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ABSTRACT 

The Paci fi c Northwest Laboratory (PNL ) i s  p rov i d i ng a s s i s tance to the 
Nucl ear Regu l atory Commi s s i on (NRC ) Th ree Mi l e  I s l and (TMI ) P rog ram Offi ce to 
assess  the sou rces of exposu re i n  the TMI - 2  reactor bu i l d i n g basement and to 
eval uate pos s i b l e  approaches to basement cl eanup . 

The maj or  sources of exposure i n  the basement  i ncl ude the enc l osed 
stai rwel l /e l evator s haft structu re , water and s l udge i n  the e l evator shaft , 
cast concrete wal l s ,  concrete fl oor s l ab ,  water and s l udge on the fl oor , and 
acti v i ty i n  the pa i nt and l oose surface contami nati on . The sou rces were 
i denti fi ed u s i ng data obtai ned by the uti l i ty from water proces s i ng ,  water and 
sol i d  sampl es , remote v i deo i n s pecti ons and rad i at i on mon i tori ng wi th a robo t, 
and stri ngs  of thermol umi nescent dos i meters l owered from upper e l evati ons . 
The area dose rates i n  the basement range from approx i mate ly  4 R/ h r  (i n the NE 
quadrant ) to over 1 100 R/ hr  (near the encl osed stai rwel l /el evato r shaft struc­
ture ) . I t  i s  esti mated that the basement conta i ns  between 1 1 , 000 and 
21 , 000 curi es  of 1 3 7Cs . 

Spec i fi c  decontami nati on and cl eanup techn i ques are di scus sed . These 
techni ques  i ncl ude fl u s h i ng wi th water , h i gh- p ressure water b l a st i ng, l each­
i ng ,  scabbl i ng and chemi cal  c l ean i ng .  The appl i cab i l i ty of these tech n i ques  
to  the maj or  sou rces of rad i ati on are di scussed ,  and poss i b l e approaches and  
work sequences for  basement cl eanup  are g i ven . 
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EXECUT IVE SUMMARY 

C l eani ng the TMI - 2  reactor bu i l d i ng i s  Qne of the most  chal l engi ng decon­
tami nati on proj ects ever  undertaken , and  c l ean i ng the  basement , at the 282-
foot above sea l evel  e l evati on , i s  one of the most  cha l l enging tas ks of tha t  
proj ect. 

Acti vi ti e s  i n  the TMI - 2  basement have i ncl uded: sampl ing  water and 
sol i ds col l ected remotely  and i n  one i nstance by a worker who descended the 
sta i rs i nto the basement ; extens i ve water proces s i ng ;  h i gh- and l ow-pressure 
water fl u sh i ng from upper e l evati ons ; radi ati on mon i tori ng by robot and wi th 
thermol umi nescent {TLD ) stri ngs l owered from above ; v i ewi ng v i deo i nspecti o n s  
wh i l e  they were bei ng taken by a robot and by cameras l owered o n  cab l es ;  and 
fl u sh i ng and pumpi ng the el evator shaft. 

These acti v i ti es  prov i ded cons i derabl e data on wh i ch to base futu re 
c l eanup pl an�. Secti ons 2 and 3 of th i s  study conta i n  a deta i l ed analysis o f  
the ava i l ab l e data o n  the basement. Basement data comes from knowl edge of the  
acc i dent sequence , data from TLD  stri ngs l owered i nto the  basement , observa­
ti ons and measu rements made by a robot , and ana l yses of water and sol i ds  
removed from the  basement. 

The concrete and pa i nted meta l basement has  three d i stinct areas. The 
fi rst area , which i ncl udes the NE  and NW quadrants , has area dose rates tn the 
range of 4 to 10  R/ hr  gamma , wi th a few· l ocati ons  as  l ow as  2 R/h r  and others 
approach i ng 20 R/h r  gamma , from waterborne and a i rborne contami nati on. Many 
surfaces in th i s  area a l so  have beta acti v i ty up to severa l hundred rad/h r. 
The concrete fl oor i n  most of this l arge area is covered wi th s l udge and 
water. I n  a few l ocati ons , the fl oor i s  on ly  moi st and d i rty. 

The second area , wh i ch i s  a round the reactor cool ant  dra i n  tank  vent i n  
the SW quadrant , i s  s i mi l a r to the above area except that i t  is more contami­
nated. Bes i de the contami nati on that i s  common to the previous two quadrants , 
there i s  fi ne reactor core debri s on the fl oor and fi ne parti cu l ate contami­
nat i on above the prev i ou s  water l i ne. These contami nants we re depos i ted by 
water and steam duri ng  the acci dent. Gamma doses i n  th i s  a rea are a s  h i gh a s  
5 0  R/hr. 

The th i rd a rea , the SE  quadrant , conta i ns the e l evator shaft and the 
sta i rwel l encl osure. These a re constructed of hol l ow concrete b l ock , and the  
e l evator shaft has  no drainage. Dose  rates in  contact wi th this concrete 
bl ock structu re exceed 1000 R/hr  i n some locati ons. L i ke other a reas of the 
basement ,  the concrete b l ock structure i s  pa i nted , but. not ins i de the sta i r­
wel l and e l evator s haft and not up to the 305�foot e l evati on. Th i s  structu re 
i s  esti mated to conta i n  about 1 1 , 000 to over 19 , 000 curies of 1 3 7Cs. Th i s 
concrete b l ock structu re wi l l  have to be remotel y  d i sas sembJed { or possib l y  
sh i el ded ) before any hands-on decontami nati on work can b e  done i n  the 
basement. 
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The NRC a s ked the Paci fi c Northwest Laboratory { a ) to eval uate decon­
tami nat i on opti ons  and to i nvesti gate characteri zati on and other  acti v i ti e s  
that wi l l  be necessary to  cl ean t he  basement. T he  pri nc i pal  concl u s i ons from 
th i s  eval uat i on are descri bed here , and the bases for them a re i n  the refer­
enced chapters of th i s  report. 

Sources on the basement fl oor , wal l s  and equ i pment bel ow the h i gh-water 
mark contri bute very s l i ghtly to the dose rate at  the 305-foot e l evati on. 
Most  of th i s  contri buti on has a l ready been mi t i gated by s h i e l d i ng. Other , 
much smal l er sources above the h i gh-water mark i n  the basement contri bute a s  
much to the doses at  the 305-foot e l evati on as  the much l a rger sou rces at  
l ower e l evati ons. The  dose contri buti on from these  sources h a s  a l so  been 
mi ti gated i n  most  areas. The mi ti gat i on method u sed most  frequently has been 
s h i e l d i ng ;  howeve r ,  remote decontami nati on processes , such a s  hydrobl ast i ng 
penetrati ons i n  the sou rces , scrubbi ng , and  u s i ng stri ppab l e coati ngs shou l d 
be cons i dered for future operati ons . 

Proces ses that cou l d reduce the dose from the e l evator s haft and encl osed 
sta i rwe l l by even 90% woul d save very l i ttl e occupati onal  rad i ati on dose 
because remote d i smantl i ng wou l d s ti l l  be requ i red. Leach i ng by fi l l i ng the 
basement wi th water mi ght remove a l arge number of curi es  of acti v i ty from 
th i s sou rce but i s  not expected to save much of the basement c l eanup dose. 

Anal yses Qf the encl osed s ta i rwel l and e l evator s haft s tructu ra l  mater­
i a l s have not proceeded far enough to a l l ow any fi rm recommendat i ons. I f  
future tests demonstrate the l eachabi l i ty of exposed concrete b l ock , i t  may 
hel p to remotely  demol i sh the s ta i rwel l and l eave the rubb l e on the 282-foot 
el evat i on under a l each sol uti on. I f ,  however , the concrete b l ock  exh i b i ts an 
extreme l y  h i gh sel ecti v i ty for ces i um ,  as  certa i n  natu ra l l y  occu rri ng mi nera l s 
{ zeol i tes ) do, then any attempt to l each the materi a l  wi l l  fa i l , and rad i o­
l ogi cal condi ti ons  wou l d not be i mproved by l each i ng. 

Sl udge on the fl oor i s  not a s i gni fi cant rad i ol ogi cal  concern at  the 
present ti me except i n  the areas where there was d i rect dra i nage from the 
reactor cool ant dra i n  tan k  duri ng the acc i dent. Parti cu l ates i n  the s l udge 
a round the reactor cool ant dra i n tan k  vent are a radi ol og i cal  concern, but not 
to the extent that they great ly  overshadow other basement sou rces. Sl udge 
whether wet or dry. wou l d hampe r hands-on basement  cl eanup  efforts when they 
become practi cal from a dose rate s tandpo i nt. Therefore , mos t  of the s l udge 
shou l d be removed fa i rl y  ea rl y i n  the basement  c l eanup effort. Further, there 
i s  no i denti fi ed benefi t i n  postpon i ng des l udgi ng , other than u s i ng resou rces 
for h i gher pri ori ty work. Prompt col l ecti on and ana lys i s of the s l udge mi ght 
al so hel p veri fy that  i t  i s  unnecessary to use  h i gh l y  borated water i n  the 
basement. Prel i mi nary pl ann i ng and s uffi c i ent technol ogy a re ava i l ab l e to 
remove , sol idi fy and d i s pose of the s l udge wi th re l at i vely l i tt l e occupat i ona l 
dose. S l udge removal wi l l , howeve r ,  req u i re substanti a l  equ i pment mod i fi ca­
ti ons and procurements. 

(a ) The Pacific Northwest Laboratory i s  operated for the Depa rtment of Energy 
by Battel l e  Memori a l  I nst i tute. 

vi 



Leaching and  remov i ng ces i um from basement sources cou l d be done more 
efficiently i f the l icensee had not require that 10 , 000 ga l l ons of water be 
kept in the basement at a l l times. The water is for contro l l i ng a i rborne 
contaminat i on . Control l ing  a i rborne contami nation i s  va l i d  of course , but i t  
can be done other ways , inc l ud i ng: 1 }  s tudying the contami nat i on to determi n e  
if it wil l become a i rborne if a l l owed to dry out , 2 }  keeping the contami nated 
areas wet with s prays , and 3 }  adding water immed i ate ly  after pumpout . The 
containment fl oor was not compl ete ly  submerged during the l as t  robot 
i nspection. 

Robot mea s urements and video and TLD i nves tigati ons of the basement  
s howed radioact i ve contamination and d i rt on  wa l l s  and equipment  in  the  base­
ment. This phenomenon , ca l l ed the bathtub ri ng , appears to be a re l ative l y  
broad , discontinuous band , s u c h  as mi ght resu l t from b l ack  o i l fl oat i ng  on 
water as the water l evel  s l owl y receded. There were a few attempts to fl u s h  
o r  hydrobl ast  a reas o f  the basement , but the on l y  data taken d i d not demon­
strate that this was effecti ve at reduc i ng dose rates on  the upper e l evation.  
A program of  smear s urveys , either performed by the  robot or  by l ong po l es 
l owered through  the seismic gap and other penetrat i ons , wou l d  be a cost­
effective way to co l l ect a s tatistica l ly s i gnifi cant quanti ty of  data that  
cou l d be  used to  design an approach  to  c l ean the  bathtub r i ng  and  other 
contaminated l ocations.  A survey program wou l d  s how whether or  not the 
contamination is c l ose l y  ass ociated with the o i l and/or dirt and i f  the o i l 
and dirt is readi ly  removabl e by mechanica l methods . More effective removal 
methods are l ike l y  to inc l ude steam c l eaning , s pecial l y  designed scrubb i n g  
devices , hydrobl asting with heated water ,_and appl ying and remov i ng strippa b l e 
coat i ngs . ( The Navy uses magnetica l ly attached scrubbing dev i ces that operate 
una ttended to remove marine growth from drydocked s hips . A sim i l ar device 
mi ght work we l l  on the  outs i de containment wa l l s. }  Detergents may be  effec­
tive in removing oil . A smear survey program wou l d  a l so i nd i cate the  advis ­
abi l ity of attempting to l ower dose rates at the 305-foot e l evat i on by 
decontaminating surfaces above the previous water l evel . 

After the most  sign i fi cant ba sement  source , the e l eva tor s haft and 
encl osed s tairwel l ,  has been dea l t wi th ,.it may be desirabl e to i dentify the  
other basement sources by performi ng  add i ti ona l TLD surveys and u s i ng  a 
computer program to·mode l the l ocations of the remain i ng contam i nati on. 

Refl ooding the basement so that divers can perform decontamination work  
warrants further i nvestigati on. The ris k to workers is con s i derab ly  l es s  i f  
the c l eanup work is done by robots , but  robot work may not be economi ca l l y  
feasibl e in the near future. Protect i ng workers by water s h i e l d i ng i s  a 
pos s i bl e  a l ternat i ve ,  a l though i t  wou l d s ti l l  enta i l  s i gn i f i cant  rad i at i on 
doses and wou l d  requ i re some ins trument and equ i pment devel opment. 
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1 . 0  I NTRODUCTION 

The Pac i fi c  Northwest  Laboratory ( PNL ) ( a )  was asked by the NRC-TMI Pro­
gram Offi ce to i denti fy the sources of exposure i n  the TMI - 2  basement and 
eval uate decontami nati on techn i ques that mi ght fac i l i ate c l eanup prog ress . 
Th i s  document dea l s wi th current data about the TMI -2 basement  and the sou rce  
terms ( radi onucl i de i nventory )  and  wi th pos s i b l e  approaches to basement c l ean ­
u p .  Wh i l e  the l i censee , not the NRC, i s  charged wi th p l ann i ng and conducti ng 
c l eanup , i t  i s  the res pons i bi l i ty of the NRC to see that  c l eanup i s  accomp­
l i shed safe l y  and that occupat i onal  rad i ati on doses duri ng c l eanup are as  l ow 
as i s  reasonab ly  ach i evab l e (ALARA ) . Becau se  of potent i a l l y  h i gh -rad i ati on 
doses to workers , the basement of the TMI reactor bu i l d i ng i s  expected to be 
one of the most  d i ffi cu l t c l eanup tasks  ever u ndertaken i n  the U . S. commerc i a l 
nucl ear i ndustry . For thi s reason , eval uat i on by the NRC i s  appropri ate 
before a s pec i fi c  proposa l  i s  rece i ved from the l i censee . 

1 . 1  THE TMI UNIT-2 ACC I DENT S£QUENCE 

The 28 March 1979 acc i dent at TMI Un i t 2 happened because  decay heat  wa s 
not removed by c i rcu l ati ng pri mary cool ant after the reactor was shut down . 
Th i s resu l ted i n  seri ous  damage to the fuel . When c i rcu l at i on  was restored 
debri s and f i s s i on products were fuel  throughout the pri mary system of the 
reactor . The pri mary fl ow path out of the reactor core was through the pri m­
ary pi p i ng to  the pres su ri zer, out  the  pressuri zer vent l i ne i nto the reactor 
coo l ant dra i n tank  ( RCDT ) , and  out the  RCDT vent  l i ne ( through a ruptu red 
b l ow-out d i s k )  i nto the reactor bu i l d i ng basement . Most  of the water from the 
acci dent rema i ned i n  the basement , though some was pumped to the aux i l l ary 
bu i l d i ng ( Rogov i n and Frampton 1979 ) . 

The acc i dent l eft the l ower l evel  of the reactor bu i l d i ng ,  the 282-foot 
6-inch el evati on ( re l at i ve  to sea l evel ) ,  a l so  ca l l ed the bas ement, covered 
with about 1 , 000 ,000 l i ters of water ( Cox , Horan and Worku 1983 ) . The depth 
of the water was esti mated at  s l i ght ly  over 3 - 1/ 2  feet . Mos t  of thi s water 
came from the pri mary cool ant system , through the pressur i zer  rel i ef val ve, 
i nto the RCDT , out the ruptu red b l ow-out d i sk, th rough the vent  l i ne and onto 
the basement  fl oor . Th i s cool ant  carri ed both d i ssol ved and parti cu l ate 
contami nants . 

A sma l l amount of borated water from the reactor bu i l d i ng s prays that 
fol l owed the hydrogen burn was a l so  added to the contami nated water on the 
f l oor . The vol ume of th i s  borated water was esti mated at 6440 l i ters ( Cox, 
Horan and Worku 1983 ) , whi ch corresponds to l ess  than 0 . 1  foot i n  the base­
ment . Th i s  water conta i ned essent i a l ly  no rad i oacti v i ty ,  a l though i t  may have 
contri buted some contami nati on from the a i r or from su rfaces a t  u pper 
e l evati ons . 

(a) The Pac i fi c  Northwest  Laboratory i s  operated for the Department  of Energy 
by Battel l e  Memori a l  I nst i tute . 
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For more than two years fol l owi ng the acc i den t ,  pri ma ry coo l ant cont i nued 
to enter the basement v i a  the same fl ow path as  before , but at  a rate of 
0 . 49 L/mi n ( Cox , Horan and Worku 1983 ) . Pri mary coo l ant  sampl es  duri ng  th i s  
t ime showed decreas i ng l eve l s of acti v i ty as so l ub l e fi ss i on products were 
l eached from the damaged fue l  i nto the basement .  Thi s source contri buted 
approx imate ly  674 , 000 l i ters . Duri ng thi s t ime ,  the water l evel  i n  the 
basement  rose at a h i gher rate than cou l d be accounted for by primary coo l ant 
l eakage . Th i s  add i t i on was u l timatel y  attri buted to ri ver water i n l ea kage 
from the bui l d i ng a i r  cool ers , probably through a re l i ef va l ve on the coo l i ng 
co i l s .  Th i s source was est imated to account for 681 , 000 l i ters ( Cox , Horan 
and Worku 1983 ) or about 2 . 4  feet of the 1981 water l evel . 

The fi rs t sampl e of basement water , ta ken 28 August 1979 through a 
reactor bu i l d i ng penetrati on , conta i ned 174 pCi /mL of 1 3 7C s  i n  so l uti on a n d  an 
add i ti ona l  0 . 008 pCi /mL i n  the sol i ds .  Succes s i ve samp l es  and pumpouts con­
ta i ned correspond i ng ly  l es s  ces i um acti v i ty ,  wh i ch was cons i stent with the 
di l ut ion that was occurri ng . Pumpi ng of the basement began i n  September 1981  
and conti nued , wi th on ly  bri ef i nterrupti on s for water process i ng and  treat­
ment system ma i ntenance , unti l Apri l 1982 when the water l eve l had been 
reduced to about three or four  i nches . 

1 . 2  PHYS I CAL CHARACTER I ST I CS OF THE BASEMENT 

When the basement  water was processed , the dose rates i n  the basement and 
the rema i nder of the bu i l d i ng d i d  not decrease  as  expected . The basement 
rema i ned h i gh ly  contami nated wi th dose rates considerab ly  h i gher than  thos e  i n  
other areas . After the acci dent water was dra i ned , add i t i ona l  decontami nat i on 
so l uti ons were added and some sampl es and measurements were taken . On one  
occas i on a worker agreeded to  descend to  the  bottom of the  open s ta i rwe l l to  
obta i n a sampl e and observe basement cond i t i ons . Except for thi s one  occa­
s i on ,  the basement has rema i ned unentered by workers s i nce the acci dent . 

The basement  i s  s tructura l ly  s imi l ar to many other reactors i n  that i t  i s  
di vi ded i nto two d i st i nct areas : i ns i de the D-ri ngs and outs i de the D-r i ngs  
( see F i gure 1 . 1 ) . Wi th i n  the D-ri ngs are the two s team generators and the 
reactor coo l ant pumps . Outs i de the D-ri ngs are s upport fac i l i ti es ,  tan ks , 
pumps and equ i pment; and the s ta i rways . The D-ri ngs are cons tructed of 
5000-ps i re i nforced concrete . ( Concrete i s  des i gnated by the break i ng 
strength . ) Other materi a l s in the basement  i nc l ude 3000-psi concrete , ho l l ow 
concrete bl ock and a s tee l conta i nment l i ner . The i ns i de of the D-ri ngs i s  
one conti nuous area wi th no i nterven i ng fl oors and conti nues up  to the top of 
the D-ri ng wa l l s  at the 367-foot e l evati on . Thi s document dea l s primari l y  
wi th the area outs i de of the D-ri ngs . 

I n th i s document , the basement  i s  d i v i ded i nto quadrants , SE , SW , NW , and 
NE , and the ava i l abl e data i s  d i scus sed i n  that order . I n  the SE quadrant ,  
the on ly major s tructure i s  the e l evator shaft/encl osed s ta i rwel l ,  wh i ch 
i s  cons tructed of concrete b l ock (wi th meta l re i nforcement for se i smi c 
restra i nt ) . Th i s  s tructure i s  the l argest  known source of rad i ati on i n  the 
basement . The bottom of the e l evator shaft i s  about 1 foot bel ow the fl oor  
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F IGURE 1 . 1 .  The TMI -2  Reactor Bu ; l d ; ng Basement ( 282-foot e l evation ) 

l evel . There is no dra ; n ,  but ; t  has  been pumped and fl u shed ( see F ; g-
ure 1 . 2 ) . I ns pect; ons by the robot have s hown two l arge too l  chests near the 
sta ; rwel l structure . There are a l so  e l ectr; ca l , ; nstrument , and  vent; l at; on 
systems ; n  th; s quadrant . 

I n  the SW quadrant , there are numerous structures , most  cons tructed of 
3000-ps ;  concrete . A w; re mesh  door on a wooden frame l eads to the ;ns ; de of 
the D-r; ngs . The RCDT ; s  enc l osed ; n  a cub; c l e that a l so has a door of w; re 
mes h  on a wooden frame . The l ea kage cool ers and l eakage transfer pumps a re 
l ocated ; n  th ; s  quadrant .  Mov;ng cl oc kw; se past  this area , there are severa l 
; ns trument racks and an open s ta ; rcase  to the 305-foot e l eva t;on . The top of 
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F I GURE 1 . 2 . The E l evator Shaft/Enc l osed Sta i rwe l l Structure 

the s ta i rcase  has been s h i e l ded to reduce the dose rate at  the 305-foot 
e l evation where workers prepare to defuel  the reactor . 

I n  the NW quadrant , there are add i ti onal  i ns trument racks  and another 
s h i e l d i ng wa l l , wh i ch s h i e l ds the rema i nder of the basement  from the incore 
i nstrument cabl e chase . Add i t i ona l sh i e l d i n g  wal l s  surround the l etdown 
coo l ers and , i n  the NE quadrant , the s ump . 

The s ump , i n  the NE quadrant ,  i s  bel ow fl oor l evel  and  con s i s ts of two 
compartments : one s i de i s  for settl i ng sol i ds ,  and the pump and outl et a re on 
the other s i de .  The s ump i s  protected from p l uggi ng  by a tra s h  rack  and 
screens that are des i gned to co l l ect debri s before i t  enters the s ump . There 
are a l so radi ati on mon i tor cabi nets , i ns trument rac ks , a chemi cal  add i t i on 
tank , and vari ous pumps i n  thi s quadrant . 
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Al so  l ocated wi th i n  the D-ri ngs , i n  add i tion to the s team generators and 
pri mary system p i p i ng and pumps menti oned prev i ou s l y , there a re oi l s h i e l d 
dra i n tanks , a concrete baffl e wal l and the reactor vessel . 

Rad i ati on dose rates i n  the basement range from approxi mate ly  4 R/h r to 
greater than 1000 R/hr . To date_ a l l of the i nformati on obta i ned i n  the 
reactor bu i l d i ng suggests that the most  i mportant rad i onucl i de from a dose 
rate standpoi nt i s  I 3 7cs , and , consequentl y ,  i t  i s  the pri mary radi onucl i de o f  
concern i n  th i s  ana lys i s .  The other rad i onucl i des are i mportant  when dea l i ng 
wi th waste d i s posa l , beta exposure or  the i nd i cati on of fuel parti cul ates ; 
however ,  1 3 7Cs  i s  the pri nci pal sou rce of occupati onal radi at i on dose . More­
over , most  processes that remove ces i um are expected to  remove the  other 
radi on�cl i des as  wel l (wi th the excepti on of i on exchange on zeol i te ) . 

Thi s ana lys i s presents a summary of what i s  known about the phys i ca l  and  
radi o l ogi cal characteri sti cs  of the  basement and eval uates cou rses of act i on 
for data col l ecti on and for decontami nati on based on con servat i on of doses to 
workers who wi l l  compl ete the cl eanup  procedu re . Conservat i on of occupati ona l 
dose was the pri nci pal cons i derati on i n  th i s  ana lys i s .  

1 . 5  





2.0 ANALYS I S  OF DATA ON CES I UM I N  BASEMENT WATER 

Condi ti ons  i n  the basement  have been severe ly  effected by the contami ­
nated water that remai ned there for two years . We therefore ana l yzed pumpout  
data to  determi ne i f  processes  such  a s  l each i ng ,  preci pi tati on  o r  i on exchange 
cou l d be i denti fi ed . Knowl edge of such processes  i s  cons i dered p i vota l to 
eva l uati ng  basement cl eanup opti ons . 

Th i s ana lys i s i s  based on data from : 

• vol umes and concentrati ons of ces i um i n  water pumped out of the reactor 
bu i l d i ng basement 

• traci ngs from i nstruments mon i tori ng the water l evel s of the reactor  
bu i l d i ng basement (Appendi x A )  

• sampl es of other basement waste and  s l udge 

• add i ti ona l i nformati on (from stated references ) . 

Thi s data was ori g i na l ly  gathered for determi ni ng the radi onuc l i de i nvento ry 
transported offs i te ,  not for the deta i l ed ana lys i s  for wh i ch we have u sed i t  
here . 

I n  s pi te of the l i mi tati ons of the avai l ab l e data , thi s ana l ys i s substa n ­
ti ates two important concl u s i on s . F i rst , "  the maj ori ty of t h e  acti v i ty removed 
from the reactor bui l d i ng basement  ( approx i mate ly  305 ,000 ( 95% ) of the est i ­
mated tota l 322 ,.000 curi es of 1 3 7Cs  from the tota l of 1 , 080 , 000 gal l ons  
( 4 . 1 x 106 L )  of water processed )  was present in  the basement water i mmedi ­
ate ly  after the acci dent . On ly  about 17 , 000 cu ri es ,  or 5% , came from other 
sources , wh i ch may i ncl ude : s l udge conta i n i ng und i sso l ved so l i ds and i nter­
sti t i a l  water ;  water wi th a h i gher concentrati on of ces i um ,  wh i ch i s  more 
representati ve of und i l uted acci dent water ; water trapped i n  the e l evator 
shaft ; decontami nati on ; l each i ng ;  l i ne backfl ush i ng ;  suspended sol i ds ;  and 
other sou rces . To date , s i gn ifi cant concrete l each i ng i s  not wel l sub­
stanti ated by the data . Second , there i s  cons i derabl e evi dence that the 
i nte rsti ti a l  wat�r assoc i ated wi th the s l udge i s  not even ly  mi xed wi th the 
rema i nder of the basement  water ( bu l k sol uti on ) and that the i ntersti t i a l  
water i s  more h i gh ly  contami nated than the bu l k sol uti on . 

Throughout th i s ana lys i s ,  we have assumed that water reach i ng to the 
283 . 87-foot el evati on represents 100 , 000 gal l ons and a hei ght  of 0 . 1 foot of 
wate r equal s 7400 ga l l ons , a s  i nd i cated i n  GPU operat i ng procedu res . Th i s  
l atter assumpti on uses as a model a verti cal cyl i nder wi th a n  i n s i de d i amete r  
of 1 12 . 2  feet . The reactor bu i l d i ng i s  about 138 feet i n  d i ameter but has  
numerous  pi eces of equ i pment and other structures  that account  for the  d i f­
ference between the i ns i de d i ameter  of the model u sed , 112 . 2  feet , and the 
actual  i ns i de d i ameter of the reactor bui l d i ng .  These two a s s umpti ons  a l so  
appear reasonabl e because the  mean fl oor e l evati on i s  then ca l cu l ated to be 
282 . 51 feet . 
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Norma l conventi ons concern i ng the use of s i gn i f i cant  d i g i ts a re not u sed 
i n  thi s d i scu s s i on .  The reader shoul d ,  however , understand the l i mi tati ons  of 
the data used i n  the ana lys i s .  Level measurements are read from a g raph and 
are accurate to about ±0 . 05 foot , wh i ch corresponds to ±3 , 700 ga l l ons . Resu l ts  
of sampl e ana l ys i s are g i ven to  the  nearest 1 or  0 . 1 Ci /mL , but actual  p re­
ci s i on i s  somewhat l ess among dupl i cate sampl e s . One pC i /mL ( standard dev i a­
ti ons are g i ven where appl i cabl e )  for the l argest  s i ng l e batch of water 
processed , represents 314  curi es . 

Twenty-n i ne batches {pumpouts ) were pumped out of the s ump , and seven 
add i t i onal sampl es we re col l ected between September 1981 and the end of 
November 1984 . These are descri bed i n  the fol l owi ng  secti ons . The water 
l evel s are s hown i n  Fi gure 2 . 1 ,  and the acti v i ty l evel s ( cur i e s  of 1 3 7Cs ) a re 
i l l ustrated i n  Fi gure 2 . 2 . 

Addi t i ona l data was prov i ded by the fi rst th ree water sampl es  col l ected 
between Ju l y  1979 and May 1981 from the l ower l evel  of the reactor bu i l d i ng .  
The resu l ts of these and other speci a l  sampl es  are presented i n  Tabl e 2 . 1 .  I n  
chronol ogi cal  orde r ,  these three sampl es showed a concentrati on o f  176- , 162- , 
and 143-pCi  of 1 3 7Cs per mL (x = 159 . 7 ,  s = 1 5 . 6 ) . The decreas i ng concentra­
ti on over t i me i s  probably due to d i l uti on by water sou rces  wi th l ower con­
centrati ons of ces i um .  

2.1 ANALYS I S  OF PUMPOUTS 1 TO 1 6  

Data obtai ned from transferri ng  basement water from the reactor bu i l d i ng 
to the i n i ti a l stages of the water treatment system are shown i n  Tab l e 2 . 2 .  
I n  a l l  but a few cases , the data , g i ven i n  the tabl e for batches 1 th rough  1 7 , 
were obtai ned from a s i ng l e sampl e from each batch of pumpout water sent 
offs i te to Oak Ri dge Nati ona l Laborato ry for ana l ys i s .  

The water e l evat i on when pumpi ng began i n  September  1 981 was about 
290 . 9  feet . Water was removed i n  batches unti l May 1982 ( between pumpouts  24 
and 25 ) when use  of the tank  farm was d i scontinued and water was pumped 
d i rectl y to the submerged demi nera l i ze r  system ( SDS ) . 

The 1 3 7Cs  concentrati on i n  the i n i ti a l  pumpout was 128  pC i /mL , and the 
average concentrati on duri ng the fi rst 16 pumpouts was 1 27 . 8  pC i /mL , ( standard 
dev i ati on 4 . 5 ,  the mean for the fi rst 15 pumpouts was 127 and s tandard dev i a ­
ti on 3 . 75 )  ( see F i gure 2 . 1 ) . These data , except where noted i n  Tab l e 2 . 1 ,  
were based on one sampl e from each batch of pumpout water sent offs i te to 
Oak Ri dge Nati onal  Laboratory for ana l ys i s .  

The spec i a l  sampl es that were sent to the nati ona l l aboratori es were a l so  
anal yzed for ces i um in  sol i ds .  The  resu l ts a re shown in  Tab l e 2 . 3 .  I t  
appears that even before the start of decontami nati on acti v i ti es , both the 
concentrati on of sol i ds i n  the basement  water and the acti v i ty of the so l i ds 
vari ed con s i derab ly . 
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TABLE 2 . 1. Speci a l  Water Sampl es from the Reactor Bui l di ng 

1 37Cs 1 37Cs 
i n  Water Tota l Sol i ds i n  Sol i ds 

Saml!l e Locati on Date Saml!l e Tll!e Laboratorl p Ci /ml ms/ml p C i ts 

Penetrati on 401 8/28/79 Water ORNL 1 76 "'0 . 5 25 

Penetrati on 40 1 1 1/ 15/79 Water ORNL 162  0 . 3 76 

From 305-ft e l evati on 5/ 14/81 8 water sampl es I NEL 143 0 . 98 808 
v i a covered hatch 

From 305-ft el evati on 9/24/81 I NEL 137 0 . 2 1 324 
vi a open sta i rwel l 

Bottom of open 6/23/82 S l udge and water ORNL/WHEDL 15 1/159 2 1 . 6/26 . 1  802/2040 
N sta i rwel l 
. 
-'="' 

Covered hatch 1/1 1/83 S l udge and water PNL-TMI  12 . 0  0 . 04 3600 

Fl oor penetrati on 1/ 1 1/83 S l udge and water PNL-TM I  8 . 2  0 . 02 >540 
NE quadrant 

Fl oor penetrati on 1 / 1 1/83 S l udge and water PNL-TM I  8 . 3  9 29 . 9  
SW quadrant 

Sump pump d i scharge 8/ 22/83 2 water sampl es  I NEL/WHEDL 85 . 5  0 . 4  53 . 7  
1 i ne 

ORNL = Oak Ridge Nati ona l Laboratory 
I NEL = I daho Nati ona l Engi neeri ng Laboratory 
WHEDL = Wes ti nghouse Hanford Eng i neeri ng  Devel opment Laboratory 
PNL-TMI  = Paci fi c Northwest Laboratory - Th ree Mi l e  I s l and ( mobi l e  l aboratory at TMI ) 



N . 
U'l 

TABLE 2 . 2 .  

Trans- 137cs fer Batch Gallons 
Number Number Date (l!Ci/ml) Removed --

1 S005 9/23/81 128 14,004 
2 S006 9/27/81 128 49,547 
3 S007 10/10/81 129 50,091 
4 S008 10/23/81 128 49,497 
5 S009 11/02/81 125.5 36,676 
6 SOlO 11/12/81 123 49,497 
7 son 11/22/81 119 44,099 
8 S014 12/21/81 132 44,369 
9 SOlS 12/29/81 133 42,867 

10 S016 1/06/82 129 19,232 
11 S017 1/23/82 124 43,670 
12 SOlS 1/31/82 128 43,385 
13 S019 2/07/82 123 19,216 
14 S020 2/11/82 126 31,346 
15 S021 2/17/82 131 31,150 
16 S022 2/28/82 138 31,948 
17 S025 4/30/82 118 36,960 
18 S029 8/19/82 95.7 4,718 
19 S036 9/27/82 22.7 30,031 
20 S038 11/01/82 16.7 41,681 
21 S041 12/31/82 9.9 47,920 
22 S045 2/16/83 11.1 41,519 
23 5046 3/04/83 6.5 53,425 
24 5047 4/13/83 3.67 30,384 
25 S0 55 6/03/83 2.7 83,081 
26 5059 7/08/83 2.2 29,093 
27 5096 7/03/84 9.3 7,897 
28 5098 7/12/84 8.4 27,080 
29 5107 11/01/84 4.9 41,275 

TMI - 2  Basement Water Samp l es ( a )  

Cunmu-
lative Curies/ 

Gallons Batch 

14,004 6,785 
63,551 24,005 

113,642 24,458 
163,139 23,980 
199,815 17,422 
249,312 23,044 
293,411 19,863 
337,780 22,168 
380,647 21,579 
399,879 9,390 
443,549 20,496 
486,934 21,019 
506,150 8,946 
537,496 14,949 
568,646 15,445 
600,594 16,687 
637,554 16,507 
642,272 1,709 
672,303 2,580 
713,984 2,635 
761,904 1,796 
803,423 1,744 
856,848 1,314 
887,232 422 
970,313 849 
999,406 242 

1,007,303 278 
1,034,383 861 
1,075,658 766 

Cunmu-
lative 
Curies 

6,785 
30,789 
55,247 
79,227 
96,649 

119,692 
139,555 
161,723 
183,302 
192,693 
213,189 
234,208 
243,154 
258,103 
273,549 
290,236 
306,743 
308,452 
311,033 
313,667 
315,463 
317,207 
318,522 
318,944 
319,793 
320,035 
320,313 
321,174 
321,940 

Water 
Elevation vt) 
Before A ter ----
291.00 290.82 
290.90 290.10 
290.20 289.48 
289.52 288.75 
289.95 288.44 
288.43 287.76 
287.76 287.20 
287.20 286.60 
286.63 286.00 
286.00 285.80 
285.80 285.25 
285.24 284.64 
284.64 284.36 
284.36 283.95 
283.96 283.52 
283.52 283.08 
283.25 282.85 
282.82 282.75 
283.24 282.80 
283.60 282.70 
283.60 283.00 
283.38 283.24 
283.35 283.00 
283.35 283.08 
284.00 282.98 
283.25 282.90 
283.20 283.10 
283.18 282.85 
283.42 282.83 

Calculated 
Calculated Gallons Curies 
Remain;ng Removed Remaining 

614,940 13,320 297,926 
561,660 59,200 272,113 
515,780 53,280 251,837 
461,760 56,980 223,713 
438,820 111,740 208,447 
388�500 49,580 180,868 
347,060 41,440 156,321 
302,660 44,400 151,215 
258,260 46,620 130,009 
243,460 14,800 118,873 
202,760 40,700 95,163 
157,620 44,400 76,364 
136,900 20,720 63,734 
106,560 30,340 50,820 

74,740 37,560 37,059 
42,180 32,560 22,032 
25,160 29,600 11,237 
17,760 5,180 6,433 
21,460 32,560 1,844 
14,060 66,600 889 
36,260 44,400 1,359 
54,020 10,360 2,270 
36,260 25,900 892 
42,180 19,980 586 

34,780 75,480 355 
28,860 25,900 240 
43,660 7,400 1,537 
25,160 24,420 800 
23,680 43,660 439 

( a ) This data is documented in a letter from Linda Munson, Pacific Northwest Laboratory, to Ronnie Lo, NRC, dated 9 May 1985. 



TABLE 2 . 3 .  Basement S l udge Sampl es  

1 3 7C s  
D i ssol ved Tota l Acti v i ty Sus pended 

Sampl e Sampl e Ana l yzed 1 3 7C s  Sol i ds i n  Sol i ds 1 3 7C s  ( a )  
Date Locati on bl l!C i /mL mg/mL l!C i /g l!C i /L 

8/28/79 Penetrati on 40 1 ORNL 176 '\.() . 5 25 12 . 5  

1 1/ 15/79 Penetrati on 40 1 ORNL 162 0 . 3 76  22 . 8  

5/ 14/81 Covered hatch I NEL ( b )  143 0 . 8  808 78 . 4  

9/24/81 Open s ta i rwe 1 1  I NEL 137 0 . 2 1 324 68 

6/23/82 Open sta i rwel l ORNL 15 1 0 . 26 803 17 , 300 

6/23/82 Open sta i rwel l WHEDL 159  26 . 1  2040 53 , 000 

1/ 1 1/83 Covered hatch PNL-TMI 12 . 0  0 . 04 3600 144 

1/1 1/83 NE quadrant , PNL-TM I 8 . 2  0 . 02 >540 >10 . 8  
Penetrati on 238 

1/ 1 1/83 SW quadrant PNL-TM I  8 . 3  9 . 0  29 . 9  269 . 1 
Penetrati on 225 

8/22/83 Sump pump I NEL 95 . 5  0 . 4  5 3 . 7  2 1 . 48 

(a) Cal cul ated quanti ty .  Other data from I saac and Keefer 1984 . 
( b )  Ei ght sampl es were taken ; four sampl es  from 0 . 95 em above the fl oor were 

used here . 

The quanti ty of ces i um rema i n i ng i n  the water can be esti mated u s i ng  the 
water l evel and the 1 3 7Cs  concentrati on from the l ast  pumpout . Th i s data i s  
presented i n  Tabl e 2 . 2  and shown graph i ca l l y  i n  Fi gure 2 . 4 .  Any trend such  a s  
d i l uti on or addi ti on o f  acti v i ty wou l d have resu l ted i n  a c urved l i ne .  

After compl eti ng pumpout  number 16 , wh i ch began on 28 February 1982 , a 
tota l of 600 , 594 gal l ons  ( 2 . 3 x 106 L )  conta i n i ng 290 , 236 curi es  had been 
removed . The water e l evati on fol l owi ng  pumpout number 16  was 283 . 08 feet , 
wh i ch represents 42 , 180 gal l ons . Pumpout 16  conta i ned the h i ghest concentra­
ti on of 1 3 7Cs of any batch removed from the bui l d i ng ,  138 pC i /mL . Prev i ou s 
pumpouts ranged from 1 19 to 132 pC i /mL .  

The measured ces i um concentrati on from pumpout 16  i s  138 pC i /mL . Th i s i s  
above the average of the prev i ous  15  sampl es  by approx i mately 3 standard 
dev i ati ons , wh i ch i nd i cates that there i s  l es s  than 1 i n  100 chance that i t  i s  
a random ana lyti cal error .  The measured concentrati on from pumpout  16  may 
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resu l t because the water associ ated wi th s l udge has  a s i gn i f i cantl y h i gher 
ces i um concentrati on than the bul k sol uti on above i t .  

I f  the average concentrati on of the water from a l l pumpouts preced i ng 1 6  
( 1 28 pCi /mL ) i s  representati ve of the concentrati on i n  the basement  so l ut i on , 
then the rema i n i ng water can be cal cu l ated to have conta i ned 20 ,435 curi es . 
I f ,  i ns tead , the  representati ve concentrati on i s  138 pC i /mL , as  determi ned by 
data from on l y  pumpout 16 , the rema i n i ng basement  water can be esti mated to 
have conta i ned 22 , 03 1  curi es .  I f ,  however ,  the water assoc i ated wi th the 
s l udge i n  the basement  contai ns  con s i derabl y  more acti v i ty than the bu l k 
sol uti on above i t , wh i ch wou l d account for the observed val ue , then the actual  
ces i um burden i n  the basement water cannot be predi cted more accurate ly  tha n  
t o  say i t  exceeds  22 , 000 curi es . ( The best ev i dence that water associ ated 
wi th the s l udge conta i ns  more acti v i ty than the bu l k so l uti on  above i t  i s  
g i ven by January 1983 sampl es where the acti v i ty i n  the two sampl es  conta i n i ng 
s l udge exceeded the ces i um concentrati on i n  the bu l k so l uti on . )  

A sampl e of the basement water and s l udge was taken i n  June 1982 , between 
pumpouts 17  and 18 , by a worker who descended the open sta i rwel l to the base­
ment .  The  sampl e ,  wh i ch was spl i t  and sent  for ana lys i s to two nati onal  
l aboratori es , showed 15 1  and 159 pC i /mL 1 3 7Cs  i n  the  a ssoci ated water .  Th i s 
i s  espec i a l _l y  s i gn i fi cant because the bu l k so l ut i on rema i n i ng  i n  the basement  
after sampl i ng conta i ned only  1 18 pCi /mL , whi ch i nd i cated that  the water 
a ssoci ated wi th the s l udge may have conta i ned more concentrated ces i um 
acti v i ty than the rema i n i ng water . 
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F IGURE 2 . 3 .  1 3 7Cs  Concentrati on i n  Basement Pumpouts 
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FIGURE 2.4 . Ca l cu l ated Curi es  Rema i n i ng Versus  Ga l l ons  Rema i n i ng 
Dur i n g  the Fi rs t 16 Pumpouts 

I f ,  at the compl eti on of pumpout  16 , the water assoc i ated wi th the s l udge 
conta i ned approx imate l y  200 pCi /ml ( probab ly  the approx i mate concentrati on o f  
the bu l k  so l uti on i mmed i atel y  after the acc i dent ) , then the ces i um burden i n  
the basement water wou l d have been approx i mate ly  32 , 000 cur i es 1 3 7 Cs . 

2 . 2  ANALYS I S  OF PUMPOUTS 17  and 18 

A l arge quanti ty of re l at i ve ly  c l ean water dra i ned to the bas ement  before 
pumpout  1 7. Pumpout 1 7  removed 16 , 507 curi es of acti v i ty .  Pumpouts 18 and 
beyond conti nued to remove acti v i ty , tota l l i ng  1 5 , 125 curi es . Wh i l e  a port i on 
of thi s acti v i ty probab ly  entered the basement wi th the decontami nati on so l u ­
t i ons , i t  i s  extreme l y  un l i ke ly  that a l l o f  th i s acti v i ty came from decontam i ­
nati on efforts . I t  i s , however , poss i bl e  that much of i t  came from water 
entra i ned i n  the basement s l udge . Pouri ng c l ean water down the e l evator 
shaft , whi ch a l ready conta i ned accident water , probab ly  a l so  i ntroduced some 
acti v i ty. ( Assumi ng  the e l evator s haft conta i ned water at  175  pCi /ml and 
es t imati ng.the d imens i ons  as 10  ft x 10 ft x 5 ft , the e l evator s haft water 
was estimated to conta i n  a l most  2 , 500 curi es . )  

Between pumpout 16 , whi ch began on 28 February 1982 , and pumpout 17 , 
wh i ch began on 30 Apri l 1982 , the water e l evati on rose from 283 . 08 feet to 
283 . 25 feet . Thi s 0 . 17-foot i ncrease i n  e l evati on corres ponds to approx i ­
mate l y  12 , 580 ga l l ons  of so l ut ion . Sources of thi s water were decontami nati on  
acti vi ti es and primary coo l ant l eakage . The  ces i um concentrati on i n  the 
decontami nati on water i s ,  of course , unknown , but the concentrati on i n  the 
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cool ant at that t i me was approx imate ly  2.7 pCi /ml . Water removed i n  pumpout 
17 cons i sted of 36 , 960 gal l ons ( 1 . 4 x 105 L )  at a concentrati on of 1 18 pCi /ml 
{16 , 507 curi es ).  I f  the concentrati on of the prev i ous water was 138 pC i /ml 
and the basement water was homogeneous ,  then the average concentrati on of 
ces i um i n  the water that was added to the basement  can be ca l cul ated at 
51  �C·i/ml , for  a tota l of 2 ,425 curi es. Thi s seems h i gh l y  un l i kely. I t  s eems 
much more probab l e  that the water assoc i ated wi th the s l udge conta i ned more 
acti vi ty than the bul k sol uti on. above i t. Some l each i ng of acti vi ty from 
s l udge and other sources may a l so have contri buted to the total concentrati on. 

Pumpout 17  reduced the water e l evati on to about 282.85 feet. However , 
i t  appears from the trac i ng ( see Append i x  A )  that the l evel recorder may have 
been readi ng abnormal l y  at thi s t ime. The 282.85-foot water e l evati on corre s ­
ponds t o  25 , 160 gal l ons. Cal cu l ati ons from the water e l evati ons show that the 
pumpout removed on l y  29 , 600 gal l ons , rather than the 36 , 960 gal l ons  reported. 
Thi s may be due to i naccurate gage readi ngs , the add i ti on of water duri ng the 
pumpout , or  a comb i nati on of these two factors. At the comp l eti on of pump­
out. 17 , there were approx i mate ly  25 , 160 gal l ons  ( 9 . 5 x 104 L ) , a concentrati on 
of about . 1 18  pCi /ml , of water rema i n i ng--or about 1 1 , 237 curi es  sti l l  
rema i n i ng i n  the basement  water. 

Duri ng the approx i mately  3- 1/2-month peri od between pumpout 17  and the 
next s i gni fi cant  addi ti on of water , very l i ttl e change i n  water e l evati on was 
noted . The sp l i t  sampl e ,  wh i ch was d i scussed previ ous l y , from the open sta i r­
we l l  was taken duri ng thi s t ime .  Al though the two sampl es  showed l i ttl e d i f­
ference i n  d i sso l ved ces i um ,  they showed a d i screpancy i n  the quanti ty of 
sol i ds present and the s peci fi c  ces i um acti v i ty of those sol i ds ( see 
Tabl e 2 . 3 ) . 

Pumpout 18 cons i sted of on ly 4 , 7 18 ga l l ons  ( 1 . 8  x 104 L )  of  approxi ma te l y  
95 . 7  pCi /ml water; ( 1 , 709 curi es ) . Water- l evel trac i ng� ( Appendi x A )  i n  the 
basement showed pumpout 18 occurred at a t ime when l i ttl e ,  i f  any , water was 
be i ng added . The 95.7 pC i /ml val ue for pumpout 18 was deri ved by averag i ng 
the l i censee's measurements and appl yi ng a factor of 1.1 to account for the 
bias ( ca l i brat i on error )  i nherent i n  the· counti ng system at  thi s ti me. The 
22 . 7  pCi /ml val ue for pumpout 19 was s i mi l arl y  deri ved from the l i censee's 
val ue of 20 . 6  pCi /ml . 

Before pumpout 19 , the e l evati on of the water rose from 282 . 75 to 
283 . 24 feet , correspond i ng to a total of 54 , 020 gal l ons i n  the bui l d i ng. I f  
the rema i n i ng acti v i ty ( 6433 curi es ) was di spersed uni forml y i n  thi s vol ume of 
sol uti on wi th no addi t i ona l acti v i ty added , then the concentrati on wou l d have 
been 3 1.5 pCi /ml . A s l i ghtl y  h i gher concentrati on was expected because of the 
acti v i ty i n  the decontami nati on sol uti on , but the water that was pumped out 
reportedl y conta i ned on ly  22 . 7  pCi /ml . Thi s i 'ndi cated e i ther i ncorrect mea­
surements or phenomena such  as l ayering or prec i p i tati on that  prevented com­
pl ete di spers i on of the acti vi ty a l ready present i n  the basement • 
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2.3 ANALYSIS OF  PUMPOUTS 19  THROUGH 26 

Pumpout 19 and the next severa l  pumpouts removed progre s s i ve ly  more 
d i l ute water unti l , at pumpout 26 , the concentrati on was on ly  2 . 2  pC i /mL . 
Duri ng these pumpouts , 1 ,352 curi es  were removed . Ass umi ng  pumpout 26 wa s 
representati ve of the bul k sol uti on , there shou l d have been on l y  about 
240 curi es  i n  sol uti on i n  the basement water pl us  whatever was i ncorporated i n  
s l udge , concrete , and other matri ces .  

There were no add i ti onal pumpouts for a l most a yea r fol l owi ng  pumpou t  26 . 
There was , however ,  sampl i ng of the basement s l udge and a s soci ated water a t  
three d i fferent l ocati ons . The sampl es  were ana lyzed at TMI - 2  i n  a mob i l e  
analyti ca l l aboratory operated on s i te by the Paci fi c Northwest  Laboratory .  
One sampl e taken through the covered hatch i n  the SE quadrant from the 
305-foot e l evati on showed 12 . 0-pC i /mL di s sol ved ces i um and 0 . 04-pC i /mL s u s ­
pended ces i um .  The tota l mas s  o f  sol i d  was reportedl y on l y  about 1 mg , 
assuri ng a non-representati ve samp l e .  A second sampl e ,  taken from the NE 
quadrant { the quadrant between the el evator and the s ump ) s howed 8 . 20-pC i /mL 
di s sol ved I 3 7Cs  and l es s  than 10 . 8-pC i / L  sus pended I 3 7Cs . The sampl e from the 
SW quadrant , outs i de the reactor cool ant dra i n  tank  { RCDT ) cubi c l e ,  showed 
8 . 3-pC i /mL di s sol ved I 3 7Cs and 269-pC i /L suspended 1 3 7C s . Because these 
sampl es conta i ned s l udge , the suspended ces i um concentrati on  i nd i cates 
successfu l sampl i ng .  

I f  our prev i ous  assessment was correct , that the water as soci ated wi th 
the s l udge had a s i gn i fi cantly h i gher acti v i ty than the b u l k so l uti on , then 
sampl �s i ndi cate : 1 )  the same phenomenon i s  sti l l  occurri ng , that i s ,  the 
basement water assoc i ated wi th the s l udge i s  not ful l y  mi xed wi th the bu l k 
sol uti on above i t ,  and 2 )  the repeated i ntroducti on and removal of decontami ­
nati on sol uti ons  has greatl y reduced the ces i um burden i n  the water assoc i ated 
wi th the s l udge . The l atter assumpti on i s  cons i stent wi th the data regard i ng 
the quanti ty of ces i um removed i n  the i nteri m .  

The sampl es a l so showed that ces i um acti v i ty o f  the so l i ds i n  the s l udge 
vari ed more than two orders of magn i tude , wi th a 1 3 7Cs  concentrati on of 
29 . 9-pCi 1 3 7 C s  per gram i n  the SW quadrant  and more than one hundred ti mes 
that acti v i ty i n  the NE quadrant . 

2 . 4  ANALYS IS  OF PUMPOUTS 27 THROUGH 29 

D i ffi cul t ies  were experi enced wi th the i nstruments measuri ng  water e l eva­
ti ons in  the reactor basement duri ng mos t  of the 1-yea r peri od between pump­
outs 26 and 27 . I t  i s ,  therefore , d i ffi cu l t to accurate l y  track  water add i ­
ti on s duri ng th i s  t ime ;  however ,  i t  appears that addi t i ons  were not l a rge or  
numerous .  

Before pumpout 27 , there was not on ly  a year of d i ffu s i on ,  l each i ng and 
other pas s i ve processes taki ng pl ace , but the reactor bu i l d i ng s ump was 
sampl ed by pumpi ng wi th the i nsta l l ed s ump pump , and the decay heat l i nes  from 
the auxi l i ary bui l d i ng to the sump were backfl ushed . The sump sampl e showed 
95 . 5  pCi /mL ,  aga i n  i nd i cati ng that the water i n  the l owes t  areas and 
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assoc i a ted wi th the s l udge was not fu l l y mi xed wi th the bu l k so l uti on but h a d  
gi ven u p  a con s i derab l e amount o f  ces i um from i ts ori g i na l  concentrati on after 
the acc i dent . The sump sampl e al so showed rel ati vely l i ttl e s u s pended sol i ds ,  
0 . 4  mg/ml , and about average acti v i ty i n  these sol i ds ,  53 . 7  �C i /g . The l ac k  
of sol i ds i n  the sampl e was not too surpri s i ng because of the des i gn o f  the 
two-part sump . 

Backfl ush i ng the l i nes both agi tated and added acti v i ty to the baseme n t  
wate r .  The ces i um concentrati on i n  pumpout 2 7  was 9 . 3  �Ci /ml . The pumpout  
cons i sted of  on l y  7 , 897 gal l ons  ( 3 . 0  x 104 L ) , so on ly  278  curi es  were 
removed . Duri ng pumpouts 28 and 29 , the ces i um concentrati on i n  the basemen t  
water conti nued to decl i ne ,  probabl y as  a resu l t  o f  d i l ut i on , t o  8 . 4  and 
4 . 9  �Ci /ml , res pect i vely .  The vol umes of pumpouts 28 and 29  were 27 , 080 a n d  
41 , 275 gal l on s , a n d  they conta i ned 861 a n d  766 curi es , res pect i vely .  Based on 
the resu l ts of sampl es from pumpout 29 and the basement-water i nventory , we 
expect there are about 440 cu ri es of ces i um acti v i ty rema i n i ng i n  the basement 
sol uti on . Based on the h i story of pumpouts and water addi t i ons , there may be 
con s i derabl y  more . 

Overa l l ,  the basement pumpouts have removed approx i mate ly  321 , 940 curi e s  
of  ces i um acti v i ty .  Th i s  i s  about 17 , 000 curi es more than the i n i t i a l  pump­
outs i nd i cated were ava i l abl e and i s  wi th i n  the ana l yti cal erro r of the or i g i ­
nal measurements . Howeve r ,  the apparent i ncrease i n  basement-water ces i um 
quanti ty i n  the l ater pumpouts cannot be expl a i ned by ana l yt i cal  error .  T he  
add i t i onal  acti v i ty i s  most  l i ke ly  from a comb i nati on of  t he  fol l owi ng sou rces : 
1 )  h i gher acti v i ty i n  the water associ ated wi th the s l udge , 2 )  acti v i ty tra pped 
i n  the e l evator shaft , 3) ces i um l eached from the basement so l i ds and s l udge , 
4 )  acti v i ty from backfl u sh i ng decay heat l i nes , 5 )  acti v i ty from decontami na­
ti on sol ut i ons , 6 )  materi a l  from reactor bui l d i ng dra i ns , 7 )  acti v i ty from the 
add i t i on of pri mary cool ant , and 8 )  acti v i ty l eached from concrete , pa i nt a nd 
other sol i d  matri ces . 

Because s l udge i s  nonun i form both i n  quanti ty and concentrati on of act i v­
i ty ,  it  i s  d i ffi cul t to  esti mate i ts acti v i ty .  The  s l udge sampl es taken 
before water add i ti ons began have an average ces i um acti v i ty i n  the sol i ds 
of 680 �C i /g and a standard dev i ati on of 749 �C i /g .  I f  the add i ti onal 
17 , 000 cu ri es  menti oned above were a l l from th i s s l udge , they wou l d represent  
the acti v i ty i n  2 . 3  x 107  g of  sol i ds .  Because the area of the basement fl oor 
i s  12 , 868 ft2 ( based on the 128-foot effecti ve d i ameter of the bu i l d i ng ) , th i s  
amount of s l udge corres ponds to 1 ,809 g/ft2 . V i deo i nspecti on by the robo t  
suggests there are areas wi th th i s  quanti ty o f  s l udge , b u t  there are a l so  
areas wi th much l es s . Observati ons made by the worker who descended the 
sta i rs i nd i cated that the s l udge i s  h i gh l y  nonun i form and that areas wi th 
1 . 8  kg (4 pounds ) of s l udge per square foot a re the except i on rather than the 
ru l e .  

Before the robot made v i deo i n specti ons , Cox , Horan and  Worku ( 1983 ) 
attempted to ca l cu l ate the quanti ty of sol i ds u s i ng sampl e data and i nforma­
ti on regard i ng the depth and method of sampl i ng .  Tabl e 2 . 4  g i ves thei r 
ca l cu l ated val ues based on the i nd i v i dual  sampl es . The val ues  range from 
7700 grams ( 17 pounds ) to 1 . 34 x 106 grams ( 3000 pounds ) .  The 7700-gram va l ue 
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i s  c l earl y i ncons i stent wi th the v i deo data from the robot . A GPU ( 1 983 ) 
techn i ca l  pl an  for s l udge removal esti mates that between 200 to 850 ft3 of  
dewatered s l udge wi l l  requ i re di sposal . As sumi ng that th i s  materi a l  conta i ns 
1 gram of sol i ds per cub i c  centi meter , the GPU esti mate wou l d corres pond to 
between 5 . 7  x 106 and 24 x 106 grams of s l udge . 

TABLE  2 . 4 .  Vol ume and Acti v i ty of Sol i ds 

As sumed 
Sol i ds Total Sol t g' Sampl e Depth Esti mated 

Date ( em) ( g ) 
5/ 14/81 0-13 . 65 136 , 696 
9/ 24/81  0 . 95 7 , 730 

6/23/82 2 . 54 1 . 1 2 X 106 

6/23/82 2 . 54 ( c )  1 . 34 X 106 

1/ 1 1/83 10 . 16 ( d )  5 2 . 14 X 104 9 . 86 X 106 1 . 28 X 10  

( a )  From Cox , Horan and Worku 1983 . 
( b )  Based on assumed area sampl ed . 
( c )  Manua l scoop . Sampl e spl i t .  
( d )  Th ree l ocati ons . 

1 3 7Cs  
Acti v i ty 
i n  Sol i ds 

( l!C i /g ) 
808 

324 

727  

2 , 032 
( e )  12 . 3 ( e )  122 . 0 ( ) 192  e 

E st imatfa ) Tota l C i  

100 

2 . 5  

872 . 4  

2 , 723  

2 . 6  
1 2  

245 

( e )  These sampl es were ta ken after add i t i on of the decontami nati on  water began . 
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3 . 0  RAD I OLOGICAL COND ITIONS I N  THE TMI - 2  BASEMENT AND 
OoSE RATES AT· OPPER ELEVATioNS 

The l i censee ' s  program to reduce doses has l ed to decontami nati on and 
sh i el di ng of rad i at i on sources at upper el evati ons of the TMI - 2  reactor bu i l d­
i ng .  I t  has a l so  l ed to the pl acement o f  s h i el di ng a t  the open sta i rwel l ,  
around the encl osed sta i rwel l a.nd el evator s haft , over the covered hatch and  
at  vari ous other penetrati ons . Fi �ure 3 . 1  i l l us trates dose rates and  l oca­
ti on.s on the 305-foot e l evati on . ( Because of the l arge number of  i l l us tra­
t i ons  i n  th i s chapter , they are grouped together at  the  end  of  the  chapte r . ) 

The l i censee has concl uded that the ba sement  i s  no  l onger ma ki ng a 
s i gn i fi cant  contri buti on to the doses rece i ved by workers i n  other port i on s  of 
the faci l i ty .  Th i s  i s  based on thei r assessment of the dose a t  the 305-foot 
el evati on , the effecti veness of the s h i el d i ng ,  and the 305-foot-el evati on work 
force , wh i ch i s  rel ati vely sma l l now and i s  expected to rema i n  l ow throughout 
the defuel i ng peri od . 

Presented bel ow i s  an i ndependent assessment  of the l i censee ' s concl u ­
s i ons . I n  genera l , we concur that sources bel ow the prev i ous  water  e l evat ion  
are ma ki ng a mi nor  contri buti on , if  any , to  dose rates on the  u pper el evati ons  
of the  reactor bu i l d i ng ,  and that dose reducti on efforts have l a rgel y  ame l i o­
rated those effects . One excepti on to the genera l  concl u s i on s  about basement 
cond i t i ons  i s  the  encl osed sta i rwel l .  There may a l so be  excepti on s  wi th i n  and 
around the a i r cool ers and at  penetrati ons  near the personnel hatc h , but these 
are rel ati vel y  un i mportant because l i ttl e work i s  presently p l anned i n  these 
area s through the defuel i ng phase of cl eanup . 

The dose rate i n  the basement of the reactor bu i l d i ng vari es from 
approx imate ly  4 R/hr  to more than 1 100 R/ hr  ( i n  contact wi th the concrete 
bl ock ) . These data are based on both TLD stri ng data and data ta ken by the 
robot . F i gure 3 . 2  shows the genera l  area dose rates in the ba sement between 
the 286- and 289-foot e l evati on . F i gu re 3 . 3  i s  a map of the dose rates nea r 
the 300-foot e l evati on .  Fi gure 3 . 4  s hows the TLD stri ng l oca t i ons  .and Fi g­
ures 3 . 5  through 3 . 46 show the gamma or beta/gamma dose profi l es at the vari ­
ous l ocati ons i n  the ba sement . The TLD stri ng data a re hel pfu l i n  assess i ng 
the dose rates near the 300-foot el evati on . 

As d i scus sed i n  the preced i ng chapter , the max imum e l evat i on of water 
l eve l s fol l owi ng the September 1981 acci dent  was 291  feet . Any acti v i ty 
between the h i gh-water mark and the present water l evel  was p robab l y  l eft by 
the reced i ng wate r .  Any acti v i ty above the h i gh-wa ter mark was depos i ted from 
contami nated atmos phere , from condensati on , from fl u sh i ng upper a reas , o r ,  i n 
the case of the area around the RCDT vent l i ne , from h i gh-vel oci ty water and 
steam duri ng the acc i den t .  

Thi s ana l ys i s i s  based o n  dose rates and  how they change wi th el evati on . 
I t  a l so rel i es on l evel s of beta radi ati on , where ava i l ab l e ,  to i nd i cate the 
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phys i ca l  prox imi ty of contami nants . Because the range of beta rad i ati on  i n  
a i r  i s  fa i rl y  short , any apprec i abl e beta dose recorded by the TLDs comes from 
a source that i s  wi th i n  a foot or so from the dos imeter . Beta and gamma acti v­
i ty are thought to have been depos i ted a t  approx i ma tely the s ame l ocat i ons ; 
however ,  decontami nati on efforts at the upper e l evati ons appeared to reduce 
beta acti v i ty more readi l y  than they di d gamma acti v i ty .  

There i s  a great dea l of i nformati on regardi ng rad i o l og i cal  cond i t i ons  i n  
the basement .  To fac i l i tate the presentati on , we have d i v i ded  the basemen t  
i nto four quadrants and have presented the condi ti ons i n  each quadrant  begi n­
n i ng wi th due  east  and  conti nu i ng c l ockwi se . The SE quadrant  i s  d i scussed 
fi rs t because i t  conta i ns the most  s i gn i fi cant rad i ati on source . The quad­
rants are i l l u strated i n  F i gures 3 . 2  and 3 . 3 .  

3 . 1 S E  QUADRANT 

The SE quadrant  conta i ns the concrete b l ock structure that compri ses  the 
e l evator shaft and the encl osed s ta i rwe l l .  There are data from three TLD 
stri ngs wi thi n the sta i rwel l and e l evator shaft , from two TLD s tri ngs  outs i de 
the s tructure , and from the robot . F i gures 3 . 5 ,  3 . 6 ,  and  3 . 7  i l l u s trate the 
dose�rate profi l es at l ocati ons B-3 , B- 15 , and B-23 , wh i ch are a l l wi thi n the 
concrete bl ock s tructure . The pea k dose rate measured i n  each of these l oca­
ti ons  i s  i n  the range of 400 to 900 R/h r .  Sampl es col l ected from the f i rs t  
two l ocati ons , measured at  700 and 400 R/hr , respecti vel y ,  i nd i cate the most  
i ntense  rad i a t i on source i s  at about the  287-foot e l evati on . The  700 R/ hr  
read i ng was probably measured cl oser to  the contami nated s urfaces i n  the  s ta i r­
we l l .  Locati on B-23 , immedi a tely  i n  front of the e l evator doors , shows the 
h i ghest dose rate , 900 R/hr , at  the l owes t  TLD , 283 feet . There i s  l i tt l e 
evi dence of a bathtub ri ng on the e l evator doors . ( The term bathtub ri n g  i s  
used to refer to the col l ecti on of rad i at ion  sources that has  concentra ted  at  
the  prev i ous  a i r-water i nterface . I n  mos t  l ocati ons , an  o i l depos i t  i s  a l so 
v i s i bl e  i n  thi s area . )  

The two TLD stri ngs , B- 13 ( Fi gure 3 . 8 ) and B- 12  ( F i gure 3 . 9 ) , l ocated 
outs i de of the concrete bl ock s tructure ( s ta i rwe l l and e l evator s haft ) a l so 
s how very h i gh dose rates . The TLDs at  l ocat i on B- 13 s how dose rates of  
nearly 400 R/hr and a s l i ght  bathtub ri ng  at about  the  286-foot e l evati on . TLD 
stri ng B- 12  i s  l ocated d i rectly  be l ow the covered hatch . Th i s  s tri ng  had TLDs 
p l aced at  5-foot i nterva l s ,  wi th none in the v i c i n i ty of the 287-foot 
e l evati on . The TLD nearest the 287-foot e l evati on was· on the bottom of the 
s tri ng , and i t  exh i bi ted the h i ghes t dose rate , about 85 R/hr . The pri nc i pal  
contri buti on is  probably s ti l l  from the  concrete bl ock . 

TLD s tri ngs ( l ocati ons B-3 , B - 23 and B - 1 3 )  used both s h i e l ded and  
uns h i e l ded TLDs to  determi ne the beta dose  rate . The  B-3  s tr i n g  was c l ose to 
contami nated surfaces on ly  above the 294-foot e l evati on and , therefore , had no  
s i gn i fi cant beta contri buti on at  the  l ower e l evati on . The  TLD s tri ng at  
l ocati on B -23 was c l ose enough to  contami nated surfaces to  have s i gn i fi cant  
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beta readi ngs  at mos t  l ocati ons , both above and bel ow the prev i ou s  water l i ne .  
For l ocati on B - 13 , the beta contri but i on bel ow the 290-foot e l evat i on i s  not 
ava i l abl e ,  and  there was apparentl y no s i gn i fi cant beta contr i bu t i on above 
that l evel , except at the penetrati on where the s tri ng  was l owered . 

Meas urements made by the ROVER robot i n  th i s quadrant  ( see Tabl e 3 . 1  and  
F i gures 3 . 10 ,  3 . 1 1 ,  and 3 . 1 2 }  corroborate the  TLD  s tri n g  read i ngs  wi th a few 
excepti on s . Dose  rates measured at l ocati on AA ,  correspond i ng to the hol l ow 
concrete bl oc k outs i de the el evator s haft , exceeded 1 100 R/ hr . Th i s  dose-ra te 
profi l e  i s  s h own i n  Fi gure 3 . 1 1 .  The h i ghest  dose rate appea red at  the 289-foot 
e l evati on , wh i ch contrad i cted data from the TLD s tri ng . Dose  rate readi ngs 
were a l so  ta ken at  severa l di fferent  e l evati ons  at l ocat i on U ( F i gure 3 . 1 2 } . 
Wh i l e  there are s ome anoma l i es between the two detectors i n  th i s l ocati on , 
both seem to s how the l ocati on between 288 . 1 and 289 feet as  the area of h i gh­
es t acti v i ty .  The l oca l d i fferences i n  dose rates are much more pronounced i n  
the TLD readi ngs  than they are i n  the i on chamber read i ngs  made by the robot . 
I n  a nonuni form fi e l d such  as the basement , the much  sma l l er s i ze of the TLDs 
a l l ows them to fo l l ow l oca l fi e l d gradi ents wh i l e  i on chambers res pond to the 
dose rates avera ged over the enti re chamber ; The reason for the d i fferent 
e l evati ons for maxi mum readi ngs ( 287 feet for TLD , 286 feet for the robot }  i s  
not known , but d i fferences i n  methods for measuri ng  e l evat i on cannot be ru l ed 
out . The robot a l so  measured dose rates on a verti ca l  dra i n  p i pe at l ocati on  
S ( F i gure 3 . 13 } . The max i mum measured dose rate was  38 R/ hr . The  majori ty of 
thi s dose i s  probably  from the s ta i rwel l ;  however , the vari at i on between the 
s i de-by-s i de detectors i ndi cates the presence of l oca l sources as  wel l .  

Measurements were made i n  seven l ocati ons  wi th  a s h i e l ded te l etector 
probe pl aced on  the ROVER robot . The probe was l ocated 5 i nc hes  above the 
fl oor and s h i e l ded from above . The data i s  s hown i n  Tab l e 3 . 1 .  The dose-ra te 
read i ngs at po i nts T ,  U , V ,  W and X were 2% to 3% of the genera l  area dose 
rates . These  poi nts are l ocated near the enc l osed sta i rwe l l / e l evator shaft 
s tructure . At poi nts Q and S ,  the robot was further from the encl osed 
s ta i rwel l /el evator s haft , and the te l etector readi ngs of the fl oor were 1 2% to 
14% of the genera l area dose rate . The te l etector meas urements were used to 
ca l cu l ate the amount of acti v i ty i n  the concrete fl oor s l ab .  The compl ete 
ana l ys i s  i s  descri bed i n  Append i x  B .  

I n  thi s quadrant , i t  i s  pos s i bl e  that basement sources may be i mpacti ng  
dose rates at h i gher e l evati ons . Wi thout ques ti on , there i s  a s i gn i fi cant 
contri buti on wi thi n the s ta i rwe l l ,  and there was a s i gn i fi cant  contri buti on 
over the covered hatch before i t  was s h i e l ded . Some other sma l l contri buti on s 
may rema i n . 

The a i r cool ers penetrate through  the 3-foot- thi ck-conc rete fl oor i n  th i s  
area , and , wh i l e  the i r meta l components prov i de some s h i e l d i ng ,  the coo l ers 
may a l l ow radi ati on from the basement  to contri bute to the amount  of genera l 
radi ati on on the 305-foot l evel . Thi s i s  very d i ffi cu l t to determi ne , how­
ever , because the a i r cool ers are themse l ves contami nated . The current p l an  
to  s h i e l d the  a i r  coo l ers s hou l d reduce the  dose  contri buted by both  the  bas e ­
ment and the a i r cool ers . 
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TABLE 3 . 1 .  ROVER Robot Data from the S E  Quadrant 

Hei ght 
Quadrant Above Dose Rate Measurements 

and Fl oor El evati on Detector P-, Detector P-� 
Locati ons � i nches ) �feet� �R7fid �R7fir J 

SE DO 48 286 6 9 

SE EE 48 286 8 9 

SE CC 48 286 51 52 

SE BB 48 286 264 248 

SE Z 48 286 27 31 

SE AA ( a )  48 286 707 7 1 7 
54 287 749 753 
60 287 . 5  830 81 5 
66 288 965 957 
72 288 . 5  1 1 02 1 089 
77 289 1 1 22 1 1 39 
85 289. 6 1 058 1 01 9  

SE Y 48 286 1 05 97 

SE S 5 ( b ) 283 4 . 2 ( b ) 
48 ( c )  286 31 37 
59 ( c ) 287 . 4  37 32 
71 ( c ) 288 . 4  35 38 
85 (c )  289. 6 31 36 

SE T s < b > 283 3 . 1 ( b ) 
48 286 1 00 95 

SE V 5 ( b ) 283 3 . 1  ( b ) 
48 286 1 79 1 72 

SE W 5 ( b ) 283 4 . 9 ( b ) 
48 286 2 1 4  1 96 

SE X 5 ( b ) 283 6 . 3 ( b ) 
48 286 31 1 325 
85 298 . 6  290 321 

SE u< a > 5 ( b }  283 1 0 . 2 ( b ) 
48 286 440 433 
55 287 . 1  679 525 
61 287 . 6  685 581 
67 288 791 644 
73 288 . 6  685 879 
79 289 679 872 
85 289. 6 754 600 

SE 0 5 (b ) 283 5 
48 286 36 37 

SE R 48 286 38 37 

( a )  � f ncfies from wa l l .  
( b ) Di recti onal probe .  
( c )  Contact on a dra i n  l i ne .  
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3 . 2 SW QUADRANT 

There have been on ly fi ve TLD stri ngs l owered i nto the SW quadrant ( l oca ­
ti ons  B-7 , B- 1 1 ,  B- 1 ,  B- 2 and B-29 ) . The dose rate profi l es from these fi ve 
s tri ngs a re s hown i n  F i gures 3 . 14  through 3 . 18 . The TLD stri ng  at  l ocat i on 
B-7 ( Fi gure 3 . 14 ) wa s wi th i n  the RCDT cubi cl e .  As i n  other e l evat i on s  ( 285-
a nd 290-foot ) where the TLDs were 5 feet a pa rt , a bathtub r i n g  wa s not appar­
ent . The max i mum  dose rate measured wi th i n the RCDT cub i cl e  was 1 7  R/h r .  The 
tank i s  currentl y fu l l of wa ter .  If  fue l part i c l es a re present i n  the tank ,  
as the acc i dent  sequence i nd i cates they are , the dose rate wi l l  i nc rease sub­
sta nt i a l ly  if  the  tan k  i s  dra i ned . 

The TLD stri ngs  at  l ocat i ons  B- 1 1 ,  B - 1  and  B-2  we re l owered through the 
se i smi c gap and we re therefore c l ose to the outs i de wa l l of conta i nment .  The 
dose rate profi l es for these l ocati ons  a re shown i n  F i gures  3 . 1 5 , 3 . 16 ,  and 
3 . 17 . The gamma dose rates at l ocat i ons B - 1 1  and  B-2  show only m i nor 
i nd i cat ions  of the bathtub r i ng and s how a max i mum dose rate of a bout 38 and 
50 R/hr , respect i ve l y .  The beta profi l e  from l ocat i on B-2 , howeve r , shows a 
s i gn i f i cant l oca l i zed sou rce that may be the bathtub r i ng .  I n  the gamma 
read i ngs , th i s  source occurs at about the 287-foot e l evati on , a s  i t  does at 
other l ocat i ons , but i n  the beta read i ngs i t  appears at the 291 -foot 
e l evati on . Accord i ng to l i censee personnel , l ocat i ons  B - 1  a nd B - 1 1  were both 
sel ected to be c l ose to the 3000-ps i concrete wa l l  and a re s l i ght ly  mi s l ocated 
on  the TLD l ocati on fi gure ( F i g u re 3 . 4 ) . Onl y l ocat i on B - 1  shows a bathtub 
ri ng ,  wh i ch occu rs at  287 feet i n  the gamma prof i l e  and 288 feet in the beta 
profi l e .  These data i nd i cate that the maj or gamma bathtub ri n g  phenomenon i s  
probably confi ned to concrete s u rfaces . 

The a rea a round TLD stri ng B-2  i n i t i a l l y  rece i ved the dra i nage from the 
RCDT . Sma l l ,  h i g h ly  rad i oacti ve parti cul ate sources from the rea ctor core may 
st i l l  be o n  the fl oor and poss i bly  on the wa l l s  and overhead s ( the  ce i l i ngs  
a nd p i p i ng ,  equ i pment , ducts , etc . , near the  ce i l i ngs ) in  th i s  a rea . These 
part i cu l ates may accou nt for the observed dose rates . 

The on ly  rema i n i ng TLD stri ng i n  th.i s quadrant i s  at l ocat i on B -29 , 
adj acent to the open sta i rwel l .  Th i s  stri ng , the data from wh i ch fs shown i n  
F i gure 3 . 18 ,  conta i ned fou r TLDs , a l l be l ow the el evat i on of the sta i r  l and i ng 
at  290 feet . The max i mum measured dose rate ( a pprox i mate l y  40 R/h r )  wa s at 
about 283 feet , j u st above the fl oo r .  The othe r TLDs were a l l i n  f i e l ds of 
l ess  than 20 R/h r .  The reason for the l owe r dose rate here i s  not appa rent . 

TLD stri ng B- 10 , F i gure 3 . 1 9 , though s l i ght ly  ou ts i de of the SW quadra n t , 
s hou l d probably be con s i dered a s  part of i t  becau se the open sta i rwe l l ,  i n  the 
SW quadrant , i s  the maj or contri butor to dose . I t  s hows a max i mum dose rate 
of  about 45  R/hr  nea r the fl oor , pos s i b ly  due to the h i gh ly  rad i oact i ve 
pa rt i cu l ate contami nat i on of the fl oor a rea . 

The ROVER robot took measurements i n  a port i on of th i s  quadrant nea r the 
hatch , but was not ab l e to pa s s  to the other s i de of the conc rete s h i el d i ng . 
The measurements that we re made i n  th i s  quadrant  are shown i n  Tab l e 3 . 2 and 
i n  F i gu re s  3 . 20 through 3 . 23 .  These measurements a re genera l l y  not d i rect l y  
compa rabl e wi th the TLD stri ng data because o f  t h e  l ocat i ons . 
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TABL E 3 . 2 .  ROVER Robot Data from the SW Quadrant 

Hei ght 
Quadrant Above Dose Rate Measurements 

and Fl oor El evation Detector P-, Detector P-2 
Locations ( i nches ) ( feet ) [R7fid �R7fir ) 

sw p 48 286 31 29 

SW A( a )  48 286 40 39 
54 287 44 43 
60 287 . 5  55 54 
66 288 55 60 
72 288 . 5  55 55 
85 289 . 6  45 46 

sw 0 48 286 35 35 

SW N 48 286 23 25 

sw 0 48 286 35 35 

SW M 48 286 21  2 1  

S W  L 48 286 22 22 

sw s<a > 48 286 68 69 
53 286 . 9  75 75 
60 287 . 5  99 99 
66 288 1 42 1 43 
72 288 . 5  1 71 1 65 
78 289 1 63 1 64 
85 289 . 6  1 59 1 58 

SW K 48 286 46 45 

sw J 48 286 29 30 
85 289 . 6  29 30 

SW I 48 286 45 so 

SW H( a ) 48 286 45 44 
55 287 . 1  69 71 
60 287 . 5  1 09 1 09 
66 288 233 232 
72 288 . 5  298 31 5 
78 289 350 367 
85 289 . 6 344 333 

SW D 48 286 62 63 

sw c 48 286 54 60 

SW G 48 286 61 61 

SW F 48 286 74 74 

SW E( a ) 48 286 46 47 
54 287 63 64 
60 287 . 5  1 00 1 00 
66 288 240 241 
72 288 . 5 305 303 
78 289 262 288 
85 289 . 6  241 278 

(a ) 2 i ncfies from wa l l .  

3 . 6  



These robot meas urements seem to confi rm the theory that the 3000-ps i' 
concrete has a far greater affi n i ty for contami nati on than meta l or the 
5000-ps i concrete a l though not as  great an affi n i ty as the ho l l ow concrete 
b l oc k .  A rougher surface i s  apparent on th i s  concrete , and , as seen from the 
v i deo pi ctures ta ken by the robot , i t  may have been poured i n  l i fts wi th 
v i s i b l e  jo i nts approximate ly  1 foot apart . 

Wi th the excepti on of i nd i v i dua l  penetrati ons  and the open s ta i rwel l 
i tsel f ,  the basement i n  th i s  quadrant i s  probab ly  not s i gn i fi cantly affecti ng 
the dose rates on the 305-foot el evati on , even thou9h there a re areas i n  th i s 
quadrant where the fl oor ( of the 305-foot el evati on ) i s  6 i nches th i ck rather 
than 3 feet th i ck as  found at other l ocati ons . The open s ta i rwe l l i s  s h i e l de d  
at the present t i me .  

3 . 3  NW QUADRANT 

The NW quadrant data i s  from n i ne TLD stri ngs . ( Robot data was not 
obta i ned . }  They are ( i n  c l ockwi se order around the conta i nment bu i l d i ng }  
B- 10 ,  B-5 , B-6 , B-9 , B - 1 6 , B-30 , B- 17 , B - 1a, and  B- 19 .  The TLD data at 
l ocati on B-10  i s  s hown in  F i gure 3 . 19 ;  the data from the other l ocati ons are 
s hown in Fi gures 3 . 24 through 3 . 3 1 .  The data at  l ocati on B� 10 ,  adj acent to 
the open sta i rwe l l ,  was di scu ssed prev i ou s l y  ( SW quadrant } .  Al l but the 
s tri ngs at l ocati ons B - 1 0  and B-30 were i nserted through the se i smi c gap .  
Wi th the except i on of l ocati on B - 1 0 , the h i ghest gamma dose rate recorded a t  
any l ocati on was l es s  than o r  equa l  to 2 0  R/hr . The gamma dose rate data from 
these s tri ngs g i ves l i ttl e s u pport to the i dea that there i s  any maj or con ­
tri buti on from a bathtub ri n g ,  but there may be compara bl e contami nati on on 
equ i pment in the area that was not detected by the TLDs because  they were 
c l ose to the ou ts i de pa i nted meta l wa l l  of conta i nment . 

I n  l ocati ons  where beta measu rements were made , there i s  ev i dence of  
s ubstanti a l  beta acti v i ty cl ose to  the  s tri ngs . There i s  a l so  s ubs tanti a l  
beta contami nati on wel l above the h i gh-water mark  i ndi cat i n g  that thi s con ­
tami nati on was not depos i ted i n  the acci dent water that covered the fl oor . 
The beta exposure rate at  l ocati on B- 18 exceeds 500 rad/hr and i s  among the 
h i ghest  measured i n  the basement . 

Toward l ocati on B- 19 and i nto the NE quadrant  there appears to be a 
s l i ght i ncrease i n  dose rates , probab ly  from the s ump a rea and tra s h  rack . 

Th i s  quadrant  has some of the l owes t  dose rates i n  the basement ,  and the 
dose rate i mmed i atel y  be l ow the 305-foot e l evati on fl oor i s  l es s  than 2 R/h r  
i n  a l l areas . I t  i s  therefore h i gh l y  un l i ke ly  that th i s  port ion  of the bas e ­
ment i s  ma ki n g  a s i gn i fi cant contri buti on to dose rates observed at  the upper 
el evati ons . It  i s  poss i bl e ,  however , that  re l ati ve l y  sma l l sources wi th i n  the 
penetrati ons and the se i smi c gap are mak i ng a s i gn i fi cant contri buti on . 

3 . 4  NE  QUADRANT 

I n  the NE quadrant , 12 TLD s tri ngs were hung  and the robot took meas u re ­
ments . TLD s tri ngs were hung i n  a c l ockwi se di recti on around the conta i nmen t  
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bu i l di ng ,  through the sei smi c gap at l ocati ons . B-20 , B-2 1 , B -22  and B-4 . TLD 
stri ngs were a l so hung from penetrati ons around the core fl ood tan k  on the 
305-foot e l evati on at l ocati ons B-27 , B- 14 , B-24 , B-8 , B-25 , B-26 and B-28 . 
A TLD stri ng  was a l so  hung through a penetrati on at  l ocati on  B-3 1 .  The data 
from these TLD stri ngs are i l l us trated i n  Fi gures 3 . 32 through 3 . 43 .  

The TLD s tri ngs around the outs i de conta i nment wa l l  resembl e those i n  
s i mi l ar l ocati ons i n  the NW quadrant  because  the maxi mum dose rate a t  eac h  
l ocati on i s  l es s  than 20 R/hr a n d  h i ghest  near the fl oor . Where beta 
contri buti ons were measured , there i s  evi dence of s i gn i f i cant contami nati on . 

The robot was abl e to traverse th i s  quadrant compl ete l y .  A s ummary of 
the rad, ati on read i ngs ta ken by the robot i n  th i s  area i s  presented i n  
Tab l e 3 . 3  and s hown graph i ca l l y  i n  F i gures 3 . 44 to 3 . 46 .  These va l ues agree 
wi th the TLD s tring val ues . 

Mos t of the TLD s tri ngs hung from penetrati ons near the core fl ood tan k  
di d not extend past the 294-foot e l evati on . The two except i ons are a t  
l ocati ons B- 14 and B-8 . Both s tri ngs i nd i cated a max i mum dose rate of a l most  
20 R/hr , wh i ch occurred at the 288 . 5-foot e l evati on for B- 14 and between the 
285-foot and the 290-foot e l evati on for B-8 ( the TLDs on s tri ng B-8 were 
pl aced every 5 feet ) . Beta contri buti on was measured at l ocat i on B - 1 4 .  

The TLDs were p l aced every 5 feet o n  stri ng B-3 1 . The l owes t  TLD 
( 281 . 5-foot e l evati on ) gave the h i ghest read i ng ,  approx i mate ly  1 2 . 5  R/hr . 
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Tabl e 3 . 3 . ROVER Robot Data from the NE Quadrant 

Hei ght 
Ouadrant Above Dose Rate Measurements 

and Fl oor El evati on Detector P-, IMtector 1'-2 
Locati ons � i nches ) �feet) IR7Fir J  [R7Fir J  

NE FF 48 286 9 1 0  

NE HH( a ) 48 286 8 7 
55 287 7 8 
61 287 . 6  7 8 
67 288 . 1  7 7 
73 288 . 6  5 6 
79 289. 1 6 7 
85 289 . 6  7 7 

NE GG 48 286 5 7 

NE I I  48 286 7 5 

NE JJ ( a ) 48 286 .. 5 
54 287 .. 5 
60 287 . 5  .. 5 
66 288 5 5 
72  288 . 5  5 7 
78 289 7 5 
82 289 . 3  5 8 

NE KK ( a ) 54 287 3 2 
62 287 . 7  2 3 
66 288 . 4 .. 
73 288 . 6  .. .. 
78 289 4 .. 
85 289 . 6  4 4 

NE LL 48 286 5 6 

( a )  At wal l . 
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4 . 0 LOCATION OF RADIOACTIV ITY I N  THE BASEMENT 

The rad i oacti v i ty i n  the basement appears to be i n  the : 1 )  reactor cool ­
ant dra i n  tan k  (RCDT ) and on the fl oor and wa l l s  surroundi n g  the RCDT vent ; 
2 )  water and s l udge on the fl oor and i n  the sump ; 3 )  l oose s urface contami na­
t i on i n  the pa i nt on va ri ous pa i nted surfaces , i nc l ud i ng t he  meta l exteri o r  
conta i nment wa l l ,  the concrete i nteri or wa l l s ,  the fl oor , and the concrete 
b l ock  wa l l s ; 5 )  concrete fl oor s l ab ;  6) cast concrete wa l l s ; 7 )  ho l l ow con­
crete bl ock  wa l l s  of  the enc l osed stai rwel l and e l evator s haft ; and 8)  water 
a nd s l udge trapped i n  the e l evator shaft . The bathtub r i ng  occurs on a l l of 
the vert i cal surfaces . 

4 . 1 FUEL PART I CLES I N  AND OUTSI DE OF THE REACTOR COOLANT D RA I N  TANK 

Exposure rates were measured near the RCDT.  The average gamma exposure 
rate was 7 R/hr at the 18- i nch vent l i ne ( u s i ng a tel etecto r )  and 19 . 0  R/h r  
fac i ng the tan k (TLD measurement ) (GPU 1982 ) .  These expo s u re rates a re due 
not only to the RCDT source but al so to exposures  from nea rby sou rces , such as 
the reactor bu i l d i ng basement fl oor and wa l l s .  

The ana l�s i s of a sampl e taken from the RCDT i n  December  1983 showed 
1 . 33 �Ci of 1 7Cs and O . Q7 pCi of 1 3 �Cs per mi l l i l i ter  of l i qu i d , and 96 . 7  pC i  
of 1 3 Cs and  5 . 7  pCi  of 1 3 �Cs  pe r gram of  sol i d  mate ri a l . The ana lys i s  a l so  
showed uran i um ,  both i n  the l i qu i d  phase ( 0 . 003 pg/mL ) and i n  the  sol i d  phase  
( 0 . 09 mg/g ) confi rmi ng that some fuel had  been d i spersed from the  reacto r  by 
the acc i dent ( GPU 1 982 ) . Fr�m these data , we e st i mate that  the i nventory i n  
the RCDT i s  at l east 36 . 5  curi es i n  the l i qu i d phase . (The amount i n  the 
sol i d  phase i s  unknown . ) 

The ces i um i n  l i qu i ds and sol i ds from the reactor bu i l d i ng ba sement was 
d i s cussed i n  deta i l  i n  Sect ion  3 . 0 .  Sma l l amounts of uran i um a nd p l uton i um 
were a l so present i n  both the water and the s l udge . The ana l yses a l so i nd i ­
cated the presence of control rod materi a l , c l add i ng and s tructura l mater i a l  
( Cox , Horan and Worku 1983 ) .  The va r iab i l i ty of the s l udge acti v i ty seems to 
i ndi cate the presence of fi ne parti cu l ate fuel , contro l  rod , and c l addi n g  
materi a l . The parti c u l ates a re , however ,  nonun i form ;  there i s  n o  cons i sten t  
rati o  between uran i um ,  pl uton i um ,  ceri um-144 a nd the two ces i um i sotopes . 
However , the two ces i um i sotopes seem to be i n  a con s i stent ra t i o  i n  a l l 
sampl es .  

4 . 2  WATER AND SLUDGE ON THE FLOOR AND IN  THE SUMP 

The water rema i n i ng i n  the reactor bu i l d i ng basement conta i n s  at l ea s t  
440 curi es of 1 37Cs . The acti v i ty i n  the s l udge i s  much  more di ffi cu l t to 
pred i ct because the s l udge i s  extreme ly nonuni form. Es t i mates  presented 
prev i ous ly  are based on sampl e res u l ts and range from 2 . 5  to 2700 curi e s . 
Some l each i ng has no  doubt taken p l ace s i nce those sampl e s  were taken . The 
l atest  seri es  of sampl es , taken i n  November 1 983 , l ed us to esti mate that 
between 2 . 5  and 250 cur ies  of 1 3 7Cs are present i n  the s l udge on the fl oor .  
Most of th i s  acti v i ty i s  probably i n  a rel at i vely sma l l a rea between the 
RCDT vent and the i ncore i nstrument cabl e chase . 
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4 . 3  LOOSE SURFACE CONTAMI NATION 

The pri ma ry coo l ant from the dra i n  tank  vent and the reced i ng basement  
water have  l eft rad i oacti v i ty on surfaces where it  i s  not  chemi cal l y  or 
mechan i ca l l y  a ttached but i s  smearabl e and removabl e by ord i nary fl u s h i ng  and 
wash i ng techn i ques . No smear surveys have been taken i n  the basement ,  but 
they have been done on upper e l evati ons . A pri mary con s i derati on on upper 
e l evati ons has been the depos i ti on , or  fa l l out , of acti v i ty from a i rborne 
contami nati on . Th i s i s  expected to be much l es s  of a probl em i n  the basement 
where the pri nc i pa l  settl i ng surface i s  covered wi th water . (Add i t i on to the 
basement from fa l l out  of a i rborne contami nati on i s  tri v i a l , on the order of 
0 . 02 C i /yr 1 3 7Cs . )  

I t  was ori g i na l ly  thought that some of the eas i l y  removed contami nati on  
was assoc i ated wi th o i l that  fl oated on the basement water and was l eft beh i nd 
as  the water receded . Thi s has not been conc l us i ve ly  confi rmed nor d i s proven . 
Efforts to remove th i s  contami nat i on by fl u sh i ng  or h i gh-pressure wash i ng from 
above have not yet made major changes i n  the dose  rate . 

Quanti fy i n g  the l oose contami nat i on wou l d hel p opti mi ze basement c l eanu p  
efforts . Th i s  coul d b e  done by obta i n i ng smears a t  vari ous e l evati ons  above 
and be l ow the previ ous  water l evel  and i n  areas where fl u sh i ng has been 
attempted and where i t  has not been attempted . 

4 . 4  ACT IVITY I N  PAI NT 

The basement i s  pa i nted to f i ve feet· above the fl oor s u rface . Some of 
the areas above th i s  e l evati on and some of the overheads ( p i p i ng ,  ducts , 
equ i pment , ce i l i.ngs , etc . , s i x  or more feet above the fl oor) are a l-so  pa i nted . 
Many pa i nt and concrete sampl es from the 305-foot and 347-foot e l evat i ons  have 
been ana lyzed . Ces i um- 137 acti v i ty on seven sampl es ta ken on the 305-foot 
e l evat i on ranged from 0 . 001  to 5 . 3  pCi /cm2 , wi th an average of 0 . 85 pC i /cm2 
and a s tandard dev i at i on of 1 . 96 pC i /cm2 • A s imi l ar group of  n i ne sampl es 
from the 347-foot e l evat i on ranged from 0 . 01 to 2 . 89 pC i /cm2 , wi th an  avera ge 
of 0 . 68 pCi /cm2 and a standard dev i at i on · of 0 . 932  pCi /cm2 • These s�rfaces had 
a l l been fl ushed , and those on the 347-foot e l evati on had been exten s i vel y 
decontami nated . Basement pa i nt that was submerged for years i s  expected to be 
h i gher , probab ly  i n  the range 1 . 0  to 10 pCi /cm2 • The s urface area of the 
pa i nt that was submerged i s  about 22 , 000 ft2 ( 20 X 106 cm2 ) . Th i s  pa i nt i s  
expected to conta i n  between 20 and 200 cur i es of 1 3 7Cs . 

Pa i nt and concrete s urfaces above the h i gh-water l evel  w i l l  have absorbed 
l es s  ces i um than the submerged surfaces . Ces i um concentrat i on  i n  the range of 
0 . 1 to 2 . 0  pCi /cm2 seems reasonabl e .  As sumi ng 26 , 000 ft2 ( 24 x 106 cm2 ) , 
these  pa i nted s urfaces conta i n  between 2 . 4  and 48 curi es of  1 3 7Cs . 

4 . 5  CONCRETE FLOOR SLAB 

The acti v i ty conta i ned i n  the concrete fl oor s l ab i s  partly dependent on 
the i ntegri ty of the fl oor coati ng and the i ntegr i ty of the concrete i tsel f .  
Concrete sampl es from upper e l evati ons showed very l i ttl e penetrat i on o f  the · 
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act i v i ty i nto the concrete . Th i s  i s  cons i stent wi th data from an  o l d ,  
unpa i nted fue l storage bas i n  a t  Hanford , where ces i um concentrat i on was shown 
to have penetrated l es s  than e i ght mi l l i meters ( Bechtol d 1981 ) . Wh i l e  
penetrati on of contami nat i on deep i nto concrete may have occu rred enough to 
affect waste d i sposal , i t  i s  doubtfu l that it wi l l  affect worke r  dose rates 
unti l very l ate i n  the c l eanup proces s .  

The quant i ty of rad i oact i v i ty conta i ned i n  the concrete fl oor s l ab i n  the  
SE quadrant was e st imated us i ng data obta i ned from the s h i e l ded te l etector 
probe pl aced on the ROVER robot .  As sumi ng the acti v i ty has  penetrated to a 
maxi mum depth of  8 mm ,  a n  est imated 180 to 195 pCi /cm2 of 1 3 7Cs i s  conta i ned  
i n  the  concrete fl oor s l ab at th i s  l ocati on . Th i s  esti mate corresponds to  500 
to 540 cur ies  for the SE  quadrant . A range of 60-280 pCi /cm2 ( 160 to 
780 curi es for the SE quadrant )  wa s obta i ned by varyi ng some of the 
assumpt i ons used i n  the i n i t i a l ana lys i s ,  such as  the amount  of water o r  
s l udge present on the fl oor or  the concentrati on o f  1 3 7Cs i n  the l i qu i d  phase . 
Deta i l s  of the analys i s  are presented i n  Append i x  B .  

The acti v i ty ca l cu l ated for the S E  quadrant o f  the basement fl oor s l ab 
shoul d not be extrapo l ated to other areas of the basement .  Va r i ati ons i n  
water and s l udge l evel s and  i n  dose rates from other quadrants  i nd i cate t hat  
the d i stri but i on of  acti v i ty on the fl oor was nonun i form a nd thu s t he  d i s ­
tri but i on of acti v i ty i n  the concrete s l ab i s  most l i ke ly  nonu n i form . 

4 . 6  CAST CONCRETE WALLS 

There a re both 3000-ps i and 5000-ps i concrete wa l l s . The 3000-ps i wa l l s  
a re those of the imp i ngement a rea , the RCDT , and  the l ea kage  coo l ers . The 
5000-ps i wa l l s  form s h i e l ds  for the reactor pres sure vesse l , the once-through­
steam generators , the pres suri zer , a nd t he  rea�tor coo l ant system ( RCS ) 
p i p i ng , pumps , and a s soci ated equ i pment ( F i gure 4 . 1 ) . 

Genera l ly , exposure rates are much h i gher near the 3000-ps i concrete 
wa l l s  than near the 5000-p s i  concrete wal l s . The reason fo r th i s  i s  not 
known . However ,  some of the robot v i deo i ns pect i ons  s how what appear to be 
stri pes i n  some of the concrete , as i f  i t  had been poured i n  l i fts  of 1 to 
2 feet . The surface of th i s concrete appears rou gh wi th some pos s i bl e  vo i ds . 
Rougher concrete has  more surface area than smooth concrete and may entra i n  
some contami nated wate r .  

The l i cen see • s  e st imate o f  the amount o f  acti v i ty that ha s penetrated 
i nto concrete wa l l s  i s  based on an assumed un i form penetrat i on depth of 1 i nc h  
and an assumed compl ete satu rat i on .  These assumpti ons  yi e l d worst case e s t i m­
ates , and , for dose and curi e est i ma tes , we fi nd i t  more reasonabl e to a s s ume 
that s i gn i fi cant penetrat ion  i s  about a mi l l i me te r  be l ow the pa i nt .  ( For  
waste vol ume est i mates though , it  i s  reasonab l e to  assume that  a l l the con ­
crete wou l d requ i re d i s posal  a s  rad i oacti ve wa ste . ) 

The amount of act i v i ty i n  the l oose contami nat i on and i n  the pa i nt i s  
expected to overs hadow the amount  i n  the subsu rface concrete . Thus , the  
source term esti mate i s  not  substant i a l l y  affected by the act i v i ty that  ha s 
penetrated the concrete surfaces . 
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F IGURE 4 . 1 .  Types of Concrete i n  the TMI - 2  Basement  

4 . 7  HOLLOW CONCRETE BLOCK STRUCTURE - ENCLOSED STAI RWELL/ELEVATOR SHAFT 

The l i censee has model ed the encl osed s ta i rwel l /el evator shaft concrete 
bl ock structure based on two TLD s tr i ngs hung  near the sta i rwe l l :  B-3  was 
hung i n  the center  of the sta i r  porti on of the sta i rwel l ;  B- 13 was hung  
4 . 75 feet beh i nd the  s ta i rwel l .  

The wa l l s  of the encl osed sta i rwel l are hol l ow concrete b l ocks , 20 . 32-cm 
th i ck ,  wi th some re i nforc i ng materi a l . The s tructure i s  pa i nted on the out­
s i de ( to fi ve feet above the fl oor ) wi th a nucl ear grade pa i nt .  The l i censee 
model ed the bl ocks of the structure as  a homogeneous subs tance composed of  
concrete and  a i r  wi th a dens i ty of 1 . 07 gm/cm3 . The s ta i rwe l l i tsel f ,  cons i st­
i ng of sta i rs ,  pl atforms and s upport s teel , was model ed as  a homogeneous s u b­
stance of s teel and a i r ,  negl ecti n g  attenuati on by treads and p l atforms . The 
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source was assumed to be un i form hori zontal ly  through the thi ckness of the 
concrete . The vari ati on of acti v i ty verti ca l ly was based on the exposure rate 
vari ati on from the TLD s tri ngs . Contri buti ons from other rad i ati on sources 
were cons i dered negl i gi bl e .  The acti v i ty i n  the e l evator p i t was negl ected . 
The cal cu l ated acti v i ty i n  the encl osed sta i rwel l /el evator s haft was est ima ted 
to be approximately 1 1 , 000 curi es of 1 3 7Cs and 700 curi es of 1 3 4Cs . ( The 
1 34Cs  acti v i ty i s  based on the rati o of 1 3 7Cs to 1 3 4Cs i n  the basement  water . }  

The authors a l so model ed the encl osed sta i rwel l /e l evator s haft s tructure 
wi th an  i nhouse poi nt kerna l sh i e l d i ng code . Append i x  C conta i n s  a descri p­
ti on of the model . We esti mated approx imately 19 , 000 curi es  i n  the  concrete 
bl ocks . The assumpti ons used i n  both model s are reasonabl e .  We bel i eve our 
esti mate i s  conservati ve . Between 1 1 , 000 to 19 , 000 curi es i s  a l i ke ly  range  
for the acti v i ty i n  the encl osed sta i rwel l /el evator s haft . 

The vol ume of the submerged concrete bl ocks i s  about 400 ft3 • I f  thi s 
vol ume were occup i ed by the most  contami nated water ( 174 pCi /mL } i n  the 
reactor bu i l d i ng ,  i t  wou l d  i ncl ude 2 , 000 curi es . Some concentrati on or 
absorpti on wou l d have had to occur for there to be 1 1 , 000 to 19 , 000 curi es  i n  
th i s  source , as  was estimated for the encl osed s ta i rwel l /e l evator s haft . Thi s 
i s  poss i bl e  con s i deri ng the surface area of the concrete bl ocks , the t ime that 
the bl ocks were submerged , the penetrati on of contami nat i on i nto pa i nt ,  as was 
observed el sewhere i n  the reactor bu i l di ng ,  and the unpa i nted bl ocks on the 
i ns i de surface of the s ta i rwel l /e l evator shaft s tructure . 

4 . 8  WATER AND SLUDGE I N  THE ELEVATOR SHAFT 

Because the entrance to the el evator s haft i s  about four  feet above the 
bottom of the e l evator shaft and three feet above the basement fl oor and there 
i s  no dra i n , water and contami nati on from the acc i dent rema i ned trapped i n  the 
s haft fol l owi ng the acc i dent . The shaft was fl ushed and pumped out but some 
contami nati on probably  rema i ns .  The el evator equ i pment i n  the s haft may be 
i nternal l y  contami nated . At the very l east , contami nati on l evel s on the s haft 
wal l s  wi l l  be as  h i gh as  they are on the other wa l l s  and verti ca l s tructures 
i n  the basement , and contami nati on l evel s on the s haft fl oor wi l 1  be a s  h i gh 
as they are on the fl oors of the other porti ons of the basement that were 
fi l l ed wi th acc i dent water . 

4 . 9  SUMMARY OF THE LOCATION OF THE ACTIV ITY I N  THE BASEMENT 

Based on the precedi ng  ana lys i s , we estimate that the rou¥h l y  quanti f i ed  
basement sources conta i ns between 1 2 , 000 and  2 1 , 000 curi es  of 3 7Cs . Thi s 
i nformati on i s  summari zed i n  Tabl e 4 . 1 .  · 
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TABLE 4 . 1 .  Ces i um Act i v i ty i n  the Basemen t  

Locat i on 

Reactor  cool ant dra i n  tank  

Water on  the fl oor 

S l udge on the fl oor 

Loose surface contami nat i on 

Pa i n t  { be l ow water l evel ) 

Pa i nt {above water l eve l ) 

Concrete fl oor s l ab 
i n  SE  quadrant 

Concrete fl oor s l ab i n  
other quadrants 

Ca st concrete wa l l s  

Hol l ow concrete b l ock  

Water and  s l udge i n  the 
e l evator shaft 

4 . 6 

Cu ri es  of 1 3 7Cs 

36 . 5  {mi n i mum i n  
l i qu i d  phase ) 

un known { so l i d  
materi a l ) 

440 ± 20% 

2 . 5  to 250 

u nknown 

20 to 200 

2 . 4  to 48 

160 to 780 

un known 

un known 

1 1 ,000 to 19 , 000 

u n known 



5 . 0  CLEANUP OF THE TMI - 2  BASEMENT 

Thi s secti on di scus ses the work that  must  be done to cl ean the reactor 
bui l d i ng basement  and the occupati onal  dose cons i derati on that wi l l  effect 
that c l eanup . Pos s i b l e cl eanup approaches are then di scussed and eval uated . 

5 . 1 BASEMENT CLEANUP 

The basement  condi ti on i s  not parti cul arly important to the acti v i t i e s  
that a re bei ng conducted i n  the reactor bui l d i ng a t  the present t ime ,  except 
a s  i t  may affect the rad i onucl i de concentrati on i n  a i r .  However , fu l l c l ean u p  
from the acci dent wi l l  requ i re that the basement b e  cl eaned ( most  part i a l  
c l eanup scena ri os  bei ng d i s cussed a l so requi re some basement  c l eanup ) . A t  the 
present t ime ,  i t  i s  thought that cl eanup  wi l l  be compl ete when the rad i ati on  
l evel s i n  the bu i l d i ng are no h i gher than they wou l d be  at an  operat i ng 
reactor .  For the  basement ,  thi s probab l y  means that most  a reas mu st  be 
c l eaned to between 10 and 100 mR/hr .  

C l eanup wi l l  requi re the removal of  basement s l udge , t he  decontami nati o n  
o r  removal o f  es senti a l l y  a l l surfaces that were exposed to acci dent water , 
and the removal of other contami nated structures , such as  venti l at i on ducts 
and overhead l i ghti ng fi xtures that were exposed to acci dent cond i t i ons . Non­
porous ,  nonabsorbent surfaces , such  a s  pol i shed sta i n l ess  s teel , may be decon­
tami nated by scrubbi ng or h i gh-pressure water b l ast i ng , but most  basement  
surfaces are expected to  requi re much more extens i ve decontami nati on method s . 
El ectrj c motors , el ectri cal condu i ts , fi re hoses , and other structu res  wi th 
i naccess i bl e  contami nati on wi l l  requ i re aggress i ve decontami nati on or,  more 
l i kel y ,  remova l and d i sposal  a s  rad i oacti ve waste . At l ea st  the outs i de 
surface of the concrete wi l l  have to be removed , and the hol l ow concrete b l ock  
wi l l  have to  be  removed compl etel y .  

As i ndi cated prev i ous ly , i f  th i s  work were performed manua l l y ,  i t  wou l d 
resu l t  i n  severa l  thou sand person-rem of rad i ati on dose to the workers , and i t  
i s  not certa i n that wi thout i nnovati ve approaches a l l of the work cou l d be 
done wi thout exceed i ng NRC qua rterl y occupat i onal  dose l i mi ts . Th i s fact 
accounts for the NRC • s  i nterest i n  the a l ternati ves for dea l i ng wi th the 
basement .  

5 . 1 . 1  Removal of Sl udge and Fuel Parti cul ates 

Probabl y  one of the fi rst c l eanup  tas ks i s  remov i ng s l udge and fuel 
parti cul ates . The l i cen see i s  now pl ann i ng th i s work but no fi rm schedu l e  has  
been establ i shed . The s l udge conta i ns  some rad i oacti v i ty and  wou l d be an  
i ndustri a l  safety hazard if  it  were present when workers enter  the  basement .  

S l udge and fuel parti cul ates may be removed by ri n s i ng them to the s ump 
and pumpi ng them out or by vacuumi ng . Movi ng the s l udge to the sump wi l l  
requ i re that the water l evel i n  the basement be dropped bel ow the present 
l evel . Vacuumi ng  techn i ques may not requ i re th i s .  Any s l udge removal  
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techn i que i s  l i ke ly  to mi ss  some of the s l udge but shou l d effecti vel y remove 
the maj ori ty of i t .  The primary i mped i ment to s l udge removal i s· the need for 
a system to fi l ter  or settl e l arge quanti t i es of sol i ds out of sol uti on . 

Fi ne fuel materi a l  i s  pri mari l y  associ ated wi th s l udge on the fl oor . 
There may a l so be fuel parti cul ates on the wal l s  and overheads i n  the v i c i n i ty 
of the reactor cool ant drai n tank  ( RCDT ) vent . Any des l udg i ng techni que  such 
as mov i ng the s l udge wi th l ow pressure to the sump or vacuumi ng  wou l d a l so  
remove the  fuel parti cu l ates from the  fl oor . Low-vel oci ty fl u s h i ng may remove 
the overhead fuel parti cul ates , or h i gh-vel oci ty fl u sh i ng may be requi red .  

S l udge and pa rti cu l ate fuel materi a l  wi l l  be subj ect to l each i ng ,  even 
wi th only a few i nches of water i n  the basement .  As these parti cu l ates  have 
been i n  an aqueous env i ronment for the l ast  severa l  years , the present rate of 
l each i ng i s  expected to be re l ati vel y l ow ,  but i t  may be enhanced by effecti ve 
ri n s i ng . Even wi th several  years of l each i ng ,  the dose rate from fuel parti c­
u l ates  probabl y wou l d not decrease s i gn i fi cantl y ,  a l though the parti cu l ates 
mi ght contri bute s i gn i fi cantly  to the number of curi es removed . 

Leach i ng wi th ces i um-free or l ow-ces i um water i s  expected to be effecti ve 
for remov i ng ces i um from the s l udge that does not conta i n fuel parti cu l ates , 
prov i ded there i s  good contact between the sol i ds and the wate r .  

Routi ne pumpi ng from the sump mi ght  accel erate the transport o f  s l udge to 
the sump . Because the sump has two parts , where sol i ds settl e on one s i de and 
the normal outl et i s  on the other s i de ,  the i nstal l ed sump pump i s  not 
expected to effi c i entl y transport s l udge and fuel debri s out of the bu i l d i ng .  
The l i censee i s  cons i deri ng putti ng a sma l l -d i ameter wel l -type pump through a 
l i ne i nto the settl i ng s i de of the s ump to remove sol i ds .  There are no p l ans  
to  do  thi s unti l a sol i d  separati on and  sol i d i fi cati on sys tem i s  ready . Th i s 
s houl d be more effecti ve than pumpi ng  wi th the i nstal l ed system , but i t  i s  
expected that there sti l l  wi l l  be h i gh l y  contami nated sol i ds i n  the sump unti l 
l ate i n  the basement cl eanup process . 

5 . 1 . 2  Hol l ow Concrete Bl ock 

There i s  l i ttl e doubt that the hol l ow concrete b l ock of the el evator 
shaft and encl osed sta i rwel l i s  h i gh l y  contami nated throughout ( not j us t  on 
the surface ) . I t  wi l l  be the maj or contri butor  to basemen t  dose rates unti l 
i t  i s  removed , c l eaned , or s h i el ded . Fl u sh i ng ,  scrubb i ng ,  scabb l i ng ,  or  other 
surface approaches are not expected to be effecti ve . The qual i ty of the pa i nt 
on the outs i de of the structure and the rel ati vel y sma l l i nte rsti t i a l  s paces 
i n  the bl ocks wi l l  make l each i ng ve ry s l ow .  Leach i ng mi ght  be faster i f  the 
concrete were b roken to expose a greater surface area and to a l l ow better  
water contact .  

Concrete bl ock , wh i ch i s  reportedl y of the  same compos i ti on as  the  con­
crete b l ock i n  the basement , was removed from the auxi l i ary bu i l d i ng .  Th i s 
b l ock i s  be i ng tested for unusual  ces i um i on exchange properti es that mi ght  
account for the  observed dose  rates . I f  the  b l ock i s  determi ned to  be  
rel ati vely  l eachabl e ,  i t  coul d be  broken up  i n  the basement ,  covered wi th 
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wate r ,  and l eached . I f ,  however ,  i t  proves to be a h i gh ly  sel ecti ve ces i um 
i on exchanger , such acti on mi ght make worki ng condi ti ons i n  the basement much  
worse than they a re now ,  because newly exposed concrete b l ock materi a l  wou l d 
pi ck  up  ces i um from the water and from any other sou rces that were bei ng 
l eached . The resu l ts of the test  on the b l ock are pi votal to ma k i ng any 
recommendati on regard i ng the el evator s haft and encl osed sta i rwel l .  

The hol l ow concrete b l ock secti on of the el evator shaft does not extend 
beyond the 302-foot e l evati on . At the poi nt where the 305-foot-e l evati on 
fl oor above begi n s , the structu re of the el evator shaft changes . ( Between the 
302-foot e l evati on  and the 305-foot el evat i on i s  a sol i d  support structu re 
that i s  part of the 305-foot-el evat i on fl oor . ) Al though the e l evator shaft 
bel ow the 302-foot e l evati on i s  constructed of hol l ow concrete b l ock , i t  does 
have some sei smi c restra i n i ng dev i ces . Methods of remotely d i smantl i ng i t  
have not yet been engi neered but are l i ke ly  to i ncl ude hydrau l i c  expans i on 
dev i ces , pl asma a rc or  mechani cal cutti ng dev i ces , and shaped expl os i ves . 
Expl os i ves have been used successful l y  at other nucl ea r faci l i t i e s . There a re 
spec i a l l y  shaped p i pe-cutti ng expl os i ves and other shaped charges that can be 
accurate ly  control l ed .  The b i ggest probl em wi th u s i ng expl o s i ves i s  expected 
to be the generati on of a i rborne contami nati on wi th i n  the reactor bu i l d i ng .  
Damage to safety systems or breach of conta i nment i s  not expected . 

Whether demol i t i on of the el evator shaft i s  done wi th conventi ona l 
dev i ces or wi th expl os i ves , i t  must  be done enti rely  remotel y .  Th i s wi l l  
requi re con s i derabl e pl ann i ng and preparati on . 

5 . 1 . 3 Verti cal Surfaces 

Once the concrete b l ock has been removed and/or l eached , the next l a rges t  
dose contri butor may be e i ther mi scel l aneous contami nati on traps , such a s  too l 
boxes and i nsu l ati on , or i t  may be the verti ca l concrete surface s , some of 
wh i ch appear to be extremely porous .  Tool boxes and p i pe i n su l at i on wi l l  be 
removed remotely  or pos s i b i ly  semi remotel y  and d i s posed of . Attachment to 
tool boxes mi ght be done robot i cal ly  or wi th l ong-handl ed tool s t hrough the 
open hatch . Verti ca l pa i nted and unpa i nted s urfaces have a bathtub ri ng  that 
conta i ns  both oi l ( or  d i rt ) and rel ati vel y h i gh l evel s of contami nati on . The 
ri ng on the pa i nted meta l outs i de wa l l of conta i nment seems res i stant to 
l ow-pressure fl ush i ng ,  and pas t  attempts at h i gh-press ure fl u s h i ng have not 
been very sati sfactory .  However ,  i f  press ures are h i gh enough and d i stances 
opti mi zed , h i gh�pressure water shoul d be abl e to remove th i s materi a l ; but 
then i t  mi ght al so remove the pa i nt and a l l ow rusti ng of the meta l . Removal  
of the pa i nt from the concrete D-ri ngs and wa l l s  wi l l  not have th i s  effect . 
Scrubb i ng wou l d probab ly  hel p l oosen contami nati on except on ve ry rough 
surfaces . However ,  normal scrubb i ng methods are l abor i ntens i ve .  The Navy 
uses a magneti cal l y  attached dev i ce to remotely  scrub the outs i de of meta l 
vessel s .  Such a dev i ce (wi th mi nor mod i fi cati ons ) mi ght be appl i cabl e to the 
i ns i de of conta i nment , wh i ch i s  a l so meta l . D- ri ng wa l l s  and other concrete 
surfaces wou l d requ i re other methods . 

I f  the contami nat i on i s  phys i ca l l y  or chemi ca l l y  as soc i ated wi th oi l ,  
then detergents , s team , or sol vents wou l d probab l y  be benefi c i a l . 
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Experi ences on the upper l evel s of the TMI - 2  conta i nment structu re i ndi ­
cate that the nucl ear grade pa i nts used i n  TMI - 2  may pi ck  u p  ces i um when  
exposed to  aqueous ces i um sol uti ons over  l ong peri ods of  t i me .  The  ces i um i s  
not readi l y  rel eased by fl u sh i ng un l e s s  the pa i nt i s  removed . A prol onged 
l each i n  c l ean water i s  expected to resu l t i n  a s l ow but measurabl e  reducti on 
i n  ces i um acti v i ty .  A prol onged l each i n  h i gh l y  contami nated water ( that 
mi ght  resu l t from l each i ng othe r sources ) cou l d i ncorporate add i ti ona l cesi um 
i nto the pa i nt l ayer .  

The scabb l ers presently i n  u s e  o n  the upper e l evati ons  a re not adapted 
for work on vert i cal surfaces , and removal of the bathtub ri n g  may requi re 
e i ther exten s i vely mod i fyi ng the equ i pment  or dri l l i ng ho l es  and i nserti n g  an 
expans i on head to spa l l off the surface . The l atter operati on  i s  qu i te s l ow 
and i f  performed manua l ly  mi ght be a s i gn i f i cant source of radi ati on exposure . 
Howeve r ,  the process  i s  probab ly  one that cou l d be adapted for robots . Th i s 
proces s  mi ght  a l so be an acceptabl e a l ternat i ve to core bori n g  for sampl e 
col l ecti on . 

The 5000-ps i  concrete i s  qu i te smooth and conta i ns  much l ess  acti v i ty 
than the 3000-ps i  concrete . The acti v i ty i n  the 3000-ps i concrete i s  much  
deeper ,  and more of  the  concrete wi l l  requi re removal . I t  i s  a l so pos s i b l e  
that contami nati on has penetrated much deeper i nto the unpa i nted concrete and 
that s urface removal wi l l  have to go beyond the 2 i nches ach i evab l e i n  a 
s i ng l e pa s s  by most of the ava i l ab l e scabbl i ng equ i pment . 

5 . 1 . 4  Fl oors 

At some t i me ,  probabl y  wel l i nto the basement  c l eanup , the fl oor wi l l  
become an i mportant potenti a l  contri butor to occupat i ona l  doses ,  j ust as  the 
fl oor of the 347- and 305-foot el evat i ons  were found to be . The fl oor of the 
basement i s  coated . The coati ng wi l l  probab ly  be i ntact i n  most l ocati ons  and 
i s  l i ke ly  to be contami nated . Scabbl i ng of the fl oor shou l d take care of the 
maj ori ty of the contami nat i on on the fl oor . At the expans i on j o i nt where the 
fl oor meets the wal l , there i s  a cau l ki ng or j o i n i ng compound , wh i ch i s  l i ke ly  
to be  contami nated . I f  th i s  materi a l  i �  a s i gn i fi cant rad i ati on source , 
conventi onal j ack hammers cou l d be used to remove i t .  

5 . 2  OCCUPAT I ONAL DOSE CONS I DERATIONS FOR BASEMENT CLEANUP 

The NRC l i mi ts  the max i mum permi s s i bl e occupati onal  dose to an i nd i v i dual  
to 3 rem/cal endar quarter for whol e-body rad i ati on dose , prov i ded that certa i n 
cond i ti ons  rega rd i ng l i feti me dose l i mi tati ons  are met . To date , the l i censee 
has establ i shed even stri cter control  l i mi ts  ( NRC 1984 ) . The radi ati on dose 
rates i n  the basement are so h i gh that the quarter ly  max i mum permi s s i b l e whol e­
body dose wou l d be reached i n  a short peri od of t i me ( 2 1  seconds at 500 R/ h r ,  
1 8  mi nutes a t  1 0  R/ hr ) . The t ime constra i nts es senti al l y  precl ude hands-on 
work in  a reas a round the encl osed sta i rwel l and severe ly  l i mi t work i n  other 
areas . Federa l l i mi ts on the dose to the s k i n  and extremi t i e s  may be more 
restri cti ve for work i n  some basement l ocat i ons , further  l i mi t i ng the t i me a 
worker may spend . 
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Three methods can be used to decrease the dose that a worker rece i ves : 
decreas i ng the t ime of exposure to rad i ati on ; i ncreas i ng the d i s tance between 
the worker and the radi ati on source ; and i ncreas i ng the s h i el d i ng  between the 
worker and the rad i at i on source . These bas i c  techn i ques , i nc l udi ng some 
h i gh ly  engi neered and soph i sti cated appl i cati ons , have permi tted much  of the 
progress  to date i n  the c l eanup of TMI , and they wi l l  most  certa i n l y  be 
i mportant i n  c l eanup  of the basement .  Past and poss i bl e  future appl i cati ons 
are enumerated bri efly in the rema i nder of th i s  secti on . 

T ime to do rad i ati on work has been mi n i mi zed by tra i n i ng ,  the use  of 
mockups , and by a i r cond i ti on i ng  the reactor bu i l d i ng .  T ime spent i n  the 
basement was mi n im i zed by carefu l p l ann i ng and tra i n i ng to reduce radi at i on 
dose to the worker who entered the basement down the open s ta i rwe l l .  Future 
enti res can be made qu i ck ly  by wel l -practi ces and wel l -tra i ned workers . 

Di s tance has been used to reduce rad i ati on dose on the many occas i ons  
when l ong-hand l ed too l s have been used for sampl e col l ecti on in  both the 
conta i nment and auxi l i ary bu i l d i ngs . The pract i ce of observ i ng and i n s truct­
i ng workers by v i deo camera and commun i cati ng by head sets a l so empl oys d i s ­
tance to reduce doses . D i stance i s  expected to play a u sefu l rol e  i n  the 
p l acement and removal  of equ i pment i n  the basement and for was te handl i ng 
( probably i n  conj uncti on wi th the other two techn i ques ) . 

Shi e l d i ng of fl oor dra i ns  and penetrati ons has prevented con s i derab l e 
occupati onal exposure i n  the c l eanup performed on the upper e l evati ons and the  
use of s h i el ded encl osures saved dose duri ng head and  pl enum l i ft operat i on s . 
S h ie l d i ng ( poss i bl y  p l aced by robots ) wi l l  probably be an i mportant  dose 
reducti on tool i n  basement c l eanup . 

Some s pec i fi c  techn i ques that mi ght prove ' benefi c i a l  for c l eanup of 
vari ou s parts of the basement are d i scussed i n  Append i x  D .  

5 . 3  POSS I BLE  CLEANUP APPROACHES 

Any parti cu l ar approach to c l eanup of the basement  mus t  be an i ntegrated 
approach that takes i nto account  the current basement cond i t i ons , the f i na l  
c l eanup obj ecti ve and  the ava i l abl e dose reducti on methods and tech n i ques . 
The approach so far ,  wh i ch has centered on us i ng robots and work i n g  remote l y  
from the upper e l evati ons , i s  expected to conti nue , at  l east  unt i l the dose 
rates have been reduced suffi c i ently to permi t workers to enter the basement . 
Other approaches mi ght be used fol l owi ng  or i n  conj uncti on wi th the robot i c  
approach . Several of the approaches d i scussed be l ow wi l l  probab ly  be needed 
to c l ean the basement .  We expect that basement c l eanup can be compl eted 
wi th i n  the 4 , 800 to 17 , 000 person-rem esti mate i n  NUREG-0683 ( NRC 1984 ) . 

5 . 3 . 1 Roboti cs and Work From Above 

Basement c l eanup may be cont i nued u s i ng  a combi nati on of roboti cs and 
work through penetrati ons from the upper e l evati ons . The characteri zat i on 
program i s  proceed i ng th i s  way now , and the robot wi l l  probab ly  be abl e to 
handl e a hose nozz l e  to hel p des l udge the basement . Some c l ean i ng of meta l 
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components wi th h i gh-pressure water cou l d  a l so  be done by the robot or through 
penetrati ons from the 305-foot e l evati on . Wi th suffi c i ent  p l ann i ng and 
programmi ng , the present or some other currently avai l abl e robot s houl d be 
abl e to detach  too l boxes , fi re hose racks , wood frame doors and other 
basement  debri s and attach cabl es to drag them to the hatch for removal .  The 
occupati ona l  dose resu l ti ng from ra i s i ng and l oweri ng robots and from handl i ng 
the was te i n  thi s way (even i f  the wastes were r i nsed off on the way up ) wou l d 
s ti l l  be s i gn i fi cant . 

Robots cou l d be programmed to do verti ca l scabbl i ng of wa l l s ,  a l though  i t  
wou l d be a s l ow proces s  that wou l d probab ly · requ i re peri odi c  ho i sti ng  of the 
robot for rep l acement of dri l l  b i ts and other equ i pment . The remova l  of 
scabb l i ng debri s wou l d be time consumi ng , requ i ri ng pi ck i ng  up l arge chunks 
and vacuumi n g  sma l l er ones . Aga i n ,  the dose  at the 305-foot e l evati on from 
hoi sti ng  and handl i ng the waste wou l d be con s i derabl e , but cou l d be mi n i mi zed 
by good ALARA practi ces . 

So far ,  the robot has been abl e to reach  on ly the NE , S E , and port i ons  of 
the SW quadrants . I t  i s  extremely  un l i ke ly  �hat the present robot or mos t  
others coul d pass  between the 3000-ps i concrete baffl e wal l s urroundi ng the 
l eakage cool e rs i n  the SW quadrant and the outer wa l l  of the basement . The 
passage from the NE quadrant to the NW quadrant  i s  on ly  s l i ghtly l es s  d i ffi ­
cu l t .  The robots used to date at TMI cannot negoti ate s ta i rs that have 
l andi ngs , and th i s  i s  expected to conti nue to be a probl em i n  reach i ng the NW 
quadrant and porti ons of the SW quadrant . 

J u st  how far c l ean up cou l d progress  wi th robots and  remote work i s  uncer­
ta i n .  S i gn i fi cant reducti ons i n  dose rates are expected to be s l ow and t i me 
consumi ng . 

5 . 3 . 2  S h i e l ded Locati ons Wi th i n the Basement 

One method for worker access  to the basement  i n  the near future i s  the 
beachhead approach of constructi ng a s h i e l ded area wi th i n the basement ,  e l i mi ­
nati ng sources wi thi n the sh i e l d and s l owly en l arg i ng i t .  I t mi ght , for 
i nstance , be poss i bl e  to l ower 6-foot col umns i nto the a rea d i rectly bel ow the 
covered hatch and then fi l l  them wi th water to create a l ow-dose i s l and wi thi n 
the basement . .  From th i s  area , workers cou l d be l owered to perform tas ks s uch 
as  s cabbl i ng the fl oor and addi ng add i t i onal  col umns to en l a rge the area ( i n  a 
pos s i b l e  l abyri nth des i gn ) . Workers wou l d a l so need to e l im i nate overhead 
sources or erect overhead s h i e l d i ng .  The area cou l d  be g radua l ly  expanded to 
i nc l ude a sma l l porti on of the D-ri ng  wa l l ,  wh i ch cou l d then a l so  be scabbl ed . 
Conti nued progress  cou l d be made i n  th i s  way . The most  important operati onal  
con s i derati on i n  s uch an  approach wou l d  be the e l imi nati on of waste . Rad i a­
t ion  doses for was te handl i ng wou l d a l so be s i gn i fi cant . 

Thi s approach wou l d probably be sati sfactory for a l l areas except the 
e l evator s haft . The dose rates i n  the shaft v i c i n i ty are so h i gh that i nc l ud­
i ng any part of i t  i n  an  occup i a bl e urea i s  expected to be u nacceptabl e .  
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5 . 3 . 3  Refl ood i ng the Basement 

Refl ood i ng  the basement cou l d achi eve a vari ety of obj ecti ves , i nc l ud i n g  
reduc i ng dose  rates on the 305-foot e l evati on , remov i ng ces i um ,  and el imi nat­
i ng a i rborne contami nati on . The fl ood i ng approach ,  that has  been cons i dered 
from t ime to t ime dur i ng c l eanup , wou l d only s l i ghtly l ower the dose rates on 
the 305-foot e l evati on . Dose to c l eanup the basement wou l d a l s o  be reduced 
only  s l i ghtly by a prol onged l each because most  of the ces i um that wou l d be 
removed by the proces s  wou l d probably come from the hol l ow concrete bl ock of 
the s ta i rwe l l and e l evator s haft . The reducti on in dose rate a round the 
structures wou l d not be suffi c i ent to permi t hands -on demol i ti on and the 
reduct ion i n  area dose rate wou l d not permi t prol onged occupat i on of other 
parts of the basement wi thout add i ti ona l s h i el d i ng .  

There i s ,  however , another pos s i bl e  fl ood i ng approach to the c l eanup . 
The basement cou l d be fl ooded , and d i vers cou l d work wi th i n  the s h i e l di ng  pro­
v i ded by the water . Wh i l e  nucl ear d i vers have been used at  other  faci l i t i es , 
genera l ly  i n  fue l  storage bas i ns ,  de l i berately  fl ood i ng a h i gh-dose- rate a rea 
to use di vers wou l d be new to the i ndustry .  D i vers wou l d rece i ve essenti a l l y  
no rad i ati on dose from any source farther than about 3 feet away , except for 
the dose from i mmers i on i n  contami nated water . However ,  i t  shou l d be pos s i b l e 
to keep the dose rate from the water bel ow 1 mR/hr . Ai rborne contami nat i on 
from c l eanup acti v i t i es wou l d not be a probl em i n  the basement , and exposu re 
to beta radi ati on wou l d be e l i mi nated by both the water and the des i gn and 
constructi on of the d i vi ng s u i ts .  However , heal th phys i cs procedures for s u c h  
an operati on are not wel l establ i shed ; and mon i tori ng extremi ty dose and 
contro l l i ng contami nati on so that i t  does not get on the s k i n are extremel y  
important .  

Underwater workers are l i ke ly  to be l ess  than ha l f  a s  effi c i ent ( at  mos t  
tas ks ) a s  workers i n  ord i nary anti contami nati on cl oth i ng  and res pi rators . 
There i s  no current ly  avai l abl e equ i pment for procedures such  as  concrete 
scabbl i ng underwater , so cons i derabl e equ i pment modi fi cati on and equi pment 
devel opment wou l d be requ i red . Recontami nati on of c l eaned surfaces cou l d be a 
probl em i f  the rad i oacti ve materi a l s taken from surfaces were not promptly 
removed . Su rvey methods to determi ne i f  an area has been adequa te ly  c l eaned 
mi ght a l so pose some d i ffi cu l ty .  L i ght i ng and water c l ari ty are i mportant to 
d i ver safety and are expected to be d i ffi cu l t to ma i nta i n  i n  these c i rcum­
stances . Tra i ni ng the d i vers i n  d i v i ng safety ,  rad i ati on protect i on and work 
performance wou l d  be  neces sary .  Water process i ng costs wou l d be s i gn i f i cant . 

The el evator s haft wou l d s ti l l  be a probl em i n  the fl ooded basement but  
rel ati vel y  s i mpl e  l ong-handl ed tool s wou l d suffi ce to  keep exposures to  ten ­
abl e l evel s .  

Waste removal wou l d s ti l l  be a source of rad i at i on dose , but  i t  cou l d be  
mi n imi zed by carefu l ly  packag i ng the was te i n  dra i nabl e conta i ners underwater 
and l i ft i ng these i nto s h i e l ded transport casks . 
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The tota l rad i ati on exposure from underwater c l eanup of  the basement to 
the l evel s of an operati ng reactor wou l d  be much l ess  than wi th any other 
i denti f i ed tec hn i que except roboti cs , and the robots requ i red to do the c l ean­
up  are not currentl y avai l abl e .  Decontami nati on equ i pment  and heal th phys i cs 
i ns truments cou l d be modi fi ed to do the basement c l eanup  underwater • 
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6 . 0  CONCLUS IONS 

Tentati ve concl u s i ons from the avai l ab l e data on the TMI - 2  reactor bu i l d­
i ng basement are d i scussed bel ow .  These are based on l imi ted data , and i f  
actual  basement cond i ti ons are found to be d i fferent from those descri bed i n  
the precedi ng secti ons , these concl u s i ons  wou l d have to be recons i dered . 

1 .  Radi ati on sources i n  the TMI -2  basement are expected to have on ly  a mi nor  
effect on doses to defuel the  reactor .  Doses for defuel i ng a r� expected 
to be toward . the l ower end of the 2 , 600 to 15 , 000 person- rem predi cted i n  
the fi rst suppl ement to the PE lS . 

2 .  Core dri l l i ng pl anned for the basement wi l l  requ i re severa l  entri es by 
the robot , because currently avai l ab l e concrete cori ng  b i ts a re capab l e 
of dri l l i ng on ly  one or two hol es before repl acement .  Ra i s i ng and l ower­
i ng the robot requ i res about 10 person- rem , so i t  wou l d be advantageou s 
to obta i n sampl e data wi th as  few cores as  poss i b l e .  We bel i eve that 
data from smear s urveys , as  have been taken by robots i n  some of the 
cel l s  of the auxi l l ary bu i l d i ng ,  wou l d be benefi c i a l  and shou l d be con­
s i dered . We a l so bel i eve that setti ng up  a robot to do concrete spal l i ng 
( by dri l l i ng a hol e ,  i nserti ng an expans i on head , expand i ng the head 
hydrau l i ca l l y ,  and col l ecti ng the l arge pi eces ) mi ght be acceptab l e a n d  
wou l d have the added advantage o f  devel opi ng a pos s i b l y  u sefu l c l eanu p  
method . 

3 .  The greatest reducti on of the dose rate on the 305-foot e l evati on from 
basement sources wi l l  be from decontami nati ng the upper porti ons of the  
basement wal l s ,  penetrati ons , and  structu res , not  from remov i ng the 
sources on the fl oor or the bathtub ri ng . Decontami nati on efforts s h o u l d 
concentrate on the fl ow path of the contami nated a i r du ri ng  the acc i dent . 

4 .  There are unknowns and u ncerta i nti es  i n  the basement rad i ati on l evel s b u t  
i t  i s  probabl y not extreme ly  i mportant t o  characteri ze  them unti l the 
i n i ti al work of bul k s l udge remova l and hol l ow concrete b l ock remova l ha s 
been compl eted . At that ti me care shou l d be taken to a s s ure that TLDs  
are suffi c i entl y c l ose together that sources can be i denti fi ed .  

The TLD measurement program coul d be expanded and the data cou l d be used  
to  mathemati cal l y  model  or  mathemati cal ly  construct i sodose curves or , 
because there are s i gn i fi cant vari ati ons i n  dose rate wi th el evati on , 
i sodose surfaces . L i nes perpendi cu l ar  to the surfaces wi l l  then pas s  
through and thus  i denti fy the s i gn i fi cant sources . Th i s model i ng wou l d 
be premature wi th the exi st i ng  data . We strongly recommend such a pro­
gram after the maj or  sou rces , such as  the el evator shaft/encl osed s ta i r­
wel l and acces s i b l e bathtub ri ng , have been dea l t wi th  remotel y .  

5 .  The requ i rement that on ly  borated water b e  used i n  the basement  i nc rea ses  
water process i ng cost  ( i f  rad i onucl i des other than ces i um are removed ) 
and l eads to the formati on of borate crysta l s on s urfaces that have been 
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fl u shed .  Borated decontami nati on sol uti ons  are a l so thought to con­
tri bute to a i rborne contami nati on i n  the bui l d i ng .  Al though there i s  no 
concl u s i ve proof that deborated water wou l d work better for decontami na­
t i on and l each i ng ,  we bel i eve a program to resol ve the rema i n i ng uncer­
ta i nt i e s  and use water that does not conta i n boron s hou l d be v i gorou s l y  
pursued . 

6 .  Ma i nta i n i ng 10 , 000 ga l l ons of water i n  the bui l d i ng may not be the best  
cou rse of acti on . Control l i ng a i rborne contami nati on i s ,  of course , 
i mportant , but a compl ete pumpdown wou l d cause s l udge and fuel parti cu­
l ates to  be transported to  the  sump where radi oacti v i ty cou l d be  removed . 
When there are occas i ons to remove water from the basement over the next 
few years , we bel i eve that i t  shou l d be removed from the reactor bui l d i ng 
s ump to faci l i tate the fl ow of water and max i mi ze the removal of sol i ds 
from the s ump . 

7 .  The hol l ow concrete b l ock of the e l evator shaft and enc l osed sta i rwel l i s  
expected to conta i n between 1 1 , 000 and 19 , 000 curi es o f  1 3 7Cs . Surface 
dose rates may exceed 1000 R/hr .  Removal of th i s  source i s  requ i red 
before routi ne entry to the basement . Remote remova l i s  v i rtual l y  a 
necess i ty .  

8 .  Other quanti f i ed basement sou rces conta i n  between 570 and 1800 C i  of 
1 3 7Cs . There are numerous unquanti fi ed sou rces as  wel l .  

9 .  The concrete b l ock shoul d be tested for the poss i b i l i ty of s i gn i fi cant 
reducti ons in  the dose rate from breaki ng up  the hol l ow concrete b l ock 
structu res and then l each i ng them on the basement fl oor .  

10 . Wh i l e  the maj ori ty o f  sol i ds i n  the basement are not contri buti ng s i g­
n i fi cantly to the dose rate , there appea r to be some h i gh l y  rad i oacti ve 
sol i ds depos i ted through the reactor cool ant dra i n  tan k  vent . Fl u s h i ng  
these from the wal l s  and  upper el evati ons and  then from the  fl oor to  the 
sump ( or remov i ng them from the fl oor by wet vacuumi ng ) wou l d be bene­
fi c i a l . Th i s mi ght a l so hel p establ i sh the quanti ty of fuel to be 
expected i n  the basement and therefore be i mportant i n  e l i mi nati ng the 
requ i rement for u s i ng only h i gh ly  borated water for the c l eanup .  

1 1 .  Any dec i s i on about basement cl eanup  shou l d be based on an eval uat i on of  
the opti ons of  constructi ng sh i el ded work areas and  fl ood i ng  the basement 
for d i vers as  wel l a s  u s i ng robots and other dev i ces that can be man i pu­
l ated from above . 
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APPEND IX  B 

MODEL OF THE CONCRETE FLOOR SLAB 

The amount of act i v i ty conta i ned i n  the concrete f l oor s l a b  i n  the S E  
quadrant was est imated u s i ng data obta i ned from the s h i e l ded  te l etector p robe  
p l aced on the ROVER robot . The s h i e l d was pos i t i oned above the detecto r .  T he  
probe was l ocated 5 i nches above the fl oor .  

On 1 5  November 1984 , data was obta i ned at seven l ocati ons  i n  the S E  
quadrant o f  the basement.  The l ocat i ons  are shown i n  F i gu re 3 . 10 (ma i n text ) .  
The tel etector read i ngs  at po ints T ,  U ,  V ,  W and X were 2 -3% of the gene ra l  
area dose rate . At po i nts Q and S ,  the te l etector read 1 2 - 14% o f  the gene ra l  
area dose rate . 

An angu l a r  response study i nd i cated that the detector responded to 
sources l ocated above the s h i e l d by read i ng 2% of the actua l  dose . The dos e  
from the fl oor at po i nts T through X wa s cons i dered to b e  negl i g i b l e  compared 
wi th the h i gh background read i ng s . The p rox i mi ty of the enc l osed sta i rwe l l /  
e l evator s haft structure accounts for the h i gh genera l area dose ra tes at 
l ocat i on s  T through X. The data from l ocat i ons  Q and S were used for th i s  
analys i s .  The measurements from these l ocati ons were adj u s ted to accou nt for 
the 2% contr i but i on to the dose from the general  a rea dose . 

The fl oor s l ab wa s mode l ed a s  a sol i d  cyl i ndri ca l  d i s k  w i th a he i ght  of 
0 . 8  em. The depth of penetrat ion  of 1 3 7 Cs wa s as sumed to be 0 . 8  em or  l e s s  
based o n  the data from a n  unpa i nted fuel storage bas i n  at Hanford ( Bechto l d 
1981 ) .  A l ayer of s l udge covers the concrete fl oor .  The s l u dge wa s a s s umed 
to have a dens i ty of 1 . 5  g/cm3 and a depth of 2 i nches . Th i s  a s s umpt i on wa s 
based on observ i ng the v i deos of the s l udge a nd wa ter be i ng pertu rbed by the 
cab l e on the ROVER robot . A l aye r of water coveri ng the s l udge to a depth of 
4 i nches above the surface of  the f l oor was as sumed to conta i n an  ave rage 
acti v i ty of 4 . 9  pCi /cm3 of 1 3 7Cs based on the concentrati on of 1 3 7Cs i n  the 
water du ri ng the prev i ou s  ba sement pumpout . The concentra t i on of act i v i ty i n  
the water assoc i ated wi th the s l udge was a ss umed to be 9 . 8  pC i / cm3 , twi ce that 
in  the wate r .  The te l etecto r was assumed to measu re a c i rcu l ar a rea on  the  
fl oor of about 44 em i n  d i ameter ba sed on the  angu l ar  respon se  data , wh i ch 
i nd i cated that the dose measured by the tel etector decreased stead i ly at  
ang l es greater than 60 degrees off-center .  

Between 180 and 1 95  pCi /cm2 were e st imated u s i ng an i nhouse po i nt kerna l  
s h i el di ng code that model s so l i d  cy l i nders . Th i s  est imate res u l ted i n  500 to  
540 curi es  of  acti v i ty i n  the concrete fl oor s l ab i n  the S E  quadrant  of the  
reactor bu i l d i ng ba sement ( the area wi th i n  the  D-r i ngs wa s not  i nc l uded ) . The 
act i v i ty cal cu l ated for the S E  quadrant of the ba sement fl oor s l ab shou l d not 
be extrapo l ated to other areas of the basement . Var i at i ons i n  water and  
s l udge l evel s and  i n  dose rates from other quadrants i nd i cate that  the 
d i stri buti on of act i v i ty on the fl oor i s  nonun i form and thu s  the d i stri but i o n  
o f  acti v i ty i n  the concrete s l ab i s  p robabl y nonun iform . 
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Tab l e 8 . 1 i nd i cates how vari ati ons i n  the as sumpt i ons  wou l d  change the 
resu l t of the a na lys i s .  Varyi ng the depth that 1 3 7Cs  penetrates i nto the 
concrete s l ab , w i th i n  the range of 0 . 1 to 0 . 8  em , wou l d cause  l i tt l e change i n  
the amount o f  act i v i ty est imated to be p re sent i n  the s l ab .  The depth of the 
s l udge above the fl oor a l so does not great ly  i mpact the amount  of acti v i ty 
ca l cu l ated i n  the fl oor s l ab .  Increas i ng the den s i ty of the s l udge to that of 

TABLE 8 . 1 .  Effect of Va ri ous Assumpt ions  on the Est imate of the Curi e 
Content i n  the Concrete Fl oor S l ab 

Assumpt i ons  

I n i t i a l  Ass umpt i ons  
- 1 3 7Cs  depth in  concrete s l ab - 0 . 8  em 

Depth of s l udge - 2 i n .  
Depth of water ( from fl oor }  - 4 i n .  
Act i v i ty i n  water - 4 . 9 uCi /cm3 
Acti v i ty i n  s l udge - 9 . 8  uCi/cm3 
Dens i ty of s l udge - 1 . 5  g/cm3  

Depth of  1 3 7Cs i n  Concrete Sl ab 
- 0 . 8  em 
- 0 . 4  em 
- 0 . 1 em 

Depth of Sl udge 
- 1 i n .  
- 2 i n .  
- 3 i n .  

Den s i ty of Sl udge 
- 2 . 3 g/cm3 
- 1 . 5  g/cm3 
- 1 . 0  g/cm3 

Depth of Water 
- 3 i n .  
- 4 i n .  
- 5 i n .  
- 6 i n .  

Act i v i ty i n  Wa ter/Sl udge 
- 0 . 0  uCi /cm3 
- 4 . 9  uCi /cm3 
- 10 uCi /cm3 

Act i v i ty i n  S l udge 
- 4 . 9 uCi /cm3 
- 9 . 8  uC i /cm3 
- 1 9 . 6  uCi /cm3 
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uCi / cm2 

195 

195 
1 90 
180 

200 
1 9 5  
180 

240 
195 
170 

2 10  
195 
1 50 

60 

280 
195 
1 10 

2 30 
195 
1 20 



concrete ( 2 . 34 g / cm3 ) i ncrea ses by l es s  than 25% the e s t i ma te d  acti v i ty i n  the 
fl oor .  Decrea s i ng the dens i ty of the s l udge to 1 . 0  g/cm3 dec reases the 
est i mated fl oor acti v i ty only s l i g htl y .  

The depth o f  water on the basement fl oor a t  the measu rement l ocat i ons may 
be cri t i ca l  to the a na l ys i s .  Water stand i ng to a depth of 5 i nches o r  more 
above t he fl oor wi l l  cause o u r  est i mate of 180 to 195 pCi /cm2 to be cons e rv a ­
t i ve l y  h i gh .  I f  the upper l evel o f  the water i s  6 i nches above the fl oor ( so  
that the detector i s  unde r 1 i nch o f  wa te r ) , the acti v i ty i n  the s l ab i s  
ca l cu l ated a t  60 pCi /cm2 • 

I f  the act i v i ty i n  the wate r i s  l es s  than the e s t i mated 4 . 9  pCi /cmz , the 
act i v i ty in  the concrete s l ab wou l d be h i gher than ou r ca l c u l a ted est i ma te . 
I f  the ·concentra t i on of acti v i ty i n  the wa te r i s  h i g he r  tha n  4 . 9 pCi /m3 , we 
wou l d expect l e ss  act i v i ty i n  the fl oor s l ab .  The same re l a t i o n s h i p hol d s  for 
the act i v i ty i n  the i nters t i t i a l  wate r of t he s l udge ; the g reater the con ­
centrat i on o f  act i v i ty i n  the s l udge , the sma l l er the amoun t  o f  a ct i v i ty i n  
the concrete s l ab .  

Thu s , by v a ryi ng the a s sumpt i on s , the amount of acti v i t� i n  the fl oor 
s l a b may range between 60 and 280 pCi /cm2 ( 160 to 780 c u r i e s ) for the SE  
quadrant . The range of  paramete rs u sed i n  th i s  ana l y s i s  i n c l udes the 
rea l i st i c  extremes for each a s s umpt i on .  Therefore , the act i v i ty present i n  
the fl oo r s l ab of the S E  quadrant wi l l  most l i ke l y  fa l l wi t h i n  the range of 60 
to 280 pCi /cm2 . 
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APP END I X  C 

MODEL  OF TH E ENCLOSED STA I RWEL L / E LEVATOR SHAFT STRUCTURE 

Da ta obta i ned by TLD s t r i n�s a n d  from detectors p l aced o n  t he robo t  we re 
u sed to e s t i ma t e  t he amount of 3 7Cs present i n  the e n c l o s e d  s t a i rwe l l /  
e l e va tor s h a ft ( ES ) s t ructu re . An i n house  po i nt ke rn a l  s h i e l d i ng code wa s 
u sed to mode l the wa l l s  a s  s o l i d  s l ab sou rce s composed of re i n fo rced concrete 
bl ock  wi th a den s i ty of 1 . 2  g/cm3 . 

The co n c rete bl ock s t ructu re wa s mode l ed a s  f i ve wa l l s .  Ea ch wa l l  wa s 
d iv i ded i nto t h ree hori zonta l  s l ab s . The doo r of the e l eva tor s h a ft wa s n o t  
i nc l uded i n  t he mode l . T h e  l owe s t  s l a b ra n from the  fl oor t o  the 288 . 1 -foo t 
e l e va t i on . The top of the second s l ab was a t  t h e  289 . 4 -foot e l evat i o n and the  
t h i rd s l ab  exten ded to the  290 . 7 -foo t e l eva t i ·on . The a c t i v i ty i n  each s l ab  
wa s a s sumed to be u n i fo rm t h roughout the t h i ckness  of the  c o n c re te a n d  in  t h e  
hori zonta l d i re c t i on . The sou rce te rm wa s de te rmi ned by f i tt i n g  the dose 
rates mea s u red by the ro bo t a t  po i nt AA ( l ocate d  ou ts i de of the  e l e vator s ha ft 
on the nort h  end of the wa l l  a s  s hown i n  F i gu re 3 . 1 0 ,  ma i n  text ) to the do s e  
rates obta i ned wi th t h e  s h i el d i ng code . The model  i nd i cated t h a t  t h e  l owe r 
s l ab conta i ned 1 . 3  �Ci /cm3 , the mi ddl e s l ab conta i ned 2 . 88 � C i / cm3 , and t h e  
u pper s l a b 2 . 1 �Ci /cm3 • Th i s  corre s po n d s  t o  a n  e s t i ma ted 1 9 , 000 c u ri e s  i n  t h e  
e nt i re s t ru ctu re . Po i nt AA wa s u s ed fo r t h e  i n i t i a l f i t of t h e  d a t a  beca u s e  
the measu reme n t s  were made w i t h  R0- 7  de tectors , wh i c h have a mo re de f i ned 
a n gu l a r  res pon se than the TLD s t ri ngs , and  beca u se the mea s u reme n t s  were ta ken 
nea r the s u rface of a n  ou ts i de wa l l  thus redu c i ng the contr i bu t i on s  from o t he r  
sou rce s , e s pec i a l l y  those l ocated w i t h i n  the ES s t ruc t u re . F i g u re C . 1 
i l l u s t ra tes the c l osenes s of the c a l c u l a ted dose ra tes and  t he mea s u red dos e  
rates . 

The dose ra tes obta i ned by meas u reme n t s  wi th t h ree TL D s t r i n g s , B - 1 5 , 
B- 23 , and B-3 , were compa red wi th t h e  mea s u rements  obta i ne d  a t  these  l oca t i on s 
u s i ng the mode l . TLD stri n g s  B - 1 5  a n d  B - 2 3  we re hung i n  the e l evator s haft 
and B - 3  wa s h u n g  in  the encl o s ed s ta i rwe l l .  The  l oca t i on o f  ea ch of the  TL D 
s t r i ngs  was e s t i ma ted from F i g u re 3 . 4  (ma i n  text ) . 

Fi g u re C . 2  compa res the dose ra te s mea s u red w i th TLD s t r i n g  B - 1 5  and 
those ca l c u l a ted at that l ocat i o n w i th the mode l . The two s et s  of ca l cu l a t e d  
d o s e  rates shown i n  t h e  fi gu re corres pond t o  two d i ffe ren t  a s s u med l oca t i o n s  
fo r the TLD stri n g . The mode l ove res t i mates the dose ra tes by a factor  o f  1 . 2 
to 2 . 3  (wi th the  except i on of the l a s t  da ta po i n t ) depend i ng o n  t he l ocat i o n 
o f  the TLD stri ng . The seco n d  s et of e s t i mated do se ra tes c o rre s ponds  to a 
l oca t i on c l oser to t he e l e vator door and nea re r  the m i dpo i nt be tween t h e  n o r t h  
a nd s o u t h  wa l l s  o f  t h e  e l evato r s haft . Th i s  l oca t i on  re su l ts i n  a better f i t 
wi t h  the mea s u red do se ra tes . There a re severa l pos s i b l e  exp l a n a t i o n s  for t h e  
d i ffe rence between t h e  ca l cu l a ted a n d  t h e  mea s u red doses . F i rs t , t h e  exact  
l ocat i on of t he TLD s t r i ng i s  not known . A second expl a n a t i on i s  that t h e  
l eve l of wa ter l ocated i n  the e l eva to r p i t  may h a v e  been above t h e  e l eva t i o n  
o f  the fl oor ( 282 . 5 -foot e l evat i on ) a nd thu s wa s s h i e l d i ng s ome of t h e  dos e 
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contri buted from sources i n  the l ower wa l l .  A th i rd expl ana t i on i s  that 
equ i pment i n  the e l evator shaft was parti a l l y  s h i e l d i ng  the dos i meters from 
sources i n  the wal l s  or the e l evator p i t .  

TLD s tri ng  B- 23 ( F i gure C . 3 ) showed much h i gher dose rates a t  the l ower 
e l evati ons than were found wi th str i ng B - 15 , wh i ch was l ocated c l oser  to the 
concrete bl ock wa l l s .  Above the ' 288-foot e l evati on , the dose rates obta i ned 
by the two strings were comparabl e .  Th i s  i nd i cates that TLD s tr i n g  B-23 wa s 
i nfl uenced by a source of acti v i ty at l ower e l evati ons that s tfl'g B- 15  was 
not exposed to . The TMI Program Offi ce • s  week ly  s tatus report for 
22-25 May 1983 s tated that the maj or work acti v i t ies  for the fo l l owi ng wee k 
wou l d i nc l ude , 11 pumpi ng acc i dent water from the e l evator pi t ,  fl u s h i ng , and 
rad i ati on profi l e  of that area . •• The fo l l owi ng week , measu rements were made 
u s i ng TLD s tri n g  B-23 . The B- 15  TLD s tr i ng  measurements were made dur i ng  the 
previ ous  month . Thus , it i s  poss i b l e  that B- 23 was exposed to  a maj or source 
of acti v i ty i n  the e l evator shaft that s tri ng B- 15 was s h i e l ded from . Th i s  
source wou l d  have the greatest effect on the l ower four  or f i ve TLDs , thus  
negati ng  the d i s crepanc i es between TLD s tri ngs B-23 and B-15 and  between B - 23 
and the model . 

TLD stri ng  B-3 ( Fi gure C . 3 ) was hung i n  the enc l osed s ta i rwe l l .  The dos e  
read i ngs  ca l cu l ated by the mode l are genera l l y  h i gher than the mea sured dose 
rates . The mode l d i d  not i nc l ude any s h i e l di ng  of the TLDs by the meta l 
s ta i rs or p l atforms . A c l oser match between the TLD s tri ng  data and  the model  
resu l ts wou l d  have been observed i f  the  s h i e l d i ng prov i ded by the s ta i rs and  
pl atforms had  been i nc l uded i n  the model . 

The conc l u s i on of thi s ana l ys i s  i s  that the enc l osed s ta i rwe l l /el evator 
s haft s tructure contai ns an es t imated 19 , �B9 curi es ( as compared to GPu • s  
est imate of approxi mate ly  1 1 , 000 curi es ) . I n  add i ti on ,  a s i zeab l e source  
i s  present i n  the e l evator s haft pi t .  A quanti ta t i ve est ima te o f  th i s  source  
cannot be  made wi th the avai l ab l e i nformat i on . However , an est i mate may n o t  
be requ i red because remote d i smantl ement of the enc l osed s ta i rwel l /e l evator 
s haft wi l l  be necessary .  

(a } 

( b )  

Memo from L .  H .  Barrett to H .  R .  Denton and B .  J .  Snyder , 11 NRC TMI 
Program Offi ce Week ly  Statu s Report for May 22- 28 , 1983 , 11 U . S .  Nuc l ea r  
Regu l atory Commi ss i on , dated 2 7  May 1983 . NRC/TMI -83-033 . 
Memo from S .  R .  Frey and H .  K .  Peterson to J .  E .  H i l debrand , 11 Updated 
TMI -2  Reactor Bu i l ding  Encl osed Sta i rwe l l Character i zat i on , .. dated 
26 January 1984 . 9240-84- 1943 . 
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APPEND I X  D 

DECONTAM INAT ION TECHN IQUES 

A vari ety of decontami nati on techn i ques , i ncl udi ng fl u sh i ng ,  l each i ng ,  
scabbl i ng ,  and chemi cal cl ean i ng have been u sed i n  the TMI c l eanu p  and i n  
other nucl ear fac i l i t i es .  Background i nformati on on these and  a n  assessment  
of  the  potenti a l  for  automati ng them or performi ng  them underwater i s  a l so 
i nc l uded . 

D . l FLUSH I NG 

Fl u sh i ng wi th water i s  one of the o l dest and most effect i ve decontami na­
ti on methods ava i l abl e .  Low-vel oci ty fl u s h i ng i s  most  usefu l for l oosel y 
adherent contami nati on and for remov i ng s l udge and other nonadherent bu l k 
materi a l s ,  but i t  may have only  a mi nor i mpact on ti ghtly adherent contami na­
ti on .  H i gh-vel oci ty fl ush i ng ,  or hydrobl asti ng , wi l l  remove more t i ght ly  
adherent contami nati on . The  di stance between the nozz l e and the  s u rface to be  
cl eaned i s  i mportant for  a l l h i gh-pressure water b l asti ng . I f  p res sures  a re 
h i gh enough and i f  the nozz l e di stance i s  carefu l ly  chosen , hydro� l asti ng can  
remove pa i nt and other ti ghtly adherent substances . For contami nati on assoc i ­
ated wi th o i l o r  grease , fl ush i ng mi ght be more effecti ve on some s urfaces i f 
the water were heated or i f  steam were used . The recent deve l opment  of com­
b i n i ng water wi th  compressed a i r has been effecti ve for spa l l i ng  concrete s u r­
faces . Th i s techn i que has not been used extens i vel y i n  the nucl ear i ndustry 
pri mari l y  because  of recontami nati on . Recontami nati on of the cl eaned s urfac e  
i s  expected t o  have a mi nor effect o n  dose rates i n  the work  env i ronment b u t  
may i ncrease the vol ume o f  radi oacti ve waste generated . Concrete s pa l l i ng  
wi th a i r and  water mi ght be  reasonabl e for basement su rfaces where the  maj o r  
rad i ati on sou rces are i n  the top l ayer o f  concrete , but the subsu rface con­
crete wi l l  a l so requ i re d i sposal as rad i oacti ve waste . 

Hi gh-pres sure water-bl asti ng techn i ques have the potenti a l  for generat i n g  
a i rborne contami nati on ; h i gh-pressure b l asti ng wi th borated water on the u ppe r 
el evati ons of the conta i nment bui l d i ng at TMI i s  thought to have contri buted 
to the recontami nati on of cl eaned s urfaces . 

Fl u sh i ng and hydrobl asti ng techni ques are not expected to work wel l 
underwater ;  i f  the basement were refl ooded for cl eanup , an u l tra - h i gh-vel oc i ty 
concrete-bl asti ng techn i q ue cou l d be performed i n  an underwater a i r chamber .  

Low- and h i gh-vel oci ty fl ush i ng were performed by a robot i n  the auxi l ­
i a ry bui l d i ng .  The onl y constrai nt on a robot performi ng fl u sh i ng  wou l d be 
the access i bi l i ty of the va ri ous areas of the basement to the robot . 

Al l techn i ques u s i ng water are a l so l i ke ly  to i nvol ve some l each i ng .  T he  
compl ex process  of  l each i ng i s  d i scussed i n  detai l bel ow . 
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0 . 2 lEACHI NG 

leach i ng i nvol ves both phys i ca l  and chemi ca l processes . leach i ng i s  d i s ­
cus sed here i n  deta i l from both a theoreti ca l and a practi cal  s tandpo i nt as  i t  
appl i es to the decontami nati on o f  the TMI - 2  basement .  

0 . 2 . 1  Theoreti cal  Con s i derati ons o f  leach i ng 

leach i ng i s  the compl ex chemi ca l process  of d i s so l v i ng a so l ub l e materi a l 
from a sol i d  matri x ;  th i s  process  i s  governed by the phys i ca l  l aws of k i neti cs  
and thermodynami cs . Ki neti cs  i s  important when cons i deri ng  the rate at wh i ch 
water may d i ffuse i nto concrete or other so l i d  matri ces and  when cons i deri ng  
the  rate at wh i ch ces i um may d i ffuse out . Di ffu s i on k i neti c s  a l so  i nfl uences 
the rate of l each i ng i n  areas such as the i nterst i ti a l  s paces of the concrete 
b l ocks of the enc l osed s ta i rwel l ,  where the concentrati ons  of the l each i ng 
sol uti on may d i ffer from the concentration  i n  the bu l k of  the basement  
so l uti on . 

Thermodynami cs  i s  i mportant when cons i deri ng the equ i l i br i um condi t i ons  
in  the  so l i d/ l i qu i d  chemi cal  system . The  concrete , pa i nt ,  fue l  matri ces , 
etc . , may behave l i ke weak  i on exchangers . The i on exchange reacti on i s  
compl ete ly  revers i bl e  and i s  descr i bed for ces i um by the genera l  reacti on  
formu l a :  

where : Cs� i s  the ces i um i on i n  so l ut i on 

M; i s the exchangi ng monoval ent meta l i on on the i on exchanger 

M� i s  the exchang i ng monova l ent  metal i on i n  so l ut i on 

cs; i s  the ces i um i on on the i on exchanger . 

( D . l )  

The concentra t i on of ces i um i n  contact  wi th a typ i ca l  ces i um i on exchanger i s  
descri bed by the expres s i on :  

where : E i s  the equ i l i bri um cons tant  
[M�] i s  the mol ar concentrat i on of hydrogen or other competi ng  

monoval ent  i ons  i n  the so l ut i on 

( 0 . 2 ) 

[cs;] i s  the mo l ar concentrati on of ces i um i n  the i on exchange med i a  
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[cs;] i s  the mol ar  concentrati on of ces i um i n  the sol ut i on 

[M+] i s  the mol ar concentrati on of hydrogen and other competi ng r monova l ent i on s  i n  the i on exchange medi a .  _ 
The equ i l i bri um constant wi l l  vary for d i fferent i on exchangers and d i f­

ferent competi ng i ons . The competi n g  i ons  may i nc l ude vari ous  s pec i es . For 
exampl e ,  the zeo l i te res i n  used i n  the submerged demi neral i zer  system sel ec­
t i ve ly  favors ces i um .  I n  that case , the competi ng  i on s  are mos t  l i ke ly  to be 
sod i um and hydrogen . For l ess  sel ecti ve i on exchanges , such as concrete , 
numerous i ons  may be exchangi ng . Certa i n  d i va l ent i on s  such  as  ca l c i um may 
a l so  exchange wi th ces i um ,  i n  whi ch case the equ i l i br i um con s tant expres s i on 
wi l l  be s l i gh tl y  d i fferent .  However , when pure water i s  the l each i ng so l u­
ti on , ces i um ( and  other exchangi ng i ons ) wi l l  move from the i on exchanger 
( concrete ) i nto the sol uti on unti l equ i l i bri um i s  establ i shed . ( I n the case 
of a very sel ecti ve i on exchanger , such  as  zeol i te ,  the effect of  the reverse 
reacti on i s  practi ca l l y  negl i g i bl e ,  and i t  i s  fu l ly  compensated for by the 
operati on of the i on exchange med i a i n  a col umn where the l as t  exchanger i s  i n  
contact wi th a s o l uti on that conta i ns essenti a l ly  no ces i um . ) 

I t  a l so  fo l l ows that i f  the concentrati on of the nonrad i oacti ve competi n g  
i ons  were i ncreased i n  the sol uti on contacti ng  the i on exchanger , the equ i ­
l i bri um wou l d  be s h i fted to favor ces i um l each i ng .  Th i s may o r  may not be a 
practi cal con s i derati on i n  the basement because  i t  j s  a l so des i rabl e to redu ce 
was te vol ume and  mi n i mi ze the corros i ve effects of the l each i ng so l ut i on . 

0 . 2 . 2 Pract i ca l  Cons i derati ons of Leach i ng i n  the TMI - 2  Basement 

I n  a compl ex system where there are mu l t i pl e  i on exchanges wi th vari ous  
equ i l i bri um cons tants ( such as i n  the TMI - 2  basement ) ,  ces i um wi l l  l each i nto 
the sol uti on unti l equ i l i bri um i s  es tabl i shed for a l l of the i on exchange 
systems . The rate at wh i ch th i s  occurs depends on the ki net i cs  of d i ffus i on 
and i s  very d i ffi cu l t to predi ct theoreti cal ly . I f  one of the i on exchangers 
l eaches suffi c i ent ces i um i nto sol uti on .such that the equ i l i bri um cons tant of 
another of the i on exchangers i s  exceeded , then ces i um i ons  from the so l ut i o n  
wi l l  be depo s i ted i� that matri x to sati sfy that equ i l i bri um constant , thus 
i nc reas i ng the dose rate on the med i a . 

I n  the absence of data on the i on exchange properti es of  the concrete 
b l ock i n  the basement ,  i t  wou l d  be i nappropri ate to s uggest  that the basement  
be  fi l l ed wi th water for l each i ng ,  a s  thi s cou l d further concentrate ces i um i n  
the b l ock . I t  i s  doubtfu l that there are ces i um sel ecti ve materi a l s other 
than the concrete bl ock that wou l d become a probl em i f  the basement  were 
l eached . 

The l i censee i s  s tudyi ng the i on exchange properti es of  the concrete 
bl ock . The resu l ts wi l l  hel p determi ne the adv i sabi l i ty of  refl ood i ng  the 
basement and the methods that mi ght  reduce th i s  s ource . 
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D . 3  SCABBL I NG 

Scabbl i ng i s  a techn i que for remov i ng the surface of concrete . Usua l ly  
the depth removed i n  a s i ng l e pass  var ie s  from l/4 i nch to  2 i nches . On  
hori zonta l surfaces ( fl oors ) ,  th i s  i s  most  often done wi th a dev i ce that 
resembl es  a mi n i ature vers i on of the equ i pment used to cut  grooves i n  pavement 
for water dra i nage . On verti cal s urfaces , scabbl i ng i s  u sua l l y  a much s l ower 
process  that requi res dri l l i ng hol es  about s i x  i nches to one foot apart and  
i nserti ng a hydrau l i ca l ly  operated expans i on head that cracks off some of the 
surface ( Mani on and LaGuard i a  1980 ) . Recontami nati on can be a m i nor probl em 
i n  scabbl i ng operati ons , so most  scabbl ers used i n  nucl ear appl i cati ons a re 
equ i pped wi th a fi l tered exhaus t  system . 

Current scabbl i ng equ i pment mus t  be manua l ly  operated and  cannot be u sed 
underwater . 

D . 4  CHEMI CAL CLEANI NG 

Chemi ca l  cl ean i ng i s  someti mes very effecti ve but i s  genera l l y  u sed q u i te 
spari ngly because of the waste management d i ffi cu l ti es . Chemi cal s are not 
expected to i ncrease the sol ubi l i ty of ces i um substanti a l l y ,  but they may be 
usefu l  i n  removi ng o i l s ,  greases or pa i nt .  Detergents or so l vents wou l d be 
the most  l i ke ly  candi dates for thi s appl i cati on . Detergents  wi l l  fou l i on 
exchange res i ns and thus are i ncompati b l e  wi th the present l i qu i d  was te manage­
ment sys,ems . The so l vent wi th the greatest  potenti a l  for use i n  the bas ement 
i s  Freon , s i nce il osed systems exi s t  for the appl i cati on , removal  and pur i ­
fi cati on of Freon i n  the nuc l ear i ndustr¥ · Care must  be u sed i n  se l ecti ng  • 
the parti cu l ar product because some Freon compounds are qu i te tox i c .  Freon 
used i n  other nuc l ear operat�ons has been manua l ly  appl i ed wi th l ong-hand l ed 
tool s .  Appl i cati on of Freon compounds by robats or by l ong-hand l ed too l s 
from upper e l evati ons wou l d requ i re a con s i derabl e deve l opment  effort . 

Scrubbigg may enhance the effecti venes s or rate of reacti on of deter­
gents , Freon or other chemi ca l s ,  but dose rates i n  the basement  are expec ted 
to precl ude hand scrubbi ng for some t ime .  

• Freon i s  a regi stered  trademark of the E .  I .  DuPont de Nemours and 
Company , I nc .  
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