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I . Introduction 

On September 14, 1962, 8.3 cxries of iodine-131 w5re emitted from the 

Hanford Redox Plan t  a t  a rate of from 0.35 t o  0.65 curies per hour f o r  a pe r iM 

of approximately 18 hours. 

p lo t t ed  from meteorological data and samples were collected across the predicted 

p h n e  t r a j ec to r i e s  a t  several  altfttzties ard et dfstaaces up t o  50 rciLes from the  

Piant.  F i l t e r ,  charcoal trap,  and sir sazpfas were collected during tke emission 

usicg aircraft;  an& causttc scrtz'jSer, vegefAtlor?, ard a2lk sa-les were collected 

dwing and a f te r  the effiissim a t  selected g r a n d  s t a t tom i n  the usual minner. 

Appropriate background sarqles were collected before the t e s t  began. 

conclusiom are  given i n  -&is report .  

11. s m r y  

During t'ze emisston, the 'plume t ra jec ts r ies  were 

The data and 

A controlled iod ine431 ercission frori the Redox 3ia~t was ster ted a t  about 

1'Tco l o c a l  time on Septenber 13, 1962, azd c m t i m e d  f c r  a b m t  18 hcurs . 
emission rate was controlled between 0.35 and 0.65 c-nies  per hour. During the 

emission, f i l t e r  and air ssrgples were collected using a i r c r a f t  aad fixed gromd 

cc l lec tors .  

a l s o  collected.  ~ 1 1  samples were mslyzcd locally f o r  1131 and soze air s a q l e s  

were analyzed a t  &IL for 

me 

Following tbe enissicn, sets c$ vegetaticlr era m i l k  s a ~ p l e s  were 

ana rsdLDxenon. 

The most important set of sazples m s  cal lecte2 on t 're noroicg of September 

14, ' 

t he  Redox Plant. 

alosg a2 arc  akcu-i; 50 miles d m w i o d  from 
.. - _ .  

F i l t e r  and a i r  sazples were ccllected a t  regular intervals  along 

the  a r c  in three passes, a t  1o00, 2o00, and 3ccO fee t  above the terraLn, respectively. 

Guidance i n  choosing the sawl ing  t i n e  snd a l t i tudes  and i n  selecting the a rc  t G  be 

fl0m was supplied by tbe Hanford meteorology staff, u i n g  p h n e  tradectory predic- 

t ions  . k 
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A 9  predictable meteorologicslly, 60 signif icant  1131 c~ncentluti3n.s were 05- 

T l ' 2 T  served on the f i l t e r s  exposed at 3OX f ee t ,  brr% significaktly hj.gh A - ~ ~  resu l t s  

were obtainej. i n  the predicted ghrie  poztt5ocs af l a  ar?d 

flights made a t  l5CO an5 ?Coo f e e t  c;s.er the ssze t e r r a in  on the previo.3 day, before 

the  emission was s ta r ted ,  provided refcerexe &+A. 

fee$. BELckgrcucd 

Other f i l t e r  sanples were taken over t 2e  raage of about 1 ta 25 miles dam- 

wind of the  Redox P l a n t  using t5e EIazPmB Eeschcrzft plane'  - . -  r . 

131 , _  - -  -- 
The I p l m e  was dezec5eZ. a t  several  pciQts  out  t o  a b x t  10 miles by Deans 

of a gama s c i r . t i l l a t i o s  mordtor carziec? 22 the Beechcraft. 

f i l t e r  assent ly  ' 

p l w e .  

A Geiger comter- 

-ms r;ct sufficiently sensit ive t o  detect  tfie 

Sigh 1131 valzes were c b k Z e 3  33 ?rsr- f i l t e r s  col1eci;ed dcrJnwin9 of the 

emission point ct t o  abmt 19 mi.leo, t8z% t k e  res:ilf3 af 29 to 25 miles were ro3  

clcarly pas i t ive  unless acre t k z i  m e  PES wes mde thxou& the $we. 

t l v i t y  for detection of t b e  plme b-J fi>';er saapling was sericusly hswert.l F-y 

t he  high concentration c,f f resh falloil t  iz the  air at the t h e  cf the t e s t .  

Tiie sersf-  

Greater 

ground s t a t ions  befcre, dwing, acd a f t e r  the  t e a t  ea i ss im.  They were collected 

over a large area about the Hsrford site, e m e  as par* of the  n o n e 1  regional m m -  

i t o r i n g  program a t  Haniord, acd others as spec ia l  samples following $he t e s t .  From 

. _/ 

the  samples col lected on September 14, Ir31 ccncentratioos above the backgrgmd due 

t o  f a l l o u t  were found only i n  c a w t i c  scnibber air saGles collected i n  the m - E  
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and 2004 areas and in sagebrush samples coilected i n  the Xo-E and m-W areas 

and near the 100-F area. A high value obtaioed on oae m i l k  sample, collected 

near Moses Lake, Washingtos, on September 18, may be par t ly  due t o  the emission. 

A pasture  grass sample collected a t  the sarne location did not correlate with the 

milk result . Variat iom of 1131 concentrations i n  other vegetation sa!nples 

co l lec ted  during the  week fo l lo i iag  the test c v d d  ncjt be considered sigDLfican% 

because of an abrupt increase i n  f a l l x t  levels  of 1131 occurrt,ng within a dtiy 

a f t e r  completion of the  t e s t .  

111. m i s s i o n  Control 

The was generated by carryillg out a dissglction of irradiated uranium 

in a Redcx dissolver by a slar skmer gracess. The ra te  3f dissolGti5n w2s C3n- 

t r o l l e d  by the temperature of t3e dissolving sollrt ion,  as regula+,ed by the stean 

supplied. Additional ccn tml  of the  er&ssioa r a t e  was achieved by passing the 

d isso lver  off-gases t k m g h  or around the si l t-er n i t ra te  absorSers, as necessary. 

A calibrated,  continuous 

primary means of monitoring t3e emission ra te .  

means of a continuous recording of the specific gravity of the dissol-rer soluticr, 

mcnitcr* on the plant  exhaust stack provided the  

D i s s o h t i o n  r a t e  was moziitored ky 

fcllowing i ts  r a t e  of increase. 

Redox s tack  and the r a t e  of change of the specif ic  gravity of the dissolver SOIL- 

The records of the I1jl emissicn r a t e  from the 

t i c n  are shown i n  Figure 1. 

D u r i z g  the period of this tes t  the Furex Plart was diesalving feed at  b. 

norms1 ra te ,  but t he  cooling time of all of t h e  material was grea+,er than 1s 

de- . emissions from Purex duriag t h i s  period were cegligi5le 

d m e  monitoring instn&ectat ion lies been described i 2  refereace 6 . 

I t  
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23. Sauple Collections 

Approximately 11.5 hours after the radioiodine emission begsn, sampling . 

- - _._ - .--- 
flights were s ta r ted  

Richland Operations Wfice, AEC, was used f o r  collecting par t iculate  f i l t e r  and 

charcoal f i l t e r  samples and f o r  measuring gross gamma radiation levels downwind of 

The twin-eagine Beechcraft of the 

the  Redox plant within and near the Eanford reservation. Maple collecting f l i g h t s  

were made out t o  about 25 miles from the Redox plant.  

by personnel of the Security Division, RLOO, and the sampling and counting equip- 

The airplane was operated 

ment car r ied  were operated by personnel of Hanford Laboratories. 

about the sample col lect ing equipment and the  r e su l t s  are  given i n  Section V I I .  

Further de t a i l s  

I n  additioa t o  the ebove, a large nunher,& f i l t e r ,  caustlc scrubber, vegeta- 

t i o n  and milk samples were collected during and s f t e r  the t e s t  period through the 

air sampling s t a t ion  and regional mmitoring nefxork of the Hanford E!nviror.ceztal 

Studies and Evaluation Operation. 

V . Meteoroloaical Data 

I n  order t h a t  the  locations where a i r  saqles  should be taken could be speci- 

f ied  accurately, suf f ic ien t  meteorological support to define the position of the 

plume a t  any t i m e  wa3 necessary. Continual meteorological consultation t o  the 

cont ro l  center t o  a i d  i n  the dispatching of the a i r c r a f t  and i n  determining f l i g h t  

l eve l s  was required. This support was given by personnel of the Atmospheric Physics 

mera t ion ,  Eanford Laboratories. This force consisted of groups of spec ia l i s t s  
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experienced i n  the vagaries of the localwiEds, and the diffusere p r q e r t i e s  of a 

plume released t o  the atnosphere and t h e i r  relationship t o  the ambient neteorolog- 

i c a l  conditions. me problem was siailsr to those with which the grocp is t ra ined 

t o  cope i n  its norms1 responsibi l i t fes  t o  the Hanford coqplex. 
a 

The predictions of the plume positions were based on measurements of the  air 

proper t ies  a t  and about the source of the release (which is shcwn i n  Figure 2 and 

3) .  Measurements of wind and temperatures which wolrld i n i t i a l l y  a f fec t  the release 

were taken 2 miles northeast of the source a t  the Ranford Meteorology Tower. 

bl0-foot t m e r  is instrmented a t  50-foot levels  f o r  temperatme, dew point, and 

wind dLrection and speed. m e  wind direction ard sFeed thrmgh deeper levels  of 

the atmosphere were determined a t  more o r  l e s s  regular intervals by the tracking 

This 

of balloons near the Meteorology Tover. 

f o o t  layers  were obtairea. 

from other s ta t ions removed froa. the Hanford area. 

because of the t ra jectory of the cloud, were obtaized frorn the A i r  Force Base a t  

Mean wind vectors representative Of 1203- 

On a larger  scale, win9 nceesuremerts were available 

'12ie most useful of these data, 

Vases  Lake, 50 miles north-nortfieast of the source. 

averages of wind direct5.cn and speed centered on the how. 

from these observations tha t  occurred between reportiag periods were a l s o  noted 

These data were 5-minute 

Sigcflicant deviatiom 

and factored in to  the analyses. Other wind and temperature measurements were re- 

ceived frorn Spokane, Seattle,  m e  Dalles, Pendlzton, Yakim, Ephrata, and Lewistoo, 

Idah9 from routine Weather Bureau.and aviation broadcast f a c i l i t i e s  and from the 

Richland and Pasco airports .  Additional wind data which served t o  yield more 

de t a i l ed  information for the intermediate scale were obtained froa a telemeterirg 

network of several  remote s t a t iocs  located thrmghout the Hanford area, outlined 

by a b s h e d  l i n e  i n  Figures 2 and 3.  

foo t  mast a t  each s ta t ion.  

These data were 1-hour averages from a 23- 

An important supplemen'tary source of data was 8 roving 

I 3 

http://direct5.cn
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team which could be dispatched t o  any l x a t i o n  t o  obtain s-u-face and upper l eve l  

winds by tracking balloon releases. 

Trajectories of material were ob+&in-e;? f r m  the netwds of Kind da+& tha5 was 

available. The roving team was dispatched t o  areas of in te res t  t o  obtain nore 

de t a i l ed  information than would otherwise be available, and would often obtain data 

between t h e  regular reporting periods. 

the  continuous records at  the Hanford Meteorology Tower and the data-on-request f ro3  

n e s e  data analyzed i n  conjunction wi+;a 

t he  l o c a l  a i rpor t s  enabled a close sunreillacce on the plume. 

valuable in the quali tative assessment of the wind shearing effect  on the emLtted 

plume and were a lso used i n  the ant ic ipat ion of wind changes i n  the lower levels. 

The upper winds .were 

Temperature prof i les  from the Hanford Meteorology Tower, Spokane, Salem, a39 

S e a t t l e  were used t o  determine the s t a b i l i t y  of the atmosplzere which d i rec t ly  C ~ O -  

t rc ls  the ve r t i ca l  dispersion of the p l m e  acd was thus a primary consideratian in 

t he  determination of the f l i g h t  leve l  . 
Meteorological support was given t o  the problem early on the morning oi' 

September 13 with a general analysis of the weather conditions a t  t ha t  tLme wMck 

l e d  t o  the  prediction of the t ra jec tor ies  f ro3  releases l a t e r  i n  the b y .  This 

early analysis,  although necessarily quit;e gereral  because of the  sparsLty Of 

observations i n  cer ta in  areas, Braved t o  be valuable i n  tha t  those areas W l d c h '  

would be affected by the planned release l a t e r  t h a t  day were correctly designated, 

and samples of the background were obtained on t h i s  basis. As i t . t u rned  out, the  

' 

v a r i a b i l i t y  i n  the background samples t h a t  were obtained gave r i s e  t o  the considera- 

t i o n  that some of the  samples could, i n  addition t o  what is normally considered 

backeound, include materials which were stack products of other Hariord processes 

This is discussed i n  d e t a i l  i n  the section of t h i s  report which pertains t o  the 
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analys is  of the background samples, The meteorological problem here is t o  desig- 

nate  those areas which would be affected i n  the event that additional sources did 

a f f e c t  the  observed background o b s e m t i o r s .  

From 08CoZ t o  22002 September 13, the general circulation over the area of 

i n t e r e s t  was such tha t  any material released f ron  Hanford in to  the atmosphere' 

would be transported north t o  northwest cf that area into a reglon i n  which the low 

l e v e l  a i r  flw is greatly influenced by rugged t e r r a i r .  Wind rneaswements from the 

B n f o r d  Tower, Richland Airport, the roving p iba l  team, Yakim, Ephrata, and Wenatchee 

~ h m  that a pers i s ten t  southeast t o  ncrthwest flow characterized the period, but the  

seDaration between these s ta t ions is  too great ta a c c a u t  f o r  a l l  of the loca l  io- 

f lue rces  which would affect  scch a pluze. preferred path of such a release 

w m l d  follow the  Co>mbia River Valley f ron  iIs?iford Earthward t m r d  Vantage, but 

it is a l s o  quite pro6able that p o r t i m s  of the release material woulrl be influenced _ _  
by many loca l  small scale c i rculat ions t h a t  w r u l d  carry it upslo?e in to  the valleys 

i n  and about Ellensburg t o  the w e s t .  From the  data which were available, 1% is 

not possible t o  accurately posit ion the plume a t  any part icular  t h e .  Hewever, it 

w o a d  be very l i k e l y  that the segments 11t .o  12 azd 12 t o  1 tnarked on Figure 3 

would be affected by such a release. I n  the evert  tht a release i n  this period 

is judged s ignif icant  and is factored i n t o  the analysis, the most reasonable ass-m- 

t i o n  is that the samples obtained i n  these seguicnts do reflec5 a cmtr ibut ion frsm 
- 

t h i s  plme and, therefore, are not tme hackgromd data. 

Meteorological support was in tens i f ied  near the time of release a t  23001:; 

September 13 and continued from'that time u n t i l  the  termination of the  sampling a t  

approximately 1 m Z  September 14. 

s l i g h t l y ,  carrying the  material t o  the northeast over a region in which the effect  

At the time of the release, the wind had shifted 

.- 



'of topograplly on the  w i r d  F r i a b i l i t y  was less thazz tkat  which was previously ob- 

served. 

which was available i n  t h i s  region. 

s t a t i o n  as determined by the balloon asceLsions. 

!The plume t ra jectory could be more preciseiy predicted with the data 

Table I summarizes the winds a t  the Hanford 

The time i n  the table is Z or  

Greenwich time. 

7 hours is subtracted from the values givea.) 

t i o n s  a t  which the observations apply. 

from which the wind is  bluwing i n  degrees sod the wind speed i n  @I. 
i s  t h e  mean wind v e c t x  i n  a layer 1293 f e e t  deep centered about tbe given eleva- 

t ion .  

table can be interpreted in the same manner as Table I, except tbt the surface 

wind was estilsated a t  ground l eve l  a t  the location vkere %he obsermtion was  taken. 

The locat ion of the observatfoil is also entered ia the last column. Table 111 

sumrizes data obtair.ed fron t h e  410-foot t m e r e  

(To obtain loca l  t ine,  which was Pacific b y l i g h t  savings time, 

The colmns a re  headed by eleva- 

Each ec t ry  i n  the table  is  the direct ion 

Each entry 

Table I11 summarizes the upper Wisd cibservations from the roving team. This 

The w'rnd measurements a re  entered 

i n  terms of the i6-point compass notations [i.e., .V = variable, S = smth,  SW = 

southwest, e tc , )  and these indicate the direct ion -- frm which the wind is blowing. 

The wind veloci t ies  a re  hourly averaged centered about the time entered. 

The temperature difference between %e 4cO and 2Xl-f oot levels as measwed on 

the  tower (T4m - T a )  and the difference between the 300 and 100-foot levels  

( T ~ J J  - T l a )  are indices of the degree of s t a b i l i t y  i n  the lower atmosphere. 

These temperature differences a re  l i s t e d  i n  Table III and are  5-minute averages 

obtained one-half hour pr ior  t o  the time designated ir the table.  These quant i t ies  

a r e  r e l a t ed  t o  the ve r t i ca l  growth of the diffusing plume and are useful i n  esti-  

mating the altitude a t  which the plume can be detected. Values i n  the tab le  

g rea t e r  t h a n  (-)0.6 are associated with gradxi1 ver t ica l  plume 'grcrrth and the atmos- 

phere is  described as being stable-o Moderately s table  conditions characterized the 
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lower atmosphere during most of the period cf release and hence also &dring %he 

period during which the s a w l e s  were obtained. Estimates cf t,be ve r t i ca l  ex+,ert 

of t h e  plume a t  50 p i l e s  dmwird based OX a ressona'ole ex tmpola t im 02' experi- 

mental data obtained througll previous Hanf'ord research wait? be approxinately 2ooo 

f e e t .  

. -  

_ _  

The reasonableness of t h i s  estimate has been suppr t ed  fur ther  by the  tez- 

perature  p ro f i l e s  obtained by ballcm relsases  at Sskm,  &=goo am3 Qokane, 

Washington. These data s h w  t h a t  a stable layer  of thickcesa m3-3oof, f e e t  

developed ic the evening of Sept,ezber 13 an3  was smtained mt i l  16mz Septenber 14- 

A t  50 miles, the greatest; cooceEtrations could, therefore, be e-xpected i n  the lower 

lOC0 feet of the atEosphere* F r m  1CCC-2XO fee t ,  the F l u e  is s t i l l  signzffcant, 

bu t  a t  3000 fee% the quantity of plzce lraiuerial is  probably irsigntZicazlt re la t ive  

to background. 

300-800 f e e t .  

A t  locations near the sourceo the  peck CSXM 5e expecte3. be+xeer_ 

Data from a l l  locations were used t o  develcp a descrip$i.on of +he s t a t e  o f  

t h e  atmosphere f r o a  which e s t i m t e s  of the dispersior; ar?d t ra jec tor ies  o f t h e  

plume w e r e  made. Figures 2 aod 3 show the t r a j ec to r i e s  t ha t  wsre o3taiced. Fig- 

ure 2 shows the plume ceLterlines that were corstrzcted usi3g primarily %he I3nf'x-d 

Tower, rediotelemetering, upper l e r e l ,  and Moses LaZre sxd'ace whds. mess  a re  the 

center l ines  which a r e  associated with releases from the scute from m J Z  Se3tezber 

14 t o  o%DZ September 14, 1962. The tLme is indicated with each t=.aJectory SO that 

d i r e c t  evaluation of the s a w l i n g  t i n e  r e l a t tve  t o  the plume centerline car, lie ea s i ly  

made. As can be seen frai Ta3le 111, the conditions a t  Noses Iake became csln a t  the 

end of the  period so t h a t  semistagnation occurred in t h i s  v i c h i t y .  The calm wilds 

a t  Moses Lake should be interpreted as winds below the t h e s h o l 0  of the anemometer 

used f o r  the observation. 

still bei rg  transported, but a t  a mdi reduced r a t e .  Taere is ED b a s i d f o r  pr&osis 

There is l i t t l e  doubt t ha t  portio3s of the pluDe were 
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beyond Soap Lake, but assuredly the width of the p lme  in t h i s  area will have a 

grea t  lateral extent resul t ing from the direct ion var iab i l i ty  associated with 

I 

l ight winds and wind direction shear which was evident from the balloon runs. 

Figure 2 shows the p l m e  centerlines as they existed frm osxx)-18ooZ. 

noted t h a t  the t ra jec tory  underwent an abrupt s h i f t  so that the centerlines a r e  

found northeast of the source. However, becsuse of the semistagnant air t o  the 

w e s t  of Moses Lake, portions d the  cloud which had been released during the night 

remained within that a res  throughout the period and sampling as l a t e  as 1.8302 

September 14 probably would detect  it. 

It w i l l  be 

Figure 3 shuws the plume centerlines relevant t o  the air  sampling. The wicd 

s h i f t  t h a t  occurred.in the night, - lmZ September 14, has brought about 2 prongs 

of dosage maximums. 

path of the material  a t  the time the sampling cmmenced and the second is the r e -  

The first,  which is directed west of L i d ,  is the preferre5 

sult of stagnation i n  the Ephrata a re s  of the release which had been made during 

the  night. The f l i g h t  path followed i s  indicated by the heavy l ine .  

reference due eas t  of the source and fallowing the  f l i g h t  path cm.nterclockwise, 

% k i w  

i r i t i a l  detection of the plume edge was expected 10 miles north of posit ion 4. 

The highest  concentrations, however, a re  t o  be found 5-10 miles northwest of pos-l- 

t i o n  3 and a t  posit ion 1 (Ephrata) where stagnaticjn had occurred. Detection is 

least l i k e l y  i n  the  area about posi t ion 2 where only fragments of the  dispersed 

p l m e  are l ikely.  

pos i t ion  12. 

No detection was expected south of position 4 nor west Of 

Vegetation sample detection has much the same expectancies as those of t he  

a i r  sampling. 

near the  l i n e  from Qhrata t o  Moses Lske t o  west of Othello t o  the source would 

have the highest probabili ty of detection. 

Huwever, because of the pers i s ten t  nighttime trajectory,  sampling 

The areas i n  which vegetation detection 



is likely are defined by the westward lobe in.Figire 2 and the eastward lobe i n  

Figure 30 

ments may not correspond t o  those of ihe highest vegetation sa-les. Because of 

It is signif icant  that the locat ior  of the highest air dosage measure- 

the stable nighttime con3itions cmpled w5tA stagnation, the deposition on the . _  

ground in the westward lobe is expected t o  be greater than that found in the east-  

ward ~. 

eastward lobe where the  plume aispersal  has been much less  3han that in the  west- 

ward lobe. 

lobe. A i r  samples, on the other hand, are  expected t o  be a maximum i n  the 
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VI. Analytical Method Used f o r  F i l t e r  Samples 

A l l  f i l t e r  samples collected by the a i r c r a f t  were i n i t i a l l y  analyzed by multi- 

channel gamma-ray s c i n t i l l a t i o n  spectrometry using NaI (~1) detectors . me samples -. 
- .  

col lected with the AEC Mn-engine Beechcraft were i n i t i a l l y  counted i n  a five-irch . _  

wel l - type  NaI (Tl) detector operated i n  anticoincidence with a large p las t ic  scin- 
-- 

t i l l a t o r  shield (l). . Detectable I& was o5aerved on all samples collected by the 

Beechcraft during the emission. Zr-Nb-95 and Ru-Rh-lo3 ac t iv i t i e s  were found on 

the  paper par t iculate  f i l t e r s .  
dr 

.- The f i l t e r  samples were i n i t i a l l y  counted i n  se t s  of 

about e ight  or  more between two opposing eight inch diameter by four inch thick 

N a I  (Tl) detectors, o r  i n  the two inch diaueter well  of an eight inch diameter by 

eight inch thick N a I  (Tl) detector. 

on t he  charcoal impregnated f i l t e r s  collected a t  50 miles. 

quant i t ies  of other " f a l l  out" a c t i v i t i e s  were observed on composites of the par t ic-  

u l a t e  f i l t e r s  (IPC paper) . 
composites containing f i l t e r s  exposed close t o  the source. 

by five-inch thick well-type N a I  (Tl) detectors were wed t o  obtain garrrna spectra 

No radioactivity above background was detected 

Zr-Nb-95 and lesser  

Above normal levels  of 1-131 were found on some of the 

Three five-inch diameter 

on each of the "close-in'' samples and on some of tfie IPC f i l t e r s  exposed a t  50 miles. 

Estimates of the Ru-Rh-103, Rn-Rh-lS, Ba-La-lb0, 1-131, Cs-Ba-137, Ce-Fr-l4k9 acd 

Zr-Nb-95 a c t i v i t i e s  were calculated by the GEM prsgram (2) from the gama-ray spec- 

tra. 

a l s o  analyzed by gama-ray s c i n t i l l a t i o n  spectrouetry . 
The two large I P C  f i l t e r s  exposed during the en t i re  f l i g h t  were 

Abcve normal levels of 

1-131 were found on the f i l t e r .  

The i n i t i a l  counts on composited samples indicated t h a t  the 1-131 ac t iv i ty  

l e v e l s  on most of the individual f i l t e r  samples could not be measured by n o m 1  

gamma-ray sc in t i l l a t i on  spectrometry. 

by separating the iodine and counting by a multichannel beta-gama coiccidence 

Consequently, these f i l t e r s  wese analyze$ 
c 
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. .  

method. The procedure used is as follows: 

The f i l t e r s  were spiked with a known amount of 1-125 and ashed i n  a quartz 
. _  

tube i n  a stream of oxygen. 

and 1-13 a c t i v i t i e s  were passed through a gas scrubber containing water satu- 

ra ted  with SO2 t o  col lect  the iodine. 

The off-gases from the ashing, containing the 1-125 
- -  ". 

The iodine ac t iv i ty  was collected by 

carr ier-precipi ta t ion with a few m i l l i g r a m s  of AgC1. 

dissolved with cyanide and then re-precipitated. 

t ransferred t o  the  w e l l  of a small beta sensi t ive p las t ic  s c i n t i l l a t o r  and 

dried.  

The A g C l  prec ip i ta te  was 

The precipi ta te  was f i r a l l y  

The 1-131 ac t iv i ty  in the  PrecipifYate was measured using multichannel 

beta-gamma coincidence spectrometry. 

1-13 photo peak was about 0.05 counts per minute. 

as measurea with a calibrated 1-131 source was between 0.2 and 0.4 depending 

The backsound i n  the region of the  

The counting efficier;cy 

on the detector system. 

The dis integrat ion ra te  of the 1-131 a t  2:cO p.m. on September 149 1962, was 

calculated using the Gm program (2). The chemical yield of eszh s a w l e  was 

Each sample was counted f o r  a t  l ea s t  lm minutes. 

measured using a well  type NaI (Tl) detector t o  count the 1-125 X-ray and 

gamma-ray ac t iv i ty .  The 1-131 disintegrat ioc ra tes  were then corrected f o r  

. yie lds  which averaged about 60 per  cent. 

,The GEM computation program yields an estimate of the standard error  based on 

Counting s t a t i s t i c s .  

coincidence measurements due t o  the presence of varying amounts of s i l ve r  su l f a t e  

coprecipitated with the s i l ve r  chloride, which reduced the beta counting efficiency 

An additional uncertainty was introduced i n  the beta-g8mms 

and resu l ted  i n  a bias. The procedure has been modified t o  eliminate the s i l v e r  

sulfate coprecipitation i n  the future.  A few of the resu l t s  may be biased on the 

high side due t o  t races  of 1-131 i n  the laboratory equipment. 

indicated i n  the data presented l a t e r .  

These r e su l t s  a r e  

it was found during these analyses t h a t  

SIM 



glassware which has never been used w i t 3  1-131 t racer  anrst be use3 f w  the chemfstrj. 

VII. Results 

A .  Samples Collected Wi%h me Xanfx3 AEC Eeeshcraft 

The AEC twin-engine Beechcraft is periodically used f o r  air sampling 

s tudies  and f o r  d i r ec t  monitoring with a high sens i t iv i ty  gamma-ray 

Be t ec  t or  . 
During the 113' emission, cDmbined monitoring and sarspling flights 

were made as planned a t  approximtely 1, 3, 5, 10 and 25 miles from the 

source. Three additional f l i gh t s  were a l so  made, one of which was i n  an 

"arc" a t  about 20 miles from the source and the other two were from 

points damwind t o  the source. 

were traversed twa or more times t o  give a t o t a l  sampltng time of abolrt 

The sampling paths, whic3 were short, 

10 minutes. 

1. Equipment 

The.equipment used f o r  gross gamma monitoring consisted of a 5-iz1ch 

diameter by 3-inch thick sodim icdide c rys ta l  wit3 its accompanying 

battery-qmered photonultiplier acd transistorized comt rate met.er 

and recorder (3) .  

A i r  sampling was performed by drawing a i r  is5a t he  place tkougk a 

2-inch diameter port  i n  the door of tbe plane a t  a dLrec5ion perper;- 

d icu lar  t o  the air  flow. 

Sampler Model No. 16m3 which was powered with nine 12-volt storage 

The a i r  pwqp used was a Eurricane A i r  

batteries. 

standard.IPC f i l t e r  paper") followed by a 1-inch thick bed of 

act ivated charcoal (cocoanut charcoal, 6-14 mesh, Cat. ?To. 5-585, 

Fisher Sc ien t i f ic  Company) a t  a flow rate of 750 l inear  ft . per 

The air  was pulled through a 9.6 square inch area of a 

a7 
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3.  

Results from Gross Gama NonitXing 

The general dfrect iog of wind from the separation p b n t  stack vas 

toward the ncrt'tlesa3. 

plume area a t  appraxirllately 5OJ t o  603 f e e t  above grouDd level.  

The actt isl  locaticns cf tke varims sazpling m s P  p l l s  the titlle 

a t  which they were fimn, ard the o3eerveC gross-gam rate neter  

readings, a re  shon 01 t h e  rrgr i n  Figure 4. Mast cf t3-e observed 

puma moni%r readings were r s the r  l cw and prc3ably near the nm- 

IKBI. bac'ngrcund; hmever, tnere were a few poLnt.8 i n  the >12ne area 

which were abwt twLce these lmer  -raF:es. 

=e s u r p i h g  was dme by traversir!g the 

Results frm F i l t e r  SmIplas 

Mkaswements of the  c A l e c t i o s  efficiency cf p a r t i c o t e  Ir31 aod 
- 

other radionuclides frm f ' 8 i i C Y i t  by I P C  l l l t e r  psper!3) fnaicatrs  

tht a t  flow ra-bes afc;T53 l inea r  feet per mincte, a3xt  50 per 

cent of t5e par t iex la te  i l d ine  is cal les ted b~ the  f ' i i ter .  Most 

of the  remining pptfc;i lste ~ ' 3 1  I 

one-inch thick act ivated charccal bed. 

1131 content of ffie a i r  w~ich wes a a q l e g  i y  tiie TC r i l t e r  and 

the activated charcoal be9 are tabul.&%ed. The ratio c?f X13l an 

the IF!: f i l t e r  t3 t h a t  i n  the charcml bed is a lso  l i s t ed .  

the  I P C  filters were abou% 50 per  ceot e f f i t i e z t  f o r  par t iculate  

1131, these r a t i o s  should be multiplied by t v o  t.o determine the 

f rac t ion  cf 1 ~ 3 ~  actual ly  associated w i e  p r t i c a s ' ; e  mterLa1 

is csl lectea 33 t 5 e  fsllrving 

12 Table 3 the observed 

Since 
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i n  A i r  Sempled from the Eanford AEC Beechcraft 

1 ~ 3 ~  in 
Sample 1 ~ 3 ~  cn 1 ~ 3 ~  On 

Number . Locatior9 IPC F i l t e r  Charcoal Bed - Ratiuw - 

7 
0 

1 mile t raverse  
3 m i l e  t raverse  
5 mile t raverse  

10 mile t raverse  
25 mile traverse 
20 mile a rc  
See map 
See map 

0.0101 
0 e0031 
0 o m 7  
o a176 
0 .CO74 
0 mol35 
0 0052 
0.58'7, 

0.156 0 *%5 

0 . a 3  0 013 
9.091 0 019 
0.0394 0 e l 9  

0.143 0 036 
2 e 1 3  0.2'7 

0.072 0 0043 

0 0057 0 e 2 3  

*See ~ s p  i n  F i  n e  4 
* Ratio of I1yl on the f i l t e r  t o  that ir Yne charccai bed. 
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B. Samples Collected 

1. Equiplnent Vsed 

a. F i l t e r  samples 

Most of the samples were collected w i t h  a five-inch f i l t e r  
- _  __ .- - 

- holder i n  an air  scoop device: . __..._. -... - 

*e f i l t e r  can be s i q l y  and qzickiy ckanged durfrg 

f l i g h t  ard, i n  t h i s  experintent., tke f i l t e r s  were gecerally 

changed a t  follr mimte or  eight m i m k  i a te rva lso  

A double f l l i ;er  c-ssisCYing cf a "white" f i l t e r  backed by a 

'%lacis" f i l t e r  was used The firs% 

f i l t e r  was an PI1 paper f i l t e r ,  Kmwlton Paper Cowany tms. 

This f i i t e r  is  a high s t rezgth f i l t e r  havizg srna1.l preasxe  

loss coefficients and h:L& cc;llectioz eff ic iescy f o r  the 

p a r r - i c m t e  matter typical ly  pr7du:ed ir! zuclear explosi9,ns i' 
f b  * 

The second f i l t e r  was a pcrous f iber  f i l t e r  impregsate8 vifk '  

activated carbon. It was used I n  t h i s  t e s t  i n  the hcpe t k a t  

the black f i l t e r  would absorb iodire very effizieztl-y while 

the white f i l t e r  ahead of it- woula col lect  mcst of tk-e p a r t k u -  

l a t e  matter; thus the rat20 cf iodine -h the backgr:czfi cf no?- 

vola t i le  f i s s ion  p r d u c t s  night be uore favara-cle on the black 

f i l t e r .  This proved be of lit. advaatage. The white f i l t z r  

was generally the m r e  e f f i c i en t  col lector  of iodine (mesni7-g9 

possibly, that mcst of the iodine was part iculate)  wd the 

reduced air  f lm r a t e  due t o  the additional f i l t e r  vas disad- 

vantageous 

t 
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b s  A i r  samples 

During all sawlirg rms a+, 59 mlleu, as described l a t e r ,  air  

s a q l e s  were als9 ccllezted i x  rare  gas d e t ~ m i r a t i o n s .  The 

samples were collectej. i n  spherics1 s t e e l  pressme bottles 

having a capacity 02 about 900 cubic i x h e s  - d i n g  a pcsi5ix-s 

displacement all. pump oDerated from the sirxaft :mer  plant 

Each sample was taken a t  a .;u?Lfxn ra te  dxi~g a specified 

portion of the sampling f l i g h t  path. 

Results f rm Saqples Collected a t  50 miles 2. 

a. Locations 

The pr incipal  s e t  & saxqles were collected on a2 ~ r c  aha: 50 

miles dcwnwind 02 the E . ~ ~ D X  ~ h z t  Setweez 0150 azd @rC59 i x a ~  

time, on Septenber 14, 1362, at, w5izh t im t h e  XredicteJ gkne 

location Clf t ke  I from Redcx WE a3 ah- T!.ge 3. %e 

path taken by t3,e s a q l i n g  a i r c ra f t  was from pos",f:)_x 5 %l 

posit ion 11, as also shown on the map f n  FYgue  3. 

pass was -de a t  3CCCl f e e t  above the t e r r a h  s t a r t i pg  st pos3.- 

t i o n  5 and ending a t  posi-kion 11. A secmd pess, made OD the  

return flight, was at 2033 f e e t  and a th i rd  Fass was made a t  

loo0 f e e t  from posit ion 5 back t o  p c s i t i m  12 

-131 

A f k s t  



f i l t e r  samples were taker! c m t i m m s i y  during these pssses, 

w i t h  a f i l t e r  cha3gs at e i the r  m a i n s 1  h - n i ~ r k e  o r  nurllinal 

8-mirute is%el?rsle 

On the previcras day2 Segtenber 13$ 1962, similar sampling 

m s  were made between a 0  and 2203 local ttme t o  t e s t  e q d p  

ment aad t o  c.sllec+V samples far establishing the Z13' back- 

groundo 

bsckgmmd run vas frm pasi%ioo 4 t o  gosttic:! l C e  The Erst 

pass was made a t  sb3lit l5CK) f e e t  f roa  point 4 tc p o h t  '19 ard 

tbe secoxl pass was mde a% 39003 f e e t  on the ref.- f l i @ t  

from point 10 t o  point b o  An additional backgrDm9 filr,er 

sample was collected during a f i l g h t  frm Richhid ACrprt 

._ 

The flight p t h  & the s a q l l n g  s i r c r a f t  03 Y ~ f s  

! '  

results of k r y p t o n 3 5  determiaa*ims shci  that the plane passed 
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through the plume . E e s e  data W i l l  be discussed sxbseq;-ectl-j’. 

The mean valaes a re  sham f o r  tae  content of each t j ~ ~ e  

of f i l t e r ,  on the basis of a fwa mimte exposure f o r  each of 

t u o  s l t i ixdes ,  1,502 feet  and 3,coC f ee t .  

each type of f i l t e r  wa8 calculated snd used su?lseqtiently. 

mean values are  not  sigz4Y4,csctly different  bGt they were nc+, 

combined became i% wkes senseo sc ie r t i f ica l ly ,  not t; crat2ze 

them. The 2o-n l m e s f  r e su l t s  on the whife f i l t e r s  cc:zzr.e% ~li, 

the  sasirples frm tke ends 9f the  flight cs’.r3e9 nsr;le1y9 a t  2 t 3  

4 and 10 t o  U, suggesting a pair acras3 ttte central  psr+ 3 

t he  c x r s e .  

the differences bekeen sallrple 1xa.cioEs ncr betweel: alti%de3 

were s i g i f i c s n t .  

the  Eane f o r  both types of filtem. 

given i n  T a b l e  ‘C was based a the counting data oniy. 

The over-all mean for 
* 

mese 

Kawerer, This was ?esfed s+ati;r tfcallJ a3d re lxker  

The estimated precLsion of tke r e s i l t s  is  

The s t s E 3 a l - 3 .  e r r x  -~9,1’3t 

The 

estirsated o-qer-all stanlard deviation of a single 2”es.Z.f cG.- 

culated fron the 12 v%lu.es on white f i l t e r s ,  fs absa5 do& 

a/10m4 b j  for a b-zlnute sawleg irkereas the indicated Fre- 

c is ion of the couating was S.%.5 O / X I = - ~  day. The hfgber uralil? 

includes var ia t iom dze t c  sstqiicg,  labarstcry praces.yi3g prisr 

t o  the counting, a+.d acy prsssrble r e a l  variations in I”” 

between samples . 
’I “1 

c ~ t e r t  

As w i l l  be seen i n  the data presented in the Eext section, 

the  presence of an appreciable value dxe t o  fa l iw% Eerlols- 

ly limited the sens i t iv i ty  for detectiGm cf the 1 ~ 3 ~  release f rm 
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widely and abruptly with a i r   ass charges. 

i n  the data i n  Figures 5 and 6. 

of dai ly  f i l t e r  samples a t  Haaford for gram bets ac t lv i t j j  in 

This e f fec t  is - .  seer, 

These &'is r e e d 5  frm azalyses 

micromicrocuries per cu3ic meter 'Fig. , 5) 
disintegrations per minute Fer czbic foot (Fig. 6) 

duriag which the  a i r c r a f t  sampling dme is indicated. A 

sample f o r  

Septezber 14, because t'se f i l 5e r ing  equipneat was beirg wed 3: 

the airplace tha5 d q b  

t h i s  area 03 Seztember 14 e-/",dently brC';L&t 13 a2 a'ir ~ a 5 3  -.kh 

a5ou.t a 5 t 3  7 f s l d  higher f a C x t  c s n c m t r a 1 c e .  Lurzmstily, 

n e  period 

d e t e m i z a t i m  WES oat taken st the 300 &%a CL 

The weather front whkh  yssasll. cver 

possible contanination, aca are  rnertiow2 ea r l i e r  fn Se.r_t-,.fm 

The sample pcsi+,icn D m i t e r s  idez t i fy  the s1igk.t c.~(;rse [see 

Figure 3) during the in t e rva l  the f i l t e r  vas expsed.  'ke 

standard e r ro r  values are based only On the comC,ing hts. 

The values in col1nns 6 azd 9 a re  nomaxized t o  EL 4- 

minute exposure period and these vahes are  p b t t e d  OD Figwes 

7 and 8 for each cf' the three a l t i+!des0  The mean backgrcmd 

value is indicated by a heavy dashe3. l i c e  on each graph. 



ri m 
r?l 

000 0 

0000000 

0 0 0 0 0 0 0  

rnOOLnrld\ f l  m m m  pp" 80" E ??sew!? S ? 6 8 < C ? $ c !  
0 0 0 0 0 0 0  0 0 0 0 0 0 0 0  

0 0 0 0 0 0 0  



UNCLASSIFIED ‘j 

r- 

- 

50  1 

7 

I 

10 
?) 
c c - 
\ 
1 

3 a 
5 

- 

I I I I 1  I I I 

1 

I I 

-37- 

Airplane Sampling 
Period F~~~ 0500 

to 0830 

24 Hour Sampling Periods 
Starting Daily Except Sunday 

\ .  at  0830 

Sampling Date, September  1962 

FIGURE 5 

20 

Tota l  Be ta  Activity on Filter Samples  Taken i n  the 700 Area ,  Richland, Wn. 

t 
\ Airplane Sampling Period 

From 0.500 to 0830 

FIGURE 6 

20 

Par t icu la te  1131 Activity on F i l t e r  Samples  Taken i n  the 300 Area 
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i White  Filters - 2000 Feet 

FIGURE 7 

1131 Values on White Filters at 50 Miles Downwind 

72q 
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Black Filters - 2000 Feet 

;? a 

0.3 

- Black Filters - 3000 Feet 

O m 2  t 
o. 1 I- n 
0.3 

0.2 

0.1 

Black Filters 
1000 Feet 

1 L  
4 5 1 1  12 1 1A 2 2A 3 

Location Marker ' 

FIGURE 8 

Values on Black Filters at 50 Miles Downwind 



The graphs shm that 113' was not detectable a b x e  backgmud 

a t  3ocO f e e t  but the peaks occurring i n  the lm a33 fmt  

b t a  apFear ta be s i@ficant .  

that two peaks appear a t  2ooo feet, namely a t  U. t o  1 and a5 

It is gar t ic 'uhr ly  interest ing 

t o  4 respectively. These correspond reasonsbly well Kt,th -- 

the  predicted pPme t r a j ec to r i e s  given previortsiy e 

sence of a peak a t  12 t o  1 a t  loo0 f e e t  is gs+&rious. 

ever, the apparect, displacemeDt of the central  peak frm 2-24! 

t o  2A-4 a t  the higher altitude suggests a shearing a f fec t  as 

discussed i n  Section V .  

may be in the  ll t o  12 position, where a s a w l e  vas so% taken. 

The ab- -1 

HVJ- .- 

Thus, the secand peak a t  1CX% fee5 

The r e su l t s  from the black f i l t e r s ,  slmtm c.c Figure 8, 

tend t o  sup2ort t'rscse from the white f i l t e r s  a t  loo0 ana at 

3000 fee t .  Emever, the results for f e e t  were too lm 

t o  be conclusive. 

The t o t a l  i13' collected on both filters 13 plotted in 

Figure 9. The rea-Jlts show the patteroe a t  1XO &nS. 

f e e t  clearly.  

Figure 10, the 

agairst %he corresponding d u e s  on the  b h c k  f i l t e r s .  

The data a re  plot tea  ia a zaire3 =mer in. 

vslues on white f i l t e r s  be:% g ls t te l  

2 3  

area blocked cu% by a dashed line enclclaes wha t  apFears ts 

be the background area. 

Using the average background value f a r  white f i l ters of 

0.09 end the s+Vandard deviation of fl.04, one can coqa re  

the white f i l t e r  values with the  2 ̂a uppir. l imit  of the 

backgmund. Doing this ,  we observe tha t  one resu l t  a t  loo0 
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0.2 

Both Filters 
3000 I’eet - 

0.3 

0.2 

0.1 

- 
Both Filters 

1000 F e e t  

- -- --- 

0.3 

0.2 

0.1 f 
Both Filters 
2000 Fevt  

1 

11 12 1 1.4 2 2A 3 4 5 

Location hI a r k  e r 

FIGURE 9 

Sum of 1131 Values on White and Black Filter Pairs 
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f e e t ,  three a t  2ooo feet, and none a t  3000 feet  are appre- 

c iably above t h e  2 Q l i m i t .  

2 Q l i m i t  is mcer t a in  because the s t a t i s t i c a l  dis t r ibut ion 

However, the  significance of the  

cf the  resalts is rat kmwn end it nay not be a noma1 

ais t r ibut ion.  

The significance of t he  hi& vahes on cer tain f i l -  

ters wastberelore tes ted  by a ranking metho3. 

with the ccabined resfits, t h a t  is, the s m s  of the paire2 

values, as they a re  p lo t ted  on Figme 3. 

and 11 backgroud values are ranked, it is fourd tha t  the  high- 

e s t  f i v e  values are s a q l e s  fr3m and 2003 fee t .  The 

probabi l i ty  of a chance occurrence c;f f i ve  results from the 

set  of 1000 and 2030 foot  data being higker than any of t he  

background results is only 0.037. Similarly, six values in 

the  loo0 and xxx> foot  se t  are higher than any value in t'ne 

3000 foot  sample set. 

by chance is 0.05. 

m8 w88 acne 

When a l l  23 samples 

The probabi l i ty  t h a t  t h i s  could 8cc'dr 

foot  data Thus, t he  set  of loo0 and 

is  s igni f icant ly  d i f fe ren t  frm the  background daLta, and it 

is a l so  E i p i f i c a n t l y  dif 'ferent from the  3000 f o s t  d a t a ,  as 

predicted meteorologically. The so00 f o o t  sample data is 

probably representative of backgromd; hence, it cozrld be 

included with t h e  background data set  of September 13. 

t h i s  is done, the significance of the  cccurrefce of f i v e  1m 
and a f o o t  results above a l l  backgromd and 3000 foo t  dab 

When 

combined can be tes ted.  

i s  O.CO92. 

The probabi l i ty  of t h i s  

131 Therre r e su l t s  inaicate  that the  I 

occurrence 

plume was 
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detected atu 1KO and m 3  fee% a b x e  the t e r r a in  by the  f i l -  

t e r  technique used. - _  

Two zondi t ima s e r i m s l y  Un i t ed  the detectioz sezsi- - .  . .  

t i v i t y  i n  t2i:ls e x p r h e r t .  

subs tan t ia l  1131 backgrovnd because i;f the nuclear weapons 

t e s t ing  in progress a t  t3e t h e ,  a td  the law air sampling 

r a t e  a t ta ined  

These were the presence of a 

d o  A i r  Samples 

Samples of a:? were collected f o r  k;.=tx a29 xemri 

fieterminatiaos dwiag tlie f l iats s c t  53 ni.ler dnmvhd ~f' 

the ReOox Plant. 

National Laboratories and tlie reszlts a re  git-en ic Table 711. 

m e  saqles  were analyzed at the Argsnre 

The krypton r e su l t s  were EO higher a t  these locations 

than those obtained on the  background saaples of September 13, 



which are  sbcwn i n  Figure 12. This indicates that - .  t he  rare .. - - .. 

gas releasea from . .  the Purex Plsnt, which was operating ~ . - - ,  with- . _. 

out -. - interruption , . thoughout th i s  period, domicatea . ~ tkoee _ _ _  from _ _ . _ _ -  
Redox during the experiment. The plume6 were evidently . . . -  

I - .  " - . *  locate8. ..._- 
between positions 11 and 3 on bo+& days. 

reported i n  Table V I I .  

correlate  and the pos i t ime  of the xenon peakn do nct ,agree 

w i t h  ei5her the Kr85 and 

ac t iv i ty  is predczizately frm weazona t e s t a .  

- .  

. -  

The xenon values ape 

The xenon and krypton resulta do not 

, I  

data. Evidently, the xenct 

The xem3t ~ E Q -  

tape r a t io s  were not zneaeured. 



, 

FIGURE 11 

K r 8 5  Concentrations i n  Air  Samples Taken September 14, 4962 
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FIGURE 12 

Kr85 Concentrations in Air Samples Taken on September 13, 1962 
(Altitude 1500 Fee t )  

.cc.cc “,C*L.”D. 111“. 
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I _.  3. Results from Close-in Sampling 

a. Locations 

In addition t o  the sampling runs made a t  50 miles, a large 

, .  . 
- .  . .  

number of sanpllng runs were made i n  the range of 1 t o  25 miles 

downwind of the  Redox Plant.  

t o  detect  the 1131 plumes by means of a Geiger tube and count 

These runs were made i n  an  attempt 

The r a t e  meter device _ -  

Geiger tube i n  t h i s  device was an end-window *type mounted d i r -  

ec t ly  behind the f i l t e r  paper. 

ence of radioact ivi ty  i n  the  sample being collected, as i n  a 

cloud from an atomic bomb tes t ,  can often be monitored visual ly  

by watching the recorder t r ace  of the c o m t  r a t e  meter. 

these t e s t s  a t  Hanford, however, the 113’ plumes were not de- 

tectable  by t h i s  device, although they were detected by the 

more sensi t ive s c i n t i l l a t i o c  counter used i n  the Beechcraft 

sampling runs (See Section VI1 A ) .  During these close-io 

sample m a  f i l t e r  samples were taken 

regularly a t  four minute Intervals ,  which corresponded t o  

approximately 10 t o  12 miles each. 

a rcs  across the  Northeast quadrant centering a t  the Redox 

Plant. The area covered is roughly defined by the Columbia 

River between the Hanford Reservation boundary and Vantage, 

Washington, on one s ide  and a l i n e  between Richland and 

Kahlotus, Washington, on the  other s ide.  

With t h i s  detector, the pres- 

In 

The plane was flmn i n  

b o  F i l t e r  Samples Taken During Emission 

Approximately 50 double f i l t e r  samples were collected 

. during several  hours of f ly ing  a t  low a l t i t u d e  d m d h  of 

i /-. 



t h e  Redox Plant  up t o  within approximately one mile from the  

Redox Plant. 

. exactly 4 ninate  intervals ,  regardless of the  location of 

t he  a i r c r a f t  a t  the  time. The f lying a l t i tude  was i n  the  

range of 500 t o  2033 fee t  above the t e r r a in  throughout the 

sampling period. In many cases, the exact location of the  

6aIXple could not be determined, a f t e r  the fac t ,  since the  

d 

M c s t  of the  time, the f i l t e r s  were changed a t  

plane was often out of t he  t rackirg range of the radar 

(Othello Radar Stat ion)  because of the  low a l t i tude  and the  

h i l l y  te r ra in .  

the sample data log was often not  helpful, ei ther,  because 

of the frequer;t c i r c l ing  of the plane. 

I n e  longitude and l a t i tude  information on 

Consequently, many of 

these samples were not analyzed by the more sensit ive B-y 

coincidence method, although every f i l+,er  was analyzed by 

multichannel g a ~ r o a  spectrometry. 

pronounced 1131 gama peak over the backgrotlad of other radio- 

Those samples which gave a 

act ive matter on t h e  f i l ters  were processed thrmgh the 8-Y 

method. To these were added several additional s a w l e s  wbich 

were of i n t e r e s t  because t h e  location of t h e  sample was known 

and WBS ~f significance.  Sometimes the location was cf in te r -  

est simply because the  sample was taken a t  a place k n m  t o  'De 

out O f  the  plme- 

The 1131 resri l ts  obtained on these samples are tabulated 

i n  Table V I I I .  

been corrected r o r  the  background average. 

The net 1131 values (6th and 9th columns) have 

The'approximste 

distances and directions.from the source are given i n  the  last 
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two columns. The d a b  shcw tha t  very high 1131 v a h e s  per 

4 minute f i l t e r  were obtained when t he  plane passed through - . .  

the pluze ai distarces 03% CUB ab@’& 19 miles fron the 8oUrCe. 

A t  greater d i s t a x e s ,  detection is l e s s  posit ive.  A l l  large 

1131 values were obtained on sanples within the NE qmdrant. 

Saaples 39 45? 46 and 47 were b k e c  w e l l  outaide the expected 

plume t ra jec tory .  

white and black f i l t e r  pairs was obtained. 

&reral ly ,  g x d  correlation betweea the  

3 



.- 

'The data obtained by gamma spect.rLin analys- i s  cf a l l  iil- 

ters, incluaing t h x e  taken cn the 50 mfie flight course, were 

analyzed by s general spectral ara iys i s  co?npxter: program f o r  

the seven prefiminent f i s s i s n  products, Ru-Rh-103, Ru-Rh-l&, 

tia-h-lk0, 1.131, CS-Ba-137, Ce-Pr-144, an3  ~r-Nlj-95 . 
the  exee$l;im 02 f i l tem 

With 
. . _  

%ie e r r a r  liaits generally being larger  than -the valae. 1; 

of a3ditioaal 1131 impsea up.m it. 

ir Figure 13. me J. 

h e  of the s p e c k a  is e t m  

i32. peak is  very prm-inant, being c s n a i d c -  

a317 higher thsa f a i l x t  levels ,  as u x d t ~ r e 3  by the La-14c 

Teak2 (note the  kaigh sensi%i"rity m r g e  ut-d:) .  

It was mentiored earlier thas the Geiger kribe cPmt2cg 

r e s * d t e  were all negative. 

C Environaertal Maritorigg Sa'sples 

S a q l e s  of air, water, vegetation, m i l k ,  and produce, and 
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progran a re  direct& Sr.rcl3 the  Eeasurement of 1-131. Ad3.i- 

tional sa‘lrpling 1ocatS.cns an-d 

were est95lishe9 f a r  %he tesi; 

the effects of the aMitSma1 

perixl  to a id  i n  evalmtfng 

1-131 release ci the envirs=lso 

Two *Des cf air samples are  rsut iuely collect- 

ed - f i l t z r  paper ss!@es and cacstis scnbbe r  sa%- 

Dles. 

s&i;rplsr~, c:.r;sYat:.z~g of an a i r  f i l t e r  Zsllaved by a 

charcsal cartridge I -131 adscrber, were estakllisbed 

f o r  the te33t p e r i d e  

F k r 3  were aljerated axring the tc-3-L are  e k c a  ir 

F i g 2 2  14 aai are sxamri,zed in Table ZXa 

I n  additlsn t3 these, several temorary 

A l l  losatisx where air EYZ- 
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- .  

Location 
~ 

2co Areas and Vicini ty  

200 West, Reaox * 
200 West, East Center 
XO West, West Center 
XO East, West Center 
2W E a s t ,  East Center 
XO E a s t ,  Southeast * 
233 East, Semiworks * 
Yiteorolom Tower - 

* 
+5 
+4 

* 

3' 
Meteorology Tower - 200' 
Meteorology Twer - 403' 

1cx) Areas alid Vicini ty  

Midway Power ++ 
100-S Gate * 
100-B Southwest * 
100-K Center * 
100-K North * 
100-D Southwest * 
100-H East * 
White. B l u f f s  * 
100-F Southwest * 
Hanford 9 

Intermediate Locatiom 

*Yr Barricade 
Prosser Earricade 
Rattlesnake Mtn. E3C 
Rattlesnake Springs 

300 Area and Vicini ty  

300 Area * 
Byers Landing * 
1100 Area * 

FFA School Farm 

September 1962 

NGI-Wt l  
A i r  CaGstic 
~~ ~ 

F i l t e r  Scrubber - 
D W  
w 
F i  
W 
W 
W 
W 
W 
W 
w 

*Permanent Atmospheric Monitoring S t a t l o n  
*E = Daily, W = Weekly 

W 
W 
w - 

Spe c i a1  
. Pre-Filtered 
Charcoal Adsorber 

W 

W 
W 
W 
W 



Noma1 
A i r  c 3t;szic 

scrubber F i l t e r  - Location - ._ 

Pi - -C i t i e s  axd Benton Ci ty  

Richland * 
Kennewick 
Pasco * 
Benton City * 

Dairy Farms 

I1 n l l  L 
" G" 

D 
'w 
W 
w 

Remote Locations 

Ses f t l e ,  Wash 
SDokane, Wash 
h k l l a  I fa l la ,  Wash. 
Yskim, Wash. 
bkachm, Oregon 
Kiaaath Falls, begon 
Boise ,  Xaho 
LewEston,' Idaho 
Great Eall.5, Montaria 

w 
'W 
w 
FJ 
W 
W 
W 
W 
w 

W 

W 
W 

- 

'a 

Y 

. Special  
Pre-Filtered 

Charcoal: Adsorber 

W 
TJ 
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(1) Cazstic Scnbbers 

The concentratfon of 1-131 i n  the atlmospbere is 

neaswed by c a m t i c  scrubber samplers l w s t e d  i n  

fif-keen tzlcri-,srhg s ta t ions i n  the plant environs. 

Four of these s ta t ions are  located off the  project,  

a d  the  remainder a re  located within the various 

plant  operating areas. 

x 8' high building which homes the necessary 

monitsring equipment ( 6 )  . 
%e saPplers consist  of a calibrated, e lec t r ica l ly-  

dri-ren vacvzn p i  which draws 2.0 cfn of a i r  through 

one l i t e r  of 0.1 noma1 FEL.?E solction. 

platform ssd siz'aon arFznge3en-L permits introduction 

of dis+, i l led water i n k  '"ae scr&ber a t  a r a t e  e q a l  

t o  the r a t e  of evaporation. This water feeder helps 

msirtair: cars tac t  liqTiid head, a i r  f l o w  rate, and 

scr&'l?er e3flcieEzy. 

Each s ta t ion  is a 6' x 6' 

A balancing 

After end week of o?erzt.ica?, %e scmbber l x t t l e  is 

replaced and takez t 2  tke radicchemical aEalysis 

labcratfx-y f sr detera iga t im of tLe i-131 conteLt . 
The azalyt:cal prscedure used prmides f o r  the addi- 

tion of an iodire  car r ie r  and AgNO 3 t o  the scrubber 

solution, followed by f i l t r a t i o n  of the resul t ing 

s i l v e r  iodide precipi%ate. The radiation from the 

1-13 on the  f i l t e r  is rllessured by an e&-window , 

G.M. tu3e connected t o  a scale-of-& scaler.  
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Ataospheric concelltmtions of 1-131 are  then calcu- 

lated from these counting rates by applying factors  

f o r  counter calibration, chemical recovery of the 
- -  

1-131, scrubber efficiency and the voltrme - 

sampled. ,The detection l i m i t  f o r  I - l 3 l i n  tfie 

atmosphere using the above method is lo-% pc per 

cc of air. 

of a i r  

In addition t o  the regular sampling 

frequeocy a l l  of the scrubbers were changed on 

September i 3  and again on Segtember 14, 1962. 

(2) F i l t e r  PaFer Samples 

Airborne par-hulste materials are seugled a t  several  

of the  Alv'llospheric Monitming SSaSions ana at off- 

s i t e  locations (Table IX). 

a r e  werated within the project,  f i v e  are  operated 

in nearby o f f -po jec t  locations, and nine others are 

operated in mcre d is tan t  Pacif ic  Northwest ccrplulurities. 

TCTO and one-half C,FM of a i r  are dram through 2" x 4" 

H-70 paper, 18 m i l s  thick, by an e lec t r icaUy driven 

vacuum p u q .  

locations and weekly a t  the others. 

radioact ivi ty  collected by the f i l t e r s  is  measured 

w i t h  a t h in  window, propane gas, proportional counter 

Fifteen of these samplers 

The f i l t e r s  a r e  changed daily a t  four 

Gross beta 

calibrated t o  give 40 per cent over-all counting 

efficiency f o r  a RaDEF' source dis t r ibuted on f i l t e r  

paper. A delay of 48 hours is  used between sample 

col lect ion and countirg t o  pern i t  decay of the short  

l i f e  naturally radioactive substances present . One 



of the p.rposes f o r  operating these f i l t e r s  is t o  

s igna i  and record illfluxes of radioactive fal lout ,  

which can i r f l u e x e  the coxentrat ions of 1-131 and 

mixed f'issi,s ?r&i:%s f warl i n  other environmental 

samples 

(3) Charcoal Cartridge Adsorber Samples 

During the tes'; period charcoal cartridge adsorbers 

were operated a t  several locations wbere no permanent 

atmos2heric mollitoring s ta t ions existed {see Table IX 

and Figure 14) .  

operated i n  the v ic in i ty  cf tke 100 Arees f r a 3  0800 

t o  1033 on SeFteuker 14, 1962. 

first dzam tkrough a 2" x &" H-70 f i l t e r  paper azd 

then thrctugk tke :lharcoal adsorjer a t  1 CFX. 

samplicg u d t  is sham i n  Figure 15. 

is a 1/2" 0.6. by 1/32" wall, transparent acetate 

cylinder, 2" long. 

is packed i n  tke cel;cver iLch and one-garter  of t3e 

tube ta a density of 34 pomds per cubic foct .  Wire 

mesh screens re ta in  the charcoal i n  place while snap 

rings prevent channeling of the gas between the tube 

w a l l  and the charcoal. 

Gne additional porta5le uni t  was 

The a i r  sauples were 

The 

The cuter ixzbe 

Activated charccal, 12 x'3O oesi,  

Used cartridges were analyzed by placing them on to? 

of a 3" NaI sc in t i l l a t i on  c rys ta l  and performing a 

quantitative gamma e l l e ra  analysis. Atmospheric 
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concentrat ixs  a re  calculated from the counting-rate 

obtained a t  the character is t ic  0.36 &v g a m  e n e r a  

by a p l y i n g  corrections f o r  counter calibration, 

collection efficiency, and volume of gas sampled. 

The detecCvion lirnit f o r  1-131 in the atmosphere 

using the charccal adsorbers and a weekly sampling 

schedule is atmt 2 x pc 1-13 per cc of sir. 

Gross be+A radioacfivity collected on the p re - f i l t e r s  

Was DeZSUred on the p rqane  gas proportional counter. 

b. Vegetatim 

(1) b - f i e j e c t  

Sauqles of sagebmdi and liative grasses a re  collected 

weekly frm the West and 203 East Areas. The 

s a q l e  from each area is a 153 g conposite of smaller 

samples collected a t  ten specif ic  lccations within 

the ~ o a .  

and cc*ln,ted or_ to? of a three inch Ea1 well c rys ta l .  

The vegetation is placed i n  a 250 r l l  jar 

Radimxclide cancentrations a re  calculated f r o 3  

coul l i i~g r a t e s  obtained a t  specif ic  gam energies, 

e f t e r  a2plying carrectrors f o r  ComptoD sca t t e r  and 

backgrxrd rad iaf i s r .  

i n  these samples varies with the amounts of i n t e r -  - 

f e r i n g  f a l l c u t  nuclides present, but it is  normally 

about 10 pc per gramo 

T5e cZetecticn Urnit f o r  1-131 

-6 

During the nornlng of the t e s t  additional sagebrush 
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sanples were collected a t  la-0,  lOO-E, White B l u f f s ,  

and Eanford, dur ing  operation of a portable charcoal 

adsor'cer -ai-: 

. (2) W-Projec t  

I n  conjunction wit5 the milk sampling program dis-  

c*ussed belm, two pomd samples of pasture grass are 

col lected routinely wheriever a milk sample is ob- 

ta inea f rm one of the loca l  dairy farms. 

grass was a lso  sampled when the specie1 milk samples 

were collec+,ed on Septenber 18 and 21, 1962. 

Pas ture '  

The pastarage is chopped, coqacted i z t o  a 500 ml 

jar and cmnted izs ide of a niae inck X a f  w e l l  crys- 

ta l .  

a =mer  similar t o  t3af used f o r  t3e sagebrzsh 

samples an3 tbe detection l i m i t  f o r  1-131 is  abol t  

5 x 10 

shows the paskcre grass saml ing  loca t ims .  

Radiorxl ide concentraSicns ere c a l c d a t e d  i n  

-a pc per graa of pasture grasso Figure 16 

Itilk samples a re  collected from f i v e  loca l  farms 

(four weekly and one dai ly)  acd comosite samples 

representing each of two m i l k  sheds srrpplying a 

l o c a l  creamery a re  collected twice a month. 

t ion,  three comercial  brands of m i l k  are purchased 

monthly from a loca l  grocery store.  

I n  addi- 

A few clays a f t e r  
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the t e s t  period, m i l k  samples were a l so  collected from several  
,-. 

dairy f a n s  located near Highway I l - G  between Othello and Moses 

Lake, Washington. A l l  milk sawl ing  locations are  shown on 

Figure 16. 

Several gallons of m i l &  a re  required to p e m i t  detection of the  

varrishingly mall quar;t;ities of 1-131 preseat as a r e s - l t  of 

noma1 H a d m d  operations. The m i l k  is passed throue  an ion- 

exchange column wkere the radioiodine is trapped am3 concen- 

t ra ted.  The 1-131 ir the r e s i a  is then measured with gama 

s c i n t i l l a t i o n  counting equipment. 

1-131 ir! m i =  rzsing t h i s  procedure and a three gallon s a F l e  

is about two ppc per l i t e r .  

me detection level f o r  

2. Results 

The analyt ical  r e s c l t s  obtained from the varims envircnmental s z w l e s  

collected pr ior  to, during, and a f t e r  tke t e s t  period are i l l u s t r z t e d  

i n  Figures 17 through 22. 

a. 1-131 i n  - A i r  

1-131 concentrations in air, as measured by camti: scrubbers 

(Figure 17) increased significantly during the t e s t  per'lod 

(Septenber 13-14, 1962) a t  a l l  200 Area locat iors .  The highest 

3 1-131 coccentration obtained waa 9.7 ppc/m 

pheric monitoring station, during the period from 2.400 on 

Septenber 13 t o  1140 on Septexber 14, 1962. 

a t  the Redox atncs- 

Caustic scrubber samplers operated i n  the v ic in i ty  of the 103 



/ /  /-1 UNCLASSIFIED -03 - 

0.5 
?? 

E . 
u 
3 
3 0.1 

0.05 

Xvg. of I'asco. 
Richla id ,  and - 13(JIltOt7 Clt?' 

I I I I  1 I I I I 

- 

- ! 

m 
E . 
V 
3 

I b 

d 

0.5 

0.1 

Avg. of 3 LocatlOnS 
i n  2 0 0  ii' and 3 i n  
200 E 

I 

0.01 -t,+l I j 10 13 

21 26 3 1  5 10 15 20 2 5  August S e p t e m b e r  Octolwr , 

1962 

FIGURE 17 

113' in  Ai r  - Measured  via Caustic Scrubbers  

UNCLASSIFIED 
.CC.Cr " I C " L . * O  *.%* 

\ Q 8 1:. 0 3 -i 



, .-. 
-C i- 

Areas indicated a smll, non-signeicant increase i n  1-13 

concentration the  day of the  t e s t ,  a d  another small increase 

during the period from noon on September 14 through noon on 

September 17, 1962. A s i m i l a r  trend i n  air  concentrations MS 

noted a t  t h e  c i t i e s  of Richland, h s c o ,  and Benton City. 

A somewhat la rger  increase than tha t  found i n  the 100 Areas, 

was noted by caustic scrubber samplers operated i n  the 300 

Area end v ic in i ty  

1300 on September 14, 1362. The la rges t  illcrease and the  

mimum concentration f o r  the three samples i n  t h i s  group 

occtlrred a t  the  300 Area i t se l f ,  where the concentraticn 

during the  f o w  day period s t a r t i ng  about 

increased from 0.2 ppc/m 3 on Septmber 13, t o  an average Gf 

0.8 ppc/m 3 over the f o l l m i n g  f o u r  day period. 

Tae charcml  car t r idge abscr5er u l 5 s  operated dxring the t e s t  

period yielded values of 1-13; concentrztions which were gener- 

z u y  a3 or b e h i  the detect icn limit (Figure 18). This detec- 

t i o n  lirlit varied wrth the  t3zl zmsmt cf a i r  sampled and the  

aToomts of interfer ixg nuzlides present. 

obtained a t  Hanf'crd and 100-F Area cn September 13-14, were 

The one day samles 

signif icant ly  higher than those oFersted a t  other locations, 

but were just above the detection E m i t  f o r  a one day sample 

(0.5 t o  1.0 ppc/rn3). 

a t  100-D, 100-H,  White Bluffs and E a e o r d  f o r  a t o t a l  of tu0 

The portable uni t  operated consecutevely 

hours gave a d u e  below the  detection l i m i t  of 9 ppc/m 3 upon 

labora tor j  analysis 
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b. 1-131 on ProJect Vegetatian 
_ .  

The increased 1-131 concentratisn a t  the 200 Areas was ref lected - - .  

i n  an increased 1-131 cmten t  of sagebrush sazples collected a t  

200 West a d  203 East A x e s  ( F i g a e  19). 

collected i n  the v i c in i ty  of the 100 Areas, during the operation 

Sagebrush samples 

of the portable charcoal unit ,  e v e  increasing r e su l t s  with time 

and With closeaess of aFproach t o  100-F. These four r e su l t s  a re  

a l so  shown on Ffgure 19. 

C .  1-131 i n  Milk and Pasture Grass 

No s ignif icant  iricrease was noted i n  the 1-131 content of the 

da i ly  milk and pesture grass sanples collected immediately a f t e r  

the t e s t  (Figure 2 2 ) 0  

m i l k  samples collected from a l l  routine locations four  t o  f i v e  

Increased concentrstiors were noted i n  

days a f t e r  the t e s t ,  bit these increases were caused in par t  

by the inf lux of f a l lou t  uiaterials which began on the 15th of 

the month (see a i r  f i l t e r  resu l t s  below) . 
m e  special  milk and pasture grass s a q l e s  frm dai r ies  along 

Highway ll-G(E'igzes20 aEd 21) were not collected u n t i l  S e p  

tember 18, i n  a3 a t t e q t  t o  smple  during the probable t h e  of 

the peak 1-131 cmcec t r a t im .  n e  inflzlx of fa l loat  materials 

had already s t a r t ed  by then, but was not signaled u n t i l  Sep3em- 

ber 19 when several  f i l t e r  szmples frorn the weekend of Septeuber 

14 t o  September 17 had been processed. 

The 1-131 concentration in the special  milk sazple collected 

near Moses Lake (K) was sigcif icant ly  higher (780 ppc/ l )  than 
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t he  c c x e n t r a t i o n  fmnd i n  ary of the other routine 3r spec ia l  

milk samples. It was not possible, however, t o  determine w h a t  

f rac t ion  of t he  measwed 1-131 came from the tes t  and what 

frsct2on was &x t=, f a l l x k .  

from t h i s  region p r io r  t o  and immediately af ter  the  test ,  a b e t t e r  

def ini t ion of the  influence of the tes t  m i g h t  have been possible.  

X' n i l k  samples had been col lected 

Foar dairies were sampled on September 21, one being a resample - 

of the "J" dairy. Samples from "I(" and "N" were not ob tz imble  

on t ha t  day. 

collected on September 18, 1962 were 1.8 ppc 1-131 per  grem of 

pasture grass and 330 ppc 1-131 per l i t e r  of n i lk .  

values obtained on September 21, 1952 were 0.58 ppc/g of grzss 

and 140 ppc/1 02 m i l k .  

The average of the resu l t s  obtained on the  samples 

Average 

None of the  results cf the  sFeclzl Hzsture grass samples de- 

viated s igni f icant ly  from general pcqulation of results obtained 

from the rolitine locations saGled r f t e r  the tes t  (Figure 2Q). 

d. Gross Beta Radioactivity Collected cn A i r  F i l t e r s  

F i l t e r  sample r e su l t s  can be , s e d  ta signal the  inf'lcx of f a l l -  

out rcaterials. Usually whea sudden general increases i n  conceu- 

t ra t ions  of radioactive par t iculate  na t e r i a l s  are found, rela- 

t i ve ly  f r e sh  f a l l o u t  materials containing some 1-131 are present.  

It apDears from the air  f i l t e r  da-k plot ted i n  Figure 23, t h a t  

an influx of f a l l o u t  materials occurred throughout t he  Pacif ic  

Northwest beginning on September 1.5, the day a f t e r  the t e s t  was 

c o F l e t e d  a t  3edox. This icf'lvx udoubtedly effected the  1-13 
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concentrations f o u d  i n  enviromental samples collected af ter  

the t e s t ,  and the results of a i r  f i l t e r  samples a re  presented 

here t o  aid i n  evaluating the  possible e f f ec t s  of f a l l o u t  1-131 

on the  %est res;il%so 

Collection Efficiencies of F i l t e r s  by R a m  Sampling 
.. 

Two types of f i l t e r  papers were used during these 

tests.  These were I P C  Paper and an extremely th in  charcoal impreg- 

nated paper. For t h e i r  collection of r a m  samples, an I P C  f i l t e r  

was placed i n  f r o n t  of a charcoal itnpregnated f i l t e r  with t he  object 

of obtaining some degree'of separa-:ion of particulate and gaseous 
, 

To aid i n  the  in t e rpe tz f fon  of t h e i r  resu l t s  and obtain data 

f o r  fu ture  sampling, it w2s desirable t c  ccmpare the e f f ic ienc ies  

charcoal impregnated paper a1334 an3 an LPC f i l t e r  fo l lmed  by a 

charcoal iupregnated f i l t e r .  

ciencies, a ram sample f i l t e r  nwmt consisting of a "checkerboard" 

arrangement containing three s i3gle  I P C  f i l t e rs ,  three s ingle  

coa l  impregnated fi l ters,  E E ~  tkree I€'C f i l ters  backed Tslth charcoal 

To deternine these re lz t ive  e f f i -  

char- 

impregnated f i l t e r  vas prepzred (See Figwe 24) 

f i l t e r  was placed i n  t.he cezker cf its ram sleeve (a rectangular 

tube 2 f t .  long moiirnted on the  door of the beechcraft) znd the  plane 

The "checkerbcar5" 

was flown a t  120 mph f o r  two hcurs in the plume from a Hanford 

Separations Plant stack. 

The observed 1131, &La140, ZrNbg5, and Ru103 coctents of these 

f i l t e r s  are summarized i n  Table X. 1% is evident t h a t  f o r  t he  same 

exposure time the  P C  f i l t e r  co l lec ts  5 t o  6 t i xes  as mch 1131 as 



UNCLASSIFIED r?- - f2- 

-I 

“ u  $ a  Y 

* 
N 

w 
d 
3 
c3 
E 

k 
a, 
a 
cd 
v1 

d 

E 

E 
$ 
a, s 
c 
m 
k 
a, a 

+ 
‘4 

E 

g 

$ 

k 
a, + 

l-4 

U 
m 

Q 
c, 
cu 

4 
0 

c 

; 

2 

a, 
M c 
cd 
k 

a 
k 
cd 
0 
P 
k 
a, 
A 
0 
a, c u 

UNCLASSIFIED 



r T  - (2- 

>--. 

TABLE X 

RELATIVE C O D T I O N  U T I C I E N C Y  OF THE FILTERS I N  THE 
CHECKEElBW ARliANGEMEN'll 

450 789 437 140 1 IPC 

6 

a I P C  

I P C  553 7% 421 147 

453 802 347 100 

Avg. I P C  Values 485 766 402 129 

23 22 21 2 Charcoal Ilsprepated 58 

4 Charcoal Inpretpated 53 21 24 24 

40 31 37 22 

25 28 22 

9 Charcoal Impregnated 

Avg. Charcoal Impregnated 50 

110 95 40 3 IPC plus C?xircoal Impregnated 128 

5 . IPC plus Charcoal Inpregnated 156 1% 75 47 

48 71 30 

€8 80 39 
7 IPC plus Charcoal Empregmted 87 

Avg I P C  plus Charcoal Impregnated 120 

*See Figure 24 
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the  charcoal impregnated f i l t e r  and 3 t o  4 times as much as both .. 

f i l t e r s  i n  ser ies .  Harever, it is also evident that  charcoal fil- 

. . _ -  

t e r s  col lect  a much smaller f rac t ion  of the other radionuclides 

r e l a t ive  t o  113’ than the IPC paper. 
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