  wi th r a te cons t a n t s  

d1� r i  ved f r om t he Con t a i nment Syst ems Expe r i ment (CSt-: )  da t a . has a l so been 
desc r i bed . 3 3  

S t ud i es o f  i od i ne behav i o r  i n  a i rbo rne d i scha rges a t  ope r a t i ng bo i l i ng 

wa t e r reac tors J ed t o  t he deve l opmen t o f  a s i mp l e i od i ne depos l t i on 

resuspens i on mode l t o  exp l a i n  the re l a t i ve dep l et i on o f  sho r t - l i ved rad i o 

i od i nes du r i ng t ranspo r t  t h rough bu i l d i ngs and vent ila tion systems . 
34 

Labo ra t o r y  s t ud i es of depos i t i on and resuspens i on o f  i od i ne we re conduc t Qd 

t o  est i ma te resuspens i on r a t e  cons t an t s  for s u r fnces common l y  found i n  
3 5  

n uc l ea r powe r p l an t s . Rec ausE� changes i n  1 od i ne r;pec i es we re obs e r ved 

i n  bo t h  t he i n  p l a n t  a nd l a bo r a t o ry e x pe r i men t s , t he �onve rs i on wa s be 
l i. eved t o occ u r  on t he su r f aces . A mo re comp l ex mode ]  was devel oped t o  

ref l ec t  t hose obse r va t i ons and c; ped es chanqes t ha t have a l so h<�en ob--
. 3 6 . '3'7  

se r ved wi t h i n con t a i nment bu l l cl i ngs of press u n zed wa t e r  reac t o [ s . 

3 4 
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Figure 2 .  Mathematical model of radioiodine transport . 



The mode l i n  Figu re 2 i s  a combinat ion o f  t he depos i t i on - resuspens ion 

mode l i ng approach and that deve l opE� as part of t he Contai nment Sys tems 
27 

Exper i ment (CSF. ) prog ram. Rad i o i.odine can enter t he Reactor Bu i ldi ng 

as a gas or in l iqu id d i scha rged f rom the RCS . I t  i s assumed i n  Fi gure 2 
t ha t  iod i ne was present 

act i ve gas such as r2 . 
ct?n t rat i ons of 1 3  7 Cs 

i n  t he cont a i nment atmosphere as a re lat i ve ly re

As d iscuss�� above . measu rements of sur face con-

and 1 3 1 • 1 29 r  
suppo r t  thi s assumpt i on . Iod i ne 

cou l d  a lso have been d i scha rged i n  cool ant a f te r d i sso lv ing as Cs j: o r  

r2 . In thi s case . i t  wou l.d run d i rect l y  to the basement or  be ent rained 

by escaping steam and t ranspo rted to tne con t a i nment atmosphe re . The a i r

borne and l i qu i d  sou rce te rms fo r the Reactor Rl l 1 ld1 ng a re rep resented by 

SG and S
L

, respect i ve ly , i n  1<'1 gu m  2 . Because the pH and tempe rat u re 

of the l i qui d  were both high ,  the capab 1 1 1  ty to  t reat bot h  I 2 and HOI as 

vo lat i l e spec i es re l eased f rom t h1:? water is  i nc l uded . 43 Howeve r ,  i n  

t h i s  work on l y  I2 l i ke re leases a re conside red . 

The Reactor  Rut l d i ng atmosphe re i s  t:. rea t ed as a s i.ng l e  vo l ume i n  t he 
mode l . 'l'he sur face -to -vo l ume ra t i o for the l owe r po r t ion o f  t he bu i ld i ng 

( be l ow the 3 0 5 ' l eve l ) i s  0 . 008  cm- l wh i ch i �; twlce that fo r t he who le 

con t a i nme n t  ( see Ta b l e  1 4 ) . Howeve r ,  the four coo ler s wh ich operated 

th roughou t the acc ident prov ided subst ant i a l m i x i ng o f  the a i r i n  t he Re 

a c t o r  Bu i l d i ng .  The rat i o  o f  coo l e r  des ign f l ow rate t o  bu 1 l d i ng vo l ume 
i s  about 0 . 0 7 pe r m ! nu t e . Expe r i menta l stud i t:?s have shown that . when 

the re i s  a i r r ec i r cu l a t 1 oi1 , t he mass t ranspo r t  coe f f i c ient f rom a i r to 

hu i ld � ng wa l l s i s  approx i ma t e l y  twi ce t hat for na t u r a l  convec t i on 

a lone . 38 · 39 It  shou l d  be noted that  even though the h ighe r depos i t i on 

rn te was app l i cab le at 'd1I.  i t  was not used here . In t h i s study , t he 

h ighe r the assumed depos i t i on rate the l owe r t ne ca l cu l a ted a i rborne con

cent ra t i ons . Because i t  1 s  not known what 1 od 1 ne spec ies WQre present . i t  
wns t houyht best t o  use the l owe r depos i t i on rate . 

As po i nted out above , a 1 1  s t ud i es of iod i ne behavior  i n  enc l osed 

spaces shows a dec rease i n  cvncen t ra.t i on t o  an equ i l i b r i um  l eve l .  In t he 

pr·esent mode l . t he Qqu i l i br i um i s  assumed t o  ref l ect a bal ance between 

t ranspor t to a ;-�d f rom we t and d ry su r faces . A t  equ j J i br ium.  the s u r faces , 

and condenso t e  i f  p resent , have be(m found t o  contain  the ove rwhel mi ng 

36 



TABLE 14 . SURFACF. AREAS AND COMPARTMENT VOLUMF:S 

TMI UNIT 2 REACTOR HUILOJNG
52

•
53 

I .  RCOT Di scharge Compartment 

(A)  Sur face Area 

Wal ls 

Floor 

Cei l i ng 

(B)  Volume 

Compartment 

I I .  Remaini ng 282 ' 6 " to 303 ' 

(A)  Sur face Area 

Contai nment Wa l ls  

D-Ring Wa l ls 

Mi sce l laneous Wa l l s  

Elevator Cubi c le 

Floor 

Ce i l ing 

(B)  Volume 

I I I . Elevat i on 305 ' to 345 ' 6" 

(A)  Sur face Area 

Contai nment Wa l ls 

D-Ring (outside )  

Ai r Coo lers 

E l evator and Stai rs (outside ) 

Floor 

Cei l i ng ( 3x F l oo r )  

(R ) Vo lume 

IV . 347 ' 6 "  to Dome 

(A)  Surface A rea 

Containment Wa1 l l s  

Dome 

D-Ring (outside )  and top 

Steam Generator Cavi ty ( to 28 1 ' 6 " )  

E l eva tor a�d Stai rs 

3 7  

- - ------ -----

3705 ft
2 

7 19 ft
2 

600 ft
2 

1 5 . 458 f t
3 

6257 ft
2 

4717 ft
2 

1 1 595 f t
2 

1 558 ft
2 

6373 ft
2 

6373 ft
2 

82 , 633 ft
3 

11 . 099 f t
2 

1 2 , 4 13 f t
2 

3 , 138  f t
2 

3 , 596 f t
2 

1 1 . 230 f t
2 

33 , 690 f t
2 

306 . 073 f t
3 

40 , 943 ft
2 

28 , 000 f t
2 

7 , 054 ft
2 

308 12 ft
2 

2 1 50 f t
2 



L i ner 

F loor 

TABLF. 14 (cont i nued ) 

(B ) Volumes 

V .  Totals  

Steam Gene rator Cav i ty 

Liner 

Floor-Dome 

( A) Su r face A rea : 

Vo l umes 

280 e l eva t 1 on 36932 . 2  

3 0 5  e leva t ion 8 1 . 165 
347  e l evat ion 1 37 . 053  
RCOT 5024 

Tot a l  260 .  1 7 4  f t 2  

RCDT d 1 scha rge compa r t men t 

280 e l eva t i on 

305 e l eva t ]  on 
3 47 ' el 

To t a l 
M i sce l l aneo1 1!; P.qu i prnen t 

37a 

1 1 . 57 1  f t
2 

16525 f t
2 

232 . 980 ft
3 

34 , 4 18 ft
3 

l ,  407 , 038 f t
3 

1. 5 , 458  f t
3 

82 , 633 r t
3 

306 , 073 r t 3 

1 ' 674__._4]_§ _ _  [!� 
2 . 078 , 600 r t 3  
-� · §Q_Q_ f.L3 

') 

2 . 050 , 000 f t J 



ma jo r i ty o f  the i n i t i a l l y  i n jected act ivi t y . Desorpt ion o r  resus pens i on 

of rad i oiodi ne depos i t ed on the su r faces occu rs ve ry s l ow ly .  In the f u l l 
2"1 

vesse l Contai nment Systems Expe r i ment (CSE ) t est s ,  fo r examp l e ,  ap -

prox imate l y  5?.% of the act i v i ty was est i mated to be ret a i ned hy pa i nt ed 

sur faces , even a f t e r  a t t empt ed decont ami na t ion . Othe r  expe r i menta l p ro

g r ams us ing sma l l samp l es have shown tenac i ous reten t i on o f  iodi ne by a 

. f f ?.g ' JO Th i l d  be d h h d i  va n ety o su r aces . us , t wou expec te t a t  t e ra o -
i od i ne re leased i n t o  t he React o r  Bu i ld i ng atmosphere wou l d be depos i ted on 

condens i ng and noncondens i ng su r f  aces and reach an equ i l i b  r i um i n  n sho r t  

t ime (hours ) .  The equ i l i br i um between su r faces , basement l "i qu i d ,  and the 

a i r wou l d  ·be ma intai ned un l ess the phys i c a l  cond i t t ons w1 t h 1  n t he cont a i n 

ment changed suff i c i en t l y .  Th i s  equ i I i br i um concept i s  i mpo r tant  because 

i t  prov i des the connect i on between the ::a l cu . dted ea r l y  behav i o r  of i od i ne 

at TMI and l a ter measurements . 

Transpo r t  of 12 to and f rom t he basement l i qu i d  and condensa t e  f i l m  

i s  assumed t o  depend upon t he d i f fe rence i n  concent rat i on between t he bu l k  

a i r and t he l lquid -a i r  i nt e r face . T ranspo r t  o f  organ i c  i od i des to and 

f rom sur faces i s  t reated us i ng the depos i t i on - resuspens ion app roach . 

T r anspo r t  o f  HOI can be hand l ed i n  e i t he r  way . No mechan i s t i c hypothes i s  

that accounts for spec i es changes on sur faces i s  proposed . The obse rva 

t i ons o f  changes i n  a i rborne spec i es a re re f lec t ed in t he resuspens i on 

rate cons t ants .  

The mathemat i ca l  r e l a t i onsh i ps desc r i b i ng the p rocesses inc l uded i n  

the mode l are gi ven i n  Append i x  A .  'fhe bas i s  for se l ec t i on o f  t he rnte 

cons t an t s  used i n  the ca l cu l at ions i s  summa r i zed i n  ·rable 1 5 .  To the ex 

t ent  poss i b l e , measuremen t s  of i od i ne behav i o r in  the 'fM J -2 con t a i nment 
* 

we re used to obta i n  t he rate cons t an t s . Fundamenta 1 parameters , 1 i ke 

t he s u r face to vo l ume rat i o g iven above . we re obt a i ned f rom desc r i pt l ons 

o f  t he Reac t o r  Ru i l d i ng . The f ree vo l ume was reduced to account for  the 

p resence o f  basemmtt 1 i qu i d . 

*va l ues o f  the rate cons t an t s  'lm re dete rmi ned by f j  t U ng t he mode l 
t o  t he 1 29r a i r concent rat i ons du ring and a f te r  the pu rge . 1 7  

38 



w 1.0 

TABLE 15 . RATE CONSTANTS USED IN AIRBORNF. IODINE TRANSPORT MODEL 
- ----- · ---·------ ---

... _____ _ _..;:Pc....:::r:...::oc.c-::..::.e=ss=---------

A .  Ai r-t o -Sur face Transport 
Coefficient (cm/ s )  

R .  

k
2 

( I
2 

t o  fi lm) 

03 (HOI to wal l )  

o4 (Organic to wa l l )  

to basement surface ) 

Overa l l Iodine Pa r t i t ion 
Coe f f i c ient , H 

c .  Condensat ion Rate Constant for 
Fi lm  to Basement F l ow ,  kc 0 .  Resuspension Rate Constants 

r3 (HOI ) 

r4 (Organic Iodi des ) 

F. .  React ion Rate  for I With Pai nt 

kp 
------ - -- · 

Parameter 
Va lue 

3 . 75x l0
-4 

s- l 

0 . 00 12 cm/s 

0 . 00029 cm/s 

5 . 3x l0 
-7 5 

1 . 36x lo-3 s- 1 

4 . 7x l o -9 s - 1  

Basis --- ----==�--- ------- --·-

CSE resu l t s
38 

wi thout reci rculatlng a i r 

Der ived from TMI-2 post -purge 129r 
y�g concent rat ion measurements! ?  and 

· I surface concent rat ion dat a .  

- !Der i ved f rom TMI-2 post -purge Kr
8�i r  

concent rat ion measurement s . l 7  

CSE Natural  Response Tests27 

(Data conside red inadequate to jus t i 
f y  spl i t  between I2 and HOI ) . 

Best est imate for condi t ions during the acci 
dent . Fi lm thickness assumed to be 0 . 1  em. 

Der i ved f rom TMI-2 post -purge 129r a i r  
concent rat ion measurements l7 and 129I 
surface concentration dat a .  

BMI measurements wi th Phenol ine 368 paint . 30 



The model was used to ca l cu l ate the behavi o r  of i odi ne when assumi ng 

that : ( 1 )  a l l  i od i ne was released f rom the pr ima ry cool ant i nto the base

ment and ( 2 )  a l l i odi ne was re l eased f rom the p r i ma ry coo l ant d i rect ly to 

contai nment atmosphere . Of spec i f i c  interest in this  compa r i son was the 

re l a t i ve con t r i but ion to the a i r and sur face concent rat i ons for the two 

re l ease pathways . Tab le 16 shows t he resul t s . As can be seen , under the 

condi t i ons assumed , rel eases t o  the basement l iqui d  would  resu l t  i n  a lmos t 

no ai rborne and su r face rad i oi od i ne act i v i t i es compa red to re l easi ng the 

act i v i ty di rect l y  to reactor bu i I d i ng a i r .  Th i s  conc lus i on is most de

pendent on the assumed pa r t i t i on coef fic ient fo r i od i ne in basement 

water . The va lue used w�s 1 0
4

. I f  the iod i ne were released as Csi . 

l 0
4 

i s  probab ly too smal l .  In 1 aboratory tests 
43 

the rat i o  of water  

to a i r concent rat i on when iodi ne was added as Na l at 25°C was 2x 1 0
6 

and 

2x10
1 a t  pH 5 . 2  and 6 . 5  respec t i ve ly .  Although the temperature was 

hi gher than 25°C i n  the TMI-2 basement the pH was a l so h i gher . Therefore , 

for leakage of Cs i to the basement , use of a h i ghe r va l ue of the pa rt i t i on 

coe f f i c i ent woul d  be appropr i ate . Th i s  wou ld lead to ai r and wa l l  concen

t rat ions even sma l l e r  than those i n  Tab le  16 . The overal l ef fect of  r i ve r  

water i n  leakage t o  conta i nment f rom the a i r coo lers i s  not known . How

eve r , the i n l eakage wou ld lower the ave rage temperature and pH of basement 

water . 

The mode l was run wi th a sou rce term der i ved f rom d i f fe rent i at i ng the 

cumu l a t i ve i odi ne quant i t i es rel eased to the reactor bui ld i ng ,  computed 

us i ng 50 RAD'rRAN ( see Tab l e  1 2 ) . Table 1 7  shows the resu l t s  of the ca l 

cu l a t i on fo r t i mes out to 1 000 hou rs after shut down . In the ca l cu l a t i on .  

i t  i s  assumed tha t  a l l i od i ne i s  re l eased d i rect l y  to the reactor bui l d i ng 

atmosphe re . 

·rhe checks on the ca l cu l c:t ted va i ues i n  Tab le 1 1  a re the l ater measu rer) 

va l ues on t he su r face and a i r concen t ra t i ons of rad i o i odi ne .  The p ro

ced u re used to no r ma l 1 ze t he ca l cu l a ted va l ues wl th the later  measuremen ts 

was to mu l U p l y  the re l ease 1r ntes in Tab l e  1 ' 1 by the rat io of  the measu red 

to the ca l cu l a t ed su r face quan t i t y . The max imum measu red va l ue ,  0 . 1% was 

used ( sec Tab l e  4 ) . The no rma l i z i ng ra t i o  was 0 . 0 "7 because the ca lcu l ated 

va l ue was 1 0% ,  assumi ng a l l  the i od i ne was re l eased to Reac tor  Rui l d i ng 

a i r .  F' i gu n!  3 shows the re!;u l t i ng quan t i t i es l n  ai r and on sur faces out 

40  



TABLE 1 6 .  COMPAR ISON OF CALCULATED REACTOR BUILDING SURFACE 
AND A J RRORNE RADIOIODINE AC'l'IVITII-:S FOR RF.I .F:ASF.S 'fO THF. 

A fR ANO 'fO THF. BASEMENT L TQU ID 

Fract ion of Tot a l  Re leasea 

-
-

--
-

- - - - ·---
-

-- --·-- --·--·-- ------- - - -
-

- - - -- -- -�- - - --
-

- -

A i rborne - -- ----- -
-

--- On Sur faces - - - -- -
T ime ( h r ) Re l ease Release Re lease Re lease 

After  •ro To To b To 
Shutdown 

tJ 
Ai rc . d 

A i rc . d 
Basement Basement - - - - ------ - -- ---- ----- --- -

1 l .  2 x l 0  
- 7 

0 . 046 0 . 0 ?.5 

2 3 . 5x l 0 
-7 

0 . 0 59 /. . l x l O 
- 7 

0 . 06 4  

4 8 . 8x l 0 
- 7  

0 . 06 3  1 . /.x l O 
-6 

0 . 1 7 

6 l. 4x 1 0  
-6 

0 . 063 3 . l x l 0  
-6 

0 . 27 

8 2 . 0x l 0 
-6 

0 . 063 5 . 8 x 1 0  
- 6  

0 . 38 

1 2  3 . 0 x l 0  
-6 

0 . 063 l . tl x l O  
-5  

0 . 59 

22 3 . 3 x l 0  
-6 

2 . 2x l 0  
- 4  

4 . l x 1 0  
- 5  

0 . 6 3  

1\ 2  3 . 3 x to -6 
4 . 8x l 0  

-4 
9 . 4 x l 0  

- 5  
0 . 63 

62 3 . 3 x l 0  
-6 

7 . 0x l 0  
-4 

l .  5x 1 0  
-4  

0 . 63 

82 3 . 3x l 0 
-6 

8 . 9 x l 0  
- 4  

2 . 0x l 0  
-4 

0 . 6 3  

1 1 2  3 . 5x l 0 
-6 J . l x lO 

- 3 
2 . 8x l 0  

-4 
0 . 6 3  

-- --- -- ---- - 4 
a .  Rel ease rate was l Cj /sec for 1 2  hou rs o r  4 . 3 2x J O  C i . 

b .  A l l j od i ne released d i rect ly to the basement l i qui d .  

c .  A l l i od i ne re leased d i rect l y to the a i r .  

d .  Does not i nc l ude condensate f i lm on sur face . 

On Basement -----
-

- --- - --
Re l ease Re l ease 

To 
b To 

Basemen t A i rc , d 

------
-- - - - -

0 . 08 3  0 . 0 1 2  

0 . 1 7 0 . 0 38 

0 . 3 3 0 . 098 

0 . 50 0 . 1 6 

0 . 67 0 . 22 

1 . 0 0 . 35 

1 . 0 0 .  3 '1 

1 . 0 o . :n  

1 . 0 0 .  3 ' 1  

1 . 0 0 . 3 7  

1 . 0 0 .  3"1 
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TABLE 1 7 . CALCULATED DI STRIBUTION OF RADIOIODINE IN THE REACTOR BUILDING 

CUmu l ative Radioiodine Fraction 

(hr) After Rel ease Rate Condensate 

Shutdown ( Ci/sec ) a Air F i lm Surfaces Basemen t Li9.u id 

2 . 08 -,-
3 . 3 3 

5 1  1 . 5 ( - 3 )h 1 .  5 ( - 4 )  ___.__ 
3 . 41 8400 3 . 1  ( - 2 )  1 . 4 ( - 3 )  

3 . 5  

1 
2 . 6 ( - 2 )  2 . 3 ( - 3 ) 

3 . 7  2 .  2 ( - 2 )  2 .  3 ( - 3 ) 

4 . 0  1 . 7 ( - 2 )  1 . 8 ( - 3 )  

4 . 4  
2 26 1 . 3  ( - 2 )  1 . 4  ( - 3 ) 

5 . 4 

+ 
9 . 2 ( - 3 ) 9 . 3 ( - 4 )  

5 . 7  8 . 9 ( - J )  9 . 0 ( - 4 )  

5 . 8  1 . 4  ( - 2 )  1 . 1 ( - 3 )  

6 . 0  1 . 8  ( - 2 )  1 . 7 ( - 3 )  

6 . 5  2 . 6 ( - 2 )  2 . 5 ( - 3 )  

6 . 7  
9 3 0  2 . & ( - 2 )  2 . 8 ( - 3 )  

7 . 6  + 
3 . 3 ( - 2 )  3 . 2 ( - 3 )  

8 . 0  2 . 0 ( - 2 )  2 . 3 ( - 3 ) 

8 . 4  3 7  1 . 3 ( - 2 )  1 . 4  ( - 3 )  

9 . 6  

f 
3 . 8 (- 3 )  4 . 0 ( - 4 )  

9 . 9  Be fore Sprays 3 . 3  ( - 3 ) 3 . 4 ( - 4 ) 

After Sprays 1 . 6 ( - 4 )  3 . 4 ( - 4 ) 

1 0 . 2  
9 . 8 ( - 4 )  8 . 6  ( - 5 ) 

1 0 . 5 69 1 .  5 ( - 3 )  1 . 4  (-4 ) 

10 . 9  
2 . 0 ( - 3 )  1 . 9 ( - 4 )  

1 1 . 9  
2 . 5 ( - 3 )  2 . 5 ( -4 ) 

1 2 . 9  
2 . 5 ( - 3 )  2 . 5 ( - 4 ) 

13 . 2 5  
2 . 6 ( - 3 ) 2 . 6 1 - 4 ) 

20 . 00 
2 . 2  ( - 5 ) 5 . 0 ( - 8 )  

50 . 00 
7 . 3  ( - 5 )  

1 00 . 00 
4 . 7 ( - 4 )  

200 . 00 
0 7 . 2 (- 4 )  

400 . 00 l 
9 .  7 ( - 4 )  

800 . 00 
1 . 1 ( - 3 )  

1000 . 00 
1 . 1 ( - 3 )  

a .  Rel ease rates calculated by differentiating cumu l a t ive releases to the 

Al l iodine is assumed to be released to the Reactor Bu ilding atmosphere . 

b .  Read l .  5 (- 3 )  
- 3  

as 1 .  5x l0 • 

9 . 0 ( - 4 ) 5 . 3 ( -4 ) 

1 . 4 ( - 3 )  8 . 2 ( -4 )  

4 . 2 ( - 3 )  2 . 3  ( - 3 )  

8 . 1 ( - 3 )  5 . 0 ( - 3 )  

1 . 4 ( - 2 )  9 .  5 (- 3 )  

2 . 1  ( - 2 )  1 . 2 ( - 2 )  

3 . 0  ( - 2 )  1 . 3 ( - 2 )  

3 . 3 ( - 2 )  1 . 7 ( - 2 )  

3 .  5 ( - 2 )  2 . 0 ( - 2 )  

3 . 5 ( - 2 )  2 . 1 ( - 2 )  

4 . 2 ( - 2 )  2 . 5 ( - 2 )  

4 .  7 ( - 2 )  2 . 7 ( - 2 )  

7 . 0  ( - 2 )  4 . 1 ( - 2 )  

8 . 2 (- 2 )  4 . 8  ( - 2 ) 

8 . 8 ( - 2 )  5 . 1 ( - 2 )  

9 . 6 ( - 2 )  5 . 6 ( - 2 )  

9 . 6 ( - 2 )  5 . 7 ( - 2 )  

9 . 6 ( - 2 )  5 . 9 ( - 2 ) 

9 . 6 ( - 2 )  6 . 0 ( - 2 )  

9 . 6 ( - 2 )  6 . 0 ( - 2 )  

9 . 7 ( - 2 )  6 . 0 ( - 2 )  

9 . 8 ( - 2 )  6 . 1 ( - 2 )  

1 . 0  ( - 1 )  6 . 2  ( - 2 )  

1 . 0  ( - 1 ) 6 .  3 ( - 2 ) 

1 . 0 ( - 1 ) 6 . 4  ( - 2 )  

1 . 0 ( - 1 ) 6 . 4 ( - 2 )  

1 . 0 ( - 1 ) 6 . 4 ( - 2 )  

1 . 0  ( - 1 ) 6 . 4 ( - 2 )  

1 . 0 ( - 1 )  6 . 4 ( - 2 )  

1 . 0 ( - 1 ) 6 . 4 ( - 2 )  

1 . 0 ( - 1 ) 6 . 4  ( - 2 ) 

Reactor Bu ilding in Tab le 1 2 . 
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t o  1000 hours . Measured va l ues are a l so shown for compa r ison . Note that 

t he maxi mum quant i ty of  rad i o i od i ne ca l cu l ated to have been a i rborne dur 

i ng t he acc i dent was 0 . 2\ of the ori g i na l  core i nventory . I f  none of the 

rad ioi odi ne was he ld up on p r i mary system sur faces or i n  the reactor coo l 

ant b l eed t ank ( as is  assumed in this  ana lys i s ) , then most of  i t  must have 

been t ranspo r t ed di rect ly  to t he basement l i qui d du r i ng the acc i dent . 

Table 1 8  shows the es t imated basement quant i t i es assumi ng that 93% of the 

surface act i v i ty was added di rect l y  to the basement .  A lso i nc l uded a re 

t he est i mated quant i t i es wh i ch l eaked to the basement after  t he acc ident . 

F i gure 4 summa r i zes the ca l cu l ated and measured rad i o i od i ne quant i t i es i n  

t he RC� and basement l iqu ids . 

Tabl e  1 8  shows that the ca l cu lated quant i ty i n  t he basement when t he 

f i rst  basemen t samp l e  was taken was 39\ . The maximum quant i ty measu red 

was 1 9\ at that t ime . ( Sec Tab le  2 ) .  A l l subsequent measurement s  have 

been lowe r than the ca l cul ated va l ues . Two poss i b i l i t i es ex i st to exp l ai n  

the d i f ference . F i rst . iod i ne may have been removed f rom the water by ad -

sorpt i on on a l ready ex i s t i ng pa r t i c l es or by chemical format i on of  i nsolu

b l e  i od i ne compounds . Spark-sou rce mass -spect romet r ic ana lys i s  of  the 

August 28 . 1979 so l u t i ons
7 

i nd i cated that enough s i lver  may have been 

p resent ( up to  0 . 5  ppm) to prec i pi t a te some o f  the i od i ne as Agi . A l so .  

more s i l ver than iod i ne was found i n  t he so l ids of  the sample f rom August 

28. 1 979 ( up to 8 ppm y_§. 0 .  '1 ppm 
7

) and of t he May 1 4 .  198 1 sample ( 16 
1 29 44 . 

ppm vs 0 . 65 ppm I , or 1 . 2 ppm tot a l  I ) . 

The mo re compe l l i ng reason t o  be l i eve that the "miss i ng "  i odine i s  i n  
1 3 7  

t he basemen t so l i ds and e 1 udi ng measu rement i s  that Cs has been found 

i n  t he basement U quid i n  a quant i ty wh i ch i s  cons i s tent wi th assumed fue l 

re l ease rates . However .  one cannot r u le out the poss i b i l i ty that iod i ne 

was retained on reac tor vesse l i n te rna l sur faces or  i n  t he reactor  coo l ant 

d ra i n  t ank . 
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·rime (hr ) After 
Shutdown 

3 . 33 

3 . 50 

4 . 0  

5 . 4  

6 . 0  

6 . 5  

6 . 7  

7 . 6  

8 . 0  

8 . 4  

9 . 9  

10 . 9  

1 3 . 25 

3 1 4  

520 

674 

1 038 

1 229 

1 556 

2 1 9 1  

2670 

3006 

'fARL.F. 1 8 .  CAI.CULATI!:D BASEMENT RAOIOIOfJINE 

Ca l cu l ated Addi t i ons 
12u r i  n_g_fi r.sL IJ_Jiour:_§_a 

0 . 00 1 4  

0 . 0062 

0 . 023 

0 . 04 1 

0 . 054 

0 . 064 

0 . 0'1 1  

0 . 1 06 

0 . 1 24 

0 .  I 33  

0 . 148 

0 . 1 50 

0 . 1 56 

Ca l cu l ated Addi t ions 
Af te r Acci dent - --- - -------- - - --

0 . 06 1  

0 . 1 02 

0 .  l /.3 

0 . 1 57 

0 . 1 74 

0 . 204 

0 . 2 1 9  
0 . 226 

0 . 27.9 

a .  Inc ludes 93\ of radi oiod i ne ca l cu l ated t o  be on surfaces . 

b .  Ca l cu lated f rom measu red RCS concen t r a t ions and coo lan t l eakaqe 
ra tes . see Tab l e  1 3 . 

-·- - - - - - - --- - -- - -
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calculated Mov•�ment of Iodi ne f rom the RCS 
to the Aux i l iary Bui ldi ng 

Table 12 a lso contains the est imated cumulat ive t ransport of iodine to 

the Auxi l iary Bui lding dur i ng the f i rs t  13 hours after reactor shutdown . 

The assumpt ions ment ioned above , good mi xing of the iodine wi th coolant i n  

the reactor vessel and no deposi t ion i n  t ransport through the vapor space , 

a lso apply to this ca lculat ion . The predicted t ranspor t  agrees wi th io

dine inventories found in the reactor coolant b leed t anks at long t imes 

after shutdown , but not wi th the ear ly measurements (see Table 5 ) . There 

are a number of possible expl anat ions , none of which provides a completely 

sat i s factory picture : 

1 .  The bulk of the iodine (and the ces i um )  t ransported during 

this pe r i od was co l lected by the letdown demineral i zer and 

did not reach the bl eed tanks . At present there are no data 

on the iodine inventory in the remains of the letdown demin

e ra l izer res i n .  In addi t ion , there is no c lear picture of 

the t ransport rates o f  iodine from the RCS to the RCBTs at 

l ater t imes . 

2 .  Transport of act iv i ty to the Aux i l iary Bui lding may have been 

part i a l l y  blocked by the vapor space in the hot leg , wi th 

steam condensat i on providing the only mass t ransport . I f  

this b lockage was ef fect ive , i t  cou ld have operated for an 

extended per i od .  One A- loop pump was operated on l y  brief ly 

dur i ng the period between 3 and 13 hours after shutdown . 

I f  the reported anal yses of the RCBT concent rat ions prior to Apr i l  3 

are cor rect , a combinat i on o f  the two above suggest ions seems t o  be re

qui red . Another al ternat ive is : 

3 .  The RCBT concent rat ion data are not va l id . It is  known that 

the samples co l lected Wt? re sma l l  and tha t t he ana lys i s  wou ld 

have been d i fficu l t  ��cause of the high concent rat ions . 
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These sampl es may have been di luted p r i o r  to ana l ys i s .  I f  so 

i t  i s  poss i b l e  that d i l ut i on was over l ooked i n  the ca l cu l a-

t ion of concent rat ion on ana l yses sheets . 

Futu re rad i ochemica l ana lyses wi l l  provi de add i t iona l i n format i on 

about the contents of the letdown demi ne ra l  i zer . Addi t iona l i nvest iga

t ions may shed l i ght on other aspec ts  of this quest ion .  

RADTRAN ca l cu l at ions we re a l so car r i ed out fo r hou rs 1 3  to 3 7 . The 

same re l ease rate const ant used f rom 3 .  33 to  1 3  hours was used as the 

sou rce term throughout the ent i re pe r i od .  ( See Tab l e  9 ) . At the end of 

37 hCiu i. S  the ca l cu lat i on i ndi cated approx imate l y  10\ of the o r i gi na l  core 

:i od i ne in the RCS wh ich ag rees we l l  wi th the measured va l ue at  1 700 on 

3/2909 . However ,  the ca l cu lat i on a l so i ndi cated that unde r the assumed 

cond i t i ons 1 0\ shou ld a l so have appea red i n  the auxi l i a ry bui l d i ng .  Thi s  

i s  h i gher than the measurements  i n  the RCBTs . However ,  a s ign i f i cant 

f rac t i on may have been adso rbed on t he l etdown dem i nera l i zers . 

CONCLUSIONS 

o Measuremen t resu l t s  show t ha t  at t he t ime of t he f i rst basement samp le 
(August 28 . 1982 ) , f rom 1 '7% t o  28% of t he i od i ne o r 1 gi na l ly i n  t he 
fue l cou l d  he account ed for i n  t he Reac t o r  Bui ldi ng . Us i ng t he same 
accoun t l ng procedure , approxlrnate ly  5 J'%  of t he 1 ] 7cs GOY l d  he {lC 

counted for . The most  p l aus i b l e  expl ana t ion for the d i f ference :i s  

t hat  chemica l react i ons took p l ace i n  the basement l i qu i d  du r i ng and 

a f t e r  the acc ident and i od i ne was prec i pi tated t o  t he bot tom of  the 

Reac tor Bu i l d i ng Basement . Howeve r ,  retent i on of i odi ne i n  t he RCS o r  

RCDT shou ld not be d i smi ssed a�; nn expl anat i on .  

o Measu rement resu l ts show re l at i ve ly l i t t l e i od i ne on Reac tor Rui ldi ng 
sur faces . ThE: h i ghes t qua n t i ty measured on sur faces was 0 .  7\ of t he 

o r i gi na l  co re i nven t o r y . 
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o Ai r measurements have shown a i rborne iodine act i vi t i es rang i ng f rom 

0 . 002\. t o  0 . 03\ of t he core i nventory . Fi rst ai r measurement s . rniide 

75 hou rs a f t e r  shutdown . i nd l c:ated t hat 0 . 005\ of the co re i nventory 

WdS a i rborne . �ven if a l l thi s i od i ne i s  assumed to be o rgan i c ,  t he 

observed amount i s  l ess t han 1 / 1 00 that spec i f i ed  i n  Regu latory Gu ide 

1 . 4 or WASH- 1 400 (Re fe rence 32 ) . 

o Measu rement s  o f  1 37cs and rad i o i od i ne on Reactor Bu i ldi ng s u r faces 

suggest t ha t  rad i o i od i ne deposi ted as e lementa l i odi ne .  Th i s  does not 
prec l ude t he poss i bi l i ty of iod i ne ex i st ing as Csi i n  t he RCS . In 

fact , basement wat e r  measurement s  suggest that i od i ne en tered t he 

basement as the i od i de i on .  

o Ana l yses i nd i cate that the source of sur face iod i ne cont ami na t i on was 

i od i ne t hat was re l eased di rec t l y to con t a i nment atmosphere dur i ng the 

acc i dent as opposed to l ater pa rt i t i on i ng f rom basement wa t e r . 

o The quan t i ty of iod i ne on su r fa(:es i s  re l a ted to past a i r concent ra

t ions . Mathema t i ca l  mod2 l s , benchma r ked wi t h  measuremen t dat a . show 

t ha t t he maximum quant i ty of rad i o i od i ne i n  Reacto r Bu i 1 d i ng a i r dur 

i ng t he acci dent was 0 . 2\ o f  t he or igi na l co re i nvent o ry . 

0 

0 

RECOMM�NDATIONS FOR fUTURE WORK 

Measu re the concent rat i vn of 1 29 r  i n  t he res i dua l mat e r i a l rema i n i ng 

on t: he 28 1 '  l eve l il fter t he basement wat e r  has been c. rai ned . I t  i s 

i mpo r t ant t o  know i f  the m i ssi ng i od ) ne i s  on so l i d  md t e r l a l  i n  t he 

basement . I t  i s  a l so necessa ry t o  obt a i n  an est i ma t e  o f  t he tota l 

mass of res i dua l ma te r i a l  . 

Measure t lle ,-:oncent ra t i on o f  129 r i n  reE i dua ls  a t  t he bo t t om on t he 
RCDT and est i ma t e  t he tot a l  mass of res i dua l s .  
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o Sampl e  the res i n  ( o r  wha t i s  l e f t  o f  i t )  i n  t he l et down dem i ne ra l i ze r  

and ana l yze for !).gr . Use fu l  i n fo rma t i on on the n q J  cont ent on 

t he l etdown demi ne ra l i ze· r may he obt a i na b l e  by samp l i ng t he l 1 qu i d  

downst ream o f  t he demi nera l i ze r . On t he assumpt i on t hn t  t he res i n  has 

been des t royed hy rad i a t i on ,  t he wa te r downs t ream may ccnt a i n  a s i gn i -

f
. . 

f 
1 29 J 1 cant concent ra t i on o . 

o Ana l yze �;u r face samp l es a l ready t a ken for J ).Q I . Depend i ng on re 

su l t s  i t  may he wor thwh i l e  t o  co l l e c t  mo re samp l es ,  pa r t i c u l a r l y  a t  

t he 28 1 '  l eve l . 

o Per fo rm sens i t i v i ty ana l ys i s  on the mode l used i n  t h i s  s t udy . Pa r t  o f  

t he sens i t i v i t y ana l ys i s  wou l d  be t o  eva l ua t e  a l t e rnat i ve r e l ease and 

t ranspo r t  scena r i os : for examp l e ,  to eva l ua t e  consequences of re l eas 

i ng a l l  i od i ne to con t a i nmen t a i r
· 

i n  the fo rm o f  CsJ . 

0 Ana l yze su r face sc rapi ngs f rom reac t o r  

A lso meas u re the 1/.Q J / l :ncs rat i o .  I f  

a s i gn i f 1 cant quant i t y o f  i od i ne ,  t he 

r e l a t i ve l y  h i gh .  
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APPENDIX A - -- - - --

MOOF.L OF IODINE BEWWIOR IN TMI -2 CONTAINMENT - -- -- - - - - --- - --- - - ------ ----·--

The model used to  predict  the behav i or of i odine rel eased into the 

TMI -2 contai nment i s  shown i n  Fi gu re 2 i n  the ma i n  text . The di f feren t i a l  

equat ions t hat descr i be the movement o f  i od i n<� a re as fo l l ows . 

dqL 
dt .. (A - - 1 }  

dq2 
dt 

(A -2 ) 

dq3 
-

dt 

= ( A -4 } 

(A - 5 )  

( A -6 ) 

where 
ql . "'" the rad i oi od i ne ac t i v i ty (Ci ) i n  l iqu i d  i n  the basement 

q2 
= the a i rborne radioi od i ne acti v i ty (Ci ) present as J 2 

q3 -- the ai rborne rad i o i od i ne act i v i ty (Ci ) p resent as HOI 

q4 - t he ai rborne rad i o i od i ne act i v i ty (Ci ) present as 
o rgani c i od ides 

qF 
the rad ioiodi ne ac t i v i ty  (Ci ) i n  the f i lm o f  condensed 
wat e r  

qs t he r ad i o i od i ne act ivi ty (Ci ) on the bu i l di ng su r faces 

'j ., 



,, L..,L 
s2 

k l 

k l 2 ' k l 3  

).. 

k/. 

k2/. ' k23 
).. 

v 

k 
c 

k 
p 

:;-

t he rate (C i /s )  a t  wh i ch r ad i o i od i ne act i v i t y  en ters 
t he basement l i qu i d  f rom t he RCS 

t he rate (C i /s )  a t  wh i ch r ad i o i od i ne d c t i v i t y  en t e r s  
t he a i rspace as �f 
r a t e  cons tant ( s  ) f o r  raci i o i od i rtf� t rans f e r  f rom a i r  
t o  basement l i qu i d  
r a t e  const a n t s  ( s ·- I ) fo r r ad i o i od i ne t rans f e r  f rom 
basemen t li qu i d  to a i r f9.r I and HOI , respec t i ve l y  

rate cons tant ( s -
l

) for rad i oac t i ve decay 

r a t e  cons t ant ( s - l )  for r ad i o i od i ne t rans f e r  f rom 
a i r t o  sur face f i l m  

r a t e  cons t an t s  ( s
- l

) fo r rad i o i od i ne t rans fe r f rom 
s u r face f i l m  t o  a i r f o r  �f and HOI , respec t i ve l y  

remova l rate constant ( s  ) fo r con t a i nment pu rge 
sys tems 

remova l rate cons t a n t s  ( s
- l

) for con t a i nment c leanup 
syst ems for r 2 ' HOI , and organ k i od i des . respec t i ve l y 

- 1  
r a t e  const an t s  ( s  ) f o r  depos i t i on o f  HOI ancl o rgan j c  
i od ide� . respec t i ve ly 

: a t e  const a n t s  ( s
- J

) fo r resuspens i on o f  HOI and o rgan i c  

i od i des , respec t ive l y  
- 1 

r a t e  cons tant ( s  ) for t ranspo r t  o f  condensa t e  f rom the 
wa l l  su r faces to t he basement 

rate constant ( s
- 1

> f o r  rad i o i od i ne t ransrm r t  f rom 
l i qu i ci  f i l m  to pa i n ted wa l l  s u r fac<' . 

The basement - t o -a i r  t rans f•? r  cons t an t s , k l /. and k 1 3 .  a re r e l a t ed 

t o  t he bu l k  a i r - t o -basement pa rame t e r  by 

k 1 2 

and 

k l 3 

k l Vb2 -- -
H2 VL. 

k l Vb2 
--· -- · - - -

H3 VL 

( A - 7 ) 

( A  -8 ) 
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where 

3 
the bui ldi ng volume ( em ) 

the basement volume (cm
3

) 

the di st r i but i on coefficients for r2 and HOI , 
respect ive ly 

f rac t i ons of  the l iquid phase radioiodine that 
part i t ion to r2 and HOI . 

Simi l a r  relat ionships are used to relate 1<22 and 1<23 
to the bu l k  a i r

to-fi lm transfer parameter , k2 . 

The deposi t ion rate constants can he wr i t ten as products  of appropr i ate 

deposi t i on ve loci t ies anrl the sur face-to--vol ume rat io . 

(A-9 ) 

wtere V
d

. is the deposi t i on vel oc i ty (cm/s ) of spec ies I .  and A i s  the a rea 
2 l 

(em ) of exposed sur faces . 
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