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I Introduction 

On September 13 and 14, 1962, 8.3 c*uries of iodine-131 w a x  eni t ted from the 

Hanford Redox P l a n t  a'. a r a t e  of Zrom 0.35 t3 0.65 curies per haur f o r  a per193 

of approximately 18 hours, During t'za emis3ion, the plume t ra jec ts r ies  were 

p l o t t e d  from meteorological data and samples were collected across the predict& 

pPme t r a j e c t o r i e s  at several altitniss ard a t  distances cg t o  50 r i l e s  frcm tke  

P i a n t .  F i l t e r ,  charcoal trap,  and air  sazplss were collected d.xrirzg the  emiss ion 

using aircraft; and cauat'tc sc*Ljker, v?geC,atLi;r, ard s i l k  s a q l s  were collected 

d?.xing and a f t e r  the emissisn a t   elected graumi statfons i n  the  usual manner. 
& 

Appropriate background s a w l e s  were collected before the t e s t  began. The data and 

conclusions a re  give9 in t h i s  resort. 

IT. Sumrnary 

A controlled iodine-131 emission f roa the Eedox P'Lant was started a t  abaut 

l 7 a  l o c a l  time on Septemter 13, 1962, aad can%inued f o r  a b m t  18 hcurs. 'The 

emission r a t e  was controlled between 0.35 and 0.65 cxries per hour. Dirring the 

emission, f i l t e r  and a i r  samples w = r e  collected using a i r c r a i t  and fixed gromd 

co l l ec to r s .  

a l s o  col lected.  A l l  saaples were analyzed locally fo r  

Following the emission, eats of vegetaticn and .si% 8alcphS were 

and some a ir  sawles 

were analyzed at ANL f o r  kryptcl3-85 and radiaxenon. 

"he most important set of smplas was ccllecte.2 on tta morning of September 

14, along a3  arc  abcut 50 miles SamwiGd frou 

the Redox P h n t .  

the  a r c  In three passes, at 1 0 ,  2Oc0, and 3ccO f e e t  abwe the terrain,  respectively.  

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

Guidance In choosing the sampling time and a l t i tudes  and i n  selectlng the arc  tG be 

flown uae supplied by the Haniord meteorology staff, using plune t ra jectory predic- 
. tions . ? 

0 0 1 0 1 4 5  

s 



1 7 -  
ee&ed on the f i l t e r s  exposed a t  3OX ise?, b.z? s i@i i icar tQr  hfgh I-aA resul ts  

were obtained i n  the predicted aluroe p c s ! t b r s  a5 lcclo aril 

f l i g h t s  made a t  l5CO and S C t X  f2et cs-er tae saae t a r m i n  on the previa-s d q ,  before 

the  emission was started, provided r e f e r e x e  ds+,a. 

fee t .  E2:bgxurd 

O t h e r  f i l t e r  samples were t a k z g  over tke YaJg: a? about 1 t2 25 m i l t s  d a m -  

wind 

of a 

of the  Redox Plant using t2e HaTSxd Eeechzraf't plane 

gamma s c i n t i l l a t i o n  monitsr Carrie& iz t5e Eeezhcrsft . A Geiger counter- 
a 

f i l t e r  assembly 

pluae 

emission point vat to absltt 19 rcCez,  but tke  resxlt3 af 

-as r o t  suf f ic ien t ly  sensi t ive t o  detect  t he  

High Il3l valces were obtsirej. 09 zscy flltsrs collecCIed dcrmwinl of the 

t o  27 miles were rc-Z 

clearly p s i t i v e  unless nore t h z i  oze sa39 W ~ S  made throirgls t h e  $me. 

tivity f o r  deteckian of the p lum b-J f i l t e r  sampling m s  s e r i m d y  b q e r e 2  ty 

the high concentration cf fresh fa l lor~ t  ir the a i r  a t  the t h e  cf the t e s t .  

T'e sens i -  

Greater 

a i r  flow rates though the  I i l t e r z  wd.tdd alsc k r e  increasad the semtt.i-rity. 

Sigh fi85 l eve ls  were +m=d i n  0me sir saqles  ccllecsed e t  50 mi'rs, s h m h g  

Kr85 defected was v i r t u a l l y  all 'emi$ted f r m  t5.a Pzex Plant, huiTewr, rather t h n  

Redox, the corcentrs t icns  being .fat; as high cn Ser.fircker 13 as  on SeFtezbe: lb. 

A large n u h e r  of air rilter, vegetszion, and milk a a q l e s  were czllected at' 

ground stations befcre, during, and a f t e r  the  t e s t  eaiesio2. 

over a l a rge  area about the  BarZord s i t e ,  Eome as par3 of the normal regional man- 

They were c d l e c t e d  

i t o r i n g  program at Banford, ard others as sDecial samples fo l lov iog  $he teat .  From 

the  sample8 col lected on September 14, 

t o  fallout were round only In caust ic  scrubber a i r  samples collected i n  the 2CO-E 

concentrations above the background due 
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and 2Co-W areas  and in s a g e b m h  samples coilected i n  the m-E and XO-W areas  

and near the  1CQ-F area. 

near  Mases Lake, Washingtozt, on September 18, may be ga r t ly  due t o  the emission. 

A high value obtsioea OP, one milk sample, ccllected 

A pasture grass samyle collected a t  the same location did not correlate w i t h  the 

milk r e s u l t  . 
col lec ted  during the week follcriiiag the test cwild n z t  be considered sLg3ificszlt 

because of an abrupt increase i n  fsll.xt levels of 1131 o c c u r r h g  w i t h i n  a day 

Variatiocs of 1131 cmcentrations i n  other vegetation sanples 

after completion of the t e s t .  

111. k i s s i o n  Control 
I 

The IU1 was generated by carrying out a d i s s 9 k t i o n  of irradiated uranium 

i n  a Redox dissolver by a s l ~ .  sinner process. The ra te  3f dissolrrtim ? , s  c3n- 

t r o l l e d  by the temperature of the d:sscllving solution, as regula3ed by tke steam 

supplied.  Additional ccntrol  of the emission r a t e  was achieved by 2assiilg the  

dissolver off-gases through or  around the s i l v e r  n i t r a t e  absorbers, as necessary. 

A cal ibrated,  continuous IU1 mcnitcr on the plant exhaust stack provided the 

primary mean6 of monitoring the emiesion r a t e .  

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

fcllowing its ra te  of increase. 

Redox s tack  and the r a t e  of change of the specif ic  gravity of the dissolver sol.1- 

tlon a r e  shown i n  Figure 1. 

* 

Disso2~tIon rate  was monitored by 

The records of the 113’ emission r a t e  fram tho 

D u r i c g  the period of this t a s t  the Purex P h r t  vas dissolvlng feed at  a 

normal rate, but the cooling time of a l l  of the material was greater than 1% 

days Il3I emissions from Purex during t h i s  period were negligible 

.dr m e  monitoring inatrur$entstion has been described in refereace 6 .  $- 

0 0 1 0 1 4 8  
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IV. Sawle Collections 

~~ 

Approximately 11.5 

flights were started 

hours efter the  radioiodine emission began, sampling . 

The Mn-engine Beechcraft of the 

Richland Operations Office, AEC, waa used f o r  col lect ing par t iculate  f i l t e r  and 

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

t h e  Redox plant  within and near the  Hanford reservation. 

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- 

ment carried were operated by personnel of Hanf'ord Laboratories. Further details 

about t h e  sample col lec t ing  equipment and the  r e su l t s  are  given i n  Section VII.. 

S a q l e  col lect ing f l i g h t s  

The airplane uas oserated 

a 

I n  addi t ion t o  the above, a l a rge  number,of f i l t e r ,  caustic scrubber, vegeta- 

t i o n  and m i l l s  samples were col lected during and a f t e r  the test period through the 

air  sampling s t a t i o n  and regional manitoring network of the Hanford Enviror.rcerta1 

Studies  and Evaluation Operation. 

V . Meteorological Data 

In order t h a t  the  locat ions where air samples should be taken could be apeci- 

f i ed  accurately,  su f f i c i en t  meteorological support t o  define the position of t he  

plume at any time ua3 neceissary. Continual meteorological consultation t o  the 

control center  t o  a i d  in the  dispatching of the a i r c ra f t  and in determining flight 

l e v e l s  . .  vas required. 

operation, Hanford hbora to r i ea .  

This support uae given by personnel of the Atmospheric Phyeics 

This force  consisted of groups of spec ia l i s t s  

0 0 1 0 1 4 9  
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experienced ia the  vagaries of the l o c a l v i c d s ,  and the diffusive p r q e r t i e s  of a 

plume re leased  t o  the  atmosphere and t h e i r  re la t ianship t o  tke ambient meteorolog- 

i c a l  conditions.  

t o  cope i n  its normal r e spons ib i l i t i e s  t o  the Banford complex. 

m e  problem was similar t o  those v i t h  which the group is t r a ined  

4 

The predict ions of the plume posi t ions were based on measurements of the a i r  

p rope r t i e s  a t  and about the source of the release (which is s h m  in Figure 2 and 

3 ) *  Measurements of wind and temperstures which uoxld i n i t i a l l y  a f f ec t  the r e l ease  

were taken 2 miles northeast of the source a t  the Hani'srd Metzorology Tower. Eis 

410-foot t w e r  is instrumented a t  5O-foot levels  f o r  tenperature, 8ew point, and 

Idad d i r e c t i o n  and speed. The wind di rec t ion  ar?d sFeed t h r y h  deeper levels of 

t h e  atmosphere were determined a t  more o r  less regular i r t e r r a l s  by the  tracking 

of bal loons near the Meteorology Tover. 

f co t  l aye r s  were obtained. 

frm o t h e r  s t a t ions  removed from the Hanford area.  

because of the  t r a j ec to ry  of the cloud, were obtail;ed from the  A i r  FDrce Ease a t  

Vases Lake, 50 miles north-northeast of the aource. 

averages of wind d i rec t ion  and speed centered on the ho-zr. 

f r o n  these  observations t h a t  occurred between report isg periods were also noted 

Mean wind vectors re2resentative of 1203- 

OR a la rger  scale ,  win9 meesuremerts were avai lable  

'The most useful of these data,  

These data were 5-minute 

Sigr i f icant  deviatioP6 

and fac tored  into the  analyses. 

ceived from Spokane, Seat t le ,  The Dalles, Pendlzton, Yakirna, Ephrata, and Leuiston, 

Idahq from rout ize  Weather Bureau and a v i a t i o n  broadcast f a c i l i t i e s  aad from the 

Richland and Pasco a i rpor t s .  Additionalwlnd data which served t o  y ie ld  more 

Other wind aEd temperature measurements were re -  

d e t a i l e d  informetion f o r  the  in t emed i s t e  acale were obtained from a telemeterirg 

network of several  remote statLona located throughout the Hanford area, out l ined 

by a dashed l ine  in Figures 2 and 3. 

foot mast at each s t a t ion .  An important supp1emen';ary aource of' data was a roving 

These data were 1-hour averages from a 23- 

O O f  0 1 5 0  
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team which could be dispatched t o  any l x s t i o n  t o  obtain suriace and upper l e v e l  

winds by tracking balloon releases. 

Trajector ies  of material  were ob+aized rram t!!e n e t w d s  of uind d a + ~  tha2 was 

avai lab le .  The roving team was dispatched t o  areas of interest t o  obtain nore 

d e t a i l e d  information than would othenrise be availsble,  and would often obtain data 

between the regular reporting periods. 

t h e  continuous records a t  the Hanford Meteorology Tower and the data-on-request f r m  

n e s e  data ana lped  i n  conjunction w i t 5  

t h e  local a i r p o r t s  enabled 8 close surveillance on the plume. The upper winds were 

valuable i n  the qual i ta t ive assessment of the wind shearing effect  on the emitted 

plume and vere a l s o  used in the ant ic ipat ion of wind changes in the lower levels. 
I 

Temperature prof i les  from the Hanford Meteorology Tower, Spokane, Salem, an3 

S e a t t l e  were used t o  determine the s t a b i l i t y  of the atmosphere which d i rec t ly  c m -  

trcls the  v e r t i c a l  dispersion of t he  pPme acd was thlls a primary conaideratian i n  

t h e  determination of the f l i g h t  level .  

Meteorological support was given t o  the problem early on the morning 02 

September 13 with a general analysis of the weather conditions at t h a t  time wkich 

l ed  to t h e  prediction of the  t r a j ec to r i e s  f ron  releases l a t e r  i n  the day. This 

early analysis ,  although necessarily quite geceral  because of the sparszty of 

observations in certain area8, proved t o  be valuable i n  t h a t  those areae wkLicb 

would be affected by the  planned release later t h a t  day were correctly deslgnated, 

and samples of the background were obtained on t h i s  basis. AB it turned out, t h e  

v a r i a b i l i t y  i n  the background samples that were obtained gave rise t o  the considera- 

tioa that same of t he  samples could, i n  addition t o  w h a t  is normally considered 

backeound, include materiab which were stack products of other Hartford processes. 

* 
Thls is diecuesed i n  d e t a i l  in the  eection of t h i s  report which pertains t o  the 

0 0 1 0 1 5 3  



analysis of the background samples. The meteorological problem here is t o  desig- 

na te  those areas which w o u l d  be affected i n  the event that additional sources d id  

a f f e c t  the observed backgrmd  obaerratiors . 
From 08CoZ t o  22002, September 13, the general c i r c d a t i o a  over the area of 

Interest was such that any material  released f r o 3  Ranford into the atmosphere 

would be transported north t o  narthwest cf t h a t  area In to  a region i n  which the law 

l e v e l  a i r  flow is great ly  influenced by rug& t e r ra ia .  Wind Beaswements from the 

Hanford Tower, Richland Airport, the  roving p iba l  team, Yakim, Ephrata, and Wenatchee 

show t h a t  a pers i s ten t  southeast t o  nzrthwest flm charactarized the period, but the 

separa t ion  between these s ta t ions  is tso great  ts account for a l l  of the loca l  in-  

f luecces  which would affect  scch a plune. 

wauld follow the Columbia River Valley from Hanfar3 nxthward taward Bantage, but 

a 

‘RE preferred path of such a release 

it is also quite  probable t h a t  portirrna cf the  release material woulil be influenced 

by many l o c a l  small scale c i rculat ions tbat wculd carry it upslope into the valleys 

in and about Ellensburg t o  the w e s t .  From the data which were available, it is 

not  poasible t o  accurately posit ion the plume at any par t icular  tiroe. Hmever, it 

w o d d  be very l i ke ly  tha t  the segments 11 t ,~  12 and 12 t o  1 aarked on Figure 3 

would be affected by such a release.  

is judged s igni f icant  and is factored i n t o  the analysis, the moat reasonable ase’m-  

tion is  that the samples obtained in these seguients da r e f l ec t  a contribution frm 

this plurne and, therefore, are not tnte background data. 

In the event that a release i n  this period 

Meteorological support was in tens i f ied  near the time of release a t  23COZ: 

September 3.3 and continued rrom’that time until the  termination of the sampling a t  

approximately l W Z  September 14. 

s l i g h t l y ,  carrying the  material t o  the northeast over a r e d o n  in which the e f f e c t  

A t  the  time of the release, the wind had sh i f t ed  
..’ 

0010154 
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'of topography on the  wind va r i ab i l i t y  was lpss than t h a t  which was previously ob- 

served. The plume t ra jec tory  could be more precisely predicted with the data 

which was avai lable  in t h i s  region. Table I summarizes the winds a t  the Eanford 

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

Greenwich time. 

The t i a e  i n  the t a b l e  i s  Z o r  

(To obtain l o c a l  t ine ,  which was Pacific daylight aavings t ine,  

7 hours is  subtracted from the values given.) The C 0 ~ i ~ n 3  are  headed by eleva- 

t i o n s  a t  which the  observations apply. Each entry i n  the table  is the d i rec t ian  

from which the wind is blowing i n  degrees am3 t h e  wind speed in mph. 

is t h e  mean wind vectar  i n  a layer  1233 f e e t  deep centerod about the given eleva- 

Each en t ry  

tion. 

t a b l e  can be in te rpre ted  in the  sane manner as S b l e  I, except that the surface 

wind was estimated a t  ground l e v e l  a t  the location lrhere the observation was  taken. 

The l oca t ion  of the o b s e m t l o n  is a180 entered in the  last column. Table 111 

Table 111 summarizes the upper wind obserzafians from the roving team. This 

summarizes data obtained f roa  the  410-foot tmer. 

i n  terms of t he  16-point c o q a s s  notations [ i .e- ,  V = variable, S = 63uth, S? = 

The ufnd measurements a re  entered 

southwest, e tc . )  and these indicate  the d i rec t ion  frm which the wind is blowing. -- 
"he wind ve loc i t i e s  are hourly averaged centered about the time entered. 

The temperature difference between t h e  4CO and XO-foot levels a s  measwed on 

the  tower (T4m - T a )  and the difference between the 3C0 and lC0-foot levels  

(T3m - T l a )  are indices of the degree of s t a b i l i t y  in the l w e r  atmosphere. 

These temperature differences are l i s t e d  i n  Table IT? and are  5-minute averages 

obtained one-half hour pr io r  t o  the  time designated l o  the table. 

are r e l a t e d  t o  the  v e r t i c a l  growth of the  diffusing plume and are  useful i n  esti-  

mating t h e  altitude a t  which the  plume can be detected. 

greater than (-)0.6 are associated with gradual ve r t i ca l  plume 'growth and the  atmos- 

phere is described as being etable.. 

These quant i t ies  

Values i n  the tab le  

Moderately s tab le  conditions characterized t h e  

0 0  10 f 55 
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lmer atmosphere during most of the period cf re lease and hence also dmir?g the 

per iod during which the saq les  were obtained. 

. .  

Estitcstes cf the ve r t i ca l  extent 

of t he  p l m e  at 50 miles d m w i r d  based OL a ressocz'olz extrapolati3r 0: experi- 

men ta l  data obtained through previous Hanfxd research w m l d  be ap$roximtely XCO 

f e e t .  

pera ture  p ro f i l e s  obtained by b s l h c n  releases a t  Selern, Ortgsn arrd S?okane, 

Washington. These data s h m  t h a t  a s tab le  layer of t h i c k ~ e s a  XO?-3033 fee t  

developed ir the evening of Septzzher 13 an3 vas 53stsirrd uti1 16EZ Seozezber 11. 

A t  50 miles, the grea tes t  concertrations ccjuld, therefore, be e-xpected i n  the lowzr 

1 0  feet  of the  atEosphere. P r m  1m-m fee t ,  the p l m e  is still s i g d f i c a n t ,  

bu t  a t  3CCO reef the  quantity of pPme material is  probably kaig132icazt relative 

t o  background. At locations near the SOUT:~, the 

3cO-800 f e e t .  

The reasonableness of t h i s  estimate has teen suppxted  P7rther by the tez-  

CXU be expecte3 beheerr 

Data from all locations were used t i3  d e v e l q  a descr ipt lor  o? the state  Of 

t h e  atmosphere f r o s  which e s t i m t e s  of the  dispersi9,z; ard t ra jec tor tes  of the 

plume were made. Figures 2 and 3 show the t r a j ec to r i e s  that wsre obtaiced. Fig- 

ure 2 shows the plume ce t t e r l i nes  that were c o r s t n c t e d  usizg pr ixar i ly  the & e x 9  

Tower, radiotelemetering, upper level,  and Moses Laie wlrface Ki2ds. !Fxse a re  the  

cen te r l ines  which a r e  aesocisted with releases from the soarze from m 3 Z  Se?te-n-ber 

14  t o  ~~2 September 14, 1962. 

d i r e c t  evaluation of the sawling t i n e  r e l a t ive  t o  the pkme centerline cap be e a s i l y  

made. As can be seen f r m  Table 111, the  condition^ a t  Sl03ee Iake bzcame cs ln  a t  %he 

The time i 3  indicated with each t-;ajectorJ so tFpt 

end of the period 80 that semistagnation occurred i11 t h i s  vicini ty .  The calm vinds 

at Moees Lake should be interpreted a8 winds belar the threshold of the anemmeter 

used f o r  t h e  observation. 

Still being transported, but at 8 much reduced rate. Tnere is  w b a a i d f a r  pr(&SiS 

There is l i t t l e  doubt tht porticns of the p l u m  were 
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beyond Soap Lake, but  assuredly t h e  width of the  p l m e  i n  t h i s  area w i l l  have a 

great lateral extent  r e su l t i ng  from the direct ion va r i ab i l i t y  associated Kith 

l i g h t  winds and wind d i r ec t ion  shear which ua3 evident from the balloon runs. 

Figure 2 shows the plune center l ine3 a9 $hey exis ted frsm ~ - 1 8 c 0 Z .  

noted t h a t  the t r a j ec to ry  underwent a n  abrupt s h i f t  so that the centerlines are 

found northeast of t h e  source. However, because of the  semistagnant a i r  t o  the  

west of Moses Lake, portions of t he  cloud which had been released during the night 

remained within that area throughout the  Beriod and sampling as late 8s 18302 

September 14 probably would de tec t  it. 

It will be 

Figure 3 shows t h e  plume center l ines  relevant t a  t he  a i r  sampling. The wicd 

s h i f t  t ha t  occurred i n  the night, - l m Z  September 14, has'brought about 2 prongs 

of dosage maximums. The first, which is  directed west of Lind, is  the preferre2 

pa th  of the  mater ia l  a t  the time t h e  sampling cammenced and the second is the re- 

sult of stagnation i n  the  Ephrata area of t he  release which had been made during 

t h e  night.  The flight path followed i s  indicated by the heavy l i n e .  

reference due eas t  of t he  aource and fallowing the  f l i g h t  path counterclockwise, 

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

The highest  concentrations, however, are t o  be found 5-10 miles northwest of posi-  

tion 3 and a t  pos i t ion  1 (Ephrats) where stagnaticn had occurred. 

Taking 

Detection is 

least l i k e l y  in t h e  area about pos i t ion  2 where only fragments of the  dispersed 

plme are l ikely.  No detect ion was expected south of position 4 nor w e s t  of 

pos i t ion  l.2. 

Vegetation sample detect ion haa much the  same expectancies as those of the  

air sampling. 

near  the  l i n e  from Ephrata t o  Moses Lake t o  w e s t  of Othello t o  the source would 

have the  higheat probabi l i ty  of detection. 

However, becaue of t h e  pers i s ten t  nighttime t ra jectory,  sampling 

The areas i n  which vegetation de tec t ion  

Q O l O l b O  
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is  l i k e l y  are defined by t h e  westward lobe i n  -Figire 2 and the  eeetKard lobe i n  

Figure 3 .  It is s igni f icant  that the  locat ioc of the highest a i r  dosage me8mre- 

ments may not correspond t o  those of the highest  vegetation s a q l e s .  Because of 

t h e  s t a b l e  nighttime condltions cocpled vit'~ stagnation, the deposition on the  

ground i n  the  westward lobe i 6  expected t o  be greeter  than  tha t  found i n  t he  eas t -  

ward lobe.  A i r  samples, on the  other hand, are expectsd t o  be a maximum i n  the  

eastward lobe where the  plume dispersa l  has been much less than t h a t  in t he  w e s t -  

, 

ward lobe. 

0 0 1  0 I b f  
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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 (Tl) detectors . The samples 

co l lec ted  with the AEC twin-engine Beechcraft were i n i t i a l l y  counted 12 a f ive- l rch 

- .  

-- 
well-type N a I  (Tl) detector operated I n  anticoincidence wi th  a large p las t ic  scin- 

t i l l a t o r  shield (l). . 

Beechcraft during the emission. 

Detectable 1-131 was observed on a l l  samples collected by the 

Zr-Nb-95 and Ru-Fth-103 ac t iv i t i e s  were found on 

the  paper par t icu la te  f i l ters.  

The f i l t e r  samples were i n i t i a l l y  counted in se ts  of 

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

N a I  (TI) detectors,  or in the two inch diameter well of an eight inch diameter by 

e ight  inch thick NaI (Tl) detector.  No radioact ivi ty  above background was detected 

on the charcoal impregnated f i l t e r s  collected a t  50 miles., Zr-m-95 and lesser  

quan t i t i e s  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  (E paper). Above normal levels  of 1-131 were found on some of the 

composites containing f i l t e r s  exposed close t o  the source. 

by five-inch thick well-type NaI (Tl) detectors were used t o  obtain gamma spectra 

on each of the  "close-in" samples and on some of the IPC f i l t e r s  exposed st 50 miles e 

Estimates of the Ru-Rh-103, Ru-Rh-1'36, Ea-La-140, 1-131, Cs-Bad37, Ce-Fr-144, acd 

Zr-Nb-95 a c t i v i t i e s  were calculated by the GEM pmgram (2) f r o a  the gamma-ray spec- 

tra.  

also analyzed by g a m - r a y  s c i n t i l l a t i o n  spectrometry. Above normal levels Of 

Three five-inch diameter 

The two large IPC f i l t e r s  exposed during the en t i re  f l i g h t  were 

I-13lwere found on the f i l t e r .  

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

leve'ls OR most of t he  Individual filter samples could not be measured by normal 

gamma-ray s c i n t i l l a t i o n  spectrometry. Consequently, these f i l t e r s  we e analyze$ ! d 

by separat ing the iodine and counting by a multichannel beta-gamma coincidence 
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method. The 'procedure used is as folloxs: 

The fi l ters were spiked with a k n m  amount of 1-125 and ashed i n  a quartz 
. .  

tube i n  a stream of oxygen. The off-gases from the ashing, containing the 1-125 
.. .. . 

and 1-131 a c t i v i t i e s  were passed through a gas scrubber containing water satu-  

r a t e d  with SO2 t o  co l lec t  the iodine. The iodine ac t iv i ty  was collected by 

car r ie r -prec ip i ta t ion  with a few milligrams of AgC1.  The A g C l  prec ip i ta te  was 

dissolved with cyanide and then re-precipitated,  m e  precipi ta te  was f i r a l l y  

t ransfer red  t o  the  w e l l  of a small beta sensit ive p l a s t i c  s c i n t i l l a t a r  and 

dr ied.  

beta-gamma coincidence spectrometry. 

I -131photo peak was about 0.05 counts per minute. 

The 1-131 a c t i v i t y  i n  tfie Frecipi+&te was measured using multichannel 
4 

The backip.ound i n  the region of the 

The counting efficiency 

as measured Kith a cal ibrated 1-131 source was betveen 0.2 and 0.4 depending 

on the  detector  system. Each sample was cmnted for a t  leas t  lCc0 minutes. 

"he dis integrat ion r a t e  of the 1-131 a t  2:CO p.m. on September 14, 1962, was 

calculated using the GEM program (2). The chemical yield of eszh sample was 

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

gamma-ray ac t iv i ty .  

y i e l d s  which averaged about 60 per cent ,  

The 1-131 d i s in t egmt io r  ra tes  were then corrected f o r  

. 

,The GEM computation program yields an estimate of the standard e r ror  based 00 

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 fa te  

coprecipi ta ted with the  s i l v e r  chloride, which reduced the beta counting eff ic iency 

and resu l ted  in a bias .  

An addi t ional  uncertainty was introduced in the b e t a - g a m  

The procedure has been modified t o  eliminate the silver 

suVate coprecipi ta t ion in the future.  A rev  of the  resu l t s  may be biased on the 
* L 

h i &  s i d e  due t o  t races  of X-131 in the laboratory equipment. These resu l t s  a r e  

indicated i n  the data presented later. I t  was found during these analyses t h a t  

O O I O l  b 3  



glassware which has never been used with 1-131 t racer  wt be usei f x  the  chemistry. 

VII. Results 

A. Samples Collected With m e  IfsnfxS AEC Eeechcraft 

The A.EC twin-engine Beechcraft is periodically usell f o r  air  salspling 

studies  and f o r  direct monitoring with a high sens i t iv i ty  gamma-ray 

detector . 
During the emission, cDmbined monitorlxg and sampling flights 

were made as planned at agpwxiimtely 1, 3, 5 ,  10 and 25 miles from the 

source. 

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

Three addi t ional  f l i g h t s  were also made, one of which was in an 
1 

points downwind t o  the source. 

were traversed two or  more times t o  give a total sampling time of about 

The sampling paths, which were short ,  

10 minutes. 

1. Equipment 

0 0 1 0  I b4 

The equipment used f o r  gross gam monitoring consisted af a ,C-inch 

diameter by 3-inch thick sodium iadide crystal with its accompanying 

bat te ry-puered  photamultiplier acd transi3torized c o u t  r a t e  meter 

ana recorder 

A i r  sampling was performed by drawing a i r  iota the place t t t -oqh a 

2-inch d iase te r  port i n  the door of t h  plane at a direc%ion pezpet- 

d icu lar  t o  the a i r  flow. 

Sampler Model No. 16cO3 which was parered with nine 12-volt storage 

ba t t e r i e s .  

standard IPC f l l ter  paper(4) followed by a 1-Inch thick bed of 

ac t iva ted  charcoal (cocoanut charcoal, 6-14 mesh, C a t .  No. 5-685, 

Fisher Scient i f ic  Company) at a flov ra te  of 750 l inear f t  . per 

(3) 

The air pump used was a Hurricane A i r  

The air  was pulled through 8 9.6 square inch 8rea of a 



I 

i minute 

2. Results i ron Gross G a m  ManitxZng 

m x  inas The general d i r e c t i m  of wind f r m  the separa t im g h n t  sta-' 

toward the nr7ITtha=C,. 

plume area a t  approximte ly  5CG ts 600 f e e t  above ground level. 

The a c t u l  locat icns  cf the varim.~e s s q l i n g  m s 2  p l l s  the t h e  

.%e salrpXrg was acne b y  traversing a e  

a t  which they were fimn, ar=d the oSeeweC gross-gsrnZs rate meter 

readings, a r e  s h r n  33 tbe mar i n  Figure 4. Msst cf the ot;aervsd 

gsmma monibr  readings were r s the r  lcv and pr;;5a@ly near tha 31x1- 

m s l  bac'kground; hareverg tnere were a faw p 0 i . k ~  In the 21ae area 

which were aboxt twice t3;ese 1mer v a k e a .  

3 .  Result3 f r ~ m  F i l t e r  S a q l a s  

&asurements of %he c s i l ec t i Jn  efficiency cf p a r t i c h t e  1131 and 

other radionuclides f rza fa l ic i t  by TPC filter pspir!j j inaicatea 

that at fluw rs3e.e o? 753 linear f e e t  per  mfncta, 50 per 

cent of the  particulate icdine is col lected bj the fi l ter .  Most 

of the reaaining par*ic.lhta 1 ~ 3 ~  is csllectsci -sr, t3e fsllawing 

one-inch thick acf ivated charccal bed. 

L13l content of the air wkich tre3 saxpld by the I P C  f i l t e r  and 

the activated charcoal bed are ta.t\uhC,ed. The r a t l o  of 1131 oil 

the IFC f i l tar t2 that i n  the charczal bed is ala:, 2isted. 

the I P C  filters were abou% 50 per  cent ef f ic ien t  f ' x  particulate 

113', these ratios should be multiplied by two t o  determine the 

fraction cf 1 ~ 3 ~  act:Jlally aasociated v i a  p a r t i c d t e  rmrterLal0 

111 Table IV t he  observe9 

Since 

0% IbS 
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TABLE lY 

IU1 i n  A i r  Sampled from the Esnford AEC Beechcraft 

- 
1 ~ 3 ~  in a/z/ft3 

Sample 
Number - 
1 
2 
3 
4 
5 
6 
7 
8 

P cn 
SPC F i l t e r  - . Location* 

1 mile t raverse  0.0101 
3 mile t raverse  0.0031 
5 mile t raverse  O.co4'i 
10 mile t raverse  0.9176 
25 mile t raverse  0.0074 20 mile a rc  0.0135 

See map 0.587, 
See map 0 0052 

0 0 1  0 I b l  
Z C  
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B. Sample3 Collected 

0 0 1 0 f b 8  

1. Equipnent Used 

a. F i l t e r  samples 

Most of the samples were collected with a five-Inch f i l t e r  

holder i n  an a i r  scoop device 

The f i l t e r  can be sl.oply ana p i c k i y  cfianged dWfz:.g 

flight aPd, ii t h i s  experirreot, t t e  f i i t e r s  were gczerally 

changed at f z u r  micite a r  eight mirke  intervals.  

A double f i l t e r  coosisting ci: a "white" f i l t e r  backed by a 

"black" f i l t e r  was used a The first 

f i l t e r  was an IPC paper filter, Kk.mltsn Paper Caqany tne. 

This f i i t e r  is a high ztreggth f i l t e r  haviLg spall presswe 

loss coeff ic ients  and high cGllecTi33 effictexcy f o r  the 

par t icu la te  matter typically pr3du:ed ir mclea r  explQ3imS -4 . 
The second f i l t e r  was a porous f i t e r  filter impragrmted vi+-> 

activated carbon. It was used in t h i s  t e s t  i n  the hcge tkat 

the black f i l t e r  would absorb iodire v e r j  e f f l z i e s t l j j  while 

the white f i l t e r  ahead of it waul3 col lect  most of t t e  par%cb- 

late matter; thus the  r a t i o  cf 13dirre to the baekgrGu5 cif nOn- 

!: ' 

vola t i le  f i s s i o n  p r d u c t e  night be more favxa'cle on the 5 h c k  

f i l t e r .  

was generally the msre effieielzt collector of isdine (mean:%?, 

possibly, t h a t  mcst of the iodine was par t icu la te )  acd the 

reduced air f l o w  rate due ta the additional f i l t e r  was disad- 

vantageous. 

T%is FrGved i t 3  be 3f fit. advantage. m e  white filt?r 



b o  A i r  samples 

During a l l  sawlird rzvs a t  50 roiles, a3 dejcribed later, a i r  

sawies werd caLlecteJ ia ephericsl  s t e e l  pressxre bo t t l e s  

having a capacity of about gC0 cubic i x h e s  a s i n g  a pcsifive 
8 

displacement a l r  pump operated from the air,-raft :mer > h o t .  

Each sample was takeo a t  a im:l'xm r a t e  d x i n g  a apecifled 

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

2. Results from S a q l e s  Collected a t  50 miles 

a. Locations 

The princigal  s e t  if saxnples were csllected an 82 arc aba:i: 59 

miles d m . l n d  of t ke  Rdox P h c t  Setwetr! 0730 a2d CI?'c5> l scdl  

time, on SepteDber 14, 1362, a t  whl2.h tim the p ' e d i c t e l  g2ne  

locatioL Gf *e I from Redcx was aj ahmz c)c Fj.8. 3 0  %e 

path taken by the  s s q l 2 n g  a i r c r a f t  was f r m  pusL%X 3 tz 

position 11, as a l s o  shown on the map in Figure 2. 

-131 

A first 

pass was made at 3(xx, f e e t  above the terrain s tar t i rg  st; posi- 

t i o n  5 and ending at posi t ion ll. 

return f l i g h t ,  was at  XCO f e e t  and a third pass wa3 roade a t  

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

A SecoEd pass, made on the 
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with a f i l t e r  chaag5 st e i t h e r  n m i n s l 4 - d m t e  o r  ncialnal 

8-mi~ute i r t e r r a l ;  . 
On the prevlmd day, Ser;+,e!nber 13# 1362, siin:lar aaupling 

m a  were made betweell a 0  and 2m local t i ne  t o  t e s t  eqtdp 

-131 tack- ment aad t o  ss l lect ,  samples f , x  evtablishing the - 
ground. The flight gafh af the saq l lng  aircraft rjsl t h i s  

pass was made at abait l5CO f e e t  f r m  poin t  4 ti pa'nt 10 a rd  

tke secoad pass was made a+, 3,m f ee t  br the re?- fliqint 

from p o i n t  10 t o  point 4. An additional backgrouE9 fi.l:er 

bars pr io r  5.3 t h e  kaekgrxnd sauqle c o l l e ~ t l 2 E ~  W ~ J  a t c r  

5 x 10-5 curies  per hour. This is  a factor  oi about 10' trlzw 

the emission rate of the  cambined Redax aad Purex F l s n t a  a t  the  

time of the t e a t  on September 14. 

Purex Plant was mavizlg r o r t h r d  during this FeriOd, and the  

results of k ryp ton45  detemi3at lans  show that the plane passed 

The emisdo2 p l a e  fron t h e  

. 
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through the plume. These data 

The mean v a h e s  are sham for t h e  113' content of each t z z  

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

two altit-..des, 1,502 feet aad 3,rvcC feet .  %>e over-all neac fcr 

each t n e  of f i l t e r  uaa calculated and used au5aeqwntly. 

mean values a r e  not sig:ificsrtly different  b ~ t  they werc nti, 

combined becaurz i: mkes 86me, ac ier t i f ics l ly ,  nat t: c . m t k +  

them. The :fin lJ;res+, results 0% tha whi% f i l t e r s  c c z ~ x r e 3  :,z 

the sanplea frtn tke er?da Df the f l t g h t  cmr3e, nsGiely, a t  .? t; 

4 and 10 t o  11, suggesting a peak scram L e  c e r t r a l  pert, .:I 

the csurse . 
t he  differences bekeen  sample 1 x a t i . c m  ncr 'te5weec alt i t ides  

were s ign i f i can t .  

t h e  same f;r both types 02 f i l t z r s .  

given i n  Table 'C' was based (33 the  courting data only. 

These 

Hawever, %kis was T;es$ed ststiuticalPJ aad ze.Ct12tr 

The estima?xd prec:!sion of ths resilts I s  

'Ihe stsrdard er rx  nine 

%-e 

estimated over-al l  standard deviation of a sinsle r e s e t ,  zs l -  

culated from the 12 valu.es on white f i l t e rs ,  i a  abx; 

a/loJI 

c is icn  of the crzunking was i0.916 d/lOW4 day. 

r o r  a f-ainufa sa!zyle, whereas tke  indicated Free 

The Ligher Sralae 

includes v a r i a t i o a  due t c  ssmiicg, laborstcry Fracossillg p r i2 r  
1 3 1  

--a- t o  the counting, ard ary pms lb le  real variations ir! L C X t e L t  

between samples . 
AB w i l l  be seen i n  the data presented i n  the next sect ion,  

the presence of an appreciable value h e  to falivJt serious- 

l y  limited t he  seI?si t ivi ty  f a r  detection of the 1131 release frop 

tho Redox Plant. An important variable i n  dealing wifh s x h  ah 

backgrourd is that t he  fallcn5 concentrations or ten  chacde 
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widely and abnrptly with air !mss cha~ges. 

i n  the  data in Figures 5 and 6. 

This e f fec t  is sees 

These data res'll2 f r x  a a l y s e s  

of daily f l l t c r  aamplea at Iiaafard f o r  gr33a tets a c t i v i t y  in 

micromicrocuries per c : i b ~ s  meter (Fig. 5)  and 1'3' act i l i i ty  12 

disintegrat ions per minube r\er cztic foat (Fig. 6). 

d u r i x  which the  aircraft ssmpll.ng was dme is indfzsted. 

sample f x  I 

E e  period 

P. 

131 deterPLxti>n U ~ S  m t  taken s t  the 3m AT53 CL 

Septeaber 14, becauaa tkse f i l f e r h g  eqrlipnszt was belrg u e 3  2. 

the a l rp l ane  tha t  day. 

this area 03 Seztember 14 ev2leatly Drsugkt i2 a=l t i k  m s 3  xi91 

The weather fror i t  w h k k  p 3 3 a J  cver 
8 

t h i s  occarred after tke e q e r i a e r t  WM c ~ r k l s t z S o  

C .  F i l t e r  Saiqiea W ~ c n  Ew2.r-g Emission 

The resdI<s far the  white acd black f L t e r  8srk.les 1=,:,.3.le,-ted 

a t  about 50 miles d h n d  of %he Redox Plart i h r i r g  tha 1 

emission on September 14, 1.362 a r e  giv2.r ir Table F'7. 

131 

3zrtef:c- 

values In colu3ln seven 8r.t marked by a3 as te r l sk  t.; kdLczt% 

possible contamination, a d  a re  aer;tisre& e s r l h r  f a  Be&ba 

Figure 3) durhg the i n t e rna l  the filter mui eacsed .  m e  

standard error values are based on ly  cin the cauaticg data. 

The values i n  colrucns 6 and 3 are n o r ~ ~ a l i z e d  to a 4- 

minute exposure period and these vahe: are platted 03 F i g x e s  

7 and 8 for each of the three alti*ides. %e mean backgromd 

value I s  Indicated by a heavy daske9 l i n e  on each graph. 
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1131 Values on White Filters at 50 Miles Downwind 
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The graphs shjw thst Il3l was not  detectable atme backgmud 

at 3ocO f e e t  but  the peeks occurring i n  the lc00 en9 2cco f zo t  

data apFear t 2  be ai ,@ficsnt .  It is par t icu lar ly  interesting 

that two peaks appear a t  XCO feet ,  namely at  32 t a  1 snd a5 

t o  4 respectively.  These correspond reesonsbly w e l l  e-th 
-- 

the  predicted p l m e  t ra jec tor ies  givec previously. 

sence of a peak a t  12 ta 1 at  lOc0 f e a t  is Wster im.  

ever, the apsarell+, displacemeat of the cent rs lpeak  f rm 2-2A 

t o  2A-4 a t  the higher a l t i t ude  suggests a shesrlng a f f ec t  a9 

discussed i n  Sactian V. 

%e sk- 

KTJ~ 
.- 

Thus, the secmdapeak a t  lX%I fee: 

may be i n  the U. t o  12 pOsi+,ion, where a sawle was Got taken. 

The results from the black f i l t e r s ,  s h m  oc Figure 8, 

tend t o  sqport  those frm the whits f i l t e r s  at lCc0 and a t  

3cc0 feet.  Emever, the r e su l t s  f o r  2cco feet  were t a o  lcv 

t o  be conclusive. 

The t o t a l  collected on both f i l t e r s  i a  plot ted i n  

Figure 9. The res-slts  show the Fa t t e rm a t  1m and 
f e e t  clearly. 

Figure 10, the  

The data are plotted in 8 paired IEanner b 

values on white f i l ter3 being plettat2 

a g a h a t  the  correspondilg valrres on the black f i l t e r s .  E e  

area blocked oui by a dashed line enclsaea what apgearv t: 

be the background area. 

Using the aversgc background value far white f i l ters of 

0.09 and the standard deviation of f0.04, one can canpare 

the white f i l t e r  values v i t h  tho 2 ^o upper . l imit  of the 

background. Doing t h i s ,  ve observe t h a t  one result at ~ . <  
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FIGURE 9 

Sum of 1131 Values on White and Black Filter Pairs 
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feet ,  three a t  xxx> feet ,  and none a t  3coO feet are appre- 

c iab ly  above the  2 a l i m i t .  Eowever, the significance of t h e  

2 u l i m i t  is wcer ta in  because the s t a t i s t i c a l  d i s t r i b u t i m  

cf the  r e s c l t a  13 u t  kr,own aad it nay not be a n o m 1  

d i s t r ibu t ion  . 
"he s ignif icance of the  high 1131 vahes on cer tain fil- 

ters was-efsre tes ted  by a ranking method. !?hie was dcne 

with the  ccabined res-fits, tbst is, the  sums of tke paire2 

values, as they a r e  p lo t t ed  on Figwe 3.  When all 23 samples 

and 11 background values a re  ranked, it is fouod that the  hi&- 
4 

est  f i v e  values a r e  s aq le s  frgm 1033 and XOO fee t .  The 

probabi l i ty  of a chance occurrence cf f ive  resu l t s  from t t e  

set of lc00 and 2CC0 foo t  data being higker than any of t he  

background results is only 0.037. Similarly, six values i n  

the  1 0  and XCO foot  set a re  h ighe r  than any value fn t h e  

3co0 foo t  sample set .  The probabi l i ty  tha t  t h i s  could occ'dr 

by chance is 0.05. 

is s ign i f i can t ly  d i f f e ren t  from the  background data, and it 

Thus, the set of 1033 and !XXI f o o t  data 

is a l s o  s ign i f i can t ly  d i f fe ren t  from the foot  data, as 

predicted meteorologically. The jCC0 foot  sample data is 

probably representat ive of background; hence, it c u d d  be 

included w i t h  the  background data set  of September 13. Whelz 

t h i s  is  done, t h e  significance of t h e  cccurrer;ce of f i v e  1m 

and 2ooo f o o t  results above a l l  background and 3coO foo t  data 

combined can be tes ted.  The probabi l i ty  of t h i s  Occurrence 

i s  0.092 . Theee results h d i c a t e  that the plume was 
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detected a t  lCc0 and f e e t  abme the terrain by the  f21- 

t e r  technique used. 

.tlvity i n  ",A:!s e q e r h e r t .  

subs tan t ia l  

3hse-were tha presmce of a 

background becsusz of t he  nuclear weapons 

t e s t ing  i n  progress a t  the t h e ,  aLd t he  law a i r  sampling 

r a t e  a t ta ined  

d. Air Samples 

Samples of a i r  were collected f o r  kryptsn a2.3. x e r m  

cleterminatians durizlg the  flights a t  50 miles dnmwind of 

the Redox Plant, 

National Laborstories aod the res-dts a re  given ic Tabie 711. 

'The samples were analyzed a+, the Argonre 

The krypton r e su l t s  were no higher a t  these locations 

than those obtained on t h e  background samples of September 13, 
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which are sham i n  Figure E!. 

gas . .  re leases  from . .  the Purex . .  . P u n t ,  which me apersting . . .  dth- . _ .  

out .. . interrupt ion throughout th ie  period, domicated . . . t h e e  . from . . - . - - 

Redox during the experiment. The plumes were evidently . . . -  a _ . . . . . . . . -  located 

between posit ions 11 and 3 on both bye. The xenon values . . .  are 

reported i n  Table VI:. The xenm a d  krypt0.n rasul ta  do not  

cor re la te  and the poait isne of the  xenon peakn do net-agree . I  

w i t h  ei5her the Kr85 and 

a c t i v i t y  l e  prcdm1mtel.J rrum weapons t c e t a .  b 

tope ratios were not maaured. 

.Bi3 indicates t ha t  t'ae rare .. . - .  .. . - . .  . . . .  . 

data. Evidently, the x e x z  

The xezoc ico- 
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FIGURE 11 

Kr85 Concentrations in  Air Samples Taken September 14, 4962 

.'C 6' .IC*.... -.I* 
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FIGURE 12 

Kr85 Concentrations in Air Samples Taken on September 13, 1962 
(Altitude 1500 Feet) 
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., 
3. Re8at13 from Close-in Sampling 

a. Locations 

In addi t ion t o  the eampling runs made a t  50 miles, a l a rge  

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

downwind of the Redox Plant .  These rune were made i n  an attempt 

t o  de tec t  the 1131 plumes by meane of a Geiger tube and count 

r a t e  meter device The 

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

e c t l y  behind the  f i l t e r  paper. With t h i s  detector,  the pres- 

ence of rad ioac t iv i ty  i n  the sample beiqp, collected,  as In a 

cloud from an atomic bomb tes t ,  can often be monitored v isua l ly  

by watching the recorder t r ace  of the count rate meter. 

these tests a t  Eianford, hovever, the 1131 plumes were not de- 

In 

t ec tab le  by t h i a  device, although they were detected by the 

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

sampling runs (See Section V I 1  A ) .  

sample runs 

During these close-in 

f i l t e r  samples were talcen 

regular ly  a t  four minute in te rva ls ,  which corresponded t o  

approximately 10 t o  12 miles each. 

a r c s  across the Northeast quadrant c e n t e r i ~ g  a t  the Redox 

Plant .  The a rea  covered is  roughly defined by the Columbia 

River between the  Hanford Reservation boundary and Vantage, 

The plane was flmn i n  

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

Kahlotus, Washington, on the  other  eide. 

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

Approximately 50 double f i l t e r  samples were col lected 

during severa l  hours of f ly ing  at low a l t i t u d e  doxnwilad of 

001018b 

4 7  



the  Redox Plant up t o  within approximately one mile from t he  

Redox Plant.  
d 

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

exact ly  4 ninK.t,e intervals ,  regardless of the location of 

t he  a i r c r a f t  a t  the time. 

range of 5cO t o  

The flying a l t i t ude  was in the 

f e e t  above the terrain throughout the 

sampling period. I n  many cases, the exact l o c a t i m  of the 

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

plane was often out of the tracking range of the radar 

(Othello Radar Stat ion)  because of t h e  law a l t i t ude  and the 

hilly t e r r a i n .  

the sample date l og  waa often not helpful, either,  because 

The longitude and la t i tude information on 

of the frequent c i r c l i n g  of the plsne. 

these samples were not analyzed by the more sensitive 8-y 

coincidence method, although every i i l + , e r  m a  analyzed by 

multichannel gamma spectrometry. 

pronounced 

Consequently, m a ~ y  of 

"hose samples which gave a 

gam peak over the background of other radio- 

ac t ive  mattzr on the f i l t e rs  were processed through the @-Y 

method. To these were added several additional saq les  which 

were of i n t e r e s t  because the location of tne  sample was k n m  

and was of significance . Sometimes the location vas of i n t e r -  

eat  simply because t h e  sample uas taken a t  a p h c e  k n m  t o  be 

out of t he  plume. 

The 

i n  Table: V I I I .  

been corrected f o r  t h e  background Werage. 

r e s u l t s  obtained on these samples a re  tabulated 

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

The'approximate 

distances and direct ions from the source are  given in the lest 
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two calumns. 

4 minute filter were obtained when t h e  plane pasaed through 

the pluze at distances ou% 5~ about 19 Biles from the source. 

A t  grea ter  dista~ces, detect ion is l e s s  posit ive.  A l l  large 

1131 valuea were obtained on S8ZQleS within the NE q a d r a n t .  

Sasples 39 45, 46 and 47 were takec well outside the  expected 

plume t r a j e c t a r y .  !&rerally, gmd c o r r e h t i o n  between the 

w h i t e  and black filter pairs was obtained. 

The data shcw t h a t  v e r j  high 1131 v a l x s  per 



The data obtained by gamma spectrun analysis of a l l  fil- 

0 0 1 0 1 9 0  

ters, including +,Lose +,&en cn the 50 miLe file% c3u=se, uere  

analyzed by EL geceral spec t ra l  acalysis cornpiter progran! for 

the seven predoaioent f i s s i a n  products, Ru-Fb-lO3, Ru-Rh-l%, 

Ea-La-140, 1-131, c~-~a-137, Ce-Pr-144, and Zr-m-95. With 

yielded a typical curreu5 fallsA* spectrurc with varying atnomta 

of addf t ioaa l  

i n  F:gure 13. me A 

a3ly higher t h m  f a l l s i t  levels,  a8 mmitxea by the La-l!& 

reaka {note the nigh sensiziyisy mzge uad:l .  

inrpcsej. upm it. 

i 3 1  
O x  of the spec-lrs 5s ~ f i a W n  

peak is very prminant, being cznaider- 

It was mentioned earlier tha? the Aiger eibe c~*;m5inq 

re salts were all negative. 

C EnvironmeEtal Haritariag Saiuples 

Samples of air, wa+,er, vegetatisn, m i l k ,  and p rduce ,  and 

measurement of ambient dose r a t e s  a re  cS+Aired rout i re ly  with- 

in t he  W C  environs ty the Envir3tiaental Studies a d  Eva lUt iCn  

53 
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program are directecl t r i r d s  t h e  rrtasurement of Z-131. 

tional aazplir?g l x a t i e n s  ard inzrrased sarqlfw i r e q i z ~ c i a 3  

were esta3lishel fa- the tes-c perizd t a  a id  i n  evaluating 

the e f fec t s  of the a & d l t l m a l  1-131 releaae OI? the e n v i r x s .  

1. Method3 

Addi- 

A .  A i r  S a q l e u  

:Nu t.nes Gf air samples a re  r x t i o e l y  collect- 

ed - f i l t e r  paper a s q l e s  and cazsfic a;.rdAer 995- 

c h a r c a l  car t r idge 1-131 adsorber, were es5aklished 

f o r  the t t s  paricd. A11 lecatisx where air esz- 



Septsmker 1962 

Location 

200 Areas and Vicinity 

200 West, Redox * 
2CO West, East Center * 
2CO West, West Center * 
XO East, West Center * 
2CO East, East Center * 
XO East, Southeast * 
203 East, Semiworks * 
Meteorology Tower - . 3'  
Meteorology Tower - 200' 
Meteorology Towar - 4rx)' 

lrx) Areas and Vicir,ity 

Midway Parer * 
1CO-B Gate * 
10-B Southwest * 
100-K Center * 
1CO-D Southwest * 
100-H East * 
White B l u f f s  * 
103-F Southwest * 
Hanford E 

100-K North * 

Intermediate Locations 

4 Y c  Barricade 
Prosser Earricade 
Rattlesnake Mtn. ERC 
Rattlesnake Springs 

300 Area and Vicinity 

300 Area * 
Eyers Landing * 
1100 Area * 

FFA School Farm 

N c l r m a l  
Air Cau t lc 
Filter Scrubber 

D 
w 
W - 

*Permanent Atmospheric Monitoring Station 
*D = Daily, W = Weekly 

w:* 
W 

W 
W 
w 
W 

w 
w 
W - 

I 

Special 
Pre-Filtered 

Charcoal Ads orber 

w 
W 
W 
W 



Location 

Tri-Cit ies  and Benton City 

Richland * 
Kennewick if 
Pasco * 
Benton City * 

D a i r y  Farms 

"E" 
'' G" 

Remote Locstionv 

Ses f t l e  Wash 
Spokane, Wash a 

W a l l a  \a l lay  Wash 
Yakina, Wash. 
Meachun, Oregon 
Klamath Falls ,  Oregon 
Boise, Idaho 
Lexiston, Idaho 
Great Fa-, Montana 

SeTtember 1302 

Noma1 Special 
A i r  c s u - c i c  Pre-Filtered 

F i l t e r  Scrub be r Charcoal Adsorber 

D 
w 
W 
W 

W 
61 
W 
W 
W 
W 
W 
w 
w 

*Permanefit Atmospheric Monitoring Station 

W 

tl 
W 

- 

.. 
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W 
W 



(1) Ca-ustic ScrJbbers 

The concentration of 1-121 i n  the atxosghere is 

measured by c a m t i c  scrubber samplers locstvcd i n  

f l f - t e a  tLtxi.;xlpg s ta t ions  in the plant  environs. 

Four of these stations are  locsted off the  project ,  

a d  the remainder a re  located within the various 

p l a n t  operating areas. Each s ta t ion  is  a 6' x 6 '  

x 8' high bui ld ing  which h o u e s  the necessary 

monitxtng eqtiiprnant ( 6 )  . 
L 

Tfie samplers c m s i a t  of a calibrated,  e l ec t r i ca l ly -  

dri-Ten V~CUTII paup which draws 2.0 cfm of a i r  thrwigh 

one l i t e r  af 0.1 n o m 1  NaJH sDlEtion. A balancing 

platiolrn 3rd si;hsn ar,rangeaent permits Introduction 

of d i s t i l l e d  ua t z r  in52 t'ne scrztber a t  a r a t e  eqla l  

t o  the  rate of evaporation. "his water feeder helps  

maiotain- c o r n t a t  Uqxid  head, a i r  flow rate, and 
. .  

After cne &ek af' ogera>im, +,be scmbber bcttle 4s 

replaced and takec t3 the radiochemical analysis 

laboratamy f x  deters inacfm of t2e i-131 conte5t. 

The a i d ; r t i c a l  prccedure used pmvides f o r  the addi- 

tion of an iodice carrier and AglTO t o  the  scrabber 3 
solution, followed by f i l t r a t i o n  of the resu l t ing  

s i lver  iodide precipi ta te .  The radiation from the 

1-131 on the f i l t e r  is measured by an en$-windov ," 

G.M. tube connected t o  a scale-of& scaler.  
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. _  
Atmospheric concentrstlons of 1-131 a re  then calcu- 

la ted  from these counting rates by applying f ac to r s  

f o r  counter calibration, chemical recovery of the 

1-131, scrubSer efficiency and the volume of a i r  

sampled. 

atmosphere using t h e  above method is 10'14 pc per 

The detection l i m i t  for 1-131 i n  the 

cc of air. I n  addition t o  the regular sampling 

frequency a l l  of the scrubbers were changed on 

Septenber 13 and again on September 14, 1962. 

(2) F i l t e r  PaTer Samples 

Airborne par t icu la te  materials a re  sampled a t  severa l  
6 

of the Atmospheric MonltDring Stations and at off-  

s i t e  locations (Table IX). Fifteen of these samplers 

a r e  q e r a t e d  wi th in  the project,  f ive  a re  uperatsd 

13 nearby off-project locations, and nine others are 

aperated i n  more d is tan t  Pacif ic  Northwest cnmnunlties. 

TUO and one-half CFM of air a re  drawn through 2" x 4" 

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

vacuum pump. 

locations and weekly a t  the Others. 

rad ioac t iv i ty  collected by the  f i l t e r s  i a  measured 

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

cal ibrated t o  give 40 ger cent over-all counting 

efficiency f o r  a RaDEF o m c e  dis t r ibuted on filter 

The f i l t e r s  a r e  changed dai ly  a t  four 

Gross b e t a  

paper. A delay of 48 hours is used between sample 

col lect ion and c m t i x  t o  permit decay of the short 

life natural ly  radioactive substances present. Cne 

- . . . , . . . . . .- 



purposes for operating these fil.cers is t o  of  tke 

s i g n a l  and record influxes of radioactive fallout, 

which caa i ~ l u e n c e  the coxentrat ions of 1-1-31 and 

mixed lissixi arcdx',s f xz13. ir otker environmental 

samples . 
( 3 )  Charcoal Cartridge Adsorber Samyles 

During the tes t  period charcoal cartridge adsorbers 

were operated a t  several  locations where no permanent 

atmos2heric monitoring s ta t ions existed (see Table IX 

and Figure 14) .  

operated in the  v ic in i ty  of tZle 1CO Areas f ro= o800 

t o  1crx) on SepteEker 14, 1962. 

first drawn through a 2" x 4" H-m f i l t e r  paper aad 

the r  thrmgh tte charcoal adsorber a t  1 CR4. 

sampl'ng mit is sham i n  Figure 15. 

is a 112" 0.d. by 1/32" wall, transparent acetate  

cylinder, 2" long. Activated charcoal, 12 x'3O mesh, 

One additional'portable uni t  was 

The a i r  samples were 

The 

The cuter tube 

I s  packed i n  the center i x h  and one-quarter of t he  

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

mesh screens retain the charcoal i n  place while snap 

ring3 prevent channeling of the gas between the tube 

w a l l  and the charcoal. 

Used cartridges were analyzed by placing t h e m  on top 

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

quant i ta t ive gamma energy analysis. Atmospheric 
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concentrat ims are calculated from the  counting ra%e 

obtained a t  the  charac te r i s t ic  0.36 Y?v gama e n e r w  

by apGlyLag correctL0n.s f o r  counter calibration, 

co l lec t ion  efficiency, and volume of gas sampled. 

The detecCIion lirnit Por 1-131 in the atmosphere 

using the  charccal adsorbers and a weekly sampling 

schedule is a tout  2 x 

Gross beta radioact ivi ty  collected on the p r e - f i l t e r s  

pc 1-131 per cc of a i r .  

was measured on the  prGgane gas proportional counter. 

b. Vegetation 

(1) h - w c j e c t  

Samples of sagebrush and native grasses are co l lec ted  

weekly from the  w3 Wes3 and XO East Areas. The 

saaple from each area is a 150 g composite of smaller 

samples col lected a t  ten specif ic  locations within 

the area. The vege ta t im  is placed i n  a 250 a1 jar 

and cotlnted 02: top of a three inch NaI well c rys t a l .  

Radionuclide c,mcectrations are calculated from 

counting rates obtained a t  s?ecif,ic gamma energies, 

after aFylyfng csrrect ions for ZomTton sca t t e r  and 

backgrmzd radiati2.c. 

i n  these samples var ies  with the amounts of i n t e r - .  

f er ing  fallmt nuclide6 present, but it i a  normally 

about 10 pc per  gram. 

m e  6e tac t i in  l i m i t  f3r 1-13 

4 

During the  morning of the t e s t  additional sagebrush 



samples were collected a t  lCO-D, lm-H, Whita B l u f f s ,  

0 0 1 0 2 0 1  

and Hanford, during operation of a portable charcsal 

( 2 )  0tY-Projec-t 

I n  conjunction with the m i l k  sampling program dis- 

cassed below, two pomd samples of pastare grass a r e  

col lected routinely whenever a milk sample is ob- 

taineC f roa one of t3e loca l  dairy farms. Pasture 

grass was a l s o  sampled when the special  milk samples 

were collec%ed on September 18 and 21, 1962. 
b 

The past'aage is chopped, cmpazted i a t o  a 5m m l  

jar and cmnted imide of a niae inc5 ?Sa2 well crys- 

tal. Radiomclide consentra5ions are  calclllated i n  

a mnoer slrllilar t o  t5af ?Ised f o r  the sagebrah 

samples and tb? detection l i m i t  for 1-131 is abo-it 

5 x lod pc per  gram of pasture grass. Figure 16 

shows the  pastime grass sampling locations. 

Milk - 
Milk samples are collected from f i v e  local farms 

(four weekly and one daily) acd composite samples 

representing each of two m i l k  sheds supplying a 

local creamery are collected twice a month. I n  addi- 

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

monthly from a loca l  grocery store. A few days af ter  
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the tes t  period, m i l k  samples were a lso collected from several 

dairy fams located near Highway l l - G  between Othello and Moses 

Lake, Washington. 

Figure 16. 

A l l  m i 2  sampling locations a r e  shoun on 

Several gallons of milk are required t o  perDit detection of t he  

vanishingly saall qua r t i t i e s  of I-13lpresezlt as a r e s d t  of 

normal Haofxd operations. 

exchange column where the radioiadine is  trapped and concen- 

t r a t e d .  

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

1-131 i n  m i l k  using t h i s  procedure and a three gallon sample 

is about two ppc per l i t e r .  

The m i l k  .I,s passed througfi an ion- 

'The 1-131 in the  resill is then measured with gamma 

%e detection level f o r  

2. Results 

The a n a l y t i c a l  resclts obtained from the vario.Js environmental samples 

collected p r i o r  to ,  during, and after tke t e s t  period a re  illustrated 

i n  Figures 17 through 22. 

a. IOl3l in -Air 

Id31 concentrations i n  air, as measured by caasti: scrubbers 

(Figure 17) increased s ignif icant ly  during tke tes t  period 

(September 13-14, 1962) a t  all 2CO Area locat iors .  The highest  

3 1-131 concentra5ion obtained was 9.7 ppc/m a t  the Redox atmos- 

pheric monitoring s ta t ion,  during the period from 1400 on 

September 13 t o  lI.40 on Septeaber 14, 1962. 

Caustic scrubber samplers operated i n  the  v i c in i ty  of t h e  1m 

00 1 0 2 0 3  
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Areas indicated a small, non-significant increase i n  1-131 

concentration the  day of t h e  test, acd another small increase 

. during the  period from noon on September 14 through noon oc 

September 17, 1962. A similar trend i n  a i r  concentrations was 

noted a t  the  c i t i e s  of Richland, Pasco, and Benton City. 

A somewhat l a rge r  increase than t h a t  found i n  t he  1CO Areas, 

was noted by caus t ic  scrubber samplers operated i n  the  3C0 

Area and v i c i n i t y  

1300 on September 14, 1362. The l s r g e s t  increase and the  

m a x i m u m  concentration for t he  three samples i n  t h i s  group 

occurred a t  t h e  3C0 Ares i tself ,  where the concentraticn 

during the  four day period s t a r t i n g  about 

J 

increased from 0.2 ppc/m 3 on Septeaber 13, t o  an average of 

3 0.8 p~c/rn over the  f o l l w i n g  four day period. 

The charcaal car t r idge  absor5er units operated during the  test 

period yielded values of 1-131 concentrations which were gener- 

a l l y  a t  o r  below the  detec3ion l i m i t  (Figure 18). This defec- 

t i o n  l i m i t  varied with t h e  t 2 a i  amaunt of a i r  sampled and t h e  

amounts of in te r fe r ing  nuclides present. The one day samples 

obtained a t  Hanford and 1CO-F Area on September 13-14, were 

s ign i f i can t ly  higher than those oFersted a t  other locations, 

bu t  were just above the detection l i m i t  f o r  a one day sample 

(0.5 t o  1.0 ppc/m3). 

a t  lW-D, 10-H, White B l u f f s  and Hanford for a t o t a l  of two 

hours gave a value below the  detection l i m i t  of 9 ppc/m3 upon 

The portable u n i t  operated consecutively 

laboratory analysis.  
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b. 1-131 on Project  Vegetation 

0 0 1 0 2 0 1  

The increased 1-131 concentratisn a t  the XO Areas was r e f l e c t e d  

In an Increased 1-131 ccntent of sagebrush s a q l e s  col lected a t  

2CO West ard  203 East k e e 3  ( F i g z e  19). 

.. . 

Sagebrush samples 

collected In t he  v i c i n i t y  of the  IC0 Areas, during the operation 

of the portable charcoal unit ,  gsve increasing r e s u l t s  with time 

and with ciosexess of aE;proach t o  1CO-F. "hese four  results a r e  

also shown on Figure 19. 

e. 1-171 i n  Milk and Pasture Grass 

NO s ign i f icant  increase m s  noted in the J-131 content of the 

d a i l y  milk and pasture grass s awles  collected immediately a f te r  

the tes t  (Figure 22). 

milk samples col lected from all routine locations fou r  t o  f i v e  

Increased concentrstiors were noted i n  

days after the  test ,  but these increases were caused in p a r t  

by the  Influx of f a l l o u t  materials which began on the  15th of 

t h e  month (see a i r  f i l t e r  r e su l t s  below) 

The s p e c i a l  milk and pasture grass s a q l e s  from d a i r i e s  along 

Highway 11-G (Figures 20 and 21) were not coilected unt i l  Seg- 

tember 18, In an atterlrpt t o  sample during the prabable t h e  of 

t he  peak 1-131 concentrstion. The influx of f a l l o u t  materials 

had already s t a r t e d  by then, but was not signaled u n t i l  Septem- 

ber 19 when several f i l t e r  samples from the weekend of September 

14 t o  September 17 had been processed. 

The 1-131 concentration in the special  milk sample collected 

near Moses Lake (K) was signif icant ly  higher (780 ppC/1) than 
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t h e  c c x e n t m t i o n  f x n d  i n  any of the other routine a r  s p e c i a l  

milk samples. It vas not possible, however, t o  deternine w h a t  

f r a c t i o n  of the messuzed 1-131 came from the t e s t  and what 

f r s c t k n  was d-e t; fa1Lxt-  

from t h i s  region p r i o r  t a  and imkdiately after the test ,  a b e t t e r  

def ini t ion of the influence of the t e s t  might have been possible  

Z milk samples had been col lected 

F0.u d a i r i e s  were sampled on Septenber 21, one being a resample 

of the "J" dairy.  

on t h a t  day. 

Samples from "K" and "N" were not ob ta imble  

The average of the r e su l t s  obtained on the samples 

collected on September 18, 1962 were 1.8'pwc 1-131 per gram of 

pasture grass and 330 pwc 1-131 per l i t e r  of milk. 

values obtained on September 21, 1962 vere 0.58 ppc/g of grass  

and 140 ppc/l of m i l k .  

Average 

None of the results ci' t he  ssecial  pasture grass samples de- 

viated s igni f icant ly  from general papulation of r e s u l t s  obtained 

from the routine locat icns  sampled a f t e r  the t e s t  (Figure 20) 

d. Gross Beta Radioactivity Collected on Air F i l t e r s  

F i l t e r  sample r e s u l t s  can be -sed t3  signal the i n f l u x  of fa l l -  

out materials. Usually when sudden general increases i n  coocen- 

t r a t i o n s  of radioactive par t icuiate  aa t e r i a l s  a r e  found, rela- 

t i v e l y  f resh  f a l l o u t  materials containing some 1-131 are present -  

It appears from the air f i l t e r  data plotted in Figure 23, t h a t  

an influx of fallout materials occurred throughout the Pac i f ic  

Northwest beginning on September 15, the day after the test  was 

completed a t  Redox. "his influx undoubtedly affected the 1-13 

73 
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concentrations found i n  environnental samples collected af ter  

D. 

0 0 1 0 2  I 2  

the  test, and the results of a i r  f i l t e r  samples are presented 

here t o  a i d  i n  evaluating the possible effects  of f a l l o u t  1-131 

on the tes t  resll5s. 

Collection Efficiencies of F i l t e r s  by &m Sampling 

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

tests. These were IPC Paper and an extremely thin 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  9f 3 charcoal llnpregnated f i l t e r  with the object 

of obtaining some degree'of separabion of particulate I .  and gaseous 

To a id  i n  the interpretat ion of t h e i r  resul ts  and obtaln data 

f o r  future  sampling, it uas desirable t o  compare the eff ic iencies  

f o r  t o t a l  113' collection by ram sampling using IPC paper alone, 

charcoal impregnated paper along and an LPC f i l t e r  followed by a 

charcoal impregnated f i l t e r .  

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

arrangement containing three single IPC f i l t e r s ,  three single 

coa l  Impregnated f i l t e r g a n d  three I P C  f i l t e r s  backed with charcoal 

impregnated f i l t e r  was prepared (See Figure 24). The "checkerboarC" 

f i l t e r  vas placed in the center of Its ram sleeve (a rectangular 

tube 2 f t .  long mounted on t he  door of the Beechcraft) and the plane 

was flam a t  120 mph for two hours i n  the plume from a Hanford 

To determine these relat ive e f f i -  

char- 

Separations Plant stack. 

"he observed 1131, 

f i l t e r s  are summarized i n  Table X. 

2rNbg5, and Ru103 coctents of these 

It is evident t ha t  f o r  the same 

exposure time the  I P C  f i l t e r  col lects  5 t o  6 times as much 1131 as 

3s 
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TABLE X 

RELATNE COLLECTION EFFICEJlCY OF THE FILTEFE I N  TBE 
7 

cHEcmQ4RD A R R A N G B r r  

F i l t e r  No.* F i l t e r  Type 

1 I P C  

6 IPC 

8 PeC 

Avg. IPC Values 

2 Charcoal I m p r e v t e d  

4 Charcoal Impregnated 

9 Charcoal Impregnated 

Avg . Charcoal Impregnated 

450 

553 

453 

485 

58 

53 

40 

50 

3 IPC plus Charcoal Impregnated 128 

5 . IPC plus Charcoal Impregnated 146 

7 IPC plus Charcoal Xrfrpregnated 87 

Avg I P C  plus Charcoal Impregnated 120 

*See Figure 24 

c 
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789 

706 
802 

766 

23 

21  

31- 

25 

110 

1C6 

48 

88 

437 140 

421 147 

347 100 

402 129 

22 21 

24 24 

L 

37 22 

28 22 

95 40 

75 ’ 47 

71 30 

80 39 
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the charcoal impregnated f i l t e r  and 3 t o  4 times as much . .  as both 

filters i n  s e r i e s .  

ters c o l l e c t  a much smaller f rac t ion  of the  other radionuclides 

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

However, it is also evident that charcoal fil- 

I 
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