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PARTICULATE AIR CONTMEIXATPON AT ORNL 

IntPoduction 

The probability of' partfeulate eontadna%fon due %o 

slug ruptures 3.n the  reactor a t  X-10 was ffm% noted by one of the 

miters in P9U, h t he  course of a study of atmospheric rafia%f~n(~)~ 

No particular significance was attached to  the observation a% tha t  

t h e ,  largely because total radiation levels noted were w e l l  below 

the estabEshed toleranee standards, 

. A 

r* 

closer cxarmn O ation, t o  emanate from a single pWtWt.ee me radb- 

actfve paPtfcle problem encountered at Hanford had jnat  prev%orualy 

come t o  the at tent ion of the  Health Physics DivELafon here, and had 

occasioned some thought as to the poasibflftdy of the exis%eng"e of 8 

c Consequently, t he  finding of t h e  abo.rrds- 



Particulate A b  Contamination a% ORNL 

PPePbrinary Investigation 

a6 Ffpat Phase 

Surveyors at 105 Building had predously reported tha t  

loealizad spots of significantly h%gh ae%Lvity had been noted in $he 

vicinity of %he reactor bailding and fan house, I% seemed log%cal, 

that t h e  reaebr was a probable somee o f  pasP%feuPa$e contamination, 

Furthemore, during the removal of ruptured slags f r o m  %he 

reactor rnatrk, ft had been noted t h a t  viskb%e clouds of  dust verb 

m p t  from the ehnnels by the afr when the slugs were moved, Con- 

sequently, an o%%-s~%ked~ elo%h-eove~e!d: p ~ o b e  was bsar%ed the 

effluent a5r due% to cap%me any entrained p%p%5eezhPles by h p h g e -  

ment, 

by means of a Q T F  (thm sfde wall of ehaniber), 

ed to 20 m/h i n  24 hours, 

paP%fcx.iLa%es, both a c t f e  and inactfvs, which had impinged on the 

On remova3. after fom days the p~obe read 200 m p / b  a% sl,Yff 

!Phis activ?ity decay- 

Washing i n  CC14 removed Parge nmbers of 

cloth, Thus, it had been establfshed that the p o m d  surface W B  con- 



Particulate A ~ P  Contamination a t  OWL 

t anba ted  by radioactive particles,  and that s o m e ,  a% least ,  were 

being discharged by the reaetm,  

W m t i o n ,  the ratc of d5sehajege of par t fe les  from the PW@%OP, other 

possible somces of particulate conbmbation, and the nature of the 

particles were stigl tmknom, 

Howcmr, the exten% of surface con- 

Althongh it was not believed %ha% a 

serious condftfon d s t e d ,  5% seemed dssL~abla to put for th  a coneen- 

t ra ted  effort on the problem En order t o  secufpe %n e%lsPy anm@P b 

the questions raised (2) 

1675% west and northeast of the peaetor stacke 

t o t a l  of 108 samples of loealfsed activity were collected, yielding 

76 discrete radfoaetign par t ic les  Samples wnafsthg of" dispersed 

ac t iv i ty  were discarded, 

eharaeterist ies,  v~z,, they were dark i.n color, appeared c ~ " ~ s t ~ U e ,  

F P s m  these areas a 

The particles f a o h t e d  showed a M l a r  

and showed both o( 
a source of par t ic les  

The partielea 

aetivSty, decay pate, 

Sizes  of the isolated 

and p activity, These operations mpplfed 

for qualitative study. 

were checked f o r  size, o( a s t i d % y ,  6 and 
and spectrogpaph5xsClly fop che&c%31 cona%i%uten%a, 

particles ranged fpom rv 807 t o  4 . 0 0 ~  h diame%ePo 



The alpha acAxivity, unc=omee%ed for self-abffiorp%ion, r a g e d  from 0 t o  

/v Iko c/m, Beta-gamna aa%iv i t y  ranged from 0,OS t o  

sample, 

l i m i t  of sensitirL%y o f  %he seaming bs%men%* 

5 ~ "  per 

However, the lower lMt was thought %a be determined by the 

Spectmgraphia ma.lysis 

showed the presence of U, d o n g  ~ 5 t h  AX, Cs, Hg9 Fa, and S i o  

of the  l a t t e r  elements was eonstdered neither swprfaing nor a$gnff~ea&, 

since soaf urnally adhered t o  the specks, 

suspected t o  be preaen%, were not expected t o  be i n  suff ic ient  quantity 

f op  spectrographic de%embatfon, 

frequency of fa l l  by the use o f  sehentat9%craa frames, 

ning these with the V5ctoreen 2638s were ratheto imonelaaat~=e. 

Presenee 

Ffsafon produetas, though 

An attempt was also made! %o determine 

Results of man=- 



Par t imla t a  Air Contambation a% 

were s t i l l  updetePmfned, In view of the  fact %ha% it called fo r  an 

frvestfgatfon ra ther  than a survey, the problemwas t m e d  OVCP t o  

the Special Problems Seetion of Health Physicsa 

Meanwe, although in the opWon of several reeognizad 

authori t ies  in the  fields of Radiation and BZediebe a d e f h i t a  hazard 

to health dLd not exist, the neeesa'ity f o r  eor.rectim measures, assum- 

ing a t  least a potent ia l  hazard in t he  absence o f  &solute proof, was 

reeognizede Acco~d%ngl,y, EaboPa%ory magemen% early in August 1$48, 

h a t i t n t e d  a fun s e d e  p r o e m  f0P t he  ePMmtion  or" eon%ml o f  %.%a* 
active par%ieul%tea on the X-EO areae TMa included the des-, ~ J O C U F +  

ment, and hstaXLation of dusk sern0m.l. e@pent, the  grassing of ex- 

posed areas and paving of $ho~o-fwes t o  k o b U e e  %Preacky settled 

particles, and t h e  mpplemcnt%ng o f  Health Physics Di-diaion~a 5nms%%-. 

gation by members of o%hm divisfana. 

bo Second Phase 

A more intensfve s%u&y was first made of t h e  natum. of the  

%%%le a few partScPes had prev5ously been submitted t o  partiePes. 

others f o r  -mr~ious malyaea, it was now decided to have t h e  same 

groups of par t ic les  analyzed sueeessiprely by different ggoups for  

different eharacteriatics, Therefore9 a group of specimens was sub  
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Partifeulate Air ConfanhatLon a t  ORNE 

. 
* 

. 
Table PI 

. 
A hypothetical particle g i v h g  %olermc& at rad5.u~ &,OF 

-1% conta3-m 3o0 x $0 pee 

* While % m e  toleranee f o r  a pofnk sowee f a  not known, the tern as 
here used fndfeates a mea of fmadiation of O,.P rep of /;s pel. gram 
of tfssne or O,O~ pep of o( per g a m  of tfsstle/a he ' 

I 



. 

Particulate Air Contamination a t  O?.lTL 

The 40p radius was chosen because it is  the a p p r o h a t e  

range of Pu a( , and vvithin t h i s  range /d 
w i l l  be additive, 

and o( irrad%ations 

o( e x p o m e  due The above figures show t ha t  the 

to a l p  3 par t ic le  of t h i s  nature a t  b o p  fs about 0,2 t h e s  %olerancef", 

The /8 ac t iv i ty  on #I6 at h o p  i a  a b u t  O,& t h e s  %olermeen, Since 

the m l m ,  and consequent total aetfv5ty, ~f a p s t i c l b  f a  a function 

of %he cube of t he  Ibew dhensfons, and the range stza fop aPWo%P 

penetration is considered to exkend %o 5p9 a deeply W a d  partfele  

may have CJ 600 times t h f a  total aetpfvity of s i x  tenths  %imes Woler- 

ante", Also, s h c e  these par t ic les  were known t o  be a$ leas% 3.5 days 
. old, it is l i k e l y  that a freaUy emit ted particle would be more active? 

0y a t  l e a s t  an order of ma&%ude, 

On August PO, 19&8, three of the areas p.kev-ional~ summpd 

TMs time ( a p p r o x b t e l y  June 18) were agab probed with TT-2630~~ 

samplfing ayeas eonsfsted of three 108 x 58 naeetmgles a t  each Eoeatfone 

Results of  both m v e y s  appear i n  Table PIP below, 

Pt ,  Direction From 
105 Stack 

n 

. .  " .  



Partimilate ALE. Contamination at 0IF;K 

. 

There were seven cases of slug mp%mes between these tm 

1% may be, ~ Q V E T ~ W ,  that the great ineream in denafky of de- daRes, 

%ected par t ic les  fs no$, a $ m e  measure of fall-out during this period, 

as %he first s m y  had as f%s primary purpose %he gathesing o f  p a ~ t i -  

e les  fo r  study, and the @heck on p a ~ % f @ l e  densf%ywas bciden%%l, The 

second survey was made w%th the express pwpose of evaluating the EXIF- 

face contamhation, The $hres’hoPd senai%fai.$y of  t h e  a-263 is approd- 

mately 400 elm (at 10% geometxy, meamred by a mica-window counter), 

subject t o  Tmsfatfon due t o  background caused by less active specks, 

A few sedknentatfon f~%mea were placed on the plant area by this the, 

but since they were a lso  checked wi th  TT-2638~~ not much o f  sfgnifieance 

had been noteda These wfpl be described 1 a t e ~ ” ~  

Decay sates were de%emhed OB several pwtfePes, Both from 

the  field collection and fmrn the oxit a5r duct. Apparent IxiLf-Xvds 

ranghg from a few days t o  R-W 200 days w e ~ e  notede Pn each ease, 

the apeefmens a’hoang a fast decay rate also showed an h c r e a s b g  half- 

l i fe  as time wen% on, 

o f  Lrrad.ia%ed manium of Uffe2ning cooling age, 

T h i s  f a  %o be expected ff one t e s t a  part9CLes 

SimUItaneously with these qualitatfve rneamemen%s , the probllem 

This entiail- of the extent and rate o f  eon%dna%ion was also a.%tacked, 

ed the use of dust e o l l e c t b g  qmfpment, and an increase in 6h~1  size of  

the inveatfgathg group. 



Equipment and Techxiques 

Two phases of the problem of par t ic le  distribution were 

Afr sampPers, mainly fsteroa o f  var ious types, were used t o  ascertain 

the particle density in aW, 

The sedimentation frames were a @  x 48 x 5 ' 1  pPJngolad boxe%, 

These! were l ined wi th  h a f t  paper which was held b place by means of 

a removable I"f quarker-~omd molding frame, A% fLra% a mat of  fibre 

The Pimra were taken in to  the laboratory, and &I dust eon- 

centrated onto an area which could be cavered by a l & + t  x 17" X-ray 

fflm f o r  radioautographye 

use o f  an Airway Vani%fza~* t o  remom the eoUeeted dusts from each 

paper liner into a removable fiPter paper bag, whfehwas sealed ail 

ra&oautographed, 

%xis technique was later modified by the 

The Aimy flSani%fzoP is a type of pr21mm cleaner 

dfffering *om others  f n  that it has as a. d u s t  raeaptaele a filtey papep 



Pmtfeu%a%e Air Cbn%amha%fon at ORNL 

prevent the! loss  of part of %he specimen by seattarhg, and also mas 

more effectfve i n  eolPeeting t h a t  part of  %he dust which adhared t o  

the paper, 1% would take Zewn sheets o f  f i lm of the above size %o 

coma" a paper 1 b e r  ivi$hout8 some method of eoneentrationo 

nozzlea The f5l%em mere pe~iodfeaU37 changed, sealed, and ~a&oauto- 

graphed, 

The a h  %a dram up by a hfgh pres,cure 2-stage turbo fan, and 

the flow is subject t o  var ia t ion  with f i l t e r  resistm~e, The c a p c i t y  

i s  rated at 65-70 e%Pn with a clean f f lber  bag and support pad, Veh- 

metw measuyementa showed a flow rate varybg from M 70 e f m  t o  w 

35 efrn depending on the degree o f  the Ssadhg of the fLl%ere 

plufqposes 0% eaLe.ulationa %he f&twe of $6 cfm was usedo 

Foro 

C,Y, BorkomE 

c 





P a t i c d a t e  Air Contadnation a% ORNL 

V 

. 

The f i l t r o n  was mother of t h e  a5.y smpl_e?rs useda l3-68 

avaflable but arc known t o  be meh higher %Ran those f o ~  the ShndZPd, 

Airway F i l t e r  baga 

The U,S, Publfc Health Service supplied us, on loan, five large 

capacity air samplers, 

34 ft2 of fXl%er ppr,  

papere CWS #6 was usedo 

the most penetrating par t ic le  sizee 

system due to the modification cu% the a i r  f l o w  t~ 250 efi ,  as detemdn- 

These had a rated air flow of 275 e fm through 

!These were moc%fied to take 10 ft2 of f i l t e r  

TMs papep has an efficiency of 99e9?$ fop 

&e "increased rcaistmee of the 

These two pieces of appwatus are flPuatrated in Figure 11, 

Several constant air  monitors a m  hat%;Lbed about the plant 

area, t h e e  of which are a t  outdoor locations, These w e  sbXLar to 

the f i l t r o n s  as regards the air-flow system and the filtep, In additLon, 

the f i l t e r  eap%ridge is shielded by a lead pig, and a GM tube f a  fixed 

t 

I 

along with those of o m  other fKLterbg dcvfeese 
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YaPticuiate AIP Contamination a t  ORNL 

Electrostatic precipitators, drawing 6,5 cfm of a i r  were also 

t r ied,  These colleetors were not satisfactory $or continuous monitor- 

ing due t o  voltage breakdown, While fn t emi t t en t  samples could not be 

d i r ec t ly  compared vi5th continuous sampbs acquired by filters, indica- 

t ions were that the  dec t ros tak ie  mekhod gave us less efficiency and 

reliabKLity, '!&is mekhod was shortly discontinued, 

Un x 17" E B a b n  flBlue=-Bp%nd~ X-pay film was used f o r  ~ad5.0- 

autography, 

cept for  the p U o w  mappers used by %he manufacturer in p & b g ,  for 

2% hour periods, 

contamination of the film and the marring of %he a~ l l l s ion  mfbse, 

The fKlm were -sed Lu c o n k e t  w5th the specbens, ex- 

The mapper was r e t a h e d  i n  order to prevent bo%h the 

The 

fatten;. could cause blemishes which may Be m.5s.$a3tsn for sa&at%on spots. 

!be threshold sensit5vity for  the me%hod was equf9T%jent to 8 8  c/n a% 

1% geometry with a d c a  whdow eoeUlteP, When the rad%oautogz%ph was 

made through an A%tway f i l t e r  bag the threshold wms 3,5 c/m on the 

same basis, 

Source of Contamination 

Any operatLon using or processing rafioaetive material &gh% be 

a possLble s o m e  of act ive particulate air eonhxbat ion ,  

have already been mentioned, 

UO,OW e h  of a i r  vented through a 200~ s%aak (105 stack), the e%evation 

of the base befng 8609 

Some off these 

The reactor, i%sebf, i s  cooled by M 

A l l  off-gases from the redox ppoocebs, and dis- 



Particulate Air Contamination a t  ORNE 

solver off-gases from the 'If3' a d  R a L a  processes are vented though 

the 200' chemfcaf stack (205 stack) a t  the same elevatfon, 

through t h i s  stack 5s & 20,000 e h ,  

A P f l o w  

Calf vent i la t ing a i r  for the 

RaLa process is discharged through a 509 stack (D stack) north of 

706-D buildf ig  a t  a flow of 2000 -bo 6000 efh, 

stack is 8208, 

5s vented through short  stacks on the roof of 706-6 bdl%, 

Bass elemtion of this 

processes C e l l  v e n t i l a t h g  a h  f o r  the I'3' and 

The rol l fng m3U9 POI-B, m y  be a S Q U F C ~  of air conkanhatfon 

of Pow specific activity in the pyoeessbg of metalfie mae t fmted  IJ 

and Tho 

A, Sedhtentatdion Frames 

Sedimentation frame coverage had been extended to 

17 locations by September ad, and fa 22 Locations by September %5th, 



PmtLeuSate Air Contadnation a t  ORNL 

The fm disposition of these colleetora is shown b~ Figure 111, . 
F5gures ITT, a, b, and e illustrate gmpMcally t h e  frame 

eolleetfons E s t o r y  from Augnst 13, 19&8 through Febmary 9, 19%9* 

Group A represents the  average value i n  particles/frame/day of eollec- 

tfons from frames w5th5.n 1600 of  t h e  reactor stack, groplp B represents 

the average of t w o  frames briseketfng the 706-D stack a% about 3008 

also about 600' f r o m  the reactor ataek and goup C is the average of 

a l l  other frames. D a i l y  rainfall i s  shown in inches by the  shaded 

blocks, 

pkesented by D f o r  slugs ceiseharged, and R for mptmed slugs, along 

with the ocemence of the major @ h e d e a l  opePatfons; fee, the RdA 

Sign%f5can% emmts fn reactoy operatfon are also shorn re- 

It 5s evident from these figures tha t  the rate of faU-out o f  

active particles i n  February 1949 is lower by two orders of magnitude 

than that  of September, l948, 

%here is a sharp temporary drop ia collection rats whenever there i s  

sabfal9. Th i s  may be due t o  one o r  more of at l e a s t  three factors, 

I% is d s o  h e a a t e l y  adden t  t h a t  

dz,, the rain may remove p a r t h l e a  %hat have fallen on the frames, ' 

ft may a scrubbing effect on the air itself, and it m y  prevent 

the relocatSon of  ppegfously se t t led  pa~tftsfea,  
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Gronp B collections do not follow reactor operation as closely 

as ai.%her gxoup A o r  C, 

were somewhat affected by chemical operations, eOga, there was um%99y 

It was found that collections in this r ie in i ty  

an increase in particle eomt &iring or after a R a b  run h 706-D or I 3-31 

IWI i ~ l l  %06-C* 

tha t  reloeatfon was a lmge contr5bubr %o a5.p borne partfeulate aetpivity, 

a propam of paving a32.tramled throughfares h the  plant areas, and a 

averages of two o r  more eo l lee tors  in some cases where the distances were 

nearly equal, 

Several points of i n t e re s t  imnedia%ePy appear, Febmary c o l l e e  

Ciona are down by almost two orders of magnitude from the September- 

October resultsa Tota l  shut-down affected near-by d u e s  mch more 
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shown 0y curve B in the  pmwious figure, shows an anomalous high value 

Ln t h e  September-October da%a, Thfs bears ou% the contention that; t he  

chemLcaP operations a m  dlso a sowce of pmtfetiLates, 

Date GPOUP A Group B Group C Group D Remarks 
9/1-15 2%6& Rem~aaP o f  d t i -  

p1e mptum 

10/22 - 108,2 
11/8 

11/9-13 2304 

11/U-3O E16.k 

December Z03 

Total. shut down 

Reactor down 

F i l t e r  in 
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I 

Group A comprises* the five frames wrPthin % " % ~  of 105 ataek, 

G~oup B wmprfaes the two frames bracket%ing 7064 md D buildings,, 

Group C comprises the s h  frames beyond group A but less than f0WV 

fmm 107 stack, except  roup B, whichxis about &OO* from ft, 

Group D comprises t h e  nine frames a t  mom than lOOOt distance, rnaxAmm 

zL,5008 a 

B, F i l t e r  '&pet Colleetora 

There mere six f i l t rons  available f o r  uses &ey were put k % o  

use emly i n  August, and by October 5 were in the locations shown in 

Figure VI, Of the fLve USPHS f i l t a ~ ,  four had been modfffed by September 

24, md p h e d  about the X-10 areas as shown in Figure VI, 

one was pEaeed a t  the AEC Administration Bui leng  5n Oak Ridge on 

The fifth 

Octoba~ Ue Five of the Airways mre placed on October PO and by 

October 15 the other five of %he ten t h a t  were w e d  were placed, also9 

as appearing in Figure V I e  

It was exriden% early b the Lmestigation %ha% f i l te r  eollee%fora 

rates did not follow %he sitme %Tends as frame secthnenbitfon rates. 

sults could no% be compared directly, homve~ ,  untfl OctobeP 15, since 

Re- 

sampling by f f l t rons  previous t o  that date had been by t m  OP three 

hour periods while frame collections occurred on a round=the-clock 

basis 
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Cornparison of data from the s k  f S t r o n %  w i t h  &am eoUectfon 

data shows that. peaks m e  only oceasionaUy cob@fden%, 

that collection peaks O ~ C U F  during the lattber part*a o f  the extraction 

cycles of both RaLa and $3',, TMa l a  espeeidlly notfeeable &en one 

obse=~ves the two Poeated just outside of  7'06-D Buildbg and new the 

semi-wopks iiz 706-A, The sequence 5s not; as elosa%gr folpowed by the 

It is found 

more distant sLa%%ons, but, as the eollectfon pate of  f '5Pte~ type 

dedeea% not  within 3009 of 7064 and D buildings f a  umalfy consides- 

ably leas than P particle /XKlO ft3p Sluetuations are no% as signif5- 

C m t a  

3% is a lso  i n t e r e s t h g  to note the effects of the b o  M a  

runs. The Ro~ernber f"u%l was unfiltered, The f i n a l  ewapopatfon and m- 

movaL of the produet took place owemight, during a temperature hversiom, 

It is quite ev5dent t h a t  the cell  .v%n%KLatfng a i r 3  which fs dheharged 

though  the 50 foo t  D stack, was boxed h by the Tnversfon and spread 

tkrough the tvhoPe plant areae A temporary fKl.te~ had been 5nstalled in 
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.. 
the duet venting through D-stack prior to %he January runo "he rise 

appeared %rom%hfs e-v-5dence m d  o%her studLes which 

l a t e r ,  tha t  airborne eant,&inbation was eseaphg though the  building 

rather than the  stack, 

be &seassed 

The USPHS filters would s e a  to give most smHd figures because 

o f  the lwge voluane of a b  sampled, %n one instance (706-D E pba%forn) 

I have been due t o  the fact  that the conee%fng or i f fee  of %ha fil%Poon is 

only 20 above f l o o r  level, whereas, t h a t  of t he  large f i l t e r  is 5058a 

I '  

1 '. 

This difference may cause %he ffltron to draw in more of surface dust 

a e h  is raised by foot  and other traffic, ApaPt f r o m  these, remlta m e  

no% comparable because of  differing locations, 

exception was the fl day period comprising the Nommbeno RE&% m, during 

a l l  average f o r  the thme and a half month p r f ~ d  from t h e  middle of 



It, should be noted %ha% none of" t he  activity detected in %own 

had much magnitude, 

threshold of s e n s f t i d t y ,  which, as p~ev5.oualy mentfoned, was the equiva- 

l e n t  of 0,8 e/m a t  10% geometry on a mica window eoUntera 

h40s-b of the partfclea noted were just over the 

The &way collections sham somewhat different eharaaterist-fes, 

First, the rad5oautopaphie teazhfque i s  not as aensf%fm as when used 

with other filters because o f  the interposition of t h e  E2 mg/em* of the 

filter paper as an absorbe~~ 

95% for particles of lp h p E e a  that mast of the sub-micron par$felaa 

may pass though %he paper, 

Second, the e a t b t d  affieiancg o f  

The most b t e r e a t h g ,  and pwhaps9 wignffican-b feature of '&e 

eornparfson between these filters and the f'il%rona is  the  change 5.n re-= 

Pa the  nxunber of prtielea detected on the two media, 

the outside Airway eoXLeetions compamd t o  the average of t h e  six f%ltrona 

gave a r a t i o  of rs% E t 8  in the latter hal f  of Ckt~bea~, and nearer 1~60 

fo r  Deteder and Jmaary, A dheoQ, cornparfaon was made a% one station 

The average of  al$ 



i !!E 

Partietilate A i r  Contamination a% ORNL 

and again bh4 le60 during December and Jamwe The greatest & fferenet: 

h general condit;iorns betmaan these two p e ~ f o d s  was the fiP%ering o f  $he 

reaekop eooUng &r af%er t h e  middle of" Novemberb It appears fyom these 

observations khat particulates produced by the chcmicaP operations are 

of extremely small size though high speeifie actixdty, and many possibly 

Qo62 Q .Q8 

oea5 

0039 

XoQ8 

% n o 9  

0.02 

0003 

0005 



. 

No%e:The R%ta rum i n  NCJV~XI~XP and January raised p%rtieulata air a e t i d t y  

so greatly %hat it was considered m ~ r e  representative of the true 

picture no% to average those d u e s  wi%h t h e  balance of the ~espee%ive 

&om this table it is obv5,oua that t he  hpmmmmt arideneed by 

frame &I.%% does not hold in %he ease of f i l ters,  

situation is the  fa&, as shownby the graph i n  Figure VII, t ha t  %he eon- 

tadnat ion is loeaffaed, and that t h e  con%9@xinat,ion 1 m l  of %ir in the  

area exclusive of the immediate xkix&%y of eberni6ed operatiam f a  XQW and 

fa%* 

The best  asp’et of %he 

e,  SuppPementanqy StacEes 

Besides t he  sampling and col lect ion ppoeedwes jus% reported, 

several studies were made by t h i s  and o t h e r  divisions t o  attemp% to under- 

stand more fully the sources and naturk of t h e  particulates in question, 

Some of these were eon%bna%%ons of work mentioned under Preli.mb%~y 

bmstigation, Others were suggested during %he progress of  the pWjee%e 

fmnes ne= 706-D had a Egher  active par t lc le  heidenee %hm expeetsd 



at ORNL 



NOT CLASSIFIED 
PHOTO #5081 

FIGURE VI11 

#5 FRAME COLLECTION - NEAR 706-D 
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NOT CLASSIFIED 
RHOTO #3568 

FIGURE IX 

#10 FRAME COLLlECTION - 150' FROM lo5 STACK 

39 



Particulate A ~ P  Con%aminatfon at ORNL 

PBateaaand Acid-Soluble Fractions of fiP&t5culateafl 

e/m (Beta and Gama) Appamnt 
Water-Solnble. Aeid-SoInbb % sf H d f - l f  fa 

Code sowce Fraction FPaetfon Tota l  (&p) 

10-W Me= Reactor 855 20 4.2 
PO-A Near Reactor 39Q3 80 62 

J-V ReaetoP Duct 9,266 204 70 
J-A Reactor Duct 370,000 9706 70 

D-tP 706-D Duct 365,000 68 16 
D-A '606-D Duct %%0,600 32 l.3 

~- 

The above data do not show my signif icant  difference i n  the 

decay rates of any pair of water-and acid-soluble fraetfons, 

appear i s  t h a t  the  wate+soluble ~ ~ % & A Q B  of the reactor-produced particles 

is m y  9maU compared .tho those produced Ln chemical opeyatioas, and the 

apparent haPf-U,fe of the reac%opproducad p&f@les f s  longer, 

What does 

S h e s  the 
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The %gee cannot be estimated, except %hat the  materfal i s  not 

fresh, A mile of %hmb for the  e a t h a t e  o f  of material, s ta t ing 

t b %  the apparent half-%Ve of 8 norma2 aggregate of  f i s s ion  products 

i s  a measme of the age, has sometimes been used, 

appued to U02 partielea issuing h n r  t h e  reactor f o r  two reasonso 

F b a t ,  mmium (oxide), bradia%cd in %he reactor in the exposed and 

finely d5$ided state exiaWng aftep a slug is ruptured, does no% =tab 

a norma aggregate! of FPQa sinee many of the! f5ssfon chains pass though 

gaseons speefes which fail t o  rerna5.n totally sceladed, and consequently 

the ends o f  the c h a k s  are Post, 

normal (no loss )  the decay scheme of the whole is a funetfon of the time 

of i r radiat ion as w e U  as coo- t h e ,  

TMs .rule cannot be 

Second, e=mn when the  aggregates ape 

The ~ Q S S  of t h e  gaseous fission products was established by 

Re Livhgston of the Chemistry Division, who made a detailed study o f t h e  

contadnation of the  reactor coolant &r (6)e 

of the  tots aekivfty of the  air stream was due to d m s  very short- 

l5md $sotopes of Xe and & wh5ch decay Ln flfght;. Dee%y-pradue%a of these 

gases were collec%ed on a chapged ~&re in his apparatus, and l a t e r  identf- 

fiad, 

He found t h a t  a large f ract ion 

P,R, B e l l  of the  Physics D f ~ f i s f  on, a lso  developed a sampling 

appaFatus f o r  the reactor coolan% air (‘1, T E ~  eonsis.teed of an adhesive 



Partieuate ALP r;ontaminatfon a t  ORNL 

tape, capturing par%feula%es by impingement and monitored continuously 

as it l e f t  the a b  duet, 

bcreasad parbfculate ac%f%Lty, 

T h i s  was designed t o  detect new rupt-8 by 

Both of these bws%i.gat%ona are r e  

ported 5n de ta f l  fn O'RML-197, 

The reaetor due% was also sarnpledwfth a cascade hpac tor  t o  

evaluate s ize  dis t r ibut ion of  activated U02 par%ieles;, 

done by R,Ha Wilson of the  Unfwrsity 02 Ftochester on November 4-6. 

The sampling was 

The 

The ins tmmt  had been ca'P5bmtad fop UO (sp, gr, l0,9), It 

was estimated tha t  the maxfmuun size o f  parRfeles of U02 taken b by the  

M e t  orffiea was 

2 

10 pe The mean value o f  the size fractions me:: 

1st stage 6Q r 
2nd stags 2o P 

le %I 
&Lh stage 0.7p 

FfPter 0 * 4 7  

3rd stage 



Par%ieulate A b  Contamination at OWL 

It &s% 

uo2 %he 
be noted %ha% if any of the active particulates are other than 

the flnorophotome$ic IIE%~Q&, how eve^, before %hey were taken to 

Rocheater, smeral. - 
s l ides  &om %m of t h e  m s  were ra&o-au%ographedo 

counts were taken on a l l  smplea, and the 

Table VIP shows the  

results of tb p - T c o u n t s ,  

#2a (1 hour & e ~  collection) 
#2b (73 hour decay) 

#3b (7 how decay) 
#3a 

#h 
#&b (7' how decay) 



Run #I was a 7 hour p u ~ 1  under noma1 operating condLtfons, 

Run #2 was a hour run under normal opera thg  c o n ~ t i o n s ,  

Rruna 1, 2, and 5 show t h a t  %he grea-best decay rates occur in the  

finer fmetionse Runs 3 and 4 show %hat the shor+-Umd fraetion appems 

only x i t h t h o  power ono B ~ t h  of these f h d b g s  a r e  conafshnti with the  

%heom that part of the act ivi ty  is due .e0 fissPon gases d@eayhg fn 

f'Ught, the active daughRer of which deposit on ,mwfaeaw of paptielesa 

Some of these daughter produets may also deposit W e e t l y  on the &idese 

Radio-autographs wb~e made of" mas #l, and 82, atageti! a-d. E a s b ,  

manos Induetrfal Tspa K f U n  w a ~  used a t  72 how expomeso  Detectable 

d i a e m t e  eentera of Wkening we~e counted as pax~tfalaw~ The Pesu l t a  

appear in Tabla VIII, 









ROT CLASSIFIS3 
DWG. #7434 

FIGURE XVc 

RUN #1 
CASCADE IMPACTOR SAMPLl3 C 





Particulate A i r  Contamination a t  ORNL 

. 
A report .fromRoehes%er gam some f igures  on paxptiePe? size dis- 

t r ibut ion based on these cascade impac%ar samples, 

a n a p e d  f o r  uparaim conten$ by the fhorophotometric method, 

assumed tha t  dlP upaxdun detected was fn the form of U O p  

The ssanples wem 

1% Was 

1% was ftwther 

assumed, for t h e  bas i s  of t5e calculations, that papticle densit ies 5n 

each s k e  range do not U f e r  fmm the true density and that a l l  p a r t h l e s  

a p p r o a t e  spheres, R e d t s  of the analyses and calculations appear in 

Table IX, 

The figures fn eofumn six were derived f r o m  the weighted average 

of sampEes #1 and 2, caLmfated on the basis of U0,OOO e h  ( f u l l  cLr 

These figures are perhaps not as  much of a cause for Mediate 

coneem as appeapa a t  first glance. 

particles less than O,3% become permanent atmospheric hpur i t ies ,  and 

that  par t ic les  less t h w  0 , l ~  aet as gas molecules, 

ob" UOz takes l8& minutea to fall 2009 (Sbkes  law, T 

average wbd velocity %n %Ma mea l a  -6 mph (6,2 fo r  IY+S), so that 

the amrage &stance traveled by a par t ic le  of this size and n%tme is 

Dust studies have indicated that 

Even a 481. par t ic le  

7Q°F), and the 

d l 8  mKLes, Ob=dop~sly thfs i s  not, accupate, since the te r ra in  i s  not 

level, but, on the other  hand, the  o r u i e e  velocity and temperature 
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-. P&5e&kite & Contadnation 

differentfal of' the effluent i 

exes t o  a greater height, 'l2-d 

%ow w5nd 1TePocity when the p a  

such distances the  dfLu%ican. A 

It 5s not htended $a 

eonat fon  s k c o  long tern opes 

Besides, the largep particles: 

while somewhat large to be cor 

tation and elevation by trafff 

the  m w d e  



t ha t  a mefine set on 

of any locathn, and 

rate o f  the other ten, 

milding with film 

found tha t  amfaces 

itfes ranging fmn 10 

sd the! pmb3,em o f  

id that, although the 

my opemtfon hmlvhg 

- caused a mechanical. 

*ations moaaftored in- 

c 

Ip 



Part iculate  A~.P Contamination a% ORNL 

, 

Resul%s of these tests m r i e d  widely and some of the operations 

released thousands of par t ic les  which wem picked up by an h y  

comw%ng than, Apparatus was developed t o  sweep stringers d t h  a cow 

bination of a mechanical 'brush and an air  a t r a m  whbh then passes 

through a f a t e r ,  Push-pods used in slug and s%finger manipulation 

were dpadw5th  a damp cloth as they w e m  &awn ou%* 

a general elean-np of  105 buflang,  

There was also 

A b  samplfig tests on January 7-13, 19.49 showed a 90% rednetion 

in partfele eount, Other  tests h & e a t e  a 90 t o  95% fmprowment. 

The film techniques used by BorkoussH fop d e t e r d d n g  surface 

contamination on f l a t  swfaegra in %rad apound 105 building was t r i e d  for 

the general plan% areao The AI. f o u  c ~ ~ e r e d  fELms were l a i d  out fo r  48 

hours, October 16-18, covered wi%h 1/2 fneh p b o a d  boards t o  s f i e l d  

them f r o m  mather and sun, 

perfod and many of the films sustained water damage. 

showed resul ts  of poor geometry 3-n many eases, and p&5efes of  $mill 

ae t id ty  were not de%ected, Egures XVI and XKCP WLust~a%e. the kind 

of results obtained, 

roof of the  fan-house (building U5) e 

t h a t  ham se t t l ed  between the  gravel of t he  r o o f  can be s e a s  

XVI1 depicts the radioan%ogmph obtainad on a grassy %%"e% m 2OU E 

o f  the  105 stack, 

A heavy rain (L65 inches) f e n  &ring this 

Those not daaagsd 

The film shorn in Figwe, XBI was &&%ked on the 

The effeeta of small par t ic les  

figure 



HOT CLASSIFIED 
PHOTO #3565 

FIGURE XVI 

ROOF 115 FAN HOUSE 

59 



NOT CLASSIFIED 
PIIOTO $3570 

FIGURE DlI 

GRASSY AREA 200' PAST OF 105 STACK 
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;he method has mrft for detcrmhbg 

-ea %o be covered is flattened t o  pro- 

m dYPabaga trench prodded around the  

s t e ~  damage, t h e  results should be 

qditfons, The experben%, wi$h these 

3eeause %he graasfng of the plant site, 

21 surface with inches of top-sofl, 

so that coverage b the %pea of greatest 



Particulate A i r  Contamination a% ORNL 

Of the t o t a l  of 767 swabs, 138 w e r e  contributed by a group 

These remits gave fur ther  e-ridenes, of the presence of a f ~  

borne radfoaetfvc pPtfauPate8, 

of the =%en% of thfs type eon%aanfnatfon, as it .b %el% t ha t  negative 

"he figures do not mppfy a good measure 



- 
Partfeulate Air Contamhation at om 

and caused %he ac t iv i ty  t o  spysad and be 

%.the basis 0% t h e m  findings, a t e m p o ~ q y  fUker simXlw h 

plan t o  the reactor filker was designed and ~ns t&lad  in the eeldl ven-b 

duet, 

A dfaeharge of 

D i d s f  on, 

ConsequeneSy, the Januaqy RaEa m pesentad a d%fferent pk%tWe. 

0,1 ewfa of ael%$%~%ty was e s % h % e d  by the T e c M c a  

Fgr speefa.3. study of this m the I)-s”%%ck was monitored by 

means of a mobf9e constant a f r  monitor s%mplbg the stack efflnen% f r o m  

5V befan the top %mfde by means  of a 1” rubbess, hose, 

changed egelng tm hours dur ingthe  f i r s t  stages of the cycle, 

of p a r t i c u l a h  activity &id not cohe lde  with the peak o f  t o b l  a e t i d t y ,  

Peak of particle density occarmed duAng transfer operations from B-6 t o  

EXg,  

addition showed a peak a t  the end of $he evaporation eyeb which had no 

Ff l te rs  were 

!The peak 

Total ac%ivit3 a.3~0 ahsmd a high value a% this t ine,  but 5~ 



Particulate A h  Contadnation a% ORNL 
oRNk.289 
p%g= 6% c 

the f ac t  t h a t  particle density was , g ~ e g % e ~  on the E pla'bform of 7 0 6 - ~ ,  

as detected w5th both 8. f f l t ron  and a USPHS ff.fter, than h the stack 

itself, 

ing ra%her than the stack, 

W s  SraCbieated "%at p a s t i s d a t e s  were coming through the  btxild- 

Both %Us phenomenon and %he fa&$ %ha$ a considerable number of 

p%P.efcles s e a  to pass t b n g h  %he fl.I%er k&lca%a %ha$ %ha eonta&xm% 

5 s  5.n the form of exb~emesly ana21 pm'bielea, QP %n droplets OF rds% w'RLc%r 

saturate the f2lte.p and are blown of f  agab fmm the exit side, 

exkreme minuteness of the particles was a lso  fi&eated fn a subsequent 

observation t h a t  particulates seem t o  spread by d%f%uaion during remom3 

of the product for s E p n % ,  men though them is an air  draft ink0 %he 

The 

@ell when t h i s  operation is performed, 



D5seussion: 

l'?f&le the subject o f  thLs irweatfgat-ion was a variation o f  a 

dusk problem9 lft%le 5n $he p r e ~ o u a l y  d e ~ ~ o p s t i  dust a%udy techniques 

-was &~ectSgr applkable, 

order of magnitude of contamfnatfon o r  e m %  densfty kve31s was t o t a l l y  

different. Dusts eonta-g sSlfea arc considered t o  reaeh a dangerous 

The ehfef p s k k  of dfifference was t ha t  the 

eoneen%ratfon a t  levels of 5 t o  50 mfllfon particles per ft 3 depending 

~n free s n c a  con%ent, whereas9 eonmntm$iona of radhae%3.m dustb 

Hany of the  mtskhoda used were comparatively gross, but we were 

faced d t k i  %he problem of collecting a mass of h f o m t f o n  in a sho~% 

time, 

many of the effects studied were t~ansibry, Constsuction of filtersg 

g a s s i n g  and p a w  of the plant m a ,  and general. clean-up operations 

mm in ppoogpess b h g  the comse o f  t h e  inma%igation, so khat a eon- 

There was usually not time t o  cfem%op OF refine techniques since 

t bna t fon  o f  an alpcady establfshed psmcxedwe gave a 'bet tm comparison 

of' conditions than mnEd have any new tedmfque whfeh mfghk be an fmprom- 

ment a s  regards an approach t o  an absolute evaluation of level of eon- 

tamhation, 
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The assmptfon tha t  the secKmenta%ion $p%me eoPPeet5ons, though 





Ilr par%iculate A i r  Contamination a t  OWL 

A t  the  present time .informatiom is insufficient to judge 

what hazard, if my, particulates, meh as deseribad, introduce Anto 

r., 

I C  

I 

the  enrbonment, of plan% personnel and hhabi tanta  o f t h e  riehity 

o f  the plant, 

PikePy to reach, and be retained in9 the almoU of the lungs corn- 

prises the s ize  range of 

Pre-v-Lous dust stuclies h-ve established %hat dust most 

- 0,5 to 5eO)a, The h is to ry  of p a r t k l e a  

7 l o p  whieh may ge t  into the bronchial tract, buk not reach the 

alveoli:, has not been studied, as they a m  not s fgdf fcant  from %he 

point of x k w  of sfllima%s hazardo 

par t ic le  of Ugh spec52ie aetfd%y may bseome lodged in the  bPoncMal 

t-raet and cause a high degree of local. fmadb t fon ,  The ef fec ts  of 

frradfation on the protectxive mechan5sm i s  unhom,  There f a  a l s o  the  

possibi l i ty  that  small hsoluble  radfoaetive particles, each by i tsel f  

b e h g  innocuous, may be concentrated by phagocytic action t o  the p o h t  

where the aeeumulated radiation level may be damaging, 

It i s  concaimb%e t h a t  an b.sohbl@ 



Particulate A5s Contamination a t  OmIL 
'* 

A final smluta t fon  of the actual  hazard due t o  radioactive 

partfeulate a b  contamination ttJrfll entaLL a long-range program of 

pathologfed atady, The level of gross air contamination is well 

below the accepted tolerance of 8,5 x %Om' p / e e  (based on Iul) , 
except; for oeeasfonal short periods i n  the  isotope separation areae 

Although the e o n s e n m ~  of op5.nLon 5.8 'chat .ma l l  fsoglated areas o f  

tfssue a m  R I Q ~  yadfo-resfstant thm m e  Parge areas, the  safety faetQJ? 

introduced thereby Bs, a t  beat, a matter of eonJeetuFa, 

p r e l M n a r y  study, previously mentioned, has established the  size 

dist r ibut ion and nature of the ~ ~ a r f o u a  types of pmtieles podueed 

After the 

in t he  different  operations, pathological. stgucEes w i l l  be required 



Pm%f&ata ALP Contamination a% ORNL 

Material That May Become 

Lodged in the Lungs 

Report 

(5). ORNk-%gk6 Particle Problem Progress Rep~rt J,S, Cheka 

arld 
0RNIP.m Particle Problem Progress Report 

0-319 Particle Problem Progress Report H,Jo McAEduff 




