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'r .- INTFIODC'CTX OS 

.il- Paclear a l x r a f t  propulsion reactors hait operate a.c high- 

power l e v e l s ,  which resu l t  i n  the productlor. of large-quantit ies 
. .  

__-of . f iss ion products. If a reactor  cor+ is C t s t r m , .  a porticn 
. 

' 

of -the contained radioact ivi ty  uill escape, b ecome 'airborne, and - 
8 .- I 

diffuse-according to  the  prevail ing wind cckdition. Depending on 1 A_- 

the amount o f - a c t i v i t y  releaaed, and the posi t ion of a would-be - 
_ _  . . -  

- receptor, the  radioac tive--cloud m y  preaent a ser ious in te rna l  
- 2  

- .  . andlor kxtiernnl hazard. It can btlsXown-tha~t7 Flie-'probabillty of 

- -  - . a hazardous release from an a i r c r a f t  accident.  1s very remote. - . _  _- .. . _  _ .  - 
-ttowatnr, the consequences of- g-uch a re leaae  t be -regarded 

rarioualy,  Sln-ce the e'ifec ts may .'not necessar i ly  be res t r lc  ted t o  

-- --- __ 

e<-*$&. .- 
.- 

I Reactor cores, or portions thereof, can &e- dertroydd in a 

I 
i --, -- -  

var ie ty  of ways. 

of t i a s i o n  products is c: core meltdown, which may take plaae i f  

after-i?oollng is ha l t ed  within reveral  houra following 

The e a t  probable event leading t o  there leaw,  

- - ~ .. - 
-operat ion.  A less probable relea-- 1s a - r e a i t o r  runaway, which 

- - -  -- - 

( --\ 

auy occur i f  there is a rudden l n c r e u e  in the reaot iv i ty  5?-th 

reactor caused either by a fa i lur i  of  tke coatrol sy r t ea  or rome' 

cr8ah-induced cauri. Only the mel tdoh  case war rlmulated in 

-- this series of experimentr. - _. 

Tne problem of hazsrrd8 prediction Is 8'conplex one. 

Attempts to  prediet  precirely the extent  o t  the hazardr have alraya 

13 



. .  
. .  .: 

. . . , . . .  : .. . .' . .. . . ... :.: .._ . . . 
Y 

t 
- _  fleld data, There has been lncorporated i n t o  the Airplane Nuclear 

propulsion (ANP) earety analysis program a great  deal of conserva- 

ti-a. This ia because aafety analyses have been based aecessarily 

- - - 

On meager information and Cascading assumptions. 

test data have not been avai lable  f o r  p?edlcting 'dth  a&uracy the 

Mount and physicochemical a t a t e  of the released f i s s ion  prodccts, 

Cor evaluating .the unce r t ab t l eq  of the dispersal character is t ics  , 
. - -. und t o r  resolving the u l t i m t e  biological  implications. Ex,?eri- 

mental - tes ta  made &a4~lni'mizo the lar& srrfety fac tors  have been 

only par-tlally auccesufLC1._. _ _  

Large-scale 
_. 

- 
y - -  - - -  - --- - 

- -  
- -  _ .  -- - -- - 

. 

- -_ - 

-- . - -.-. - - - :'-TRs bash f o r  the various hazard factors used t o  date m e  _ _  -. --. - ---- - - 

- _  

. .  

. .  

- - -- -_.- -- out l ined below. 

Release Percentages: Some important-and related laboratory 

work-'har been done-by43-ree)C et a1. a t  ORNL (Ref. 1). Thls lirbora- 

t o r y  research has eatablished the amount8 of firRon ProdLkts - 

roleaaed from amall specimena. The laboratory work indicated 
- - _. 

that 50, 1. and.lG# respectively of lodlne, boni makers, and 

corium could'be expected to be roleare8 from metallic nuclear air- 

araSt  reactor  f u e l  elementa. 

ANP program (Ref. 2) have boon baaed on %he above percent relearrea. 

- 
Safe ty  ana lyr i s  predlctiona for  the 

f a r t i c l e  S ize  and Sit. Dirtr lbut ionr  Consideration of the 
- e f f c a t r  of p8r t l a l e  s i z e  dist r lbutSon -on nuclear aircrsft hazard 

prediction8 required def in i t ion  o f  pactlclc-alze d is t r ibu t ion  and 

- r c t iv i ty  d ls t r ibu t ion .  

14 
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. . . . .  

- 
Deg03:flon: The mechanism of cloild depletion by fal lout  4 

- needs ?is 1Pourrderstood . in order t o  acalyze groand cdntamination 

hazards. Aerosols and par t icu la tes  l n  a radioactive cloud w i l l  

av6ntuaily fa l lout ,  washout, or otherwise be removed from thed\ 

atmosphere. 

----- - .  - _  

> * -_ 

Explsinlng how- the par t ic les  are removed-requires an. 
- -  

f . underatanding of -the p h ~ i s o c h e m i c a l  processes _involved. Small . -  
I 

p a r t i c h a  mcat impact and s t i ck  t o  surfaces if theyme t o  be 

removed- irom the cloud. 

advantages- of studying- depod t ion  in term of a ra t io ,  I.&, -- - 

Chamberlain (Ref. 6 )  has. describrd the 

'. - 

deposited radioa&vi-ty -to the t i m e  in tegra l  a i r  concentration. 

Thls- r a t i o  is dpflned as the deposition velocity (Vg). 
- - _  - 

- _  
The ANP uklel attempts t o  predict  deposition (ground con- . 

i .  
! 
? 

or iodine, the e n t i r e  cloud inventory haa been assigned vahles of Vg 
(cm/sec) equal t o  0.1 and 1.0 for inversion and lapae corhlt iona 

respectlve3y. 

2.5. These valuer were choaon on the baais-of-eXperimental data ' 

obt8lned by Chamberlain. 

Blologiaal EfCectrr 

Iodine ha8 been assigned the values of 0.a and 

~ I n  assessing the re l a t ive  hazard8 resu l t -  

lng  rror a reactor accident &ere f i s s ion  products are released, 

0 -  

the intorn81 doso 18 much greater than the external dose i n  care8 

whore tho receptor is immersed i n  the cloud. 

. %%a A!!  predictions of blologlcal effect8 are baaed on the 

I 
arbuaptlon that  the person ntays in and breaths the cloud during 

. 16 



I Its fall passage. Cnly gamma rays are  con3ldered Cordexternal 

dcses ,  and i n t e r n a l  doses are c a l c u l a t e d  f o r  each Isotope u s i q  

t he  methods from the I n t e r n a t l m a l  Corn-Lssion of Rad:at:on 
. _  - 

Protec t ion  (Ref. 7). . 

- -  
OBJECTIVES -_ . 

With t h e  except ion  of t h e  f i s s i o n  product inventory.  which can 
- - 

b e  ca i cu la t ed  rather accure t e ly ,  all o t h e r  maJor components of a \ 
hazards a n a l y s i s  con ta in  a s suap t ions  which con t r ibu te  t o  the un- 

c e r t a i n t i e s  of the hazards  p r e d i c t i o n s .  The ob jec t ives  of t h e  
! 

- - t  Fis s ion  Products F ie ld  Release T6s t  I (FRT-I) were t o  reduce- the 
~ -~ -~ 

u n c e r t a i n t l e s  of theee  assumptions and% obfaIn dlrec-t  evidence -- - 

of t he  downnlnd hazard r e s u l t i n g  from the  meltdo-m of an  a i r c r a f t  

r eac to r  f u e l  element. 

! 
i 
i 

~ - -  a 
-- - 

Therefore, Convair-Fort  Worth, under the d i r e c t i o n  of Air )I ~- 

I 

Force S p e c i a l  Weapons Center or the MAP Air Research and 

Development Command, performed R a e r i e s  of f i s s i o n  product  ~ = L D E = c  

experiments i n  t h e  f i e l d  a t  t h e  Nat ional  Reactor f e s t l n g  S t a t i o n ,  

id&.o, dz;i-lng 1958. The series cons i s t ed  of a total-af nine 

i 

i 
! 

0 
i 
1 

r e l eases  in which i r r a d i a t e d  metalllc fuel-element specimens were 

malted. 

used. A l l  of t h e s e  r e l e a s e e  were conducted on an ex tens ive ly  

Instrumented sampling network. The bas i c  network extended two 

miles downwind from t h e  release po ln t ,  wi th  a d d i t i o n a l  samplers 

being Q O S i t l O n e d  a ldhg  3?. arc t gp rox ian te ly  fiv- miles from the  

r e l e a s e  po in t .  

Both aged and f r e s h l y  irradiated (green)  specimens were 
i 
i 
I 

5 

i 
1 

1 

1 

t 
i 
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Ob8orved aankrlino 8ir concenl'cr&tioM or radioiodine 
butin& 1ig8e eonditiorrcr 8 f8Ubr O f  02 tho 
valuor predlated f r o m  A#? at lo r&  lapma paraaotem. 

undero8tlrat.d rch8m @ o r c o n t ~ e . '  Wen the absiur &tu 
aro 'adjusted to tho experimental releuo pweontage, the 
d8t8 ror cemtua, Uko 1Odia0, mow thctor or two -roe- 
u n t  ui th prodla tion. 

-- 
Ooiium concratr8tloar mn u%rpre#ict+d baccluao of an 

. I  

Meuurrd oenterline conocntrationr or radioiodine 
durlry iavorrionr uore &a order of W k d o  loor than 
p r o d i c k g  wing AWP 'typic82 Inveraiona par.wt.rs. Tho 
m u .  f a  true f o r  uesiur if tho data are normalized to 
tho experiaenkl reloare poraentago. Thoro louor aoncen- 
tr8tloru are attributable to bettar Initial vertlcal 
dltfurion. An lneremse i n  the value o f  the At@ vertiobl 
diffusion coefilcient by a factor of ten i r  indicated. 
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Rad2cac:zv:ty in the network was i n  the form of f ine  

3erOSOk rlth nos: isotopic  a c t i v i t i e s  arlsociatcd with 
par t ic les  less than 5 mlcrons in diameter.. --Previous ANP 
s t u d i e s  X a d  assumed a Xarger aerosoi, havlng a geometric 

1 
median 9lamet.er of 7 microns. A 

- -- 4. - Addftlonai Dep051tl9n Velocity Data a n - R e q c P -  . . 

. .  

. . . .  . .  

- - -  me avcrxe  measured proport ional i ty  conitants- . ___ ___ 
the deposition velocity, were nearly the lame as thoee 
used in previous ANP-pradic t i3nr  fcr la2se releases. 
However; the measured deposlt ion ve loc i t ies  for inversion 
and lapse release3 were not s ign l f icans ly  different  from 
each other. Therefore, ground-to-air contarnlnation r a t i o  - 
predlc-tiolir w e r e  8dequate for lapse but an order of 
magnitude too low for inversion conditions. Cesium 
depoaltion rater were'untxpcctedly an order 3f-aagnltude 

? .- begween ground and cloud cotitamination, s-mmonly called . 
. I  . .  

-. . .  . lower than other  isotopes. 

5.  

., . 
, .  6. . 
! 

/ -  

n Lower Respiratory Tmat" Deposition Valuer Appear Valid. 

The lower rerplratory traat de&sitlon values o f  
30 and 3 s - h  rats and doer reapectlvely are not  conrid8red 
t o  be a ignl f icant ly  d i f f e ren t  from the National Coaarittee 
on Radiation Protection value of 2% (Ref. 7) becaure of 
8ppror:matlona auch - . the  u#e of average breathing rates. 

Inventories Can Be Appraxlmated by Calculation8 

lated were within average of 1~s (maximum variat ion of 
3%) of the valuer detemln.6 radioohanicaliy from pre- 
melt ramples. This is oonrlderad t o  be good agreement. 

Internal  Pose Was As Expected 

In general, the t i e r i o n  product inventorier ar calcu- 

The in te rna l  dose ( thyroid)  resalting from breathing 
while 8uba;ergad in the green rele8sc cloud 18 about three 
order8 o t  magnitude grecter &ban the external dose. Thia 
i r  i n  agreeaent with.prer1ous ooncluslonm for a i r c r a f t  
reaatorr where the r e l a t ive  amounts of iodine are largs. 

- . . .  . . . . . . .  . . . . .  . .  ... .:. I . .  
. . -  

.. .. 



. .  

The seqaecce of reiease wa3 13d:ne, ;'ealum, ntheni-, - rtronfl;un, zlrconl,um,- an-f-eeriurn. S l n a e - t h  radlonuclldes 
were released e s s s n ~ a l l y  as separate " p d f s "  otraboqt two 
minuses ditratlon, the isotope prof i les  across t h q  various 
arcs, because of charsing metecrologlcal COndltiQn3, a l so  
vacled. 

The Fluorescent  Tracer and Cesium AeGsol D i d  Not Interact 

the fluorescent fracer, zlr,c cadmium sulphide, dutlng 
almeltmeous releases. 
aton patterns Yere observed. 

- -  
.- __  - 

10. 

' No i n t e r a c t l a s  occurred between c951um aerosola and 
- 

No large dlfferencev in *%he dlffu-  
. :  1 

- i  
11. 'Vert ical-  alrd HoSlzontal S t a b i l l t y  Parameters RequZre 

Ad jus Emen t 

matter, even over the re lo t lve ly  shor t  dis tance of thla 
experiment, requires recognition of the anlrrotroplc 
aharaeter or atmospheric dlffualon. Valuer of Sutton's 
r t a b i l l t y  parameter "n" obtalned from wind profile data 

r ad io8a t lv l ty -dau- t i t  require8 both a v e r t l a a l  a& horl- 

Iodine Aeroocla Penetrate Hig.!! kff iclency Fi l ter8  

Adequate des'cr1ptZon o,C the diepersar of airrborne 
- 

I 
1 
1 do not pred ic t  aeasurad FRT-I air concentratlona. The 
I .  
t ZOnt.1 s t a b l l l t y  parameter. 

? 

12. 

I d l n e  was *A* only aerosol whfch uaa found to pane- 
I 

. .  I trate (>5$ )  th@ pleated f i l ter  or the HI-Vol rraapler. 

21 





-r .. -- - 1 
i 
i 
i 
I 

. . .  . . -  .P _. . 
. I . -  

I 
4 . .  

- -  
' .  <'. _ .  ; . . -  . 

. .  
.- - - .  . - -  . .  . . .  

... : 
.. - . ... . : 

5. Perform con5a:neC reicase3 w?th large segments of AN? - 

i fuel cloments an& c o l l z c t  a l l  . _-.. of the effluent for 

-13otoplc analysis. 
--- _ _ _ _  

! 

I * 
I 

e SJcrforn atmospheric and contained releases a t  elevated I 
c 

- 
1 

! 

tsnperataras to determine the depeg&<nce of release 

f rac t ion  on temptratare. : 
- -_ ._ 

7. Determine the particle-size d is t r ibu t ion  of the various -- 

,, 
,' 

girborne and deposited radiolsotopen. 

Conduct extensive deposltlon veloci ty  s tudies  on grasa 

under inverl ion sad lepse condltlom. 

Investigate the deposit ion veloci ty  of cesiunr t o  determlne 

. WHY i t  raS a factor oi ten lower tis~or-att~a- isotopes.- 

8. 

9. 

10. Ascertain the behavior of iodine on rllterr and other 

suriacerr such a8 tegetrstlo:r, soil, 8nd gummed paper. 

Obtaln addi t ional  data to  provide the basis for the selec- 

t ion of typical  value8 ror the two component8 or the 

r t a b l l l t y  parameter 1n.anlrotroplc  d l i fur ione  

Wearur, the fission product releaae eharaeteristlcs of 

d l r t e r e n t  type. of  fuel elements Wd8r meltdown condi- 

I 
. 

11. 

-12. 

t i O M  e 

a4 
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IV. DISCUSSICN ~ r! 

The-flssion product releases . -  were dlvlded into t w o  series of 

tests,  one. ~ c r i e s  using aged, ths other freshly irradiated (green) 

fuel eleients. Nine releases were accomplished and herein 

referred to  as Releases A through I. plve rulaases were perfcpad 

with @ fuel elements (A, B, C, D, and I) and four With gmien 

fuel elements (Z, F, 0, and H). Pour releases (D, E, F, . y d  I) 

were performed under moderate lapse conditions and the remainder 

(A, B, C, Q, and H) under moderate lnverslon conditions. The lapse 

and Inversion cases represented mild and pool? dlffurrion respectlvalg. ' 

The data points repre8enting each relea8e have been asaigned 

1 

I 

I 

I 

1 

l 

I 

I 

8 eymbol that Is wed -out the report. All lnverrlon 

relaam6 represented )rjtopen nymbOl8 8nd lapse releaoec, by 

8olId S p b O l S .  

pertinent bescriptlow of the OIcperlIUentd phuo ani data 

oviludtlon are presentad in tNs rootlon. flowever, d e t a l 4  

derariptioncr derivatiom, t o r t  re r~ l  t r , oallbration infomat ion, 

ud operational ti9ahnique8 have been extrust;& plmeb.1n 

of the nine roleares 8x-O given i n  Appendix N. Tho 8ppendioor were 

p - p d  in dota l l  beourso 8 ruliety of s o l e n t l f l ~  ud e&nwrim 

&,pmnbicer A -h'X. The det8tlB urb at8 8 d e 8  for  e8Ch 

diolpllnes were lnvolvod. 

'* 
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In vAe third phase the f u e l  elemante Were melted. Furnaces ~ :.* 

were loaded wi th  1rrad:ated fue l  elements, transported t o  the S ~ C I C ,  

and C t e r  appropriate weather and instrument checks wcre made, the 

f u e l  elements-were me2ted. 

Of : 

Field operations i n  general consisted 
-.% 

. Monitoring and recorung meteorological data 

. -Collect ing and rnoaitoring f i e l d  samples which ertabllshed 

cloud-release heights, f irs lon products ralease percents, 

external done, biological exposures, air  and ground con- 

centrat ions of radioactivity,  and charac te r i r t lcs  of the 

par t icu la tes  and aerosoh i n  the effluent,  

.- Ts)ring pre- and pos%-release gama rpectra  of the f u e l  

elements . 
Releasing and wasurlri 'the dlffuzion of smoke plume8 

and 8 i luorarcent  t racer  

Decontarnlnation and dlrposal or lurnaco and preparation 

of releaso r i te  for ruturo releane& 

. 

. 
The fourth ph8re conrirted of laboratory rnalyr la  and data 

reduction. Sampler of the prey and port-melt tu01 elements were 
analyrai radiochemically for Releares E, 0, and H. The network 

ramipler, except blOlOgiC81 and a rew f a l l o u t  samplea, were tranr-  

porte t o  Convalr-Fort Worth lor arulyr is .  One or more quantlta- 

t i r o  gama rpeotra  mearuremonts wore mado or each s k l e  and rome 

typo8 of air and deposit ion rrrqtlcs were anilyzed radiochenlcally. 
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4.1.1 T e s t  Network 
i- 

The fission product ruleaserr were performed at,:&,' s i t e  

wlthin the National Reactor Testing S t a t i o n  (NRTS). The s i t e  

wad about four miles north o<-the Central Fac i l i t i e s  Area. 

gmera l  the rite ran moderately level.  

In 

Within a-radius of 2.5 

. 
_ -  - -  - 

. .  

. .  

.~ . .  
. .  

. .  
a .  

. .  
. .  

. .  

. ,  

. .  

. ;  

i l l e r  of the release point the area waa covered rith a goner- 

grow- ut ragtbruah. 

gzalned and loosely packed. 

was broken by extensive volcarirc rock outcrop8 so th8t i rehicular  

entry could be made oaly on prepared roado. Only a small corner 

me roi l  UPS of  volcanic origin, f i n o  

Beyond the 2.s-mlle zone w e  t e r r8 ln  

of thlr lava outcrop extended i n t o  the mala area of the t e s t  rlte. 

31nce the topsoi l  m a  a r lna ly  divided windblown material, i t  uaa 

nocorrary t o  control the a r t  by covorlry lort of tho mad rys t e r  

with an a6phaltic rrulrion. ,fimro 2 depict8 tho location or tho 

t a r t  netrork ielatire to other f a a i l i t t e a  at  )(RTs. 

Tho i8n-rrhaped sarpllng network rubtonbed an .nele of 60' 

-having a-cemter line which colnald.6 with the 8ort prob8ble wind 

dlraction, .Ir55% (Irigure 2). 

m . n t o d  arc8 k v i ~  rad11 o t  lei, t o  ~ O O  mterr. ~a 8d(lf&lOMl 

.arcm bring an approximato radii ot i i v o  1ri1.e ru alro u r d  
during tho four groan roleuor. All tho f18rlon produatr woro 

role~red 8t the rpox of tho notwork. 

On thlr Grid were rp8ood .rlx l n r t m -  

'I, 





4.1.2 Fuel Elements 
e '  

Specif ic  de t a i l s  of the fuel elements may be i'ound'ln 

Reference 8; hcwever, calculated inventories tire g:i'tm in hppecdix 

A. Metallic fuel  elements, actual ly  segments of a fuel-element 

syuts ,  were usea throughout FRT-I. 

The aged release8 u t i l i zed  fuel elements which had been. 

i r radiated in the HTRE for an in-pi le  pehod 02 467 holirt and 

cooled for approxlmately %io and one-half years. I '  
f .  

The green releases were performed r i th  fue l  element8 that 

had been irradiated I n  the MTR tor an In-pl ls  time of 125 t;=ua. 

These tuel elements were allowed to decay about 6 wsekrr before 

the rirr't releare. 

4.1.3 fleltillg Technique 

Melting of-the test  O r r p 1 0 8  WQI accoapllahed rith 8 ,  

O p e C l 8 1 1 Y  derigned induction furnace (Appendix 8) .  Induction 

heatlag was chcssn 60 that fmt melting and 8dequata t.lperrture 
uontrol uould be obtain8d. Tho m c e  w88 -equipped with mquen- 
t i 8 l l y  opent.d:effluent ramplers, 8nd metered 8Ir war introduaed 

to dirplace the ef f luent  froa the furn? e crucible. 'Ihe"k,urnaee, 

power rupply, and operating control8 wera located at or new the'  

apex of the network. 

I 
i , 
4 

Tho orlteri .  ertabll.h.4 for the r e lo r r e  operrtlon were 

. a. t o l l o r r t  

: S t e e  to be 4elted i n  air . n o i t  t o  occur within 8 few minuter a r t s r  ic?tlal .pplioa- 

t i on  o f  power 



. .  

instrumented touers and maat8 @ppendlx I!)ware erected. The 46- 
mater-high W n  apex tower -11 pouitloned 200 mteru upwind of th 

rele8sr point to provide v e r t i c a l  ulnd and t e q s r a t u r e  proflleo. 

. isurnare t o  be purge4 with metersd air  an9 qaantltative 

-sampies of the -ef f luent  taken thrcuacut the heatfng 

cyz le 
- - 

. Effluent tc, be released to the envlronmant at f l v e  

feet above ground level . 
4.1.4 Pcwor Dlstrlbutlon 

Elec t r i ca l  power waa supplied by two system. An overhead 

power aysten uaa designed as a Joint  effort 3f the Idaho Operatic 

Office, Atollllc Energy Comml8aion. and Convalf-Fort Worth. mi8 
-1lne system supplied power t o  the release area, control trailer 

and the tqulpment on the inner  area. In addltlon, generator ra ta  

were' used' on th outermost arc8 becawe of the dirtancea involved. 

Further d e t a i b  are given i n  Appendix C. 

. 4.1.5 ketcorological Network 
. M 8 t 8 0 r 0 1 0 g i C a l  data were t 8 b n  preceding 8nd during each - 

re1m~g-c to charcctarlze the-d l f tur ion  conditions exlrtlng a t  the 

time of each teat. 

To facil i tate thrt  col lee t ion  of the ~mteorological  data, 

32 
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I 
huxiliarp f i e l d  yasts contalnir?g wind direction-and'  velocity lnstru-  

mentation wsre located on +he center l ice  .of the sampling netuork 

a t  dfstances Oi- 2C0, WO,  800, 1600, 2400, and 32CO aetere  downwind 

of the releasa pa in t .  

main tower uere transmitted t o  recording instruments located in a 

cent ra l  control tral ler. 

A l l  data &om the auxiliary s ta t ions  and the 

Forecasts of gemral weather conditions, w1nd:dlrec tlon, and 

WlndsFeed for the test slce were furnished by the U n i t e d  States 

Weather WIreau Office located a t  Central  Facilities a t  the NRTS. 

Each afternoon a general torecart for the following day was provided 

80 that tentat ive plane could be made for a release. 

a detailed synoptic weather ior3cart was rupplled by the Weather 

Every morning 

. Bureau Oifice.  A f inal  torecart tor  the remainder the day mil 

Mde in the 'early a te rnoon.  

4.1.6 Releaae Measuremcrnta 

FRT-l'was not designed td eolleet a l l  tho ffrr ion productr. 

Comcquently, It w a a  necersary t o  deteraino the reiecso percentages 

- by indirect mea&. In the aged fuel element rolerrdb-dour mema 

were rrred whereby tho releare percentager could bo obtalnod, and 

ln tho green h e 1  element releaser three method0 were ured. By 

ruing different methods It war pomlb le  to  orosr chock the rosulto, 
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The tollowtng methads were umd: 

Aged Fuel Elements 

. ?re- and post-Celt gama spectra of f u e l  elements 

Prc- and post-melt gross gamma ,dose rates rrom f u e l -  5 

elements 

)Setwork-samplina GI the effluent cloud 

Fractional sampling of effluent a t  the furnace 

- . 

Green Fuel Glements 

. Pre-.and post-meSt radlochealkal analyses 

. Network sampllng of the effluent cloud 

- a  Fractional raoyllrux of e f f luen t  a t  the furnace - 
4.1.7 .Relea8e tieight . .  

One of the parameter8 in the generally used difturion eqw- 

t ioM $8 the effective release height. Since therr w88 no vertical 

~ampllng nutwrk for the collection of fi88iun producte, a ehrged- 

wire grid uai erected a t t a r  the fourth rcleoqe. . 

~ p i d i x  z# .were 1ucattd ioqr teot domuind rr- the ttwrtace. 
After a release the  length of the wirr w.p manned for 

mu88 it wa8 poarible to obtain the 

~erticol - -  +rod, 

colleoted radioactivity. 

effective release hel.ght from kia location of the activity on the 

wire. 
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4.1.8 Smoke Pluhe Rscordlng 4' 
1 

Fission product releases were irnrediately preceded and 

followed by the re lease of a v i s i b l e  smoke.- 'I%: smoke was photo- . 

graphed by both aerial and ground cameras and from these photo- 

graphs i t  was possible t o  observe cloud diffusion character is t ics ,  

i .e. ,  the amount of meanderlng of the cloud and the rate of 

ve r t i ca l  diffusion. 

explained in Appendix F. 

The cloud photography equipment an4,lto use  is 

4.1.9 Fluorescent Tracer Measurements 

The purpose of the f luorescent  t racer  was to simulate 

and compare dispersal charac te r ia t ics  of a nonrsSioactive tracer 

material u l th  f l s s i o n  products. 

cadmium sulphide (ZnCdS). 

v i o l e t  light and l a  frequently used in atm8,nheric diffusion 

experimentq. 

the r i r a ion  product releases. 

The tracer employed was zinc 

(mi8 material fluoresaea under ul t ra-  
- 

- .  
Tracer tests were made either during or rollowing 

htrlng the fluoreacent tracer tes ta ,  numerwb r-les were 

taken with-~nberren type air -aanplera out  t o  800 meters d ~ t p a w i n d  of 

the release point. Appendix 0 contains details oi. the flworercent 

release and col lea t lon  procedure. 

4.1.10 Asrborne Radioactivity Mea8Urement8 

Airborne rad ioaa t iv i ty  in the 8aPplln8 notwork was oollected 

by Hi-Vol (Staple%) air  aamplers. 

ApJ#llhnCe No. CT77227,'was wed a8 the pr1lr;aI-y f i l ter ;  houever, 

A,pleated rslter, Xino Safety 
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i f o r  the  grcon release3 t n : ~  FlCated fllter was backed up by a 

cazbon cart?idye, ,Una 2a:'etf A9plianc'e No. 4L727. The pleated 

f l l t e r  has a col lect ion efflc1cr.c:~ of 93.33; for  

a mean s i z e  of a b o a C . 3  m i a r m s .  

p3fxxirlly tq collect the iobln? t h t  

- -The -samplers were kept i n  

released ma'teria!. was passlng over tke network. 

of radltkctl-vity collected by a sampler, it wa& FGSslble to estab- 

l i s h  the tlme-Integral air-conceniratlon of radlooc t i v i t y  at each 

sampler poei t ionl  

From the amount 
- 

I 
. I  

i Prom theso measurements i t  wa8 possible t o  establish arc 

profiles. and cloud centerlines. 

t:ta for the data were obtained and direct  comparisons wlth other 

nu?dtl8 we:t made. 

well as sampler placement and operation, are given i n  Appendix H. 
4.1.11 Particla Size Measurements 

With. th i s  information, curve 

The derivation of the curve-flt procedure, 88 

Particle ueparcltion wai largely accoapllshed by ualng 

Andamen samplers as  part a t  the network sompllng rchame. 

8mpler was u e d  in the col lect ion and sizing Qf rddioaotive 

aerosols a s  well ail fluortseent particler.  

Thla 

See Appendix I for 

I .  . detalla.  The sampler l a  b a r i c ~ l l y  a 81%-stage, Cascade-type 

- impactor. HOW8VePI noms of' these sampler8 rere backed-up by two 

. .  

. :. 

. .. 
. . _ . . .  

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

. ,.. . .  . . .  . .: -. . .  . 
. .  

, . .  . .  

.. . . .  . . .  .... .. . . 
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addl Zonal f i l t e r i n g  stages,  t h e  first incorporatin& a.ffelmnn 

molecular membrane f i l t e r  and the second a Millipore molecular 

membrane f i l t e r .  During the green releases a carbon car t r idge 

was a l so  added as the eighth stagelof the Andersen sangler syst-em. 

l 

I 

4.1.12 Radioactivity Deposition Measureinents 

Since d i f fe ren t  types of par t i c l e s  ' exh ib i t  d i f f e ren t  
I 

\ 

tendencies t o  deposit  out on surfaces, several  wateriafs were I 

I used. Sticky paper8 water, sand8 and vegetation sampler'werc 
? -  

placed on the network during each release t o  ineasuxe the deposition 

of radionuclides. 

more sa t i s fac tory  data  because bett.r control over exposure condi- 

t lons could be maintained and a larger number of samples could be 

taken. The traps containing , :. these . r t icky  papers (Appendix J)  

were positioned at  the ram i l eva t ion  as the.=-Yo1 samplers. 

trap8 were dealgned t o  provide exposure t o  d i r e c t  deporltlon during 

cloud pannage only. 

.and a r o u d  sagebrurh. I 
paper8 have been reported - i n  Reference 9. i are dererlbed horeln. 

I 

- Sticky-paper :azpling was tlrpected to provide 
1 

1 

I 

I 

mc. 
! 

- -  
I 

Yater and sand t rays  were located on the ground I 

I 
The reaul t r  of there test88 except r t i cky  

t 

S t l c Q  paper' r e r u l t s  

4.1.13 External Dore Measurements 

To evaluate tho present methods of predicting external 

&aplaa exposure t o  perronnel i r o n  radioaetlve elouds, twenty 

* reoording r e l n t l l l 8 t l o n  g.pmra detectors  wero U 8 d .  Thrro un l t r  
'* 
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Th2 network arld fizrnacc ef f laens  analyses were mde by- 

Convair-Fort Vo-th. h e  pre- and post-ne2t .*el element s a q l e s  

--*e?& aosared by .Oenerel Elec trlc VaIlecitos Laboratory and are ' 

reported i n  Reference io. General radiochemical techniques are 

g iven  I n  ippendix L. 

- 
A 

4.1.15 Haaiobloloefcal Measimemsnta 

Dogs, rats, and rabbi t s  were exposed a t  several points on 

the inner  arc@ to Provide biological exposure data. These short-  

tlm exposures were conducted to  d3termine: 

. . 
movement of c e r t a i n - o f  there nuclide8 (espcclally 'f131) 

the amount of radionuclide3 inhaled and ingested 
the ac t ion  of body t lu ida  on these nuellder 

to different  pertr of the body. 

Pa r t i c l e  s i z e  and alrborne rad ioac t iv i ty  data were uscd to 

fao i l i  tat8 the ln te rpre ta t lon  of t h e  varioua biological  mt Jure- 

menta. The rabbi t  data are reported i n  Reference 9. The radio- 

b~ologicai  lneafurelqents (dogs and rata).  were made by the University 

of Rocbertcr 'and are deacribed i n  Reference 11 and Appendix M. 

4.2 &valuation ar R e s u l t s  

The f l e l d  re lenres  provided a s u b r t a n t l a l  amount of dab& on 

f i r s i o n  produc tr releare percentagea, a l rborne radloao t i v i  i;y, 

deposited radloac t i v i  ty, dcporit ion velooi ties, external dore, 
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I '. * fluorescent tracer, diffus5on phrameters, a d  radlobiol&. The 

data i n  some cases can be compared w i t h  what is implied from the 

existing ANP model, but. i n  other cases. where no model ex is t s ,  

data are presented and discussed i n  light'ot the overal l  hazards 

analysis. 

4.2.1 Fission Products Release Percentages 

Since no contained releases were made, several 1n:blrec t 

approtches were employed to  determine isotopic  release pdrcentagcs. 

=!I system provided independent means f o r  determlning releaae 

percentages and a l so  served as a check on techniques. 

employed required the following information: 

The methods 

. The aorount of the various radionuclides present i n  a 

f u e l  element before a release 

.' Th.. most hazardous -radionuclides released t o  the 

atmosphere and tho sequence of release 

# -  

The'above-l is t ing w i l l  be discus8ed i n  order Os presentatlon. 

4.2.1.1 Source Inventories , >  

The pr inc ipa l  r ruc l i a~ r  i n  threu o f  the glven rup+.eleaents 

are ahown in  Table 1. 

ma43ler ured in Rsle83eo E, I, and H. 
me specimens wme'par t  of the f u e i  element 

Calcul8ted data a r e  com- 

pared with data obtained from the Val lecl tor  r ad iochacu l  analy- 

mer. of the pro-wlt  ramplo (Ref. 10). 

involved An calculat ing the inventorier,  the general agreeaent 

appeirrr t o  be good. Ih  the c a m  or iodine, the laboratory and 

Conridering the problem 
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?rl?clpal HucXdes of As3embly fo'r Rz:es;?~ E 
a t  End of Irrsdia?isn 

F, and H 

F 

.H 

. Ave. 

1.00 - . 
1.32 

. 0.74 
1- 35 
1.28 
1.35 . 
1.17 ' 

2. 
-0.  
3. 
5. 
2. 
0. 
1. 

' 
t 
! 

4 
. !  

4 

0- 93 
1.10 

1-35 
1.17 
1.30 
1.08 

' 0.77 . 

I 
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ccnpur3d data a re  in good agreement d i f fe r ing  only by about eight 

percent. 

inventory nas about I&. 

The average discrepancy between calculated and measured 

-. 

These calculated fnventcrlcs were used a3 a basis f o r  

computing release percentages and network radioactivity.  

lated inventories of those nucrldes which were detected In the 

sampling network are shown for each f u e l  element a t  time of re lease 

i n  Table 2. Fuel elementd l n  aged-Releases A, B, C D  D, and I were 

estimated t o  ccntain 3.4 t o  4.7 curler  of Srw-f1° and 2.9 t o  

4.0 curies of C~137-Ba~37~. 

f u e l  elements in the green Releases E, P, 0, and H contained 

considerably lesrer amounts of the above naaed lrotoper and con- 

Calcu- 

-_ 

- 
- .  

Llk'ewlre, calculationa showed tha t  

4.2.1.2 Release Fractionr 

The aarountr of flrrion products roleared to the atmorphere 

were derived through 

pro- end post-melt grosr uaut!na dore-rate m a 8 u r ~ l e n t r ,  releare 
percentage8 rr.a t i e  netrrork s u p l o r ,  fractional rampling of the 

effluent at  the furnace, and pro- and port-reloaro radiochel;ical 

amlyalr .  In the l a t t o r  two caror, the ro la t ive  abundance of 

firsion produetr war obtained Lndlreotly and the r e r u l t r  aro a l so  

exprorred an relearo percantago.. 

work war liaito4; t o  f la i lon  productr. 

and p o s t a e l t  g- spectrum measurementr, 

,- 

Tho r ~ d l o a c t i r l t y  in the net- 

Thoro war no alpha a c t i v i t y  

. .  
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or: the several pleated f i l t e r s  assayed for  alpha con'&pinatlon, 

indicating that tirani-lm was not released as an aerosol. 

Pre- and post-melt gamma spectrum - .  measuremanta were made 

w i t h  tire aged Releases A, B, C, and D, and t h l a  technique provldcd 

an excellent meags of colaputing cesiun release percentages. 

these aged releases Cs137 was the  only isotope t h a t  escaped in 

ruf f ic len t  quantlty so that re lease percentages could.be 8 

deterdned from the spectra. 

I n  

readlly 

Values obtalned are shop in Table 3. 

TABLE 3 
Cesium Releare percentages 

Release' ' 

. .  

D 

- Percent =I 
Roughly 40 to 50 percent-or the cealurn was releared, excepting 

In Release D. A temperature excurelon occurred during Release D, 

and consequentXy 8 greater amount of cealua ercaped. 

amounts of cerium releared are conalderably wre th8n th8t pre- 

dicted by ANP mode$. The vulues for the bP wdel are given i n  

?able 4. 

There 

0 

i 
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The release percentages 8s ncasured are about a fastor of 

f ive greater then those predicted, except i n  the case of Release D. 

. 

During thls release the measured value was larger than the predicted 

by a factor of e l a t .  l%% increase over the estimated values' 1s 

an important field result. However, t h i s  increase does not A 

materially affect *& hazards-evaluation result3 of previous P N P  

studies because cesium :s. a muscle seeker, and the muscle doae is 

several orders of magnitude lower than %he controlling organ dose 

for  a l l  organs considered i n  the ANP s t u d i e s  (Ref. 2). 

- 
-_c . 

. 

TABLE 4 

'ANP Release Model 
(Me1 tdown) 

Aarouol 

Particulate 

Tot41 

- 
Iodine 

50 

.- - 

6 .  

50 

- 
Noble . 

100 

0 

loo . 

. Cerium 

0.23 2.3. 

Seekerr 

0.77 7.7 
I 1.00 I 10.0 

z 
t The w e -  end D o s t - n e l t   amn nu dose.rate levels from aged 
3 tu81 ehments were marured w i t h  8n ion iza t ion  chamber under fixed 

6eoRetry. . h l 8  tehcnlque 8 b O  provlded very ureful Information on 

. 
t 
c 

<? 

!1 

1 

6roaa ~ ~ . a w a  releame, perccnta&. The percentage reduotion i n  
c 
L 

I 
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gazma dose rate for Releases A, B, and D, shown i n  Table 5 are 

interpreted as release percents be23use changes i n  geometry of the 

pre- and post-melt specimens were ccnsidared to be negligible. 

Approximately 20 5 of the  gamma enitzing mclides were released, 

except where a temperature excurslon occurred i n  Release D. Baaed - 

on these gross gamma dose-rate measurements, the hlghe: L temperature 

increased the release percentage by a factor greater than t two. 

TABLE 5 

Gross .- Gamma Release Percentagea. 

Release Percent 

A 23 

B 17 

54 D 
> 

These measurement8 were 'In relative agrement with the!, p,re- and 

port-melt garmaa rpeetrum measurement.. 

provided values which were allghtly le88 than those obtained 

through gama rpectral- procedure8 beeaue the done-rate valuer are 

uaighted by lrotopea other than cerium. 

Releare sbercentager from network s8bmles provided a man. 

ot'determlning the $erccnt o t  the in i t ia l  inventory that war 

released a8 an aeroaol. By def1;ritlon in the ANP rtudier an 

The dore rate mearuracnenta 

* 



S r . $ n  f i l t e r  - Cs i n  f i l t e r  I :  - _  5 
. I  - _ .  

(Sr release f ract ion)  (Sr* Inventory) (CS release r rac  t ion)  (CS Inventory 

I n  essence, th% amount of any nuclide col lected i n  a network air 

. filter d2viOed by the product of i t a  rue1 clement inventory., 

release fraction, and f i l t e r  ef f ic iency  a v e r  the furnace-to- 

f i l t e r  atmospheric di la t ion  factor fo r  that nuclide. Therefore, 

I beyond muat be aerosol rather than large part iculate .  Thsrofore, 

the d i lu t ion  fac tor  of thlr Paaterial may be assumed to  be the 8- , 

/ -  

as that sf any other 8erOs01 leaving the Pumact at the s u w  t1.m 

and col lected by the i l l t a r - w i t h  the 8ame 8 I f l C i m . ? ~ .  

amount or cerium i n  the riiter (normalized to un i t  Inventory) and 

the cesium releare f r ac t ion  determined from the prc- and port-inelt 

galma rpectrua mearuremenfa, Table 3, 8erved t o  evaluato the r1s)lt 

hand rid. o f  t h i r  equation. 

this procedure depend8 on the amamption that a l l  of the roleased 

. me w u u r t d  

Note, however, that th8 valtdlt jr  o t  

. 
? 
ti ceslum i r  i n  aerosol form and tha t  i t  1s filtered with the ram0 

officicncy M the rtronttua. # 
4 

48 
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Nuclide 'b Releaoes* - 
E 

Green - 
00 

1 

0.01 

0.0: 

30 

Releases A, B, c# D, basad on CeRlum release percentage8 from 
gauuna upec t r u m  measurements (Table 3) 
Releases E,P,G,H, baaed on assumed- ob1131 releaae 
Releaae I based on assumed 5w Celj  3 ralensa 
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The releaae percents obtained by network sample data were 
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in general  ogreernen% v l t h  -zhc spectral and dose-rate measurements. 

The agreement is considered to  be gcod, considering the procedures 3. 

used in . W i n g  the compar:scns. 

The network saw]? data permltted a broader comparison of 

isotope3 than the previously d l s c u s ~ e d  methods. 

list of isotopes that car be-compared with the ANP model hhown in 

The measured release percentage of ce8ium was high by a 

Table 6-shons a 
- 

* .Tabre 4. 
- - . _  

factor of about 10 t o  15 as compared to  thme used in the ANP 

mtudies, based on aerosols only. 

percentages were high by a factor of 2 to 3 b u t  the resolution i n  

these calculat ions irmaomewitat doubtful. 

The measured strontium release 

. 

Frsct lonal  r ~ p l l n g  of the  e f f luent  a t  the furnace was the 

f l n a l  mes;hod used i n  determining r t l eaae  pereents. 

of the eleven evacuated bottles ured t o  requent ia l ly  @ample the 

furnace effluenC during Release E were analyzed to determine.th8 

release percentage of reveral  nucllcier and.the r e l a t i v e  time of 

their relaare. Also, an integrating bot t le ,war  used t o  co l l ec t  

e f f luen t  throudrout the  release. 

The contents 

me ef f luent  sampling technique8 
and e f f luen t  r n a l y r i s  are described in Appendices B and L, 

l 

i rerpec t lvely.  
I 
; 

tach ef f luent  aampler war reparated i n t o  three part. fo r  
. analyre8, 1.e. , ( I )  the 8smpllng probe tube which atendad i n t o  the 

oruclble,  (2) the gltisb-wool f i l t e r  plug through which the gar 



. . .  
. .  

. .  
. . .  . .. . .  

sample passed befc:e enzerlng the flask, and ( : J )  tho evacuated f13.sk. 

Of theae, the  prcbe tubes were the no35 r3dIoacz:ve probably because 

of condensatlon of fumes onto that  pot;t,:on of %he probe extending 

i n t o  the cruzibia. 

The acccnulated percent of ca.:h r s d l c r i c l i d e  releaced during 
- -  

Release E,-ab based on calculated inventories, i s  shown 

The re la t ive  releasea i n  increasing quant i t ies  are ~e '~k .3 r89  < 
Zr95-Nbg5<Ru103 <Cs13r-Ba13?( Ir31, 

three orders of magnitude greater than cerzcm and strontium. 

Krypton-85 is G o t  shown i n  Figure 3 because analysis for this 

Isotope was made only from the s inqle  integrat ing sample bottle. 

Figure 7.  
.- - - ,  

;oulr.e release l o  roughly 
.-- 

It may be seen that soma cesium was releaaed shor t ly  after the 

power was applied to.  the furnace. 

about 8 tb 10 minutes. later, requiring alm~11. w o  minutes to  reach 

50# of the peak. 

cesium release perce 

for small buruup to 

Houevef, waxlnum release a x u r r e d  

Parker, Creek, ad Mareln (Ref. ~ 1) found -that tho 

for "threshold melting" TOW from about 9 
at  41 $'for 25s burnup. Inasmuch a8 t h e  

burnup i n  the fue l  eleinen%s uaee for FRT-1 releta'~e3 wan only 2.3 

and 0 . 3 s  for aged and green Bel elements rcspcctlvely, t he  hlgh 

releaae percent8 obrerved are probably cawed by longer wlt  dura- 

tions * 

Pre- and vost-m?ltase radlochenical analyses were made 
't 

for three green releaaeo (E, 0, and H). 
t ea t8  It war deemed nee-wary t o  obta..n realistic release peraent- 

ages by performlng radlocheaslcal analysis of sample8 from some of 

A t  t h e  time-or the f l e l d  
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t he  green f u e l  element specinens and chei r pos t - r e l ease  res lduea .  

However, due t o  d i f f i c u l t i e s  experienced i n  d1ssolv:ng some of 

the r e s idue  these ana lyses  can only be used TC obtaln upper limits 

to the i s o t o p i c  release percentages.  Consequently, the  r e s u l t s  

presented  i n  t!!ls s e c t i o n  (Table 7)  are not  expressed (La release 

percentages bu t  as the percent  recovered from t h e  res idue .  As a n  

example, the Yie ld  data do n o t  s u b s t a n t l a t e  the  h igh  ZE?~ r e s u l t s  

repor ted  i n  t h e  radlochernical a n a l y s i s  ( R e f .  10).  Thl8 may be 

explained by the f ac t  that Z r B  nas d e t e c t e d  I n  the undisso lved  

residue.  Likewir,e, there is conalderable  doubt about  the s t r o n t i u m  

recovery a i n c e  the undissolved p o r t i o n  of the  r e s idue  was .not  

checked f o r  beta a c t i v i t y .  Scza a d d i t i o n a l  detalls  are g i v e n  in 
. .  Appendix L. e 

TABLE 7 

Nuclides Recovered from Residue 

I Percent  Recovered 
Nuclide 

Release E Release 0 Releaue H I I 
41 
34 
79 
0.04 
2.9 
47 :, - 

102 ' 

59 
35 . 
91 
0.1 9 
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4.'2.2 E f f l u e n t  Chsracter:stics 

I n  order $0 f u l l y  evaluate f i e l d  results i t  w39 desirable 

to knov the  release-time behavior of t he  different isotopes, 

effective height of the e f f l u e n t  as it leftthe fiirnace, and the 

particle s i z e  characteristics. 

- 
A 

Sequential fractional sampling of the effluent made it' 

porrible to dotemlne the release t i m e  of various isotopes. 

results are shorn In Figure 4. 
rtrontiurn, ruthenium, zirconium-nloblm, and cerium ore released 

In the order listed. Essentially, a l l  the iodine was released 

wi th in  the first two to three minutes while most of the cesiIlpI, 

These 

It i a  apparent that iodine, cesium, 

2 

ruthenium, and strontium was not released u n t i l  about eight minuteri 

had elapsed. Zirconium-niobium and cerium were detected about two ' 

iR 

a. 
a *  c 

. minutes after the other isotopes began to appear. Earentially a l l  , 

the activity was released within a range of rix to eight minuter. 

conductor proceduro during Relearas E, F, 0, H, and I wa8 about 

1.7 ! 0.1 meters, L e . ,  about the smo ar the height of the top 

of the furnace. 

The release height a8 measured by the charged vertical 

F: -* 

r-- 4 - 2  

i 5a 

f: Partlolo r i z e  messurementr were made a t  five meter8 down- 

wind from the Eurnaoe and on the network. The warurementr were -'- 

!*. -- 
f 
.nz made with Andorsen ranplerr and Uilliporo f i l t o r r .  

downwind f r o m  the furnace and r o q l e r r  loaated 1.5 moterr above 

Rerultr obtained during Releare A a t  8 rtqtion five meterr )'.''. I 
f 
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.ruthen:um and Ft?riAZ and ,prac:Zcslly cone of che atrontlusi and 

ccsiu?: partfcleo were larger f b . m  5 microns. This is shown In . 
tihe large fractlocs collected by the f i r s t  3t3ige of' the Acders'kn 

aalpler, Tabla  8. W.s comp&rison with ZnCdS I s  3130 shown i n  the ' 

table *ere -We geometric standard dcvfatLon (66) and median 

01ze?3 (i] are shown. It 1s asaumed that the dens l t i e s  are the 

Dlstributlon or Material i n  findersea S3r;plar 

I Stage No. 

Material t I h  
Stage Activitlks aa Percentages of Sampler Total 

2 

16 

4 

. r j .  

1 

10 

3.4 

1.s 

3 

10 

'2 . 

7 
2 

11' 

- 

2.3 

.I. 3 - 

4 5 

6 5 

3 9 

6 7 '  
-2 13 

5 9 

1.8 1.3 

1.j 1.j 

__I 

5 - 
2 

14 

12 

17 

10 

1. 0 

1.3 - 

Oelman 
F i l t e r  . 

6 

41 

64 . 
30 

-- 
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S a w l e e  co:le:ted at  the 100-maZer -c an.\ other po3ltiona 

(Tabies  9, io, and 11) show tha t  the particle  s izes  are: .: 

Zirconium-niobium 1 tr, 5 i icrons 
Cesium < 1 micron 
Ruth en: um a1 micron 
Iodine <1 micron 
S trontium C1 micron 
Cerium half <l micron 

&half from-1 to 5 microns 

Distribution of Nuclldea i n  Andersen Sampler (Release T)*  

Stage Activitlea a s  Percentage8 of Sampler Total 

4 1 2 3 -  4 5 6 P€m. , 

cs 137-Ba137a 1 1 . 1  1 3 5 88 . 2, J 
4 Xean values from two stations near the cloud centerllne'on the 

Arc 

TABLE 10 

Dlstrlbutlon of Nuclides i n  Andcrstn Sanpler (Release E)* 

c 

+ 
Stage A c t l v l t l e e  a8 Percentage8 o f  Sampler T o t a l  

Ac t l v a t d  
Chahoa l  

'b 
J 

Mean values ba8ed on oenterllao Station8 from three network arc8 



. . . ,  ’ 

. .  

TABLE 11 

D:strfbution a:‘ Nuclides i n  Anderaen Sarcpler (Release P)* . 

Stage Act lv l tLes  as ?&centages of Sampler Total ’ 
t 

, - --- 
G e l m a R  - 
P i l t c r  

3 4 5 6 
c 

1 85 

-- 3’ 5 91 

8 -0 -0 1 Rul03-,;Ru106 ‘ 5  
~a137-m13?m 1 -- 00 

Mean ValUOS baaed on centerline stations from three network 81x8 

All the.partlcle8 measured on the network were within the 

ASP d c i l n l t l o n  of acroaols, 1.e.. smaller than 10 mlcrona in dla- 

-mebere The assumed hNP log n o m 1  particle size distribution 

(re -2.75 and b - 7 )  la8 not-checked. 

The f ie ld  data,8how, with the exception of zirconium- 
-. 

;y..:%L+f&M 
nloblum,’that 50 to g@ ot the rarlionuclidcr penetratud the 

:. ,Anderaen BaPqpler and were depoaited on the back-up membrana f i l t e r .  

ma percentage of .various .radionuc~dds on the‘ scnibrane f i l t e r  were’ 

fairly uniform ror different raleases. Also, about of the 

ooalum, iodin;, and.nrtheniua m a  k o i c a t e d  w i t h  materia2 that WM 
. .  

1 ~ . in the submicron r&ao, $.e., It penotratd the f i r s t  f i v e  mtsgea 

of the Anderran eampler. No 8lgniflcant chaw0 could be detocted 

in the size dirtribution of  tho rcloared fisalon product8 between 

. Autoradiogranrr of olght  qtagts t a k n  from an exposed 

Ander~en-Oelqran-#illl~or~ rampler ayrtcsr are pictured i n  Figure 5. 

. , .  . ’ .  . .- 56 
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'c ,I !Zta,;c !io. 8.) 13 ifidlcatlve of' che h l g !  col2ect:on el'ficlency of 

the neab r m e  fl 1 tera. 

! t . ; ! .  3 

.. - 

At! b c m E  Radloa*:tivl t y  

The ac t iv i ty  I n  the cloud was measurer! a t  varlous p o z ~ t l ~ n  

on t.he nctwcrk. From the data, lnfolzlation x i s  obtained on lntc-  

gial a i r  concentratlana, . r e l a t l ~ e  i ~ o t o p l c  aiffuc:on, and relative 

LctcnLlon CC nuclide3 on pleated Cllters and carbon c a r t r l d ~ e s .  

4.2. ?. 1 Integral A l r '  Concentration . , 

1 ?he data showed that the rates of radloactlvlty dispersal 

bg :tz;rxxyheric dl  rftrclm varied qr?:te, t ignirlcantiy from one re- 

Icnscb Lo the next, ar! meamred b y  Fl-Vol air omplors. Detailed 

ar 7 prof3 le rad1oacc:o: t y  data 'for each lalease uerc plotted 

(Appendix N),  ant1 fiom thcse plotv rnaxlmum ccnt.crl1nc a c d v l t y  

values WSIC obtalned. For e w e  ?c cumparisan, the ccntor~ lne  

da*.a ut-ra nrrrma1:zed to unl t lnven5ory in the utur.oltcd f u e l  

eLe:.?ent and aloo to unity a t  t h s  190-wtcr arc. 

! l : ~ . t r 3 t i v e  of tho n o r ~ i l l z a t l o n  io uni: invento.-y. 

the lag or tire -enterline f' l lter 3ct lv i t?e3  plo t ted  ver3ua log of 

. .  .- .. - .. 
. ~. 

. *  - . - _. 

Fidure d is 

In th l s  caae 
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??able 12 1s a l i s t i n g  af these I s t l o s .  GezeI:il:-L, the d ! < f ~ i e c . . * c  

i n  the attensstlan factor is more pronounced I inn one r't.?e.is=> ' *? 

anGther than between n?rclldes of any given reiedbe. The 1 v d I : l r ~  

1 

I 

appeared. to diff i lse  more rapidly than other cl%on:o. Th!3 m.ty 

have been because lodlne was released ear ly  !ri the melt!ng opera- 

tlon when the d i f fus ion condit ion wan usually bq$?e!  than tcward 

! TABLE 12 _. 

Relative Isotopic Dlffu3lon 
I 

_ .  _ -  
.- 

, 2 .  
. . .  .. , - .- . . .  ' ... . 

e n  
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I.. 4.2.4 Deposltcrl Radloactlvlty 

Ground contm:cacclo3 desre1se.i with d:stm.:e similarly to  

thst--f,bserve.i r3r - tt,s +r ioncentrnticri. 

obtained from 3tizEy psper p:s:ed a t  one-degree intervals on each 

cf the six arcs. 

Et; dislntegrat203s per minute per sqclare foot per curle of tither 

Cs'37 or 1131 l n l t i a l i y  l n  the fuel  element. 'Also,' the centerllna 

defd were normlizcd to 1 at the lr90-meter arc. 

AI; depositLon data were 

*.e cer.:erllne res?tl',s are normn1:zed and present{ 

-- 
Cealum-137 contamlmtlm of sticky paper resulting from 

lapse  Releaoes D and I and invotsior. Relea& A ard -G art  'shown 

IC Flgctres 15 and 16. Deposition during. inveralon Release A warn 

mxe sim1Zar t3 thatpbscrved-durlng lapse Releases D and I than 

lnrersfori Relc3oe C . .  A s1m:lnr behnvlor wa8 noted for the a ir  con- 

centrations i b d  *his condl t lo?  wan attributed to the transient 

bGrderline nature of tna lnverslon exiJt1ng during Release A. 

I 

Ths ANP pred:cSed curve far deposited cejisa a z t i v l f y  under 

lapde  comlltlsns is one-half thsa-measured i n  the riel&. This 

dlrlcrenie 1 s c a w d  by' tho pycat..er ccslum reiease percent and 
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. .  .. . . - . . .  . - -  the pre;lld:teJ lapse acd :nve:slcr, ground contamlnatlon curve3 were 

nb*.?:qeq oy m*ift:plylng the predicted air-cozcentratlon CUtve3 

( i ; . -g .  e)  b3 the coriesporullng settling velocities. - - 
- 4.2.5 &PJ'JS 1 t lo?l 'Jelozl tx A 

9epozitioc veic:=ity vg (Ref. ts) ,  def ined 3s the r-atbo of 

horlz~~tal -surface-deFoal tod a s t l v l t y  (curies,#'sg. metor)-to the 

ttma 5ttgral cf a i r  concentration near the ssrface (curie-seccnds/ 

cJ.meter;, was determined for several nuclides. 
- 

Average values of 

Vg Obtalned f r m  the sticky paper, sand, ana water samples for 

TABU 13 
Deposltlon Velocl ties. 

bw:.*w&q- ~ . I . .e:- 
~ e p o s i ~  ,n on Surfaces (car/sec) 

WAC 1 i de  Sticky Paper H20 Sand 3 

Cs137 &0?6 2 O.oSS(38)f 0.088 ! 0.063(5) 0.041 2 O.Olg(5 

,131 1.1 2 0.35(1'+) 1.6 0.65(8) . 0.74 0.47 - 0.60 2 0.38(9) Ru1?3 2.0 2 O.g8(il) 2.3 2 1*0(9) 

2r9fj-Nba 1.4 2 0.73(10) 5.7 t 3*4(6) 2.9 2 2.7(6) 
0-  0.73 2 0.63 -- I 

Nunutor of arc averages from which the average deviation is . 
conrpu t eii . 

The average deQosltlon valocltler'for sand and water we12 

calcialated f r m  ground-level-deporlteil-activity data reported i n  

Harerance 9. 
f 

* .  



In nost  casts  the rmour.', of rad1oact:vl;y dep,?sl:ccl 0:: wntc: 

and s t l c k r  pspe; was nea:ly :he same, while ?.hat dr.por,?tcd on sr.r.d 

xns smallel .  

uh-cn the V::I lous nuc1:des were deposited limits ti ie conf:~!t:cc:" 

w;th dhi-h ;ne 'zessarea denusition . 

to other  s i tua t ions .  

t - 

L+sk of d t t a i l e d  kncwledge of the chemnical t 'c i r rn  :n 

veiocltles c:m LC extrapc>1,~:.c'c: 

However,- i t  is- noted t \ ~ a t  i n  general, ti1gttt.i 

deposit ion ve loc i t ies  were observed for the stlckg p ~ s r  3; I and water 

than for the sand. 

A8 a group, the various muclldes e x h i b i t e d  considerable 

. var ia t ion  i n  their deposition ve loc i t ies .  Inasmuch 88 ceolum_-and - 

lodine were found mostly I n  the submicron p a r t i c l e  slze range, the 
__ .- 

large dll'i'eretze between' t h e i r  observed deposltlon ve loc i t lcs  

be a t t r i bu ted  to  differences i n  "s t lckobl l i ty"  or absorpt lvl ty  

rather than to .d l f fe rences ' in  the probabi l i ty  of striking the 

collectin(; surface. The ruthenium behnved s imilar ly  t o  the lodlnz. 

Zlrconlu-nioblilm was apparentlg affcc ted by the col luct lng mcdla 

since 'sand and water respectively exhibited deposit ioh va loc l t los  
i >  . 

two and-f$ve times that of s t icky  paper. 

the dl f fe rence  la  not s ign i f icant  because the attlndrrrd deviation3 
However, +, th i s  case, 

are also very large. 

Contrary to the ANP model no differetrcea were noted betwetin 

lapse and'lnverslon deposition veloci t ies .  Aa shown in Teblc 1'1 

the average ANP lapse deposit ion ve ioc i t lbs  a re  probably ii factor 

of t en  too low, but 
' 5  

these are coarp5rl8onl between s t icky  paper 

i 
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1.0 
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0.7 
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0. '37 
1.7 
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2.5 

1.5 

0.1 
0.1 

0.1 I 
i .  

0.1 

2.0 

' 1.1 

I 

:* '. 
0.1 

6.25 . .  

-stickSI"paper 

** Vclghted average of a l l  measurements . .  
', . . . .  

. .  <, :,:. . . 
-2.. . . ' .  .::, ' . .. ; - 
. - : 

. - ,  . .. ... . 

4.2.6 External Dose 

The rawerr of maximum external dorts at  the 400-aeter arc 

0.0017-0.002 mrem  apso) 

o , W - O . G C ~ ~  mrew (Insorsion) . 

0, rW+O.012 mrcm (Lapse) 

for k3'2-1 were: 
Aged [ c 0.016-0.024 mrem (Icversion) Green 

. .  . . -  
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These data show that  green releases resulted i n  hlg!!er ex).ernnl 

doses as compared to the  aged 1eidasc3, which was expect&,. 

mere ls,however, insuff ic ient  data t o  compare lapse and ir?ve:slnn 

:ases and .to determine-which pioduces the large: doses. 

A ,:omparison between external dose ::nd toih ,- zlcltl.iLed 

muscle dose for the dged releases and calculdted Lhyr-otd dose f u r  

the green releases were made (Table 15). 

dose from 

external dose. 

2800 times larger than - exteinal  dose. 

isotope i n  the aged f u e l  elements while iodlne waa the nost abundant 

Results show thaf rn'Jsc1.: 

Ca137 (aged releases) is 50 to  200 times 1argeE. 1 than 
- The tnyrold dose (green releases) is 1100 to 

Ceslum was the predominate 

.. 

3n the 'green elements. These findlngs were generally expected . 
TABLE 15 

External and Internal  Dose Comparlaon 

Time. A f  ter 
Release Irradlat lon 

~-agtd .zs years 
I - C-aged i 2) years 

I I E-green 1 43 days 

P-green I 51 day8 

+green ! 64 day8 

H-green : 65 days 

I-aged I 24 years 

I '  
! 

External Dose Kuscle Dose Thyroid Dose 
. mrtm arem - m r e m  - 

-- 0.0014 . 0.19 . 

0.00037 - 0.017 - 1  0- 

0.0017 . 

0.012 

0. oog 
0.016 

0.024 

0- 0.32 

0.0086 34 
0.024 1:4 

0.12 42 

'0.051. 21 

81 
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.~ 
;.n cxzernal  doze p r o f l l e , f o r  :ne 4OC-meter a x ,  'cased on 

b. -~;? l t  

large ' y J factor of Swo t o  three. 

il.2.7 - Fl?rorescent Tracer'  

r::cdiction, the e3tir;mtcs of external, dost  w l i l  be too -- - 

- - 

Durlng Releases A anc! B (aged fue l  elenento) zlnc cadmlum 

i 
I ,  

culphlde was released for about 10 alnutes lmmedl a t e l y  following 

fl3310n procluct release. 

bcc'auoe of the unsertainty as to  how the  fluorescer-t na t e r l a l  

The release w a s  not made simultaneously I 

sight af fect  the di-oporsal and deposltlon o2'the released fission 

products. 

. . 

On tho basis of these testjs, the decision w 3 s  made to  
1 ,  ' yerCcrm Release C simultancouslp with a fluorescent tracer release. ' 

Slncrt cesium was the only f ias ion product released in a s lgn i r i can t  
. -  

quantity, i n t e r sc t lon  between the Pluorescent tracer and cesium - . 

Cumerr or. contaminated par t ic les  could be . .  ubserved. 

Preliminary data from the Andersen imQactors used i n ,  . 
-. 

Rclcaooo A and B indicated a clear pa r t i c l e  s ize  d i f f e ren t i a t ion  

bctrertn Lhc t racer  and the cealum; that  ls, the tracer waa retained 

I 

~ 

I 
i n  tho upper otagca and the cesium war deposited in the lower 

i 3Lage3. 

should become attached to  the t racer  pa r t i c l e s  in a sinrultuneous 

This proved tha t  if a slgnlfi.cant fraction of the  cesium 

- 
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z lnc  c a d d u a  suiphide. 

meters indicate that  there 1-s no 8trlkli*c difference between the 

dit 'fuslon of gross radloact ivl ty  ana zinc cadmium s?*lphlde. 

4.2.8 Dlfruoion ParaneCIcrs 

PJrthermore. ttre calculated C:ffusion para- 

. The a b l l t t y  t o  a m l y t i c a l l y  predict the atmospherlc 'd l f -  

fuoLon churacter1st:cs of an e f f luen t  requires a mathematical 

model havlng su f f i c i en t  "diffusion parameters." These paraneters 
i;. 
i: . .  represent the oarlables  of the problem. It is d i f f i c u l t  t o  obtain 

-_ ._ - xcpreaen:ative diffusion paramete~s because _ _  they are dependent 

- upon mlcrometoorologlcal conditiond. Lapse rates and ve r t i ca l  

v a r l ~ t l o n s  i n  wlnd velocity strongly affect ve r t i ca l  dlffuslon. 

Horizontal or v e r t i c a l  veloci ty  components, resul t lnq from span- 
. . . .  . .  

tcmooua eddies, affect both horizontal  and vor t i ca l  difCusion. 

Whenever mteoro loglca l  sonditlona change, new diffusion para- 

. . .  . .  

. _  . 

m(;ucs m a t  be used tci predlot  akaospheric mixing. 

ujlnc; one sot oc parameters for long range diffusion caaes is 

tur*Coned by the na tura l  tekdoncy of meteorologieal conditions to 

The problem of 

P A .  



- 

.Many attempts have tesn  made to  provide, a neafts for  obtain- 3 
t 

ing : e a l l s t i c  dlffuslon parazeters. Some 3re theoret ical  wfille 

-- - -.-..-ot&ers are s&p>rieal. Of these, Sutton's formulas ore the best 

known for calculat ing paraaetero from mlcrometeorologlcal data. 

Su:ton's formulas describe the diffusion of a plume from a con- 

tinuous point aource In  terms of two diffusion coeff ic ients ,  

Cy (horizontal)  and CZ (ver t ical) ,  and a stability pwgmtter "n". 

An em;iirlcal set or Sutton-type "typical" lapye and lnver- 

' 

sfon parameters have been sugGested as a r e su l t  o r  a rtudy by 

stafr members of tne Brookhaven National Laboratory 8nd others 

(Ref. 12).- Their findings have strongly influenced the ANP safe ty  

analysis  s tud ies  and their "typleal" parameters are herein 

referred to as the "ANP parameters" (Table 16).. , 

TABLE 16 

*Typical" ANP Atmorrpheric Diffusion Parameters - 

. .  

- -  
Parameter- Lapse 

n 0.25 

0.40 

cz * 0.40 

- 3  5.0 m / m  

h 0 m ci . .  

r 
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The highe: predicted concenLxa:ions a r e  due p r l i r a t l l y  t o  e 
- 

the larger measured va lues  of Cz 33 compared to  the n typ lca ln  

value.  

is caused by the pnrzmeiers My 
of parameters obtained b'. f l t t l n g  &he cloud concentration data wlth 

The more rapid d l s ? c r s n l  indicated i n  Figures 22 and 23 

M,)? . 'Comparing the values 

those parameters derSved from the  meteorological measu$ements 
t 

reveals several  tendenzles.  These are:  ,i 

Parameter ObserVatlOn 
. .  Shows a tendency t o  lncrea8e with 

wind veloci t y  

of d increaser ( the  crorswlnd 
8 t andhd  deviation of the horizon- 
t a l  velocity cc2mponentr.) - 

cz . Uas larger ro r  the inversion 
releases and occurred with larger 
values of "nu than for the lapse 
re leaaer . 

(Horizontal Diffuslon) . Increases when the bi-vane value 

(Vertlc'al Diffusion) 

- . Smaller ror lapre than t o r  inverrion 
releases . Larger a t  lower w i n d  v e ~ o q l t i t s  

. Upre value8 genorally hig;her than 
are lnverrion value8 I . Shows a tendency t o  lncreare w i t h  
humidity and temperature 
Tendo to lncreaae 88 tho bl-vane 
value of p t  Increaser . Tends t o  decreaae a8 'n' increase8 

nr 

42 

(Horlzontzl S t a b i l i t y )  

(Vert ical  S t a b i l i t y )  

A t  present them oboervations lack o t a t l 8 t l c a l  weight. 

d i t a  beoome aval labld these trends may become more def ini t ive.  

Calculated parameters r ay  be obtalned from experimental r e r u l t s  

A 8  more 

. 

L 
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1 i i rblc  1'1 StiFdZa;.:Z&S j ~ . ~ r  of tk-e ~:~*:LI::OT 33:am'cer - : ~ ~ x s s ,  

and s ! ~ u ~ t n c e o u s  ncscorolodical comi:*.lon3 cx l3znj -  3u1 Inq ca:h 

rclcase. 

.%::I LC I'aund I n  ho3c;ld:x H. 

The fechniqxes 93ed for c.ilc?llatlng tk33e parawters  

A b z r l a t y  of c;Zt::s3s k'er8 uz5a co 

cv~lclate :!-&a pdrnselc: 3 ::icluCing sxcke p l u m  :>llc*togtaphjr, A 

f lU.3i .eZCc:It  :racer, ,gross a c t i v l t p  on. H f  - 7 ~ 1  air 3Zn;plo:. pleated 

f i l t e r o ,  and lootoplc radioact:vi:y 03 pl t s ted  f i l t t ~ a .  Also,  a 

bl-vane ,  24 metera srbovs ground on tne ap?x tower, provided data 

for determination 01' Cy, Sz, and meati wfnd Geylatiogs i n  the ver- 

CIZcal and horizontal  crosswind dlrectlgns.  .For  cornparlaon 

purposes :he tower wind speed data were uacd to calculate  the 

. s t a b i l i t y  pacamater "n", using the wlndepued prtx'ile power law. 

1 

' 

i 
I 

The groaa beta-gama parmotors (pleated filter f i e ld  da ta )  may 

be conpldercd val ld  f o r  Q continuous release of abouL ten-mlncrte 

duration w h i l e  tho lrrotop*c paranwterr Lor Cb137, 1131D and Rulo3 

are for the componont rolearerr 01' about two-nlnute duration. The 
var ia t ions i n  tho i rotopic  patamelera for a glven release are . 

probably oauaed by changoo.ln meteorological 'condlf!ona. 
- .  

Repreauntatlye isoploths, mrarallzed $0 t he  dame canter l ine 

value a t  100 metera, conyore *.e actual dlft'uslcn pattern with 

tirat predlcted from ANP p a t m e t e r s  urd that  c?lt.ulotcd rrom b t -  

vnnc rosults (Sutton8r cq?lationa). 

and 21. 

calculated parameter8 for pr:dictlng dlrpeisal 9:' the effluent.  

There are shown in P:qucoa 20 

Tho utypioal' parametera are bettsr  than tho bi-vane , 

. .  . .  
.. . 

. .  .~ 
. .  - .  

.. . 
. - . , --. ;. _ _  '. ...__ .: . . .. . . .  
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, 

the " c , ~ : c s l "  parameters >:ere f t l :  cher Investigatcc. 

F l y r c s  22 anti 25 3hox predi;ted 3%:-canferllne concentra- 

',:cjni of i9dine and 2esi371 fcr tke lapse ~ i i d  inversion :ond!*,lons 
A 

and thccle a i r  conceczrafionz as mezsured 21 the field. 

c c n t e I l t n e . c o ~ c ? n t r a ~ ~ c ~ s  were all normiitec! ,W the  saxe sosrce 

me . 

strength. The measured centerlines were based on prameclero 

obtained fron the.diffuslon of Csr37 and X13l. 

%he "typical" lapse ?armeters nave proved -to be quite good i n  

predlctlng the meaouzed a ir  conccntrstlons wl thir. a t a c  tor of two 

out; t o  3200 meters. The'"typlcalw inversion ANP prameters were 

comlstently high by about an order of' arzgnltude i n  pred1ct:ng 

domwtnd air concentrsflona out to j2ciO metero. 

In this -comparison 

Suttonla method of deterraining values of. Cy, C Z r  and "n" 

fro= meteorologlcal marruremeqta proved unoati;tac tory for calcu- 

lating PRT-1 a:rborno radioactivity concentratiop levels. There , ,  

1s tho l imltatlon that Suttonca rolut-lsn of the dfffusion equation 

eontninrr only the slngZe, atabi l i ty  parameter *nen. Therefore, 1% 

cannot be w e d  to describe adequately an 3n:ootroplcally dltfualng 

cloud. To coapenaate f o r  the Inadequacy of t!!c parameter *fir tuo 

parameterr. My and +, wore intkduccd. 

der'inlng the various parmetera %, Ma, Cy, C& and nnr are 

The general equation 

90 
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t h e  gene:%: obrsrvitlons. 

Il.lesf? nay oe uscd,ro add stzslst1:al weigh: CG 

The col1ect:or of more informa$Lon w : l l  
c 

A p:r,vid*? da ta  fot : 
_ _  . che dstc:zlnaLion of the  dependence of reallstl.: p r a -  

Zeters upon bsslc meteorological measurencnts 

SF. emplrlcal relationship between diffusion parameters 

and basic meteorological measurements. 

. 

4.2. 'j Radlobl olea 
Rats and dogs were expor;ed to the radioactive cloud unr?er 

aontrolled condltlons and were sacr i f iced a f t e r  the releaaes t o  

pxovlde date on the f r ac t ion  of lnhaled aerosol deposited i n  the 

lung and'both lower reapiratory trast and upper respiratory tract. 

The data are ~ummarired ' in  Table 18. 

obtalned on the rates o f  removal of radioactive particulates from 

the lung and on the translocat.ioa of radioisotopes within the 

body. 

expwuro tcchnLques were varied and the ef9%ts noted for use i n  

in te rpre ta t ton  of these t o s t s  and for design of Pdtwe experiments, 

Limited data  were a l so  

mrlng the course of the iests, several or the animal 

- There wa8 8 r e l a t ive ly  large anount of iodine, a8 compared' 

to  oUlor nuclldes, in tke stomachs of dogs that were sacr i f lced 

wlthin an haur after Relea8eo 8, 0, and H. 

In  the gaot ro ln tcs t ina l  t r a c t  was probably caured by temporary 
This amount of iodine 

cntrsprsenL of lodine In  the upper respiratory oystem followed by 

swallowing. 



Th lungs were r e l a t ive ly  void of iodinc as compared t o  

* other nucl:des, . in the stamachs of dogs thaf were sacr i f iced 

within an hour after Releases F, 0,  and H. This mount of Iodfne 

i n  the gas t ro in tes t ina l  tract was probably caused by temporary 

entrapment of iodine i n  the upper respiratory system r'ollowed by 

swallowing. 

other isotopes, indicat ing a rapid iodine removal rate.  

The lungs were r e l a t ive ly  void of iodine as compared w i - h  
I 
The 

blood contalrrad about lo$ .of the total  body burden of iodine a t  

the end of an ho.ur. Of the total  amount of 1odine. in  the blood 

about 4 waa assimilated by the thyroid. 

There uaa no indicat ion that cesium was localized appre- 

ciably i n t h e  muscle under the conditions of t he  teats .  

Median LRD (lower reopiratory tract depoai t ion)  values for 

r a t a  and dogs were 30 and 35$, respectively,  of the t o t a l  inhaled 

a c t i v i t y  as calculated from the meaaured air concentvationa. 

meme valuer are somewhat larger than the NBS-HB-52 value 

df - 29, . However, the d i f je rence  . i n  probably not &if icant  

becaure the breathins rater were not kndividually mearured. A 

mingle estimated breathing rate was used for a l l  animalr of a 

given rpecier.  

Oastrolntest inal  (01) t r a c t  'and total  bodr internal (TBI) 
values were used to ;nfer upper rempiratory &act depomltlon 

(URD). However, the TBI data from Relearer D, E, and P were . 
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TAELE 18 , 

Median. Lower 'Hespl ratcry Tract and "Total Body " Daaosl t i o n  Value3 

Anlmcrl 

. B-agcd 
E-green 
&-green 
P-green 
F-green 
Q-grccn 
G -yrcc.n 
0-green 

1 H-green 
If -green 

f-llgec! 
J -aged 

1 

1 at 
rat * 

rat 
rat 
doi3 
rat 
rat 
dog 
ra: 
cog. 
rat 
dog 

Number 
. o f  - 
Anima?. 

38 
54 
32 
20 
4 

30 
24 

5 
12 

12 
1 z 

Median 

10 
39 
22 
26 
45 
58 
20 

. 35 
37 

,. 24 

Range 

0-142 
13- 77 . 

16- 67 
iO- 36 
21-126 

40- 68 
16- 55 
11- gQ 
1 - 3§ 
g-192 

Lower 
Resplrat~ry 
h p o s  -ion (P) 

"Total Body"* 
I n t e  

Dlspoi 
Median 

67 
0 6 -  

. 64 

nal 
t ion W. 

R;mge 

28-183 

64-210 

3:- 99 

The term "7o:al B-wly Internal Dsporltion" represents the 
sumuiaCJlon of Clsalon product concentrations of only those 
tlaouos which Were analyzed (Ref. 11). 

i 
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APPENDIX A . 

Fuel Element Inventorieo 

The HTW-type fuel elements used i n  the f i e ld  tests were,* 

supplied and prep9rc.d by the  Ge.iera1 Elec t r ic  Idaho T e s t  Station. 

The eiaments w e r e  designated H-2 type  and were taken from . -  
HTRE-MfR assemblies 1-T and 1-L-i. 

The inventories for the  f u e l  elements w e r e  calculated using 

ar5 113M-704 code with nuclear input data frcz the  l i t e r a tu re .  

isotopes presented i n  a report  by T. J. Burnett (Ref.15) %ere 

considered. Table A.1  shows t he  calculated inventory values for 

t h e  element8 in curles and the releases i n  which they were used. 

A l l  iiotopes .ret included whose inventor ies  exceed one-tenth 

A l l  
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APPENDIX B 

Fuel Element P l t i n g  Equipment 

c 

J B.l  Induction Furnace 

' An iwuct ion type furnace was selected' over a gas-fired or 

resistance-element furnace on the basis of clean fast heating w i t h  

good temperature control. 

shielded furnace capable of heating a fue l  element t o  its m e l t i n g  

point i n  two minuter,. Built-in radiation shielding pellmitted 

ordinary transportation and handling methods for llmlted time 

interval8 within the NRTS area. 

' 

The f ina l  design was a transportable, 

The cyiindfical furnace. which weighed 7,200 pound88 is shown 

i n  

herake c y l k e r  (3) with embidded lnduction co i l  (4); cap (5); 

graphlte cficible (6-) rusting on a ceraalc pedestal (7) ;  Pt ,  

6-Pt- themweuplo (8); 112 effluent r.ppling tuber ( 9 )  connected by 

glui-woo~ iii1.d elbow8 (io). rolenoid valves (XI), 

valvor (12) t o  f l u k s  (13); and an rSr lnject lon tube (14). 

B.1. It measured 27"-0.D.  by 32" high, ud was comprised 

Of 8 shield Cask (1)j l i d  (2) fm which 18 8USpOnded A C a 8 t  

needle 

The hunrrce orucible 8WV.d a160 AI) the discharge rtack, 

from wNoh rrrpling tuber led t o  an Amy of 12 fr8ctional- 

raapl ini  flask8 around the ver t ica l  fAce of the tunuce.  

t l ~ s k a  wero 1 M t A l l O d  before eAch release and removed after. the  

Theme - 
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0 
release far subsequent sampling. Metered a i r  was in,ected 1 

. .  
center of the  cruc;ble to.rtmove the eff luent  from the crucible.  

t h  

The eff luent  was released t o  free air a t  a height of C ive  feet above 

ground. 

The ve r t i ca l  w a l l  of the furnace was a radiation shield having 

a E.5-inch thickness of lead cast  in-place between the 0.25-inch- 

thick s t e e l  outer  and inner  she l l s .  

cap provided e s sen t i a l ly  the same shielding thickness and materials 

excepting w h e r e  pot t ing compound i n  the l i d  insulated the-induction 

c o i l  connections. 

the furnace was 0.45 q(hr. For the .par t icu lar  -01 elements used, 

the PLMimuIll dose-rate w a e  0.15 &&A- aia&sr;rcd et the cssk face mld- 

plane. A narrow beam of about 5 I&r was measured at  the potting 

compound i n  the l i d  where handling of the furnace war not 

required. Handling the furnace and sampling 'flask8 at arms length 

The furnace bottom,:lid, and 
* 

, 

The calculated dose-rate at  the outer face of 

e 

. .  

reduced the torso  doae-rate t o  about 0.W R/hr. 
The induction c o i l r  W e  of 9" O.D. copper tubingd * I  ,had 

1 . .  . 

I 12-3/8H long, 

A orueible (Figures Be& 8.3) h e m t  or 12.5' YU releoted 

from considerntlons of l ndwt ion  0011 l i t e 8  pgwor loss t o  nearby 

shieldfng, 8hlbldf< 'thickn~88# and the des i r ab i l i t y  Of having the  

/' 
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rin of the crucible project above the furnace l i d .  

c r ~ c i b l e  having a 0.5" wall thickness was an adequate susceptor 

A graphite 

lor 10-kc ln&qction heating, the crucible  acd f u e l  element rising 

i n  temperature abou; equally on a fast heat cycle. Two wire-dhct 

holes, 0.625" diameter through the crucible  wall near the rim, 

were provide& A saw-cut, 1/4"-doep arou.d.the crucible, 8" from 

the base, deflned a breakage point used after a run t o  reduce the 

crucible  he igh t - to  f i S  within avai lable  sh ipping  containers. To 

alnlmlie-.the evolution of CO from graphite in air at high 

temperatures, the-cr t ic ibles  were coated with an' alumina Ua8h. 

The orucible foxmed.the e f f luent  dl8char3e s tack  which protruded . 

1/25" above the fumaoe.. 

c 

8.2 ?over Supply 

A 60-kw, alr-eooled, motor-generator set with across-the-line 
t 
r 

- : a t a r t e r  was oountod on-.' oonorete pa4 115 feet upulnd from the 

funuuo. The motor-generator 8et waa aervlced by -volt, 3- 
phase, 6O-cyole powr obtalned froa 8 t ranafomer  ud high-line 

about 200 i o e t  dirtmt. The generator output, lO-)eW, r+mlo-phue,  

2 

" 

4tlO-volt m(LiillDuR, W 8 I  AdJU8t.d by A uontinuoua v.ri.bl. f l ~ l d  

rupply i n  the oont.4ol oonaolsa. 

The uontrol eonrole, l o o a t d  20 feet from the motor-generator 

aut, inoluded a purh-button runote-oontrol for the motor-gonerator 

r t~ r t e r i  a uontlnuously var iable  generator f ie ld  aupply with panel 

c 

. .  . .  
. .  .~ 

. - .  . 
. . .  

>.*. - . .  

. .... 



J r  t o  :'urnace transformer 

and capacitor bank. pane?. meters for generator Voltage, anperage. 

and power, a ground detector  un i t ,  awltches for the  two water- 

coolant pumps, sampllng i la3k cont rLIs ,  and a 1:O-V service out le t .  

A capacitor bank with jwnpers provided 7.5- t o  303.5-k~~ 

* . .  

in 1.5-kvar steps t o  tune the induction coil to.resonance. 

v a r l  ab 1 e- r a t  lo 
A 

10- kc trans f onner provided impedance-mat S L  F,hlng 

between the induction coil and the  motor-ger-erator set. 

Tne water-coolant 8ys tm,  Figure 8.4, far the capacitor bank, 

transformer, and induction coi l  provided water-pressure of about 

B.3 Effluent .. Sampling 

efkluent from the. melted fuel . - element - w a s  purged from -the 

crucible  by . ln jec t lng  air at a rate of 1 cfm (local prersuse and 
-- 

temperatuh) at  the center  o f  the crucible ,  The v8rious,8aarplers 

are depicted I n  FlguxWa B.3 and B.6. 
the cruclble were not Paessuredj however, calculat ion8 indicated 

the velocity right have been about 0.8 it-reo". Stalnleur 

a t e e l  tube8 0.25-in.-O.D. 

before i t  reached tree Gr, ud a dumay( swp&ng tube having one 

0.8 e a t  ve1001tie8 f rom 

0.226-in.-f.D. stunpled tho effluent 

' S  

and scaled waa preaent to  provide a meaaum of e f f luen t  conden- 

m t , !  ;it the outer  and 1r.ner surface8 of t he  8mpllng tubea. 

i 



,------r-- 

I 

.- . . 

. . . .  

. .  .. 
:c -.. 
......... ;.., 
. . . . . .  .... Li . . 

. . . . . . . . . .  .... . ,.' .: . .  , .  . ... . . \  . . <. .... . .  

. .  , . . .  . .  . .  

... 

. .  :e.< : . . .  



* 

1 

... - .  . . .  . .  

1 .  

. .  

P . 

. .  

. . , .  9 . .  .b.. . . . . 
' , .. !E. 

s-, ' . '. 
':a" .._ 

. .  
. 

. .  1. . ' 

.. , 
, .. 

.- _. . 
.. 

. .  
. .  
i : 

. .  

. .  . . .  

. .  . .  
. .  . .  . .  

?' .. 

. .  

. .  

. .  . .  



. .  
I . . .  . . . . . .  i 

. :. . .  . .  . . . . . . . .  .. . .  . .  . .  
. . .  
. .  ._ - _  

? 
.- 

. . . . .  . . _ .  . . . . . .  .. : 
. .  ..... . . .  

& .: . .  . .  . . . .  . . . .  . . . . . . .  

c 

. . .  . . . . .  . .  ._.. 



1- 

z 
L 

\ 

. .  
. .  . .  . . .  . .  . .  

. . .  
. .  

. .  . .  

- .., 

. . . .  . .  . .  . .  
. . . . .  .. . 
. . . .  . . . . . .  . .  . _ _  

. -. . 

.. - 
. .  _ _ _ _  ~. _ _  ..-. - .-.- - - - . 

. . .  

. .  
. .  

.......... 
. . *  

. . .  , ! .. . .  , .  
. . . .  ....._.._ . . .  . .  

... . . .  . . . . . . .  . . . .  . . . .  . .  
. .  ... 

. .  
. .  

. *  
. -  . ,  . .- . ._ . 

Each sampling tube was connected thnwgh a. ~idenoiddval're and a 

needle valve t o  its sampling flask. 

Three different sized flasks Were used in the nlac releases: 

an S-bend typu (Flgure B.5) fabricated from three &inch nipples 

and two 18Q-degree return-bez~ds wi th  ah effect ive volume of 0.24 

liter; a steel bot t le  (Plgura B.6) having a volume of 1.66 l i t e r ;  

and a a t ee l  bo t t le  having a voldae or 10.8 liter, befpg a i a l a r  

t o  the one shwn in Figure B.6. The S-bend flasks w @ r e  rrttrrehad 

tu . the ver t ica l  face of the furnace by eprlng-clamps; the 1.66 

! I .  
' l i ter  bo t t l e s  were suspended _ .  front the s&llng tuber (see 

B.1) by the glass-wool-filled elbows and were decured by 
tW0 t-8 e - tho &mace with nUrSking tape; the 10.8 

I 

: t o  the furnace pedestal. 

! 

liter bottles were . placed . _ .  i n  a "bucket-type" receptablo attached 
. .  

The 10.8 l i t e r  flask war wed i r  an 1ntWratinlS 8~mpler, 

being turned on shortly after t h e  .tart of i -leak* ud ra- 
ma~niry on tor a w u t  13 minutia. 

. ieleuem A tm IS, trking-short-tima Ls9p190 pr+OJlitmll37 
i 
* &t ttm re1eise. TIG 1.66 l i t e r  g ~ - . w a m  wed for 

1 4 me S - b e d  il- were ured Cor 

i 

t ' ! Re10u.m F -h 3 a. mho&-tm - 8 u P p l O n .  

I 8.4 TemperatUrO Mouurment 

! *  

: 

I 

A pc, 13 peroont Rh-Pt thrnaooouple poritloned 0.25 in. 

bolow the oruoiblq base inonitorad tho t&at- In the fumaoo. 
'With th8 iurnrroe 8t thu-1 equlllbriunr i n  the range 1000°C t o  

... . . . .  . .  . . .  

5. * -7 
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1600°C, there w 8 8  a l5OoC temperature difference between the 

thewocouple and the crucible ba8e. Flnal calibration was made 

using dumny fuel  elements 8rxl observing tha start and completion . 

of meltirg during faat heating cycles lor various input wattagea. 

Thunaocouple .pri was recorded on a Z-mv t ~ l - a c a l e  striphart 

recorder. 

Each role88e w a 8  rrtarted at  the same energy input t o  the 

furnace; varlations i n  the rate of temperature rise of the 
* 

- furnace w e r e  observed at the  8trlp-ohart recorder and compemated 

for by rultuble rdju8tmantr. 

M neetied t o  ~ i r t - i n  the in t e rpn ta t ion  of the rtrip-chart 

mooldlng of the t&~pemtuk.  

Panel-meter readings rem-recorded 

- . .  - -  

- 
- _-  _ _  

- -  . .  r 

a.5 ?urnaoe Operation 

A typloal  *e o,erktion cycle lnalude8 preparatAon, 

mleaae,' a@ follow-thrcoug)rt .- 

4. Cho& al l  oomotiono oxoept the f l u k  rOl8nOld 
VUV.80 
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0.6 

;a' 

5 .  Raove furnace cap about one-half hoa- before 
predlcted release t lae;  measure sky-shine radiation 
Start motor-generator set. 

Apply power t o  m a c e ;  m e l t i n g  beglns about two 
minutes l a t e r .  

6. 

7. S t a r t  the flow of n e t e n d  air t o  crucible a t + $  
leinute and begin the 8equa:tlal. triggering of 
sampling flasks, 

Reduce the furnrice power. at about + 3 mlnutes ;and 
maintain a desired crucible -temperature placeay. 

i 
Turn o f t  iumace power and metered air at +13 
mlnutes . 
nonitor working arsa.for radiat ion level;  replace 
cap on furnace; monitor for radioactivity;  close 
811 needle-valve8 on the fla8k8; cover f'urnace for  
over-night ( a l l  runs were'made i n  the evening). 

Close water-aoolant when crucible temperature . -  
drop8 t o  _ -  about lQo°C, 

Remove 8uap l lw  f l d 8  from the -?urnace; moasure 
guar, r .di8t ion at the gl88s-wool filled elbows, 
ud place I n  p l s s t i c  cont8lners. 

8. 

9.  

10. 

11. 

12. 

13 . R w v e  furnace connections and wrappings anQ wrsh 
the h=maae dawn u n t l l  mwar tests 8ro aaaeptable 
for iurnace t r an8por t a t Io~ .  

Dlrposcnf fknace wrappings urb w88i14own-cloths 
u hot w8ata. 

14. 

15. Wrap furmoo ud t&port t o  ObANP hot o e l l i  re- 
aovo oruolble @d melt. +!elowl furnaco with froah 
orualblo ud fuel olemnt .  
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2. Adjust Ilcw-rate valve at collecting f lash  such tbat 
opening bolenoid valve for 30 seconds to  atmosphere 
re tu l t s  in a f lsok pressure of 15 CPI iig belor local  

Hgr and the mass of ample obtained Irk 30 oeconds 1s 
equal to 10/76 times the maas of air which would be 
I n  the flask at a pressure of 76 ca €&. - 

atmospheric pF8SSurO. The pm88Ura C h M j O  i 8  10 ca 

c 

A 

. .. - .... . . . .. . . . .  
. .  
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power Dis t r ibu t ion  System 

The se lec t ion  of a aourct-point location near an existing 

7.2/12.5 IIV $phase l i n e  made i t  possible t o  supply the c o n t x l  

trallcr arcn, the uource point, asd the.100-, 200-, 1koO- and 800- 

meter arcs w i t h  e l e a t r l e  power from an overhead diqtribution 

8yatcm connected to  the existing line. 

designed 88. a j o i n t  e f f o r t  of IDO-AEC and Convair a:d con8tructed 

under contract  t o  uK>-Aec.- The Imtnmrentation along the above 

mentioned -8, & the  lads at  the control ud ~OUTCU pointa 

worn conneoted t o  the overhead 8yatem by ~ ~ ~ a n a  of 8 gr&ind- 

surface oablb .myatem deslgneb by, and uomtruoted under aontraot 

t o  convair. 

The overheyl aystem was 

_ _  

- -  

- -  -- ._ 

t__- - 

The powor 8ource tor the watrol moa oonr18ted o f  8 

120/208-volt, 3-ph880,:45-XVA ritirrg, that aupp11ed wts a d  

power tor 10 t r r i l o r - r a n d  tho ~~ t801~10gb81  tower. The powor 

150-JCVA ra t ing ,  that 8uppllOd powor to the -tor goxporator and 

-6 of  tho l n d w t l o n  fwn800, tho 8lr aondltlonlng unit o f  tho 

roteorologlo81 traler, and llghtr and l n 8 t ~ n t 8 t l o n  tor the 

8 O u r O .  am.. 
. 
and a rl??glo-ph.~o, 7.2-Kv-llw was continued boyond t o  rerve the 

r-- _ _  - 

10-0 t o r ' t h ~  a2wa aorulr t& O f  8 480-V01t,, 3rphr88, 

Tho 3-@mre, 12.5-rrV l%no waa tominated at the 48O-volt bank 



: : . .  . .  
. .  - .  _ .  :.. - _ ,  

. .  . 
. .  . . .  . . .  
.. . 
i - . ._ . . 
, . . .  .” . .. . . 

1 
first arcs. The presance of high voltwe overi.,esb l ine8 i n  

woridng area8 of the i r i ~ n n o 8 t  arcs waa amlded by murning the 

line along the :eft boundary of the netwe.+ ai! rupplying; the 

100- and 200-meter arcs f r o m  tranafomeka located atAthelr le f t  

end.. Thir  problem w a 8  not coxzsldered lnporturt beyond the 200- 

meter are, therefore, the 400-mter are w a a  mapplied by a trans- 

f o m r  at the center 8nd the 8OO-meter arc waa 8upplled by two 
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A l l  of the arc8, out to  and including the 3200-raeter arc, uere 

Controlled f r o m  a m i t c h b o d ~ l n  the control trailer. 

generators 

started, a l l  power to  the 6 arcs could be turned on or oft, 

individually iron the contml traller. 

other, and fnw a power llnu, that the o?lly'prrctic$~ rolutlon w a a  

to me d l  i n d i v i ~ u a l  gasoline engine generators 'lor 040h inatru- 

ment location. 

about 2.5 ID# i n  rating but rere only loaded to  aoout one-quartor 

After the 

n the 1600- and 3200-meter &rcs had b e m  marr~a l l ; r  

The instnwents on th8 5-=lle irc were located so far fxw each 

These urrits, a8 a u t t e r  of ava$labUlty,'arersgdd 

capacity. ' . 

I 

J 
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W i  nd 'le loc 1 t x  

Velocity detet:ors here 3-cu2 Fecbn-Whi t l ey  type anemo- 

'3 * Locations of the detectors ere shown on Figure D.1. 

A l l  wind speed detector8 idem check-calibrated in the wind 

1 f a c i l i t y  dt Fgiin APE Weather Section to conform wtthln the 

:3:turcrr3 tolerances and ncnnalizrci t o  calibrations made by 

. !RcC. I?, ;. - Break-away or n i n l m w .  velocity measurements 

nadc . 
Prlor to lnstallatlori In the f i e l d  at NRTS, a l l  wind velocity 

;ora were dynamically compared-on a pulse perynit time 
2 

$ 

. -  

' This was done at low, va&ng, and mcdl~n wind rpecds. 

iter Installation, ~eriodls inspection was acco~npllshed to 

t c~.roncou~ readings. These inzl*Aed cup cleaning, mlnimUn 

ig drag checks and hi-speed drag: chccku. 

i l l  recording channels were calibrated agcrinst a known pulse- 

ume, ud 8cales*wem nonnrrlited to a f u l l  scale for 4 low 

ty rmga of 7.5 meters-per-ueconb and a hi-velocity rarrgo of 

pru-per-aecond. 

term desired fw the f i e ld  release test 8e~le8. 

le wirrd Yolocity detectors fl;nctSoned v o w  well ud malnte- 

#ad coniined alrPo6t entirely to routine inspection and 

. i  

- -  _ -  . .  . -  

Thc8e tu:, raw08 beet 8uited the tcrting 

_ _  
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cleanup. However, the p d s s  rate t o  ar.alotJ trqzzslatiry uiedlum 

suffered seve re  .dust dmage, and rellablll t y  uas considered v e r y  

poor. Test-to-test maintenance of the u n i t s  consisted of a 

complete cleanu? of relays ajid other areas that  might Se subject 

t o  damage by dust. 

D.2  Ulnd Direction 

t l ons  of the detectors  are ahown on Figures D.l.  

balance, minimum breakaway force, and slgna1 in t eg r i ty  befor t  

l n a t  a l l a t ion .  

A l l  check callbm%ions were acaompllahad via chart-pan 

def lec t ion  vs. visual vnne a l l g m n t  on 8 known baakright 

reference within tila sumreyad a a m p U ~ f  area. Based on each de- 

t e c t o r 8 e  cal ibrat ion,  an equivalent algnal uaa used t o  check 

exc i t a t ion  and ful l -acale  sigml deflect ion prior  t o  w da ta  

reaordlng .. eequence. 

Regular pro-data taking checks included chart aen ter l ine  

conflmution, with vane backsightad on 8 vlSuiA1-fefemme- polnt 

fu l l - s ca l e  cheok and adjustment of exci ta t ion voltage8 plue 

lnrpaa t ion  of the mechuric8l condition of tho detector.  Mercur 

c e l l a  were used f o r  exal ta t ion voltage t o  insum long-tern 

a t a b l l l  t y  ..; 

W i n d  Mrect lon  detectors were Eeckman-Hhitjley vanes. mea- 

A 1 1  w i q d  d l rec t lon  detecto7s uere checked for s t a t i c  vane 

- 
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E.1 Equipment 

The basic equipment Cor the release he1gk;t meas*L-amente wad 

a frame structure  contalrdng one sr more cka.%ed v e r t i c a l  w i r e s .  

The wire or  w ~ r e s  were apprcrlmtely i3 feet  i n  leMfh and were 

i i su la ted  f mro the suppcrtira f raze. The sy3te.d usedjdur1ng 
f a  Release I 1s shown i n  FZgEe E.l. 

E.2 -0psrrrtional Procedure 

prior t o  a release, the franework was placed imtdiatelp 

d d n d  oi the furnace. The hl@ voltage b a t t e ~ e s  w e r e  c(rlmec- 

tsd between the Wire 

ene&ting the furnace. Xmediately followin(; the release, the . 

batteries ware disconnscted. After the furtrace l i d  was mplaced, 

the rrire was m o v d  C r c m  the framewcrk. snd p l s c d  witfin a box 

wiSch'was constructed SO that the w i r e  was supported at. the cnds. 

The wire was the3 transported to the Convrrir t r a i l e r  where t he .  

aolleeted ac t iv i ty  was measured as a function o f  dlbtmce along 

gfound t endm13  about 5 sdnutea beforc 

the wire. 

t es ta .  The geometry l a  Usted f o r  each of the m l e ~ e s t  

Several types of collection geometries wem used during the 
I 

139 
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Release E :  
 EO v o l t s  v i t h  respect to ground, was placed 42-3/4 
inches downwind of the  cen te r  of the c rac lb l e  on t h e  
network centerllne.  
the top of the wire. 

Release P: 
a i s t r lbu t lon  of the ef f luent  as w e l l  as the ver t ica l ,  
three v e r t i c a l  wires, spaced.5 inches apart  were placed 
48.5 inches downwind or the  center  of the crucible elerg 
the network centerline.  All three vires were negatively 
chargad t o  2450 vol t& 
conaAstent indicat ions or the  source heightJ the lateral 
d ld t r lbu t ion  or the a c t i v i t y  could not be accurately 
d e t e d n e d .  
the wires caused lateral migrations of the ion8 and mls- 
leading resu l t s .  No. further attempts t o  measure the 
lateral d i s t r ibu t ion  of the cloud were d e  during the 
releaseb. - 
Releaae 0: Two w i r e s  w e r e  I n s t a l l e d  on the+frmework - 

%:,'at a plus 2 b O  v o l t s  with Z?eBpWt t o  ground. The 
frame w a s  positioned so that the tu0 r f m s  were on 
either side or the center l lne  45.5 lnchea d d n d  from 
t he  center  or. t h r  crucible. 

Release E: 
to tnet or R O l O S S e  0. 
two wires were 3 lnchcs spar%. 

Rele.se I: 
'inenes apart wlth the cen t r a l  w im.on  the gr id  aenter- 
Uno. Tho central .wira  w a a  nmlntalned at ground 
potent ia l ,  t h o ' l e f t  wire wm 1225 vo l t8  negative ud 
tho right w l r v  w u  1225 vo l t s  pollitlve with n r p e o t  t o  
the eon t ra l  wire. 
comeetZon8 . 

A single, negatively charged wlre, a t  minus 

The furnace top was 43 inches frcm 

I n  an a t tenpt  t o  d e t e d n e  the lateral 

Although tPda geometry gave 

The e l e c t r i c a l  field pa t t e rn  surr-oundlng 

ncnes apart  one at  a mlnua 24% Volts and the 

The geometry uued 1- Release H was slmilar 
The only difference uaa that the 

Three v e r t i c a l  wlms were epaced l-lp 

Figure E.1 lllustrater the e lqo t r loa l  
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F. 1 

ATPENEIX F 

Smoke Plums Gezcr'ation and Data Anaiyses 

Equipment 

A U. S. A r m y  Mechanical Smoke Gecerator, M-3. $as used 

The M-3 1s a p,ulsejefsmokc to produce the v i s ib l e  plumes. 

generator capable of generating a hydrocarbon-base o i l  smoke 

a t  the rate of 25 to 50 GPH. 

f a c t o r i l y  with No. 100-Pale O i l .  The 011 is vaporized and 

ejected lti nu .-EZ by means of a p u l s a t i t ~ ~ o ~ b u s t l o n  engine. 

The hot  oil vapors condmse a short  dlstance after exit from' 

The generator opcrates satis- 

- the nozzles, glvlng a f i n e  oil-aerosol plume. 

Convention81 K-24 C W r 8 8 ,  each f i t t ed  w i t h  n reven-inch 

focal length lorn and.uaing lbdak Super-XX, Aerial Recon film, - 

~8rO.pO8ltlOned on the ground at previously dctermlned loca- 

tions to  record the passage o f  the smoke p l u ~ e s .  

ob ta in  accurate data from the photographs concerning cloud 

helghc, the or ien ta t lon  of the op t i ca l  u l r  of e8ch camera had 

to b8 known. 

In order t o  

To accoq?llsh this ,  each camera u u  surveyed , 

into pos i t ion  and aligned on precisely placed reference targetr. 

me coverage and posi t ion of each ground camera l a  rhomr in 

Figure P.l. 

ne te r r  wbieh were operated from 8 cent ra l  control  point. 

A l l  ground catnerao were requenced w i t h  in tewelo-  
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To obtain Information csncernlng cloud pa-s. and cloud 

shape, and t o  provide the dqta necessary t o  cor re la te  angular  

posi t ion data, obtained by the ground cameras, ul th  helght 

measurements, an A i r  Force L-20 a l r c r a f t  was f i t t e d  with a K-24 

camera.using a 5.25-inch focal  length lens. 

graphs, intervelometer controlled for  aynchronlzation with 

ground photography, were taken of the continuous plume and 

smoke puffs  from an a l t i t ude  of 8500 feet abow the t e r r a i n  

alcng the network center l inet  

c r a f t  and the f i e l d  t e a t  'control center permitted simultaneous 

aerial and ground photography. 

P.2 Procedure 

Sequence photo- 

Radio contact between the a i r -  

Prlor t o  each rcheduled f18810n product relea8e, the o l l -  

fog generator was started i n  ru f f i c l en t  t i m e  t o  generate a con- 

tinuour plume axtendlllgover a8 much of the length o f  the 

network a8 porslble .  After the plume wa8 developed and meteor- 

ology w a 8  a t i l l  aa t i r fac tory  tor  a releare, s iml taneous  

photograph. we* taken fro; the a i r  and from the ground. 

t o t a l  time to photograph thio plume war appro4matoly ten 

minutes 

The 

After this a e r i e r  war eonplete, the o i l  fog generator war 
turned off for about two mlnuter to a l l o r  the apex of  the plume 

to move downwind from &e releaae point.' 

period, the gen&ator war. turned onibr one mAnute to produce a 
A t  .the end of thlr 
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s ~ i i l l  cloold a?yroximatin& a puff. 

the "puff" were taken From the a:r and ground. 

Simuitaneom $ho:ographs of 

Photography 

cmtlnued u n t i l  the puff was no longer v i s i b l e .  

Sho:fly, one to  flve minutes, after the "puff" was gene;- 

ated, the furnace was brou&t 20 temperature and the f lss lon 

product release effected.  

which took about th l r teen  minates, another "p*Zf" wab generated 

ar,d simultaneously photographed from air  and ground caneras 

. 

Following the f i ss ion  product release, 

-- - 

. u n t i l  %he cloud disappeared. 

0.3 Diffusion Parameters 
- 

Vert ical  and horizontal  photography accompanied most 

f l sa ion  product releases. 

plume apalysis ,  w i v e  cblculated only for those relearres with 

sin1 lar lapse rates. 

Dif€ualon parameters, ba8ed on smoke 

The derlvat lon of the smke plume diffuaibn parameter8 l s  

based on the a rampt ion  that the vtrrlble out l ine of tho plume 

l a  the 8 m e  as an i sople th  of the cutoff density to  tranrlnitted 

background l ight which l a  glven by €q. 1. 

who re 

D,, * Cutoff densi ty  

Q = Source term 



C, = Vertlca: dif:'usion coef f lc lent  

5 = Mean w i 4  v e i o c l t y  

x = Dlsrance aounwlnd . 

= Vertical s t . l b i l i t y  pLwa=eter 
- t  

. ,  z,, Z Height at whLch cutoff density occurs 

Equation 1 was obtained by -ntegratlng Eq. 5 of Appenr Lr- @ . f r o m  1 

I- - Tv3 cases were analyzed: 

C a s e  I, the init ial  r l s e  and the maxim-width orbeiglft t - .  

-5 

and their associated distances m a y  be estimated. Salving for - ,  

- {  ,- 
CZ2 by subotltutiru? (xl,zl) and (x;?, 22) into I:. - 

J 

where Z = Z,, (understood) 
7 Solve Eq. 1 for Z,, I 

? - (3) '1 

I 
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2 Substituting into Eq. 3, and salving for C, 

12 ~ ( Z C O  maxd 
cz2 = p z c o  -1 -2 

c 

s Equating Eq. 5 t o  I%. 2, 

2 In ~ ] - ~ ~ ~ ~ - ~ ~ ~ l ' * . , [ ~ ] Z ~ ~ a x ]  = 0 ' ( 6  

and f inal ly ,  solve Eq. 6 for  mZ and €q. 5 f o r  Cz. 

a z  
z2 

. 

Case If. All conditions of Case I are m e t  along with the 

a b i l i t y  to  estimate x where Z,, = 0. 

Thereforer i t  follows that fram Eq. 3 

It l a  now possible to  aolve Eq. 9 for  %, an3 Eq. 8 for C,. 



APPENDIX G 

Fluorescent Tracer Dispersal nd Data Analydes 

Q.l Esuipment 
_ _  

A Toad lnsecs lc lda l  Fog Applicator, Model 40-E, was used t o  

disperse the fluorescent t racer .  

The two pr inc ipa l  functions of t h e  dispersal  equipment are 
\. 

t o  break up tne aggregate pigment and release pa r t i c l e s  a t  a- 

known and uniform rate. The aerosol generator u t i l i z e s  the w e t  

d i spersa l  techingue, which minimizes reagglomeration of p a r t l -  

sles. 

The o u t l e t  nozzle was such that the J e t  could be d1recte.d 

’ in any der i red  direction, but during operation the jet  was 

directed v e r t i c a l l y  t o  mlnlmize the immediate deposttion of 

’ par t ic lea .  ’Ihe aqueous rpray was risible up t o  a dis tance of 

10 feet f r o m  the  nozzle after which droplets  evaporated leaving 

a 
.- 

an i n v i s i b l e  . .  pigment aerosol. 

thedecre8re in l iqu id  level i n  the mixing container which con- 

tained a known amount of pigment. The f luorercent  Z e d 3  aero- 

801 war sampled With the Andorsen ramplera, I Appendix I, on the 

The. quant i ty  of pigment releared war mctaaured by qotlng 

0.2 Data A n a l Y 8 e 8  

Zinc cadmium ru l f ide  par t ic le8  were counted a t  a laagnifi- 

cat ion of. 125X0 using a Leltz blnocular mlcroacope. 
5 

An 

8 



.. 

__. - . -a,. , , 

. . .  .I 
. .  . . . 

. . . .. _. . .  ’. . .. 
::. , . .: 
, .. . , , . . . . . . . . .  .. . 
, .... . . .  . 

. . .  

... 

ul trav l s lGt  l i g h t  was usi1:zarl t o  incuze f i ~ r e s c e n c e ,  thus 

t.natl1.q the operP*,or ts d i f f e r e n t i a t e  be5ween zinc cadmium 

s u l f i d e  ;In& atmospheric Ju3t par t lc les .  
c 

Stage two of a l l  Anderscn saaplers ads seleeted for 

particle-counting analys:~. 

collected pa r t i c l e s  bavlng a large variety of sizes, and stage 

three required exceas:vc counting times because it  sontalned 

so feu partlcles. 

par+2c.ba lmpinged against the  co l lec t ing  medln and +&e result- 

1% ccl ,&tion of par t i c l e s  fomed a amazl c i rcu lar  pattern,  

.hereafter ca l led  a colony. 

per otage,.thcre were an equal number of colcnles. 

number of colonloo uould have requLred a considcr%ble amount 

IS was dese rn l~ed  that stage oce 

a 

As is typlcai  :c.Andersen aamplers the 

Since there were 433lmplnging Jsts 

This large 

. .  

of couating time. Therefore, to determine the average number 

o t  par t i c l e s  for the e n t i r e  stwe, a l l  the pa r t i c l e s  were 

counted in only eight color.:ea. The colonlea selected fcr 

countfng were those which happened t o  be under a set  of 90- 

degree grid l inea  orl@&btlng a t  the center o f  the stage. 

Four colonies were counted’along one grld line and the remainder 

or the colonias a l o t y - t h e  o ther  grid, which meant that  eight 

co1on:es were counted along a randomly chosen diameter of the 

stage. 

wds small and the standard devlatlon from the averaga value 

In those cases where tho average number of par t ic les  

was greotsr  than 10, s ixteen colonlcs were counted, lee., 

eight colonlea. per radlal distance. 
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Atrborne Activity Deseminttions snd D a h  hnalyses_ 
i 

H. 1 Equlpnent 

High volume (Hi-Vol) a i r  sa13plors, manufactured by the 

Staplcx Company Company, were used. The un i t s  a r e  motor-driven, 

current for,operation. The sanplers were connected t o  a ground 

A I 

. cefitrifugal-type a i r  pumps which require 110 vol t  a l t e m a t i n a  

\ e -  i' - 

poxer d i s t r ibu t ion  system and operated from o cent ra l  control  
\ a  

i \  
I point . 

The sam2lers were f i t t ed  with a plested f i l t e r ,  and during 

the green releases an ac t ivs ted  c.Urcoa1 car t r idge was a180 

added.' A dlsassernblcd and mounted sampler are shown i n  Pigums 

n.1 and H.2 wgpectlvely. 

The filter, Win% Safeti1 Appliance8 Cornpony No. cT17227. was 

0 4-inch-diameter pleated flbergl88e col leator ,  quoted t o  have 8 

col lec t ion  e f f ic iency  of 99.9s percent for 0.3 micron D i - O W l '  

Phthalate p a r t i c l e s  . 
WA, waa f i t t e d  t o  the Staplex a i r  r r s p l e r  by a minor modif ica~  

t i o n  af  the t l l t e p  holder. The car t r idges were placed behind 

the pleated f i l t e r  durlng the f l e id  t o s t8  i n  which iodine 

col lcc t lons  were made. This wae done t o  co l lec t  thome particu- 

l a t eo  which would not have been intercepted by the pleated 

fl1tPr and t o  minimize concrmlnatlon of the cartridge with 

The aa t lva teb  aharcosl f i l led cartridge,  a l so  obtrlned Cram 

f i ss ion proliucta other  than iodine. 
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The todim collectlo.? efiiciensy c,' the cartrldge is 

assuned t o  be lo<, perGen2. 

published Convair d8ta which show t h a t  a l l  the iodine is absorb- 

This asswnption is based on un- 

c ed i n  the carbon cartridge,  A 

T& individual units, even when mu, showed variat ion in 

punping r8te when conpared under constant conditions. 

exact cawea f o r  this non-uniformlty are probably cawed by 

one or tuora of the following f ac t c re t  

bearirlg f r i c t ion ,  (2) ro to r  or armature unbalance o r  drag, 

(3) var ia t ion  In bnwh or conmuhtor t ha raa t e r i s t i c s ,  and 

(4) var ia t ion  i n  res is tance of f i l ters o f  t@e SOM type. 

The 

(1) var i r t lons  in 

The above faotors  apply t o  8unplers'runnlng on a aonrrtant 

voltage. The var ie ty  of ways in whhh power watt supplied t o  the 

vur low am8 reaulted i n  a whole rppctrum of 1-8 voltages and 

voltage drops thmx@out' W notwork, m?Iatlon8 of f S'pcrcent 

of nominal line voltage were a w n r  
It war lmprcroticalto periodically read the 6arll flow- 

motor on tho Hl-Vol lnrtr\mqntr and t b n  average the m k  a8 

l e  ouotoarr i ly  done beoawo it would Involve 0 pmhlbitlve 

amount o f  tiDw in the field. 

The only pmotio81 ro lu t lon  to +Sam problem roomed to bo 

thot of oallbmtiry oroh sampler 8gInrt a r k n d a r d  flowmeter 

under known volt rge oonditloru w i t h  pleated f i l t e r  alone and 

pleated t i l t o r  together w i t h  crrbocr eartrldgo. T.rtr were run 

on r ing le  ruaplers t o  determine a relation k t m e n  applied 

- 



. .  . . . .. 

... . . .  . .  . 

voltage md flowate X I : ~  a r m b o r  of fllsers t o  detpnnine the 

Dercent variation in flc.rrat2 resu l t i rg  fron diffe-nt f i l t e r s  - 
of %he s s m  type.. Recordl-?g voltme:ers were then put  on the 

i 
* .' . 

t 

. .  
. .  . . . '  . . , . .: 

. .  
. ... ̂  . .  . ... . 

. . *  . _  . . . . .  . ,  ' ? .  

supply l l ne  a t  the right end oi tbe 100-meter arcD the center 

of the 400-meter arcD and t t e  l e f t  ends of the 800- and 3200- 

meter arm. R a m  the resulting $ass, It was fossible t o  cal- 

culate a flowrate for each csnpler i n  the t ea t  netwbrk. Table H . l  

shows a list of calibrated flow ra tes  for each m n p l b #  detcrmlned 

immediately a f t e r  Release D. These values w e n  wed for reducing - 

the field data from the f l r a t  four relea8es. The transtonnar 

on +2w 400-meter a rc  became f s u l t y  a f t e r  Release DD and a 

cal lbrat ion could not be performed, This account8 f o r  the . 
average v a l w  appear- in the --meter arc column. 

lamediately following Release H. Tkese v a v t s  were used i n  re- 

ducim the field data Cor Relet388 E through H. Table H.3  con- 

Table H.2 bhows calibrated sampler flow rates  deterarined 

- 

tatns ssrnpler callbratlon d8tr f o r  .Relrrrse 1. Average values 
. , >  

only am shown f o r  the loo-, SO-. rnd 400-mter rrps.3 . this waa 

mce88ltated by the f r a t  thot  tho calibration we8 perfonnsd w l t h  
I 

no load on the line except the sampler be- callbmted. The 

absence o f  voltage drop resulted in higher sanrplln6 ntes than 

w e r e  obtained during ao%\ul tort wndltlona &en a l l  sampler8 

were operatln& Tlaua an average vrluo was assigned based on aq 

.pproprl8te loading factor. 

H.2 Atnrorphario Diffusion Panmeter Evrluatlon 

Sutton's well known solution of the Flckirn dif tur lon 
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TABLE H.1 

1 
2 

2 . -  
. ' .  3 

. . . !  
. .  5. 

6 

B 

li! 1 

9 
10 
11 . 
12 , 

, ' !  15 
16 
1 l& 

. 

. . .  , - .. . .,. . . .  
> .;.:-- "_ ,, 

, . .. . .. . . , ..' *.; ' .- 
:,.:.-. ..... . . 

. I  .. . . . .  .-. . . . . . , . ._.  _. . , 
- .  

I. - 
~ .. . .  

. g .. 

;% . i 

3& 3 I 39 
443 i 41 
42 
43 i 44 I. c t 



46 

49 
50 

:$ 

51 
52 
53 
54 
55 
56 
3 
8 
61. 

. lOOM 

r 
-. . . .  

. _ _  - - I - . -  

41.5 
43.1 
42.2 1 
42.5 
41.5 
42.1 

40.6 
40.8 
3 0  
2?.5 
36.2 

-36.2 
36.2 

3a.4 

-3:4 

I 

'L 

' I- - .  
7, 

- ' I. , ? .  . 
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TABLE H.2 

S t a p l e x  ffi-vol Sanpling Rstc for Relesses E,F,O,H . .  

. .  - 
- 
5 nl1 

20.7 
- loOU 

19.4 

19.4 

19m4 

2c.4 

. 18.8 

21.9 

20.9 

21.5 

w . 0  

20.9 

19.4 

19. 
15.4 
18.8 
S.4 
17.1- 
20.4 
s . 4  

2Y 20. 

18.8 
19.G 
20.4 
20.4 
19.4 
20.4 

18.1 
20.4 
18.8 
1 08 
19.4 

39.4 
20.4 
18.1 
18.1 
20.4 
17.8 
m.4 

1 .l 
18.8 

liIo4 1 0 1  

19. 2202 

18.8 

- 

1 

i 
; 9 
10 
11 
12 
a3 
14 
25, le 

19 
20 
21 

1 If; 

3 
.g 
29 
30 
31 
32 

35 
36 

33 

L 

- 1  i .  . .  

. .  

. .  . .  . . .  : . .  .. . . 

.'. , ._.. . "Y. ::. :.:. . . 
: .: t.;. . . . .  

, - .. ,..:. - 

. ._.. 
. <  _ _  :.:. . . .. .. . . 

. .  ._. ..,- - . .  . . ... . . . 3 .-t . . - ,  

\ .  . _  
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* .  

Sta t i o n 1  

41 
42 

45 
46 

49 
50 
51 
52 

42 4 

4g 4 _ .  

5 ' a  
E 
61 

TAELI :I. 2 ( Cont 

lOOM 
~ 

20.4 

21 -9 

21.5 

20.9 

19.4. 

19.4 

so3 
9f3M 

19.4 

17.1 

18.8 

18.8 

16.5 

- 

400M 

18.1 

20.9 

18.8 

17.1 

17.8 

18.1. 

19.4. 

20.4 

19.8 

1'3.4 

20.4 

20.4 

19.8 
19.4 
18.1 

20.4 

19.8 - 

s.3 ra. 1 
18.8 
21.5 
1f.a 

1 01 
16.9 
19.4 
18.1 
10.1 
.16.1 
18.1 
17.8 

:;:! 

3:; 
17.8 
19.4 
19.4 

.17.a 

3 . b  ; ,\ 1 

19.8 
19.8 I 

i 13.4 
21.5 
22.5 

20.9 
20.9 
19.4 
19.8 
19.8 

I 

21.9 ; 

21.5 
20.4 
19.4 
17.8 
19.4 
19.4 
7- 
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TABLE H . 3  

Staplex HI-Vol Sarr.pllng Rate for Release I 

_ .  ..>. 

. . .  

. .  

. .  

. .  I 

. .  

. . .  . . .  . . .  . .  . . _ . .  . . . .  . .  . .  
': .. - .: . .  ...: . . .  . .  

. .  . . . .  , .:. . . . . . .  . . . .  . . . . .  . . . . . . .  
- .  . .  

c 

i 

1 
2 
3 
4 

56 
& * -  

Y 1 

3 

9 
10 . 
11 
12 

15 
16 

13 
20 
21 
22 

l O O M  

34.5 37.1 

34.5 - 37.1 

36.9 

1 

36.9 

.. 

cim) 
doon 
37.5 

36.9 

36.9 
37 -5 

3?.5 
37.5 
38.1 

37.5 
36.9 

38.1 

36.2 
36.2 

35.2 
36. 2 

35.2 
40 00 

34 e 0  

35.0 

35.9 

39.6 

37.5 
38.4 

38.4 - 
41.9 
39.6 
33.1 
2.1 
40.6 
40.6 
40.6 
41.5 
41.5 
40.6 
41.5 

29.6 

40.6 . .  



. .. - . - c  . . ,.e . . .. 
i 
~ 

. . -.a_. 

I 
I 

- -  i- . . .  .__ 

Station No. 

1 
800M l O O M  1 &OM 

35.8 
35.2 
35.8 
35.8 
35.8 
31.2 
37.5 
31.0 
36.2 
37.5 

' 36.2 
36.2 
36.2 
34.0 
35.0 
35 .8 
32.5 
33.1 

44 

47 
42 
49 
50 
51  

- 52 

55 
56 

3 

52 5 

5 5g 
61 

3'4 . 5 

39.0' 

36.2 

30.1 

35. 2 

38.4 

35.2 

. . .  
. .  

. .  . .  
. .  

, .  . 

. .  
. .  
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-. equation (Ref. '-5) as applied t o  ed&i dirtusion in the 

atmosphere for continuous point souxces ~aii the follawing fonar 
P 

. .  

. _- - 1 .  . .  . .  

.p.rfod, of t-. 

1W 
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1 

P 

-- 
. .  

i 1- .-. 

- 

of Cy, Ci 'and n Prom aeterologlcal neasurenents; 

... 

- .  

(3)  

(4) 
. .  

ground on the apex 
. _ _  
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inte-reted t o  be the In tegra l  o f  the release f a t e  and X(x,y,z) 

a s  the integml of the sirborn concentration over t h i s  tlm 

interval. X is then called the 'elrposurc integral". 

There are two ways t o  C O ~ ~ ~ I V Z  theory with experimental c 

results. 

r t  the various ampling atationa and comparing them dlrcctly 

with the measured nelaork values of X. 

to r  showing directly whether or not an existing theory is 

adequate f o r  prediction purgoaea. 

the comparison is to f i t  Eq. 1 t o  the measured network data, 

l.e., detcralne those values of %, C, and n whl& 8aua . -  8q, 1 

t o  yield the beat approximation t o  the a a t u l  network data 

a d  then to compare this set of pammetar v a l a s  with the se t  

obtained frorn tho meteorologial  dab. Tbls method 16 ureful 
ir it is desired to atudy various theoretiaal  approaches 

The first method consls ts  of calculstlrrg tee ValUMB 

ThlS method is useful . 
0 

A n  al ternat ive way'to make 

to ths &lCuktim O f  th. p8nmkrO frOlR n r S ~ O r O & O g 1 0 8 1  d8k. 

Bq. 1 O ~ P b 6 0 0 8  ,- th. bh8I'Ont ms80trophy O f  tho d%ffU%On 

ptknomnon nom ra t i r fao tor f ly  lf reparate v a l w i  of tho at.- 

b l l i t j  ga&ter, n, are wed for  tho horizontal and ver t leo l -  

ooaspon.nts of the di f iw lon  am followat 
I .  - .  



where 2- n = m y  + m z  
I 

Table 17 (Dlscusslon) shows the va lues  of Cy, Cz, m y  and 

P, obtained by f i t t i n g  the-above equation to the network a i r  

sampler data. Table 17 also show8 the values of Cy, C,, and n 

obtained from the meteorological data using ns. 2, 3, and 4. 

No attempt has been made t o  evaluate separate horizontal and 

ver t ica l  8tclbil i ty parametersmy a d m Z  from meteor logical 

data. However, t h e m y  andmZ parameters evaluated from network _ . I  

data can be combined to give an average value of n (a. 6 )  for 

cornpariron with the meteorological value. 

t 

I 
I 

f 1 z i 
I a i  i 

1 

1 I 
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H.3 Activity D2ffU810R Paramter  Evaluation 

Dlffuslor. parameters were calculated from gross b e t a - g a m  and 

Laotoplt p h a t e d  filter data (arc profl lee)  as well 88 smoke plume 

photography and meteorological data. 

Gat3 r'mn each arc, corrested f'ora-ler flow rate, grovlde 

profllcs cf the integrated CiOUd concentretion, 

t h i s  Sype nay be found under each releme of Appendix N. 

Gmphl=al plots of these 
* 

Profi les  of 

. 
Prom theae p ro f i l e s  the naximum value, hx per  arc and the 

area, A, under each arc profile may be obtained and plot ted 

versus arc nuxnben (dis tance) ,  'A l eaa t  s q u k a  curve f i t  t o  

these p l o t s  m y  then be usad In conJunctlon w i t h  the-equations 

for a Oaussion praflle and the Sutton type d i r tus ion  equation t o  

cnlcu ls te  curve f i t  coefriclents,ary,  %, mt, and e,. A 

3\rranary o r  them ca lcu la t iora  is shown i n  Table 17 (Iliacusaion). , .  

- 
- .  - 

The technique for c0a;biaing the pro f i l e  data w i t h  the 

diffusion equation 18 outlinadt . 

1. Plot  the ca l ib ra t ion  aorreated profiles of  the aloud 

r u t i v i t y  in t ag raU (See Appendix N). 

2. Plot  the fe.8t 8Wm8 CUVe fi t8 Of hX per 

and A per 8rc ' 

Area under 
raah 8rO prot i18 g+mx. Value 

prr arc 
aurve 

_- tit 

C' ara  No. (Dlaknoe)  81.0 No. (Distance) I 



3. UsIrg the Gauslsn relationships (LQs. ?;b:ld 8) 

where uy is the cross wind standard deviation of the forced 

n o m 1  dlatrlb~dtlon, and xmaX is the centerline maximum o f  the . 

distributior,, and choosing Values Of & and A, f-mm the 

curve fits, one can obtain a s tra lght , l lne  p lot  o f I Uy vis. 

arc no. . 

- -  

uY 

/ L a  as . - -  - ' 

a straight line 

I 
.Ara  No. .(Dlrrtance) 

4. NOW8 It 18 pO38lblt t0 C f i h U l a t e  the d i t f u ~ l ~  p a m e t e n  

by s*bsti tutlng value8 from the above plots Into the gmeXYb' 

Sutton type dlftuslon equation (Bq, 9 ) .  
' .  



'espondlng noms1 profile l o  

. . . . . . . . . .  . . . . . .  . . ; . .'I ; 2. E 
.,' : . .  , .'? 

. . .  . . . . . . .  
. .  

: 
. . . . . . . .  . . . . . .  
: . 

I 
I 

-_  
Ls different In %he y and z dlmutlonr, the rollowing re- 

. .  

. . .  i 
: (14) 

c 

. . .  . . . .  ' . .  . . . .  . . . . . . .  . .  . . . . . . . . .  . .  
, . :  
,.-- . - 

. . . . .  
. .  

. .  
170 



, . ., 

where is equal to any distance. 

Then r;slng the relatlon t*rm EQ. 9. and letting y - 0, it is 

possible to develop Eq. 7. 
\ 

' I  

Next, by using the plat  of hx va. distance domiwind as repre- 

8ented by Eq. 7 ,  two ataultsneous equations m y  be nrittent 

which can be rolved sLmltanaous1y to abtatn: 
I '  

. .  

I 

. I  
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... ._ . . ........ - .. . . .  . . . .  . . .  ........... ... .+ ._ . 
. . .  ... . _.;. 

. . . .  .. . . . .  - . . .  .:.. :. By solvlrrg for %, Eq. 20 1s obtained: 

.. ,: 
. -  .. 

r _.'  . 
. . .  . . . . .  

b 

-'l?iu8, Cz mey be calculated if one brows thc source strenth. 

.. 
..' . .' 

..:.- :. . . . . . . . . .  -- . . .  .. ... . . . . . .  . . .  . .  

.~ , 

. .  .+. . 
a -  

. . . .  _- 

c 

. .  

. . .  . . .  . . . .  -. . .  . . .  
. .  

. . .  .. 
i 
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. APPEHDIX r 

Particle Size Heasurements 

j 
1.1 mulpment 

- Particle reparation of  released f l s r l o n  product8 wad mcncwrp- 

Uzhed by using a aalti-atage, rieve-type Impactor known a8 the 

Anderaen rmpler. 
shorn in  Figures 1.1 aM 1.2 respacrioely. 

I -. 
I 
I 
I A dismantled rawpler and a coaploto ryrtoa are 

.. 1 
I r 1  
: *  

m e  prinoiple pi'opar- 

I 
! 

. .  

" . 

r -  ~- 

3 

&Ion I s  83rAlar to that of the Carella lmpaotor, but i t  prOVlde8 

more atwe8 tor partiole slzlag. - 

Qamplerm wed by Convalr l a  tho Rolearc Tart8 biffered Croa 

the comnly  wed lidDelr in that oach atage contUaed 400 -bhr 

instoad o f  340. In addltlon, tho uao of coatad glmr pU*xm 

instead of agar 8s a collecrtlng medium lnarmu.6 the Jot--.- 

aurfaae rpaaln& froa 2.5 to 3.76 -. 
doalgmd for tho aol2oatloa .ad dfrarilinatlon of baatoria2 air01 

Tho supller waa orwnrlly 

f i  



r .  

. .  

. .  . .  
. . I  

. .  - .  

_ .  . .  . 

. .  
. . .  I 

. .  
. .  . .  . .  

a -  -- - . - -  

. .  .. . 

.. . . .  

. .  . 
. .  .. . ' 

. <  . .  - 
. .  . - . .  . .  

. .  . . .. _. 
. .  

, . . .  . 

. .  
. .  , ... 

. . . _  .. . .  
. - .- .. . . -- 

. .  - .  . .  

.- 

. .  . .  

. . .  . .  . . . .  . . .. . . . . . . . , . * .  . .  
. .  . . -. . I .  

..: , .  , _-- ..: . : . . . . :. ..I ~. .' - . 
0: .  . . . .  . . i  . . . ,  >. . .  

. '. . ... , .,. . . . -  
. .  . .  . .  I.> . i . * :. . : 



T-- 

\ 

rl 

I 

. 



A gless pla te ,  1fi- inches thick, coated w i t h  a s l l icone-  

based res in  (Dow-Cnr??iog 200 Fluid) proved to be a sa t i s fac tory  

pa r t i c l e  co l l ec t ing  surface. 

by dipping i n  a so lu t ion  of xylene containing 1 

welght of DC200. The xylene evaporated, leaving a t h in  uniform. 

coating of res in .  

even d i s t r i b u t i o n  on 

The resin was placed on each plate c 
c 

percent byr 

The res in  wa8 non-dryiry and maintained an 

p l a t e  through period8 of extreme f i e l d  

telaperaturo variationa.  -- - 

1.2 Pield Ca2ibration of Plow State 

The a i r  flow through the Andersen sampler8 was ca l lbra tad  f i v e  

t inea throughout the tea t  porlod. During cal ibrat ion,  a l l  of the 

ranrplers were turned cn r laul turoourly r i au la t lng  the field l ine-  

load conditions. - 

A 0-14 SCpn Brooks rot8wt.r wan used to callbrate the alr  f 

I . .  . 
.. . . .  .. . . .. , 

... , 

flow. The iat@odanco of'tho ro tmoto r  ma doteralned by W n g  two 

r a t a  of meuurimentr, one bot including on+ rotaotor and 

- othor ro t - two  rotameterr. me difference botwoen tho two 'reading8 

gave an ixx~aation of t)lo rotmotor ilgedanco. -0 rotanoter 
u r d  - on the-hdorun . _ _ - .  8@1ei aa l lbra t lon  docreared tho flow rat. 
about 5 porci~nt. 

._ ?la.- flow-rat00 were aifwt.6 apprOel8bly by addltionrrl r u p -  

l i n g  oqulpwat atkchad to the krbOr8On r 4 1 0 r .  

rater with dlftercnt 8 . r p l l q  arrango~eata dre rhomr 
Avorag. flow 

- 

- 1  

I 

1 _ %  

I: I 

I 

/ ' *  

' I  
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representative p ic ture  of the s i z e  distr:butlon of the sample when 

the p a r t i c l e s  are randomly orientated. 

' Mean VI. Median Size: The difference between *.e mean and 
c 

lnadisn sizes on a single  sfage i n  this s tudg  can be neglected on 

the lcmr atages due t o  the narronnesa of the dis t r ibu t ions  : 

obtained on these stages and the relative coarseness (0.75 

microns ber division) of the measuring instrument. 

cient data polnfs exlrttd,a log normal probabi l i ty  p lo t  was 

Where sdf i -  

_ -  drawn and the median noted. 

fated wing the formula: 

Qtherwlse, _ -  the mean s i z e  was calcu- 

0 = &(XI 

where f ( x )  

porc en t . 
frequency of particlea or rize x, expressed as a 

. .  
Siza-Count and Mass Medi8ns: A size-aount radian diameter 18 

obtained d i r e c t l y  from the p a r t i c l e  rize d ia t r ibu t ion  where 8 1 Z e  

is defined aa the " r t a t i r t i c a l "  diameter. Praquentlr, par t icu lar ly  

In toxicologli: rtudias, the concentration o f  b material l a  lore 

w a n i n g t ~  urd the maaa met~ian i r  emloyect. 

bution 3; converted t o  a mar8 irequency dlr t r lbut lb3 bx rnruaing 
that %he m a  of a par t i c l e  ir proportion81 t o  the cube o f  i t 8  

rearured diameter. The rite froquonay i r  then reig)rtod by the 

oube OC the averye d i u a t e r  -in each o l ~ r  and the rerul'tlng 

frequency p lo t t ed  agairtst the oize* 

me rize-count dirtri- 

Both r i t e  and =&a median 

aountr were computed whenever porrible.  
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I 
1/8' %ick, coated with a I percent MU Corning 20G-xyier.2 331u- 

t ion,  were used t o  co l lec t  tce pa r t i c l e s  on each stage. 

poudtr aerosols of zinc cadalum su l f ide  (v 
Pb304 (P :-9.1 d c c )  n e r t  generated with a compressed a i r  

asplrator.  A h y l o n  (Q 
mercial package generator. 

t lou  rates o t  0.9, 1.4, and 2.0 cRn .- 

Dry 

4.1 gm/cc) and 

e _  

A 1). aerosol waa released wing the com- 

Each material was sampled twice a t  

A.tota1 of 200 par t i c l e s  were afzo4 03 each stage from 4 

randomly selected colonies. S4.tfng was accowipllshed w i t h  an eye- 

p1-e r e t i cu le  (calibrated with a 8-e mlcromettr) a t  magnlflca- 

t l o w  of 1250 X, wit16 a 100 x o i l  ianars ion objective (1250 x 

w i t h  a 40 x dry objective for. krylon rizinpLpn the upper stager); . 

ReUcule c8l lbrat ion veluoa ware 0.75 sicrona/divlrion .nb 1.5 

U i t ~ N / d l V l ~ ~ O n  rerpcc t ive ly~ 

To o b w n  a measure of the relative amount_.of material 

rutrJned by each Stage, a radioactive ZnS .aerosol w a a  generated, 

' ~ 8 1 ~  the a tp i r a to r  technique i n  a dry - _  bdx. -Three mmplea were 

ea& at8ge war oountab using 8 3-inch oo ln t l l l a t i on  cry8t.l 

mb a 256-ehannel analyzer. 

count m d i u \  dlaaeter, .ar, and tho  gewetrfr! 8tand8rd devl8tion, 

- .  . 

- -  c- _ _  
-0n.at 8.flOW Sat0 Of 1 CfE,  urb .tho to-1 ZdS 8Ct%Vity On 

j l te-Count  Median8 and S t u e  Constantat llae average rite 

9 are proront.8 &n Table L l  fo r  -th8 variour uteri818 urd 

lor a normal d l r t r ibu t lon  of log-dlameters flow rater. 

180 
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approximately 68 percent of the particles fall betweer? d e  median 

logdiameter 2 15 . 
of p a r t l c a l  s i z e s  abouz the mean size.  

Thus, 5 is a measure of the dispersion 

The constant, C, was obtained from the formula: - .- 

where Es median diameter (microns) . 

. ? = dens i ty  (sm/cc) 

6, = =s . 
0 . 5  e 

V = sampler flow rate (cfm) 

- Reduction of the densi ty  exponent from 0.5 to 0.4 resulted 
in a aigniiicantly lower average var laneeTn C and was used _ _  _ -  :.__ 

. -  
in ali- calculations of the rize-count -. stage c o r ~ t a n t s .  

U8rr mad-n rtaga uonstautr wore calculated from these values 

The rlze-coun(. and mar modlane for rtager I urd VI: are at  

beat  j u s t  good estimetrr for the truo value.. 
t h i s  aro: 

Tho rearom for 
(1) mt8ee I M l a n  ir bepondant on the uppor l i m i t  of 

tho 8 u l p b  ud (2)St.g. p 8 r t i o b 8  8r'O O f  8 Sf20 eompsrablo t0 : 
tho puluationa of *hi r o t l o l o  uhich rakes aoeurnto mlzo doterr in-  

atlons q u i t e  dlr i icul t .  In addition, experlaantr reported in the 
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, 

i . :  
i 
I 
1 
1 

l lterature have ahown- that unless improved resolution is obtained, 

e.g., selenium coating the a a y l e ,  measurements of particles in 

the 1-mlcron range are usually 10-20 percent too high. 

1.- 
Actlvltr Dlotrlbutlont TRe reoultr of the activated- zinc -. - 

rulfldo aerorol exporlaent are preoeat-ed in Table 1.3. 
8tagd'RlflipOr~ f l l tor  w u  addd ' to  the Anderaen to lasaaure the' 

q t  of 8Ub-;davn partioleo prorent 4m the acr,rbool. 

A 8eventh 
.. - _. - 

- . The aatiTity 

on w e  fl lter 'coruirted .of thoio' rub-ricron p8rticleo p1w injr 

- - wlfh.--ftr.- + t e e  e re ru lk  .indic8ted tot81 rllppagcl wu-probably _ .  

_ _  
- -. 

- rllpp&-r o f  18rg.r part'icieo t h r w  tho oaarpfer. C o q . r l o o ~  
- 

-. . -.- 
l o o ~  thui 0.5 poroent of the total aatlvity. It appear~ that -it - 

tho ramplor 18 to be U8ed With hi* donslty u t o r l a l ,  i.e., .e > 
4.0 w e a r  .OW redeeisn i r  ind?.cat.d to OprOad the partiairo more 

raapler by enlarang hole. lm atage V I  to 1.6 mu and plaoing thir 

otwo above tha preornt o k g o  I. 

--- 
- _  

. evonly throueh the davlco. T h i o  ry bo 8C00mpl18hed lr, the prorent - 
. 

1 
I 

aerosols aamplcd -at 1.0 c i a  yielded the same stage constants as 

report& in tbfs calibratlon are ral ip-only ."OF f l o w  rates 

greatsr than 0.7 cfa. 

- -  1 ~ + S O  fau{ln the callbration. Thla.-hdl.catsa that the conatants - -  - ' I . '  
- -  - 

_ .  
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The radioactive zinc sulf ide aerosol was sampled-with a single 

stage mllllpore and sized with the follovlng results: 

Slze-Count: 

Geometric Mdlan = 1.6 microns 
Qeometrlc Standard Deviation * 1.9 

Mas8 Median: 
-metric Median = 4.0 microns 
Geometric Standard Deviation = 1.6 'i ' 

- _  . - 
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__  APPENDIX J . -. . 

- - .  
- Deposition Velocity Determiriatian 

J.1 EQldpzwnt c 

J 

m p ~ i t 1 0 n  collectors were placed a t  resular  intervals  

dotinwind of the relea88 point. The units were remotelycontrollcd 

snd could be operated i n  elther the horlzontal or vertical posl- 

.tion. 

marine plywood. 

when 88ndached together. 

U n t s i n  thu elosed position. 

memt.4 zwlo.sing the eat& to th8 plywood cover and exposing 

Each unit conaiated of tu0 Nnged pieces of 0.25" x lSW-x 15 
These piece8 were spring-loadbd and in tension - .  - 

A rolenoid operated c8tch uaa used t o  

During a relehs the solenoid YUB 
-. 

-_ - - 

-- the colleatfon surfaoo. Clo~Ing  of the t raps  pr ior  t o  relea88 
-- - __ ( 1 .  

va8 neeebn8xy t o  prevent duut oontamlnatlon of the ;dhealvo. A 

. . .  _ .  
~. . :.. . ... _ .  . . . - _  . 

. ..I $.,....., . . . .  . . . '  
. . . .  . .  . . . . . .  .. 

.I 

c 

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

0 
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Following each release,  the adhesive costed.papers were re- 

moved f r o m  the f a l lou t  uni ts ,  placed i n  individual envelopes, and 

supped  t o  Fort Worth f o r  analysis. - 

In addition t o  the s t l c m  paper collectors,  r a l lou t  aamplea 

were col lected Sn aand and water trays placed a t  selected grid 

locations. A l i ter  of water was placed i n  plsrrtlg trays uhlch 

were 135 square Inchor, I n  area and 5 inches dee).jfbout 250,1111 

of acld-w8shed O t t a w a  sand was places*, :a metal t*s which . .  

161 square inches in area and 2 Inches deep. The samples were 

wer8 perfomed by the AEC-ID0 Health and Safety Grotq.(~W. 9) .  

J.2 S t i u l q  P&r Analyses 

Eaoh ramplo relectd for analy81s w a a  removed from i t 8  

omolope in a ~ l i e -  hood, rolled ~ r d  plauwi in I; i.5" x 7/8* 

p l u t l c  uontalner. After each rampla w a a  marked auaordlng t o  

herrlth phyrias reQulrap14nts, i t  w u  removed t o  the low-level - -  

- __  

were 

tr8Il8f8XTd t o  Jar8 Md t 8 k e A  t o  the laboratory where analyses. * 

. - -  

- _  *. I 

h l .  
'oduntlng . l . a b o r r t O r y .  

_. 

J.3 Sand and Uater AnilY8.8 
S8Oh U r p l O  W 8 8  th0-W Jud lu the JU ud 8 50 rf. 

aliquot u u  t a n  fo r  gmr8 gaa8 oountlng, urfng a thalllum 

U J t i V 8 t . d  8-m lob id^ W d 1  OOUnkr. 

W.8 t b n  r08lrb.w t o  th6 t O t 8 l  8-10 k \ m #  t0 ObtrLn gX'O88 

T b  Wtl t t i t y  O f  tho v p u o t  
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gamma a c t i v i t y  in counts per minute. 

counting, gama speatra were taken of thoae samples obtained 

Following gross gama 

from emh-arc  Showing the highest 8 C t i W i t J .  
- 

omma speotra of sand and water sampros c o ~ l a c t e d ~ h u r i n g  seed 
- 

Releaser A and D r h o ~ e d - C ~ ~ ~ - B ~  137m t o  be present while s8apl08 

colleoted durlng green Wl-elemont  re leasee showed the presenac - 

. or P I ,  RUlO3, d37, and z#. 
From these 8pectraa quantlt8tiwe estimate8 were made of the 

major i ro toper  in tne f a l l o u t  8ample8. 

&-standard rpeotra for the  isotope8 in the sample gawe the 

stepwise, subtraction 

tho dotootion 1-t of IO+ niamourior  per e q u m  foot. no 
lurth.r 39'  gamma -08 u r n  mado-. -___ 

J.4 R O S u l t r  

Dopoeltlon volool t lor  of tho vueloul itaotopas sx-8 &win br  

tho ratlo of alrborno a o t l r i t p  oonoontrrtion to ground aontcld- 

nation lor01 for the IUD. r u p l l a  r ta t ion .  Doporition n l o -  

. o l t l e r  o f  tho naJolr laotopor arm t.bufat.6 in Tablrr 5,6 

th-mugh J .  io* 
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Sample 

Uater 

sand 

. .  

. .  

I 

Arc 

100 

200- 

1@0 

TABLE J.1 

Release D - Aged Element 

Station 

5 -  
53 . 

. .  

. . .  .. 

$61 
.- 46 

56 
46 

* 53 

140 

4.1 
16 I 

z 2  

1.4 
1.4 
3.6 
2.8 

60 

3 
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Water 

L 

-- . 
Saad - 

100 

100 
- 

200 
- ._ 

u.t.r 

TABLE 5.2 

Release E - Green Element 

100 

200 

Qaa 
100 

200 

s t a k n  Fallout, m/Yc per sq. pt. 

Station 

11 
16 
21 s 
g 
26 
16 
26 
20 

120 

.... 1 9 0  

4.8 
23 
9.6 

3.8 
1.9 

n o  

-~ 

45- - 
47 
110 
110 
62 
28 

52 
30 
10 

11 

$t 
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TABLE 5.4 
ReleRse 0 - Omen Element 

l tat lon  alloti it, m/Yc per sq. Ft. 

,131 ,103 zr35,m95 

1600 
lo00 

1700 
7 10 670 670 
a1 150 

2% 6 
11 
16 760 

. 21 900 

- 

Yater 

._ 

Sand 

13 29 4.0 
- 16 250 1 I 160 
0 60 88 
16 19 ! I 3.0 2.6 

TABLE J.5 
Release H = Oreen Element 

, -  Station pallout, a/rc per SI. ~ t .  

1131 

mter 

gud 

~ 

'2600 ' 

260 
100 
520 
370 
28 
100 
27 
230 

0 

la 1 p 
. 11 
16 
13 
16 
0 

. 16 
8 
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F cc 

i' 0 - 
B cc 
0 

g: a 'd . w  
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0 0 
cc w 

.- . 0 
0 
0 cc 
c. 

c. 
0 
W i 

e 
cc 
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0 
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APPENDIX K 

External Dose P!eeauren;~nts 

K.1 EQuipment 

The monitoring unlf for measuring gaa?ma rad la t lon  under 

conditions encountered tn  t h e  f i e ld  vas diaig?lcd by Ccnvrir, 

Port Uurth. A complete u n i t  I s  ahom in Figure Ll., The 

almlnma can shorn on t h e  left  of t h e  Figure sontains t h e  

detector  and c l r c u l t  components. 

The detector i s  p h a t i c  s c i n t i l l a t i ~ n  c r y r t a l  !NB-lCP) 

Tne output of mounted on 8 Duaiont 6292 photoarultlpller tube.  

the pno towl t lp l l e r  t u b e  provider the  input signal lor a t rans ls -  

torlted p&ae integrator-ampllfior eectlon, and the  output of 

:htr section -- - tr couplcd t3 tk:t ~s te r l ;ne-~ngua  recorder which 

serves k t be  indlc&tlng device. 

Lobe ii provided by a 1250 v a l t  h t t e r y  lountod withln t h o  &lual- 

nu8 CU1. 

. 

. 

Power fo r  t h e  photomultiplier 

monitorr uem pLi t ioned  along tho 400-rstep ....ro a t  

3 dewee i n t o r v ~ r ~  a tot81 of 21 unl t r  wore urod. 

K.2 Caf lbn t lon  

f' 

The r y n l t u d o  of tho count r&ce -8 ertabllrhed by labra- 
tom c8l lbr8t ion of tho unit. A pulro-gsrirator ~iipul  w.8 

appllod to  th. t ~ O i r t O P  C l r C U l t  lnput an0 . d 3 U 8 t e d  u n t i l  t h o  

relected pU180 mee produc~d f u l l  B C 8 h  H.dlw on tho rocorder. 

lo l lov ln(  tho i n l t l a l  r l l g m n t  of tho c l r c u l t r ,  a8 dercr lkd  

above, ercb uni t  w b t  callbr8t.d i n  tho f i e l d  w i t h  8 0.95 ma 

Crli7 - B.137m 80urco. Tho rerponro of ebch monitor w&r de ten lned  
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- as a f u n c t i o n  of t h e  taiculated dose r'8te. .The dose rate was 

computed frw. the foilowing relatlcnshlp: 

* where D = dose rate i n  Roentgens per hour. E 

tion ir ,  WV.. C I source s t r e n g t h  in curles, and X f dlstance 

from 8ource t o  detector in feet. Callbration curv%p of dose- 

energy of t h e  radia- 

: 

~ rate vs. recorder readingwere obta ined  for each sensit ivity 

: 

: 
range of a l l  of t h e  monitors. 

curve8 f rom t h e  field calibration data. 

Extrapolating tach range to f u l l  szale deflection i n  

Figure K.2 gave the tollowing calibration for t h a t  p r t i c u l a r  

unit:  

Flgurc K . 2  shows a typlcal se t  of 

i 

! 
' 

1 

-3 Ranne Coverwe 
1 

9 

t i Llntar  -I Bkg. to  0.36 w/hr 

Wnear I1 

Llnear I11 

-i thmlc 

. Blrg. 'to 1,3'Pu./hr I .  
m. to  15 m/hr h l  , 

Bkg. to  40 w/hr 

1 

. e- i 
i 
i 
I 

 he e m  a r e - r a t e  reading of the (POI& ren8it lv& &ale,.. 

Linear 1, could be 8 d J u s t t d  wi th in  a widc.rangt of v8lue8 by 

proper 8electlon of the volt.ge that urn applied to  t h e  photo- 

multlpller t u b .  Thir procaddre automatically determined the 

range of. t h e  otFer t h a e  as81e8. The d8pe  of + h e l r  r6rponre 

curves did not ch8ngej the only noticable effect  war that the 

ourve8 uere.dlrplaced along the abrci88ae of  Figure K.2, the 

direction dependiw orb whether t h e  voltage war rained , .  or lowered. 
- .  - - -  ~~ 

, .  
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)r the green releases a correctlsn wzs applied t o  the chart  

Ita t o  compensate for the energy dependetce of the s c l n t l l l a -  

!on crystal detector. 

.3 Procedure L 

E8ch monitor w 8 8  placad-in an IndiVldUal, own-end shelter 

I t h e  f ie ld .  

leitar were c6nstructed of'O.25 in. plywood. 

ielter wa8 canrsa, providing shade and ra in  protection for t h e  

mstal and photomultiplier tube. 

3rk to  the  Convair trailer.. There, t h e  racordcd data could 

p removed quickly, and t h e  proper maintenance and ca l ibra t ion  

The three remaining slde8'anC the  base of each 

The top of t h e  

After each relame the  monitor8 were removed froa t h e  net- 

-*.::.:*-# 0 -  - . -  .brformed on each monitor. In addition, .coarpletc protection 
..-. 

rota the  weather w 8 8  ebt8ined a2d radioactive contrminatlon 

f t h e  unit. u u  held  to a min&awr. 

onsls ted of t h e  f o l 1 o w i ~  8 t 8 p 8 t  

The op.mtion.1 procedure 

1. Pradlrue check-out urd ca l ibra t ion  of eaoh monitor 

In th. Convalr trailer. 
I 2. Trumporting tho un l t r  to the  W-meter arc. 

3; Settm tho recorder chart a p e d  on 'hlgh" and Inser t -  
. 

4. 

 in^; 8 tlw referenee OR t h e  chart. 

lollowing the  ~ l e a r o ,  tbo uni t8  w e r e  eollected from' 
. t h e  i l e l d ,  or l ibra ted  and Uken to t h e  Convalr tr8iler. R 

5. The meorder a h m t  w 8 8  removed inn e8ch un i t  and 

properly labeled a8 to release n u r k r  and monitor porition. 

Prior to  t h e  noxt ~V1e860, the un i t s  were rcrviced urd 

any necerr.ry u i n t e n u r a e  portonsad. 

6.  . .  
- 

. .  .. . .  



K.4 Data Handling 

The externa l  dose-rate monitors were inclcded f n  t h e  experl- 

ment Br l au r l ly  to measure t h e  maxlmum dO88-rAte and the  lnte- -_ _. - 
grated dose occurring along t h e  400 meter arc  during each releabe. 

To extend t h e  usefulness of t h e  6onitora, t h e  chrrrt speed Of each -_ ~ 

w a 8  deterrained to 8n 8CCWacy of 1 part in a 1000, The chart 

epeed ueed moat of ten  was ahout 3/4 Inch per minute, and by 'f 

- I' arbitrarily consldarlng 1/16 incb o,C_cbart dlatancc a8 8 lowdr 

llmlt of the  resolut ion of t h 8  recordem, t h e  t i m e  depsndence 

of t h e  a c t i v f t y  warn muwed to  w i t h i n  about 5 recond8. Consc- 

quently, 8 time-8ctlvity crofile of t h e  e f f luent  could be rad@ 

at each monitor s t a t i o n  for each rele-e. The ef f luent ,  8s it 

r--- - 

en t h e  recordem 8uch that who0 t he  d . t r . f ~ ~ m  each ~ t r t i o n  USS 

d o t t e d  mlault.neourly oa a ti# Uir, 8 %ontow Wp" of tbo e-- - 

oloud 8at l r l ty  w u  obtatnad by connectla area8 of equal dore- b 

. .  
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APPENDIX L 

Radiochemical 4nd Comting Techniques 

- 
J L.1. Furnace E f f l u e n t  Analyser 

Furnace u t l u e a t  Iron  ele east P wag an8lyUed t o  determine 

(a) the percent of nuclides releared and (b) the t i m e  of nuclide 

relsar e . 
- - 

Radionuclide8 troe imide and outside the sequential mampliw 

tube8 were rtaoved 8eparately. Thi8 wah achieved by first plugging 

tha tubs with Teiion rtopparr and removing the outr ide ac t iv i ty .  

The plum uere then removed and the imide a c t i v i t y  extracted. 

combination o f  chmica l  act ion and m o C h ~ l C a l  m k t l o n  was necer- 

aary to &fact the derlred removal o t  radioact ivi ty  froa the  aetal 

murface. 

probably i n  M .oxid0 tom, it -0 felt  that a reducing..gont much 

ao oxalio acid would be holpful la tho decontamination procerr. 

A mod81 T-52 ult raronfc tranuduaer, maaufaeturd by the Brawon 

Wltruoaio Corporation and ul t ra ronia  aoneratbr were t r o d  to aid 

tho dwontaai lut ion of tho sequential rampliw tuber. 

w u  plac.6 la a p l u t l o  b y  coatalniry 300 at1 o f  3 percont o u U o  
aa-ld, and the --and lk aontentr m r o  thon put into tho wakr o f  

tho ultraoonio tnnrducor.  After 20 minutes of agitation, abouL 

50 to 60 pornoat of tho r u i w t i v i t y  uai roaorM. 

oary to repoat thir operation throo or four timeo t o  obtain an 

ovoml l  reeaval of 90 poroent. 

A 

Since mort of the dopomlted radioisotoprr were aort 
. 

- 

mo tub. 

~t mr nooeo- 
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The radloactlolty remaining on the tubs wafi acasured with an 

ecd .window counter. Ciaatma rpcctrum analyst8 of the cleaned tube8 

icdlcated that the gamma s c t l v f t y  retained on the tube  had about 

the lase irotoplc d i s t r i b u t i o n  a8 that whlc~: war removed. - 
A measured al iquot  of the tube -_ Washing8 wa8 placed on a 

A 

rpeclf lc  quantity of 8b8orbent peper. realcd i n  a polyethylene 

b.g, and &alyrsd w i t h  a 256-chanael rpec t ro~e te r .  

aliquot ot the WaShiKIgp frola th8 in r ide  of the tube war used for 

a trontiurr analysis. 

A 100-a1 ! 
.. .: 

-- - .- - Tne lsotoplc a c t l v l t l e r  deposited on the outr ide cf the tube8 

are presented i n  Table L.l. Ne r t ron t iua  nnalyris war made on 

-- - tho ac t iv i ty  out r ids  the tuber. 

retained 1.nslde the tubea. 

1 1 ~  probo tuber becaure the tuber uure pmbably too hot for lodlno 

Wblc L.2 e v e r  the a c t i v i t y  

ti0 I1S1 could be lw8ted i n  the ramp- 

aandenration to oecur. Tube number 10 war 8 dummy tube clasod a t  
o m  .ad. 
place in. a tub.. &on not open for 'rampling. 

inria. a 

l l d o  tho tube-mlnurr-th8 aat lv l ty  inrid8 tube number 10. 

It rervod t o  r r t lmato the u o u n t  of dif tuslon taklng 

(me a a t l v l t y  depor1t.d 

ouar.6 br i t 6  0p .ra~on  i m  .q\ul to the a o t i r i t y  in-  

Radioaatlvlty war removed f r o m  tho glaar roo1 t i l t o r  by dir- 

rolr lng J t  in a nktr io  &old rolution. 

wore pkord in a throoaoakod flarlr aftor which 150 ul of 20- 

percent iurO3 were 8dded. 

b o i l  and refluxed tor 2 hour.. 

The f l l t o r  8nd tho olbow 

~. 

%e 801Utbn 1u bro-tto a gent le  

Tho caurt ic  rorubbrr rervod to 



TABLE L.1  .?. 

Radioactivity on the Sampling Probe Tubes -- 
1 8 0 t O p l C  Activity, (mc (corrected to releare time) - 137 ~ ~ 1 4 1  . Tube No. Cs 7 I 

3 
4 

5 
6 

7 
0 

9 

10 

11 

0.21 

0.20 

0.m 

0.17 

0.15 

0.10 

0.21 

0.1s 

0.13 

0.10 

0.13 

0. OB 

,103 

3.2 
2.3 

5.7 

3.0 

3.0 
3.7 

2.4 

- 

4.2 . 

2.9 

2.0 

2.6 

2.4 
9- 

No bctlvity Detect& n 

W w 

W W 

W W 

a W 

a 

w r  

f . *  

_ _  
(I 

0 W 
L 

a 

0.006 -- 

0.065 - 
#o Aatlvity Detect& 

W a 

W I) 

n 0 

I) 

a 

0 .  - 
. oim1 1.81 36.2 . + I  I 
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TAB= .L. 2 

Radioactivity in the Sampling Probe Tubes 

. Tub.e No. 

1 

5 
6 .  

7 --- 

8 
9 
IO 

_ -  

11 . 

12 

13 

0.64 

wm 
0.025 

- 0.11 

0.080 

0.32- 

c. Q64 

0.012 

0.0% 

IUD 

0.025 

nm 

1.311 

t lvL ty, - 
- 
1.1 

0: 035 

0.055 
0.065 
0.034 

0.043 

0. 039 
.o. 010 

0.008 

0.013 

0;m 
0.004 

. .  

- 

nc)(correCted to releame t lm - -  

,103 

5.1 

0.51 

0.42 

0.86 
. 0.68 

1- 5 
0.49 
0.10 

0.24 

0.58 

0. 21 

0.20. -- 
1.412 1G.W 

~0143 

0.14 

NAD 

0. OOIl 

0,012 

0.006 

0.003 

0.040 

0.002 

0.002 
- 

nm 
0.002 

NAD - 

0.060 . 

0. G24 
0.021 

0.047 . 

0. oog 
0-0612 . - 
0.010, 

0.002 

. O e  015 

0.011) 

0.002 . 

0.003 . 

0.231 . . 0.219 

Wo Act iv i ty  Deteated 

. .  
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. TABLE L . 3  

Radioactivity on the Glass 3001 F l l t c r s  

Isotope Activity, (yc)(cprrected to release time) 
Elbow 

cs137 

1 

2 

12 - 
0.051 

NAD 

24 

4w 

lr60 

420 

,73 
. .  

iiAD 

NAD 

3.1 

7.3 
1.5 
0.4; 

NAD 
n 

W 

R 

R 

0.086 

0.18 

0.092 

0. ob? 
0.002 

0.001 

NAD 

2.3.. 

0.13 

0.20 

0.006 

0..14 

. - .  

- 

h 

i ' ,  .. 

0 .  

U 

0.24 

0. El- 

0.21 

3 
4 

U 5 

6 W 0.48 

2-9 
31 

2.4 

0.20 

0.11 

0.11 9.2 NhD 
#I 

7 
8 0 . 9  

0.38 
0. m. 
0.004 

0.001 

1.2 

1.7 
NAD 

0.002 

a 

.R 10 

11 0.13 

0- 035 12 N A D  

TOTAL 12.1 49.75 

. .  
. .  . . . 

- . . . . __ - 

No hct lv l ty  Detected-' 

- .- . 
- . .  

c 

.- . 

I % 
i 
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. .  . . ,- . . pee r e t a l n  the vclatlle fissioa product8 such a8 lodlne and rutheniaa 
'4 

z.. . _. 9 .. . -* : ~ 

. E4 tetroxide. Two COMUX~:V~I extractiozla u i th  n l t r l c  acid were 
p'j ' ,e * 
$2 

s u r r i c i e n t  t o  remove over 90 percent of the ac t iv i ty .  The 

removal-ram checked rith a Cutle-Pie Ionization chmber. 

.- .'+ 

The n i t r i c  acid ex t rac t  and the caumtlc scrubber aelutlons 
g 

were both diluted to a litor, and al iquot8 fron each were taken R 
. . ' I  . .  .. . .  

. . .  
. . ... . .  

for gamma spectrum and radiochemical analyaeo. Allquota of the 

ro lu t fon  were filter&; and the filter pads, after being realed 

. i n  polyethylene baw, uere analyzed by grraaa apectrorcopy. A 

3" NaI crymt81was callbr8ted wlth C 8 l 3 7 ,  Ru103, and 1131 
otnndardr, wing the appropriate geometsy. 

The. radloactlrfty deporlted on the gl8ss wool t i l t e r a  l a  

&own la Table L.3. 

a 

j 
1 . Ru 08¶=r1e7"i (2) Alter dlgertlon tor 30 ~ l n u t e r  la KCl, the 

1 

in a 10 percent HCl  rolutlon, containing 20 mg or Sr and 10 mg o f  

rolutiaa -0 ti1ter.d anta a roluwtria rlLk and di lu ted  to 
. - -  100 A. (3) For- r t roa t lw,  8n 8llquot (50 wl) w u  hkon from thlr 

i;luk, ovaporatod to a ,ma11 volune, ~ r b  10 gm or sr uarrier 

added.- Stmntfur nrpno1pitr t .d. ie  -tog. 

proalpitation War obkirub-wlth Mal; nitria aald. 

p r m l p l t 8 t o  war dlrrolved i n  water and contaalnatin( aot i r l tXer  

(4) A reaond Sr 

Again tho 

- -  - _ .  
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we.- removed by f e r r i c  hydroxlde scavengtrg.. Stronylum !;. 

cipltated a8 SrCg04 - H20. 
weighed, and counted for beta acs iv l ty  ~ 1 %  an end window counter. 

For ruthenium, ( a f t e r  step 2 above) a 1 0 - m l  a l iquot  was taken 

was pre-  

This waa i i '?tcred,  ua3l;ed. dried,  

from tke f l a sk  a39 10 m g  of Ru carrier aCde4. 

.NaSiO3., H3PO4. and HClO4 were added. Ruthenium (present as RuCl3) 

was oxldlzed t o  ihrO4'whIch was d i s t i l l e d  and collected i n  an 
- \  

NaOH solution. The RuO4 was reduccd by ethyl alcohqa, t preclpltat- 

ine the Ru a8 lower valence oxides. These oxides were dissolved i n  

HC1 and the resu l t ing  RuC13 reduced by X s  t o  metall ic Ru. After 

washing, drying, and weighing, the ruthenium war counted with an 

end wlndow.aounter for beta ac t iv i ty .  

L.3 Countid Procedure 

To this solut ion 

_- 

Sampler were belivered t o  the 'hot  laboratory*, where solectrd 

ramplea were urmpped pr ior  @-counting, 

were sealed la' 7/8-+nch diameter pla8t ic  vlalr. 

and-carbon-cartridge ramplea were real& i n  Saran Wrap t o  prevent 

contamlnation o i  counterr ~nd .han3l iog  area,. 

on a- 0181614~ charinet pulre holght analyzer (6.8 block: di.gra8 

below). 

Pall-out paper sampler 

-.a plarted-filt8r 

Desmsited Activity: The f a l l k u t  paper rampier were counted 

a is  . 
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The detector used war an 8P8 well-tyge Nal(T1) (1-1/8" x 

1-1/2" well)  mounted on sn RCA 6655 photoar l t ipl ler .  

and pre-amplliier wtrs mounted i n  a 2-inch lead siileld t o  reduce 

background. 

day's run and approximately every four hours during the two-shift 

operation. Cs137 or 1131 rtandards were ured tor this rtandardi- 

t a t l o n  depending on whether cerlumor.iodln8 samples were t o  be 

counted. 

and C.6624tv photopeak8 were 8rbltrarllj set at  21 and 33 d l v l -  

ai0m (volts) ror the 1131 a a  d 3 7  aaqilea, respectively. The 

counter was atandardlae-d for Ba140-Ln140 countlag by r e t t i n g  the 

1131 photopeak (0.364 MeV)' at 13 d i v l ~ l o ~ .  

the b8:rllne ua8 aet a t  i 8 ' d l v l $ 1 o ~  (for 1131 ramplea) 8nd 30 

d i V l 6 l o ~ ( f O r  Cr137 raq)les) and i n  each care tho rrindw-war ret 

8t 6 vo l t r  80 th8t the counting interval included the respeut l re  

'?¶e detector 

The counter wa8 8tanCardlzd at the beginning; .\ of' each 

- - 

The amplliler galn w a a  adjur ted 80 Ut  the 0.364-Mev 
' 

After rtandardltatlon 

ghotop08k8. Tho b u o l t n o  WU 8.6 8% 40 d i V i 8 i O M  (for a8140- . . -  
Ldm uountlng) mad an l n tog ra l  count nm d o .  

ing r a to r  uofo 40tormln.d for.th0 pulro.hoi@tt l n t o r v a l o f  

l n to ro r t  prior to th. uountlng of ulplor.  
Airborn0 I Ae U v i t r t  Tho ploat.6-fl l tor 8nd carbonw38rtridgo 

r u p l o r  - -J uoro oountod on tho RCL H8rk 20 Nod01 2603-2607 (Argonno 

~ y p o )  -6 ~hurn.1 apoutrowtor.   he iotwtor u r d  m a  -8  3 x 3- 

Back(l;rOund count- 

. 
-- - - - 

mlt(T1) ~ O l i d  O r l l n b O r  (urrbur mt.6) On 8 Ruont - -- 6393 
p h o t o u l t l p l l e r .  V I ~  phototub., 0-8t81, and ere-upllfier 
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6 were mounted i n  an uprleht hoilow lead cylinder tha t  prgvlded 

3 inches of lead shielding on all sides. 

analyzer was modifled so that an ' in tegra l  (gross) counting ra te  - 

could be made. 

ganged for this integral  count. 

a t  the beglnnlng of each day'e run and approxlmately every four 

hour8 thereafter during the two-shlft operation. 

uaed uaa a fa l l -ou t  paper aample (Csf37). The gain wad;adJuated 

80 th8t the photopeak (0.662 Ner) occurre3 a t  7 dlvla1oi;r on the 

analyzer dlrplay acope. 

value compared t o  prevlour raluea. 

one-half and the background counting rate determinotion made 

prior to counting aamplea. 

umlyrir range of from 0 t o  approxlmate~y 2 Nev :or the rpectral 

mea8urewnt8. 

mnalytod, but only reprerent.tlre rpectra  were taken for  moat 

rupler. 
f o r  811 th.-raqlrr analyzed. 

*: 
The 256-channel 

A pair of Atomic 1090 series multlscalers were 

The spectrometer was standardized 

The standard 
_ _  

An l n b g r a l  count warn then made and th ia  

The g a i n  waa then reduced by 

Thlr reduction in gain rsruated i n  an 

A grorr counting rata ua8 taken for each -rampla . 

The exception w u  Relrue €Ir i n  which rpectra  were taken 
-_ _ _  

. more raap1.r wit)r ac t fv i t ie r  over approximately 2 . 8  106 CPH 

uere poritloned a t  10.2 oh abovo the oryrtal. 
tiom were then u d e  and .rricie=im tor thin poritioa w e  

#.ourad. All other m e a r ~ t e ~ 1 ~ t 8  were made with the .ample p1ae.d 

Coustlng*boteralna- 
- 

- -  . - 
- 

on the oryrtal eontainer. 
. .  

918 
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~ . 4  Spectral A n a l l ? :  Samples that shoued s u f f i c i e n t  gama 

ac t iv i ty  were armlyzed i n  an RCL-256 channel analyzer. 

the spec'tra of the samples collected during green releases showed 

the presence of several d i f f e ren t  peak energies. In conjunction 

w i t h  the energy cal ibrat ion data and half-life measurementss* the 

parent 1 8 O t O p e 8  were identified. Through the application of . 

several correction procedures, qUant i ta t ive  measurements of the 

t o t a l  sample activity,  and consequently the total-quantity of 

I n  general, 

-- 

. each laotope present, were obtained. 

-0erteraI: The nature of the a6-channcl analyzer "penout" 

8ystem.is such tha t  the area under the photopeak spectral  curve is 

proportional t o  UIe t o t a l  quantity of active materlal present in 

the .ample. 

easy matter to'meaaure the area Wet. the curve and convert the 

reault  to ral~gle ac t iv i ty  using th6 proper efficiencies and con- 

version factors.  When the s.crpl0 contain8 seveial  gaaaa emitting 

irotopor, the nnalyslr of tho rpoctrum becomer amre involved. 

Sin00 Coprpton 8catterif;g of the gama ray8 occur8 in the detector 

ar3rta1, lonoenergotla 6.lllu ray8 8- detected am a dist r ibut ion 

of anotglo8. When rerorrl duch -8 are pr08ent;tho 1088 

men  onlJ a monoenirgotic mama ir  present, it is an - ._ - 

. ". . 

.n.rgmtlo photop..lo a m  iuparpored on the Collpton dlr t r lbut lon 

ot  th. higher onorgy m r .  ' ~ b i r  orreot mwt bo w o n  into 
account *e& lwuuriw tho internit7 of each photoperk. 

conrir t  o f  more than a ring10 onergy t p m u ~  ray. 

Certaln of tho photopeakr of  in torer t  i n  thore mrlyror  

For emmp10, 
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the ZrS-Nb25 Rhotopeak 15 a composite of four energies: # 
Zr95: 0.768, 0.724 Mev 

0.740 Mev 

113h 0.722 )lev . -  
Also, the Cs137 photopeak a t  0.662 )lev contains contrlbutlons from 

Ru303: In both cases, the g,nmas 

appear ad a single but broadened photopeak because the resolution 

of the NaI  detector  18 not &f lc l en t  t o  separate them ingo d lacre te  

photopeaks. 

such photopeaks, a correction murt be applied - t o  account for the 

build-up t o  the peak heJght by the in te r fe r ing  gammas. 

noted, however, that the co~lposl te  peak height 18 u8ed when apply- 

ing the Conf@ton sca t te r ing  correction bWaU88 the detector handle8 

a l l  ci the incoming gaaaraa l y i n g - i n  a amall intrm range very 

0.610 MZV, and 1131: 0.637 MeV. 

Consequently, i n  aeasurlng the gama ray lntensl ty  of 

It 18 t o  be 

. -  - 
. 

.!j , 

i 
I 

! 
i nearly alike. 

Unlike o r d i h r y  grosr counting technlquer, a conrtant back- 

ground fiigure can be aubtracted iron each photoperk height only 

when the total sample count i n  much largqr than the background a t  
the energy b e l w  coruiderod. 

I 8  marly equal to or 1.88 than tho baclyroue,  xcaount wrt be 
W o n  of the enorgy b l r t r ibu t ion  of tbo background radiation 

In carem uhoro the 8-10 acpivi ty  
1 

difficulties llrted abovo apply to tho d&omlnation 

To 
I 

of tho photopeak hoight of tho photon enorgy of intoroat. 

I _ _  

i 
I '). 

1 S f  
i 

i 
i ! 
1 

a u  
1 

: 
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obtain We desired quant i ta t ive r e s u l b ,  corrections muat a l so  be 

aude for the counting tine, ?hot0 srrlzlency, crystal detection 

e f i lc lency  factors, detector-ample geometry factor ,  and percent 

occurrence of 'the photon being rtudled. To convert the corrected 

counting r a t e  of any isotope i n t o  numbers of atoms p r b e n t  in the 

r e z l e ,  the decoy ccnstant of the i iotope being cowldore& is 

1ncr)idcd.. ~ 

- Method: 

- 

Individual ca l ib ra t ion  rtandards of Cs137, Coda, ami 

'Ruzc)3 were run frequently i n  order t o  malatain a reliable energy 

ca l ibra t ion  of the analyzer. aSe background war alro frequently 

counted to provgde a cZore check on the energy dis t r ibu t ion  and 

fntanrrity-of thfrr rudiatfon. Oeowtry efr'acts of the pleated 

iaZt8ra. c8rbon crrtridgea, Wht8n NZt8ra; an& And8raen p h t e 8  

were d.terined by applylng 8tandard t O l U t l O n 8  to  unwed un i t s  and 
than counting them in the analyzer. 

caured by the d i f fe rence- in  geometry introduced by wing the 

.d i f ferent  rulpling device8 i r  contained i n  the detect ion eff lc lency 

me change i n  counting rate8 

pZe8t.d t i l h r r ,  $t was poraible to f i n d  8ver-e valuar for the 

photoirwtioru (rruo of area uador tbe photogoak to total area 

u N e r  opdetral  eurve), t h o  d o t e t i o n  afflclenoy (ratio of total 

countr under apeo t r a l  curve to  calaulated- ' total  ramplo-aotivity 



. .  
.F 

. .  . .  

for the length of time the st2mdard uaa 'run), &Id the resolution. I 

4' 
Table L.4 indicates  the results. 

f ract ion of t-e isotope indicated. These values were obtained 

from the Literature (Ref. 17 ). 

The baaic mathod used t o  resolve copaplcx spectra cons18tT 

rirst of determining the shapb or  the photopeak and Compton dl8- 

t r lbu t lon  o r  the most energetic gama present. I n  ord-er t o  deter- 

Column r of Table L.4 represents the photon occurrence 

P '  
-___ 

set of empirical valuer was ertabllshd which de8Cribad th8 

apac t ra l  envelope as functlon of energy. Thio wad accorPptlshed 

b7 W n g  separate spectra of Cs137, Ru103, 11311 ZrB-NbB 
atandards. I n  the Compton maattoring portion of these rpoetra, - __. 

- ---_ 
aelected p i n k  along the envelops were erprurrd ab a percentage 

of the photap& b-t, ao that in order to okotch-in the Cowton 

rcatteriwg section of tha.aaaple aurve, it w a a  neaearsry d y  to 

moaeuro the photope.lr height and a r l t l p l y  it by the appropriate 

percentage a t  a prereloat.6 energ value. A t  lor en@rg;J photope.lr 

poaitionm, the compton eontribution from highor enercp photop CUI 

be ea1aulat.d- .ab rub%raokb out. - Thio proaeaa aontllpler for e+& 

photopeak preaent i n  the r p w t n u .  Table L.5 llrtr the valuer for 
I 

the p o r t l r u n t  irotapea of  m-1 r u p l e s .  

¶%e mothod u0.6 to obtain Covptoa peruentager ulth r e r p w t  to 

a 19 i 
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TABLE L.5  

Compton and Gamma Build-up Correction Factorso 

Percent 

zr95-Nb95 
(0  762 ) 

o.gor.1 

c 2 3 7  
(0.662) 
Percent 

C .75%. 3e 

- 
10.75 

4.120.2 

19.820.'20 

15.7tO. 70 

3.820.30 - 
- 

+ To use Table, select the lsotopo from the left hand column 
whose true peak helght (h) le born. The numbera in.the 
oolumm to the mt of t h l a  irotope indieate ita-Coaspton 
oontrlbutlon to the v a r l o u  
S%8mplB8t to Corrcret the RU €83 photop8ak for C 8  M fypton 
oontr?.but;ion, multiply the ~8adured height (h) of Ca 

tope photoperics 1 II ed. 

by 
h x 15.7$ i r  the C d 3 7  eontrlbutfon to the 
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pnotopeak ;dies the shape of a Gausslan dis t r ibut lon,  and since the 

area beneath t h i s  curve represects sample oct lui ty ,  the p e a  tlnder 

the cufve must be found. 

Gaussian dis t r ibu t ion  curve 13 equal to  1.0645 times the  area of an 

inscribed isosceles  tr iangle.  The area of the isosceles t r iangle  

is h x AL, where A L is t he  width ot the curve a t  half maximum. 

The area under the Gaussian d i s t r ibu t ion  curve becomes: 

It can be shown that  the area under a 

- 

-_ 

A = 1.0645 h A L ( 1  1 
~ 

In  practice,  it was often impcssible t o  meaaure A L became 
i of interfering photopeaks and Compton contrlbutlons. 

vent this di f f icu l ty ,  the detector  resoIution: 
To c i rcu-  

R = -  A L  L (2 1 

war eprpirically p rcde te ra ind  for each primam >hoton energy t o  be 

8naljyzed. L l a  the mearured length from the pirotopearic eenter l lne - _  ~. 
to  zero energy, Flare L.2. 

on eaeh apectrum to be analfled, A L(rRxL) l a  caally obtained. 

K n o & n 8  R, 8nd- L being mearurable 

3 

a33 
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S u b s t i t u t i n g  for A L, Eq. 1 becomes: ?' 

A = 1.0645 h L R. ( 3 )  

Values of R are l isted i n  Table L.4 for the isotopes of i n t e re s t .  

It 18 worth pointing out that R, as defined, l a  independent of 

the gain s e t t l n g  i n  the spectrometer system. .. . 

pie height, h; can be measured d i r ec t ly  from the recorder 

chart i n  total counts, and d iv is ion  by the gate-on-fime gives the 

counting rate for the peak energy channel (counts/sec-channel). 

The length,.L, must be converted t o  channels per un l t  length, for 

whatever un i t  of length is used. This converrion fac tor  can 'be 

obtained by d lv id ing , the  256 channels by the carefu l ly  measured 

dlatrrnce required t o  pen them ou t  on the Brown Recorder chart 

paper. Note that this converrion f igure is dependent on the 

gain s e t t i n g  01" the  spectrometer system. 

of counti/sec 1: 

. 

Eq. 3 becomes ( in  u n i t s  

A = 2=064s h *  L * R * z  (4) 
' t  

thoro It i r  the autml w&or o f  churnols par unlt lrugth, and t 

l a  tho (rto-on-tlmo I n  rrcondr. 

which U n d 8 r g Q  Conrpton ruatterlry, tho t o t a l  detocted oountlng rate 
T u n g  i n t o  aceount tho photons 

booomor : 

W' ' f  ,&$ . 
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whore P(E) l a  the p k ~ 4 ~ - f r a c t l o n  aa defined a;ove for phorons of 

p r l m r y  energy E. Equation 5 must a l so  L e  divided by the detec- 

. t i on  efficiency, 6 (E), t o  obtaln the t o t a l  4-pi gama emiaslon 

by the sample for the photopeak under analyals. 

become8 : 

&quation 5 then 
c . -  

P 

A 
Nw = P(B) t (E) 

. . - - .  (6 1 
4 

s i n c e  Eq. 6 reprerentr 'the total sample photon emitision rate tor 

a par t icu lar  photon energy, further dlvialon by f, thecrcurrence 
- _  

f m c t i o n  for the part icular  photon, give8 the number of rample 

at- involved i n  the decay procera: 
A 

(7 1 - 
-'p@) . 

A further refinement CUI be made by taking into 8coour.t .the time 

2apm rroa releune t o  rpectral .n r lyr ia  by multiplying 4. 7 by 

&AT, rrh.ro T l r  the time lapre from f i e l d  releuo to rgeetral 

8n8178ir a d  A 1  is the d o c 4  conrtaat at .the isotope. Thir gives: 

*or. C 1. tho efr luent  a c t l v l t y  a t  the tiw oi r o l e w o  of the 

ith isotope 80lleOtod during tho s'llng poriod. 

tho flow rat. throw the oup1.r in n3/kino 
In Bq. 8, P i s  

4 ~ ~ t i o t r  8 provided tho working buii from uhlah f i r r l o n  

product r o t l v i t l e r  of UW off luent  were obtained urtng rpeatro- 

dah.  
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Application: The step by step analysis of  a sppt ra l  char t  

iron the analyzer is outlined below. The procedure l a  that which 

was fo l lored  i n  analyzing PRT-1 ampler us ing  the valuea l l s t e d  I n  

Tables L.4 and L.5. 

MY be adapt&& t o  any isotope provided the appropriate va lus s  of 

The method 1s completely goneral, however, and 

the quant i t ie r  listed In +he Tables G v e  been previously obtidned: 
. .  

1. Sketch in the photopeak ahapes. : :  

2. 

3. 
4. 

5. 

6. 

7. 

Draw i n  photopeak centerlines and locate  the zero 
enorgy point. 

Ident i fy  the photopaaka (Energy and iaotopc). 

Hearure and record the dlatance t r O m ' t h 8  sero anergy 
point to  the center l ine of oach photopeak. 

Draw i n  the average background love1 a8 ert.bll8had.by 
bacwround run.. 

Begln tho a ~ l y s i r  with -the *hlgtrest energy. photopeak 
birplayed. 

Houure the hoight of thir peak i n  counk above the 
background loro l .  

(Take acco!int of rca le  ohangoo.) 

8. m l t i p l y  the holght o f  tho p e a  by tho- appropriate 
poreantage l l r t e d  i n  Table L.3 t o  d c t o e n e  the Cocllpton 
contribution undor tho lower enor= ph0top.F. 
r t r u c t  a t8ble 80 th8t each photopoalr holght p8y bo 
l iated rab frol which baauround 8nd C o q t o a  aontribu- 

Con- 

, 

I -T- 
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X13l and Ce141 peak8 are t o  bo treated sinilarly. 
Enter the values f o W  in table constructed i n  s tep  8 
above and deduct them frorp the background-corrected 
helght of s tep  7. 

Continue this process u n t i l  the lowest energy photo- 
perk is sured If there is not a definite peak 
whexw CeYtf or 1131 should be found, rebthe sum of the 
backgmund and the Compton ccntributiona fKw higher 
energjr ganmss l a  less than the value of the curve I n  - 

that region, one 1s not Justlfled i n  aasuaing that the 
- dlffezynce I s  due t o  the Isotope aought, Background 

80ntrlbUt2On8 -iiay f l i r c t u a k e  aomlderably, particularly 
for long gate-on-tiaur or for  aample activltier alose t o  
the level.of background rc t lv l ty ,  

11. 

4 

TR. arudblo  w u  rur.p.4 ud the 08rrpl~gr db.6 t o  tho pot. Tho 

-10 W 8 8  1rrabrA ath 4W W t i l  500 8&10 O f  tho 

mid 8olutlon rh0w.d ten-fold W u o t l o n  in rrdiatlon lntenrl ty  
' 

e 
e 
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Fuel Element Realdue Recovery * 
A 

-- pclrcr%nt R e  t e n t i n  
Roleam 0 

57 
13 

o.il.0 : 
0.16 

79 
102 

. 3 s  
41 

47 
2.9 

-0.a - 

0 

36 
26 

3.4 
0.18 .. 

0 

. .  
. .  

. . .  . .  
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B APPEKDIX M 

Radiobloloa 

Radiobiological tests were performed during the last seven 

releases by personnel from the Urilverslty of Rochester (Ref. 11). 

Detailed biological resul ts  are presented under each release 'n- 

Appendix N. 

cedurea, and studies performed are outlined in this qppendlx. 

merefore, only a brief outline of fac i i i t l es ,  pro- 

H. 1 Faci l i t i es  

1. An air-conditioned, mobile laboratory w a 8  used at  the 

site fo r  disaectlng and counting biological speclmenr.' 

5" x 6" Naf(T1) 2. The laboratory wad equipped with a 

. .  
I )  1 :  

. .  . -  

cryotals uhich had a 3" X 5* wall* 

3. Albino rat8 of the Wiatar s t r a i n  of born aexer weighing 

between 150 and 200 grams ware kept in the laboratory 

u n t i l  exporure time. 
I 
? 
4 
i 

3 
4. Beagle-type mongrel dog8 of both aexcr uelghing between, 

7 and 14 kilogram8 wero kept near tho laboritory i n  two 
1 .  

. -  
. a  trallorr r p e ~ i i l ~ a l l y  derigned for hourlng anlul8. 

11.2 Emowlure 
c. 
t 1. Anllprlr wore placed a t  V 8 F l O U .  stationa on tho notwork , 
. grtd at  loart 15 ainuter before oaah roloaae. 'hblu M . 1  

rhowr @or. animlr were plaeod during oaah rolemo. . . A t  

leart tm rat. uoro plaoed a t  each atatlon bofon  raoh 

of  tho Rolearer C, D, B, I, 0, and XI boforo Roloaor I 

) ;,: 

as1 
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four rata were placed at  each stat ion.  

ucre anesthetized prl& to Rcleaaes P and a. 
Some animals 

TABLE I4. l  
c 

Animal tocatlons h - 

Rats+ i 
i 
t 

Rata+,+* Rats*,** 
i 

u t a * +  

Rata* 

mts**. 

. 
~ o r t r a I n . 6  

** Rootralnod to provmt no80 or polt l i o k l ~  
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2. Early post-release recovery of exposed animals wae 

de8 1 red. 

After Releases C, D, E, and F rat8 were sacr i f iced i n  

MSIB by suffocation with C*. After ReleaserO, H, and 

&dogs were anesthetized by intravenous injection or . 
sodium pentothal followed by maximal bleeding f m m  the  

carot id  artery. 1 

3. 

14.3 S tudie8 Performed 

R88tralnlW Cages: During the course of Rdea8ea C and D, 

the effect  of res t ra ining cage8 on Of (gastrointestinal t r a c t )  

and to'cal-body-internal depos i t im I n  rats waa Investigated. 

It was discovered that 'unrestrained rats nhored extremely high 

01 ae t lv i ty  presumably becauae they had licked their nores mi 

fur. In subsequent releases a l l  rat8 were r e r t r a l n d .  A mlmllar 

offeat  w u  noted with unrestrained dogs in Releare F. Therefore, 

the dog8 were muzzled for *ltelearer 0, H, and I. 

pfects  of Anertht lzat lonr  One-thlrd of the ra ta  in Releare 
Ir and onq-half thore i n  Roleuo 0 were urerthatizod prior to 

expowre. In the 01 t r a c t  wd1.a n a t l r l t l e r  were reduced by 

faa tor  of 4 aad 3 rorpeat~voly for aneathetized aad tananemthe- 

tired rato. -0 lower-r;.rpiratory-trao t deporition (m) valuer 
were redriaed by about 1.5 in anah OWO. 

i o  p l a a d  i n  doubt by ammalous total-b&y-intarnal deporltlon 

(=I) vnluer. 

trow.rar,th LBb reduotion 

% 
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~wer-Respiratory-Tact Deposition: Iiadioactlvlty that was 

retained i n  the lungs war correlated w l t h  air  concentration rerults 

to obtain LRD'pcrcentages. The median valuer thus obtained for 

3-nhaled ac t l v l t y  deposl ted in the l o w r  reaplratesy-trac t (lung A 

ranged from 30-35 percent. 

Total  Body Deporitlon: Radioactivity war sumpcd l o r  a l l  body. 

organs arulryzed and correlated with measured air cancantrations 

to obtain TBI (total body l n t e r m l  deporltion) values which bad e 

mean near 70 percent of the inhaled radiaact ivi ty .  

Q a c r l l l c e  Tlrdes: After .Release C there waa a delay of 45 

minutes .before the r a t a  were racr l f lced ,  which resulted l n  apprecl- 

ab l s t r ans fe rance  of rad ioac t iv i ty  from the lung8 t o  the bloodatrear 

and e v e n b  the Iddney. 

re ru l ted  lr. lncrear ing the r a t i o  of whole body to  kidney e a t i v i t y  

from about 50 t o  almrt 350. 

Uetabolirr  3tudler: 

kept f o r  ae tabol l ra  rtudle8. 

body organ - rotontion t l d r  were ln*e&ated. 

indicate:  *. 

. 

Shortening of t h i s  time delay t o  15 r inu te s  

Two wcpored do- from Releue 0 wore 

Urine 8nd fecal exeretion s8ter and 
Bmretion rtudlor 

Largo portton of 8etlri t7 haa 8 total e t f o a t l r e  

h.U-Uf8 (Toft) O f  .bout 10 -8. 

Rcuindor ha8 a r8th.r long Toif of approxlartoly . 

. .  
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APPENDIX N 

. .  Thlr appendix containa detalled data on 

each of tho nine Releases A througir 1. 

I 

I .. . .  
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Summary 

Type of Sample -------------------- Aged Fuel Zlement 

Date and Release Time ------------- 2; Ju11y 1958; 6:09 PX 

Lapse Rate (1.5 - 45 I) ----------- -0.37% 
Lapse Rate (1.5 - 24 m) ----------- -0.05OC 

Hean Wind Speed -----------------0- 3.6 meters/se~n 

Wind Direction .................... Network Centerllnc 

Cloud Photography ----------------- Both aer ia l  and ground 

Fluorescent Tracer ---------------- Released for 10 minutes 

immediately following 

f iss ion prodtrc t release 

5 ,. 
. 

Animals -==-=-~---=-----------~~--- Rabbi t o  on inner arc3 (Ref. 9 )  

Network Radloactivitp --------e---- Detected out to 1600 laetgra; 

~ r i p n r a  reading of pleated 

fl l teim.on 100-net.r arc, 

. .  
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A . 2  Fuel Element 

The fuel element had been irradlatad to gtta8rate 7 x d  watt8 

for a total of 467 hour8 and had decayed for 922 days. 

doafnant nuclides present at the time of relea8e are 8hom ln 

Table N.A.1, 

The prt- 

P 

wUo2lde Curler Calculated - 
sr90 4 

~ 1 4 7  10 

cm137 .. m137m 3.4 

C.144 - pr144 . 16 

a 1.3 

A. 3 )I.t.orological Condition8 

m8 W i n d  dir60tlOW Uld V O l W l t f 0 8  p r W d l i w  during th i8  

roloaao aro rhown fn Tablo M.A.2 

Lapro r r tor  u l o t i ~  a t  tho apox'towr durlw tho relouo, 

botwoon the ,.1.5-motor love1 aad both tno 24- and 4 5 - t ~  lovolr,  

are rhown la Ifmro ILA .3 .  

furnaao YU onorgh.4, 1.0., tlmo toro, a w 0 . k  lapro oonditloa 

oxirtod. Houovor, a t  two minutor aftor tiw t o m ,  tho ortiuted 

ti- o f  mltia(, am lrr+oroiqa oondition I8 orldent ud eontiaued, 

uoopt  for a ohort n.ultr.1 ooaditioa, during tho romlhbor of 
tho toel. 

It 1ndioat.r that a t  tho t fao tho 

k 
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. -  A . 5  Furnace Condltiona _ .  

The furnase operating program established for a31 xeleases 
l a  summarized as iol lous:  $he furnace was eneqlzed  a t  time zero I 
with a suf f ic ien t  i n i t i a l  power input io that the t i m e  t o  m e l t  the 

f u e l  element waa approxiMtely tm, Plinutea. 

lished by numerous meltr of non-loaded f u e l  elements. 
mir t i m ~ ~ w a s  estab- 

Pollo?fing 
! melting or the e l s e n t ,  L%e furnace paver was controlled 80 that 

.-- I 
I I 

- centigrade above the stage melting point. mlr l eve l  was maintained 
I I for a ten-minute period, at wblch tlmo the power war shut off. 

The temperature as a functlon of time during this releare 1s shown 

i n  Flgure N.A.3. 

I ' .  

! 
i 

_ _  ~ . 6  @fluent SamPlcrr 

*$&g&p>q. - Data --_ obtalned from requent la l  aamplera located a t  the'top o f  1 

the  furnace crucibler  indicated that the f i r8 lon product releaae 

waa increasing for  approximately 3.4 minutes after time zero 
I 

i (Figure N-A.4). Additional 8 a m P l O b - W e r e  obtalned at 8evcn and 

twelve mlnutes. 

during the i n l t l a l  3.4 ainutem, w a 8  oat8bl lJ led prlor to releare 

becauro it was b a l l e v d  that tho releue would tako plrao during 

tho flrrt feu nllnutw after molting. 

The Close in t e rva l  rampling, Le. ,  eight samples . I  - . _ _  . 
._ . . .  

. .  
! 
; I .  

S:me thla apparently warn 

8prO.d tho eff luont  rampUng over the o n t i r e  molt interval.  

A.7 Roleare Percentwrer , 

The peraent roloaar ot Cd37 w u  determ%nml from the pre- and 

port-molt gamma apectra of the f u r l  element. There rpeotra are 

i '  . .. 
:. . : - .. . , . .. , i. 

. .. . . .  . 
. I  
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shown in Figure H.A.5. The percentage of the Sr9* released was I 

I 

+ 
. calculated from the results of Sr30 field sample rad&bcheci:cal 

analysis, the f u e l  element 2sVentrii.2 Sr9' to Csr37 ratio, arid the 

. measured C8137 release percent. Table N.A.3 lists the release 

percents obtained. 

TABLE N.A.3 

.- - Release Percentage 
.. - - -  - - 

Nucllde I Po r c  en t 

cs137 43 
3r90 1.7 . . - 

- 

A.8 A i r  Sa*pler Bield Survey 

The-term "field survey" refers to contact measurement8 uhlch 

were Wen on the Hi-Vol pleated S l l t e r s  lrm~edlakly following the - 
test r i t h  a beta-gama survey meter (with Cut18 Pie *hem over 

20 mr/hr). Figure N.A.6 shows the arc profile8 of the r l l ter  

i 
i f ;  

! 

: 

readin@ in mr/hr, corrected tor ,ampler ilow rate and baceround. 

llgure N.A.7 show a laamt-rquuer fit to' the f i l ter  $erbln@~ d 

the.cloud cmterllne etatlona sa a funation of distance from the 

re lcue  point. 

. 

A. 9 Airborne Radiom t l v l  ty  

Airborne d 3 7  u determined by laboratory counting of thr 

The data have Hi-Vol pleated Sllters i e  rhown on Figure N.A.8. 
1 -  

'b  

c 

,-. 

1 

- 845 
8 .  
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been corrected f o r  sampler flow rata and are reported i n  t e r m  of 

DPu-!IN* 

a stralght.llne least-squares f i t .  

l l ne  Is essent ia l ly  the oame as that obtained from tho  al'r 

sampler field nu-3. 

A . 1 0  Deposited Radioactivity 

- -  

Pigare N . A . ~  is a p lo t  at the ~ ~ 1 3 7  center l ine data with 
rt- 

Note t h a t  the.slope of the 
- .  

&e ceslum deposited on the gummed fa l lou t  papers 18 shown 

in Plgures N.A.10 and N.A.11. 

value from each arc of Figure N.A.10 plotted versus  distance frm 

the relcaae point. A rtraight l l n e  has been fi t ted t o  the points; 

Plgure N.A.11 shows the llloIxim~~p 

A . 1 1  h D O 8 i t e d  ~ l O C i t y ,  

The average depoaltion ve lwl ty  for ceaium, as a function of 

d.5stmnce froa the release point. I 8  rhown i n  T8ble W0A04.  The 
i values for thl8 parsmeter are the rat108 of the araaa under the 

aticky-paper activ;tty a rc  profiles t o  the area8 under the 8lr 
.*ampler are prot l le .  Little 18 evident in . th is  garmeter  

. a  

400 
800 

1600 
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* .>. 
A. 12 Piuorescent Tracer Dlr t r lbut ion 

Because o r  a r h l f t  i n  w l n d  di rec t ion  coincident r i th  the re- 

leas. of fluorescent t racer ,  no rluorercunt t r ace r  data  were 
-- ebtalned. The t racer  cloud aentar l lne  did not-appear on the riet- 

A . worlr but moved an undetermlnate dis tance off the right ride of -. . -- 
the grid. 

5 A.13 ,Jkternal Dora . 

The gam bore rate from cloud paraage 'waa mearured and 

recorded-at .very three degree8 on tho 400-moter arc,urring the 
-- 

g.au- r ~ i n t l l l a t i o n  detector8 ~ d c a o r i b d  i n '  Appendix It. 
1 -  . .  
I .. 

Tho intogratod gama dose rocelvad a t  ea& a ta t ion  on the 
I 

tUX)-ceter a r c  during paarage QC the  c l o d  l a  bhown i n  Plgure 

M,A.12. 

tho detector 8WtIOn nearer t  tho centor l ine OC the aff luent  Cloud, 

l a  shown in Bigure N.A.13. 

L The ganma dose rat. as a function of dirtanco, takon from 
- 

i 
; 

I 

I -  

An apprortiruto reconotruotion of tho - ao t lv i ty  release 

requnoo l r  onom i n  llgurm M.A.14. Tho flgurv l r  a plot of the 

Uoao . -  rat. l o r o b  _ _  u a t tmtion of tirw and porit1on8-acrob8 the ' :  
I . - . - --- . -  ._ 

: -  I *tor. aro. 
I A.14 QIfftW on ?aruwtori 

4 
. I  mo diffuolon par8motorr obkinod from thlr t o r t  aro ahom 

i n  Tablo M.A.5. Tho a o t u a l  gmro a o t l r i t ~  l rop lo th  and ltm ourve 
tit lroploth,  n o ~ l l r o d  to tllo &mum t i l t o r  roadlw on-tho 100- 

motor aro, aro rhown in Ptguras M.A.15 urb ~ ~ 1 6  reopootlv~ly. 

- 

tw 
. .  .. 
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TABIS N.A.5 

Diffusion Parameter8 

i 
I 

- ! .  

I 

. .  
! 

i 
I .  

- -- 
P a r w  tern 

- --_ 
Horlzont. 1 S tab1 11 iy 
Parameter (%) 
vim tiaiiz 3 tab2 ~i t y  
~aramter (Mz) 
Horizontal Dlifuslon 
Coeffauisnt (cy) 
Vertlaal blfhtrion 
Coaffiaient (ey) 
Suttonrr. Stabil i ty  
parumtor (n) 

-_ -2 

Pi old Survey Data -F1- t 
- 

1.0 

. 0.06 

. -. .- 

0. sa 
. 1.5 

0.08 
. .  

0.02 

. -  
.- 0 

*_ 

A. 15 ~Radlobiolom 

. _  
-8ivanc 

.I.. 

0.11 

0.26' 

. .  
->-  . 

* .  . , _  

and 00nd trapm. 

tho oontorltno o i  tho aloud 06 betorminod in tho f1.14 rurroy o f  air 
9ha wator o.llplr8 wore roloated on tho b u f v  o f  

i 
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sampler ac t iv i t i e s ,  evaporated to  50 m l ,  and gahuarr counted. Sand 

ampler uere selected in the szMe manner, leached for 30 minutes 

with boiling 6 N HCl,  the leachate concentrated to 50 91, and 

gama countd.  

respcc t lvely.  

Reaults are shorn i n  Figure N.A.18 and Table N.A.6 
,\ 

. . . -. , .  

I 

1 

I .  

TABLE N.A.6 
. .  Cerlunr-l37 i n  Sand 

I 

Location 

100 meter arc 

Station 26 

atation 36 

'300 _ -  m&.r ,. .re 

Station 8 

3kt ion 23 

atation 38 
3tatloa 53 ._ 

- 

Curler 

18 x 10-9 

1.0 x 10-9 

0.32 x 10-9 

4.0 x 10-9 

0.72 x 10-9. 

0.56 ~ - 1 0 ~ 9  
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. APPENDIX N-B 

(Releaae B)  

c 8.1 Summarr .b 

mpe of' S w l e  ---------------- Aged Fuel Element 

. Date and Releasa Tim --------- 4 August 1958; 8:16 PM 

4apse.Rate (1.5 - 45 m)  0------ -3.6OC - _ .  - 

Lapa? R.t. (1.5 - 241~) -----0-0 -2.4OC 

Hean wind Speed -------------0- 2.5 metera/aec 

W h d  Direction ----&=---------- Right edge of network 

Cloud Photography ------------- No photograph 

Pluorercent Tracer 0-----0---- Reloared ror 10 mlnutes 

. 

. .  . .  

lnrcdlctely following rlaaion 

produat releaae 
- 

Animals - ---------.----.-------= - Rabbits on Inner 8rca (Ret. 9 )  

Metwork Radloaatlvlty -------=- Detected out to 3200 meters; 
- _ _  - -__ maximum ra8dlng of pleated 

ill-terr on 100-moter am, 

. . . . .  .I . -  

. . .  

- . .: - . .  



. .  . . ' .  : .  . ,. .. 

. .  

E.2 Fuel E1emer.t 

The fue l  elenect had beep -rradl 
1,  

ted t o  generate 6.6 x i.34 

watts for a total of 1157 hcurs and had decayed for 932 dnys. 

The predo3IlRant nuclides present at the t l m e  of r2leaSe are shokn 

in Table N.B.1. 

TABLE 1I.B.1 

Fission Product Inventory 

Nuc l l O e  Curies Calculated 

B.3 Meteorological Conditions 

. The w i n d  d i rect ions and ve loc i t ies  prevail ing during this 

reieaae &re lrhorn In Table N.B.2. 

the f h r i o n  produat cloud center l ine w.8 along the right hand 

edge of the oampling network. 'Irt approximrrtcrly the 8OO-aeter arc 

the center l ine sning brak t o  the grid and reMlned $urt within the 

gr id  p88t the 3,200-meter arc. 

The dirsctlon data , shaw tha t  

=me ratom, uxlrtina a t  the apox tower durlng the releaae, 

between the 1 . 5 - ~ e t e r  ' &  l e v e l  and both the  2b and 45-netcr levels,  

. 
nn a 



i . 

, . .  , .  
. .  

. . .  . .  

. .  , .  
. .  

f 

are shown In Flgure W.B.1 An inverslon condition exla%d &.:ring 

dlspcrnal  of  the f l s r l o n  QrOdUCt8 .  

. 1.5 

3.0 

6.0 

12.0 

24.0 

45.0 
I 

--._ - 

B.4 hrmaao Condition8 

2.m 
2.89 

4.16 
3.18 

5.90 
0- 
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at appro.-tely three dnutes  after time zem. Theae data are 
f l  c 

B.6 pelease Percentwea 

The percent release of cesium as determined by pre- and post- 

melt gama spectmmetry is shown in  Table N.B.3. The garmn8 apcctra 

Iran rhich the Cd37 release fraction was detemlned ar6 ahown In 
ercent  release or sr* wan not dt&8&ned b 8 C 8 U 6  

the cloud centerllne pleated f i l t e r  data was not available. 
1 

1.8.4, 

TABLE N.B.3 

heleaso percentwe 

b.7 U r  Sampler meld Sum= 

rely taken on tho S-YO~ pleated flltem iaudiat.4 io l lar ia  

tho tort with a beta-gamaa survey motor. ?lcure P.E.5 .haw8 the 

The t o m  V l e l d  8urvef refen to aont.ot rp..nuuwnts -oh 

I 
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have been corrected for  sampler flow rate and are reported I n  

t e r n  of DPII-Xln . 
the p ro f i l e s  are incomplete. 

Because-of the cloud drift ;  off the network, 
it3 

B.9 D t D O S l t e d  IUtd1oactivit.g c 

Jb 

Tho cesium deposited on the f a l l o u t  papers i r  shown i n  

Figure N.B.7. The arc p ro f i l e s  are incomplete as the cloud ccnter- 

Hn3'waa off the rl*t hatid ride of the netuork. 

B. 10 Depo(~I t i on  Veloci ty  

The average deporit lon velocity for c e s l w  ab a function of 

blrtmnce from the release polnt 10 rhom in T8ble N.B.4. The 

value@ for  t h i a p a r r w t e r  were deterainod by r8 t ioIag  the area8 

under tho s t i c k y  papor a c t i v l t y  arc profiler t o  the amas under 

tho air samplor a a t l v l t y  arc prof i le r .  

TABLE N.B.4 

Oerlua I ~ p o 8 3 t l o n  Velocity 

. 
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B.12 Exterm1 IMse 

No external dose data arc available from this relehse 

becauae of the dlraction of the cloud path. 

8.13- D l f  fusion Parameters 

in  Table N.B.5. The field-survey-data l i t  and Cn137 f i t  were not 

calculated becsii6 the cloud was only partially on the network. 

me diffusion parameterr obtained from thir tent are shown 

J 

TABLE R.B.5 

Diffusion Parameters 

Pmam ters 

Horizontal Stability 
hrsmrtor (%) 
Vortiaal Stability 
paraoutor (US) 

HorituntaX Diffu8lon 

Vortlaal Dli,cluion 
~boifieiont (C,) 

Sutton(8 S t a b i l i t y  
?armtor (n) 

C ~ ~ l c l e n t  (c,) 

-e 

B.14 gsdlo blolqSX 

Dutoh rabbit8 wero u r d  With only tho head 8nd om. of eaah 
rabbit o%po8.6. Aftor relouo, th. 8aalp and ears wore aountod 



to  give an indication of external contaaCratiofi, and the lucgs and 

tr8che8 uere counted to show the extent of internal conta4matlon. 

There result6 are shown on Figure N.B.8. 
B.15 Qand and Water Collection 

N o  aamples were collected because the fallout mlssed the 

major part af the water-sand 6.mpllng grid. 

$ 2 1  ! 

i i 
i 
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APPLWIX N-C 

(~tieasc C) 

Samarx 

Type of S a i q l a  ----------------- Aged Fue l  Element  

Date and Release Tlme 0--------- 6 Aug. 1950; 7:14 

kpse  Rate (1.5 - 45 m) -------- -1.5% 

Lapee Rate (1.5 - 24 !n) -------- -1. a 0 c  
yean wind Speed _--------------- 2.3 rneters/sec 

f 

Vlnd Direction ----------------- Network Centerline 

Cloud Photography -------------- Oround only 

Fluorescent Tracer ------------- Released sfrnulteneoual; with 

fieeion product release 

~ n i m l a  ~~~~~~~~~~_~~~~~~~~~~~~~ Rats on 100- and 200-meter 

arcs (Rei. 11) Rabbits on 

100, 200, and 400-mtter 

arc8 (Ref. 9) 

Hetrork Radioac tlvl ty ------0--- Detected ort to 3200 meters; 

maxlmura reading of pleated 

filters on 100-meter arc, 

42 aw/hr urlng Cutle Ple. 

Uterfrsl Dose ----0-------0----0 Maximum dose rat4 on 400- 

mater arc, 0,028 por/hr u i n g  

rc lnt l l la t lon detector 

described in Appendix K. 

I 
I 

S I '  
I 

a77 



C.2 7uel Zleztent . 

The fuel element had been 'Irradiated to generate 7 ~ 1 0 ~  watts 

for a total of 467 hour8 and had decayed for 934 dayr. 

doninant nuclides prcsen: at the time of relsaae are showa i n  
Tabla N.C.1. A 

n\e pre- . -  

TABLE N.C-1  

Piasion Product Inventory . 4 

- .  

. .  
. .  .. . . .  . .  

. .. :-: 
' , .  

. .. . . .  ' . . .  
. .  

I Nuclide I Curie6 Calculated I 
I 

I 

C. 3 Hetwroloulcal Condl tlona 

'bra wind dlroatioru and voloeltler prevalllng- during thir 
roleue axe 8howa la T8blo W.C,2. ' i t . r lat lo~  i n  w i d  dlroction 

wore exptW.bo.d, but thy woro of rue3 rhort duration that the 

~ r r i u e ~ t t  O.UI 1u o a u  r ~ e h t 4  dlrplac.6 from centerline. 

Lmpre rat... exlati- at  tho apox toror during tho ~olearoO 

botwoon th. 2.5..rwkr levo1 and both th. 24- .nb 45-aeter lovofrO 

aro' rho= i n  Vlmn N.C,l .  

tor an .ppr.aiable taw beiorr the rdoare ;uid aontinuod to 

doopes tolloulry the roloaso. 

It ohowr thrt .ndnvorrion u i r t o d  

3 
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TABU3 N.C.2 

Meteorological Summary 

APEX TOYER 
r 

Height Ulnd Direction Wind Velocl. ty  
(meters) 

I I I I 

1-5 264' I 201' 239' 4.4 1.1 
4.4 -- 
5.4 1.7 

12.0 -0 5.9 7.3 
24.0 205 6.4 3.0 
45.0 256 7.0 3.0 

2.0 233 6.0 a- 

L 

iietcri/scc 1 

2. 3 
2.9 ' 

3.5 
4.2 
4.9 
5.2 

aaaolgllahod at only one rtatlon during t h l a  relearo. Tho photo- * 
graph irom drieh the parumtor8 4 and C, were obtained 28 rhown 
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C.5 Furnace Conditions. 

Dumng previous releases,  the furnace required approximately 

two mIn3tcs at maximum power input to begin melting the f u e l  sle- 

Pent. During thio re'ieaac it was estimated that a period of 

apprcalmntely f i v e  minutes was required to reach the m c l t i r q  point  

because of furnace malfunction. A180,  the nom31 furnace program 

required 8 t h i r t een  rrlnclte furnace operation time, but, becawr of 

the rlow m e l t ,  the time during whlch the 8ample war held- molten 

war lncreared. 

deviation affected the f l s r l o n  product reletuse. 

C.6 =fluent Samle r r  - 

= jo t  relearns of aatlrlty, cld iham l t a  32g&-a W.C.3, occurred 

botwoon 5 and 5.5 mlnutor after tlw t w o .  

for thir relcaeo wore rpacod over a 10.5-rrinuto pori&. 

C.7 Zalsaso Pereemtattea ' 

c 

* 

Bowever, it 18 not evident from the data that  thi8 

me r e r u i t r  oi the sequential  ra&r data la icate  that the 

Tho rslrpling l n t e rva l r  

%?be proent roleur of Cr137, .II det8rpdnsd from the pro- 8nd 

pocrt-molt euw rpootra ~ l y o o r ,  i s  ohom 1s Table M.C.3, The 

gam- spootra irom uric$. thoro J.̂ & won dorir.4 $8 rhom in 

blguro I.C.4. Tho r o l o w ~  gokoont Ort 8r9,  a100 &own I n  Table 

W.0.3, n 8  dotoxminod by c o r p . r l ~  tho rorultr of Srw f lo ld  

8-10 radlochomioa2 analyrir With the fuol e l .wnt  lnvoatory 
8Fso - @7 rat10 Urd tho Ub088Ur.4 d 3 7  rOlO.ro poroont. 
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radioactivity values per arc i n  dpm/ft2 as a i3inct:on of d:stance. 

Figure N . C . 9  

each arc from which the cfcud centerline values were estlratcd. 

- 
showb the gummed-paper cesium activity prot i ic  for  

C. 11 &position Velocity c 

J 
- 

The awerage deposition vcloclty for  cesium as a function of 

di8tance downwind frdm the release point is shorr. in Table H.C.4. 

Thir paraJuter41 derived from the ratio of gumed paper act iv i ty  

to pleated filter aotivlty. 

- 

c. 12 - J r r t l c l e  Size 

).rtSclY oizo rtudlor wore mad0 d u r i k  Relcuer C; B, -B, .- 
ud H - ~  mo qWUktit&08 o t  radioactive irbriun collwtei-auiing . 

R e 1 e u . C  on the ldO&mter 8ra by *reo Anderren 88apl.r. with 

a i l l i p o r o  backup f l l t e r o  aro rhoun i n  Tablo N.C.5. About 85 
poroont of the cer lua was oolloated by the r i l l lporo  i l ltor,  
'inbio.ting u - p r ~ o r i m o o  of iubaiCrOn partioleo. 

PQ2 



1 ,  r . r  

I 

. .  TASX N . C . 5  

Dlscrlbution of Cs137 .In The Andersen Samplee 
3 

A c t i v i t y  (DP-1 ft 

station 32 1m-m t er a re 

880 

lll0 - 

1300 

1630 

4550 ' 

5500 . 

132000 

s tat ion 28 
100-0eter arc 

870 

060 

075 

1220 

1 

2 

3 
I 

5 
6 I 

I ' .  

93500 
. ._  j 3 

C.13 Fluoresabnt Tracer 
The gsaay of the alrborne flaorcrcent particle.  concentration^ 

wao made by cauntlng partlaloo on tho Anderaen plater w i t h  a mlcro- 

ocope uri- ultravio let  illrrainatian (Appendix G) . The f~uorercent 

tracer notwork 68- afo ohoM In l l 6 ~ r e o  I l .C.11  and # .C.b .  

ligure N.C.21 ohowe the am profile! from nhlch'aentorllne valuer 
wore talcon. Pl-0 1.0.12 rhows are aonterllno valuw plottod ao 

. 

" 3  
i a93 
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1 The gamno dose ra te  uaa measured and recorded every three 

C.14 Zxternal Dose 

degrers on the 400-areter arc. The integrated dose received a t  

each atation during passage of the eff luent  cloud is sbom - in. 
Pisure N.C.13. 

timo at  the detector s ta t ion  nearest the centerllne of the cloud, 

%e trace of the variation of the dase rdte with 

Station134, 1s rhprm i n  Figure N.C.14. 

the gamma ac t iv i ty  i r  shown in Figure N.C.15. 

C.15 M f f i E l O n  Pnraawterr 

An approximate reconrtruction of the paasage aequence of - 

- 

- Release C u&8. a riaultaneew fiaslon 'product-f luoreacent . _ _  
tracor release. 

i a  of part icular  in te rea t  becawe o f  tho prorpect of silrulating a '  

radioactlvo e t i luent  dth a rioriradioactive trrcer. 

The dlrfualoa paruPattrr obtalladd by i i t32ag  HI-Vol 81r 

Herp the re lat ive behawlor of the two ef t lu tn ta  
- 

- 4  
- - __ 

rampler f i e l d  8urvoy 6.b to 8 modified Sutton-typo rolution of 

th. ~ ~ i t r u r i o n  - aquation (soe Appendix i j  rri sh;jwn in Table N.C.6. 

Inoludcd in the table are garam~Wr .traXuer obtahed by . -. -the ~ Mm6 - -  

wth~d or the W-VOI air rargle arraym of cemid37, t luorerarnt 

par t iu le  uraym.ot merren r u g l o r  plates, a d  r ~ a  pluue 

photogr8phY roaultr (roe Apponbix P). 
lotweon tho p8ramotor8, with tho oxoeption ot the rrotro pluao Mz 

- --- --__ __ 

- .  - i 

i 
I 

O.nor8l agreeaent l a  oboemad I -  1 

I 

1 -  

i 
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The smoke data were obtained approximately 20 minutes befora 

the rtart of the i i a s l c n  product release, during which time a near 

irotherara'r condition existed. Thin dlfferenca i n  l a p e  rate mry 

, 
I 
1 

~ 

account for the elevated W, value. 

The Cz value obtalned from the cerium-data fit sppsaru 

q u i t e  d i f f e ren t  from the ramice d r t z  and valuer obtained from other 

relearcs. No adequate reanon for this hi& value oan be offered; 

.however, there ere tu0 factor8 which may have oontributed fo. i t h  

diacrepancy. Firrt, the inner area were Inoperative - -  

ini t ia l  a i m t e a  of melting. Some a c t i v i t y  may have parsed these 

arc8 wlthout being detected.' Thin  theory, however, l a  not rubstan-, 

elated by alr ranqller .-. a c t i v i t i e s  or depQrition rauQle8. Secondly, 

a portion.of the ef f luent  cloud aw have bacoare reparat& and - 

oarr led off the network. Tnis would-aoaount for the elevated 

Cs value. ~ecaure or the above bifferenoer no i rbp le thr  were 

d u r i y  the 

- -  

_ -  
. o o n r t r u c t d  . . -  

, TABLE r.c.6 
Dlfiurlon Paramoterr 

. 



. .  

. . _ .  

_. . ' .  . 

. .  
- .  

. . .  

. 
.. . . . -- .; . - _  . -  ., . . 
:: .*: . . 

.1. :. . . . 

. ._ .. . 
.. . 

. .  
.. 

. .  ... . - .  

I 

. ' 1  r 

C. 16 Radiobiology 

For Releaae C, two r a t a  were placed a t  each twodegree 

i n t e r v a l  on the loo-, 2000, 4000, and 8W-meter arcs. 

cage. were conatnacted of 1/2-inch wire morh, each animal havira 

freedor of movement. 

and w z u  completed i n  30 r lnuter .  

the cloud were raarlflced and placed in p l a r t i c  bags for *ole 

body counting. The animalr uhlch indicated a r ign l t l can t  8ccumu- 
. 18tlOn of r a d l o a c t i r i t y  were rawl-faced a@ lung, trachea, kidney 

and 01 traet uere roaoved anb fiarion product content det8rPlind. 

Exposure 

# 

Recovary began 6 mlinuter af3er the release 

mor8 anlaalr known to be In-- 

* -- 

-_ 
. Tlrraor from the two rat8 a t  e8eh r t a t l o n  wera counted together, 

310ldln4g an aror.g. value. 

tlonr por mlnuk per rat. Plguro U.C.16 &ow Were data p lo t ted  

to glrs aru prof i le r .  

tho10 body count. are prce8eated in Table k C . 7  u dlr integra-  

I n  Wm IYRR8r. t l r r u e  d8t8 8ro pre8onted i n  Tablo R.c.8 
and plo t tod  in m r o  N.C.17. 8.caumo.the relpare cons1at:d 

.alsoat ont i re ly-  of Ca137, tho countiw oi i ic ionor  tor a1n*, 
rpgroxiutoly 50 p.r cant,- waa urd-to oxprers a0 iata in term 

o t  birintomtions per  rinuto.  

0.17 pent¶ .cL4 Vator Colleatlorm 

h o  mter 8nd labd rarpling program'wu rrot u r d  drtrily thl8 

roloare  
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TABLE N.C.7. 

Whole-Body Radloac t i v l t y  i n  Rats 

,rc and 
tatlon 

100-19 
-21 
-23 
-23 
-27 
-29 
-31 
-33 
-3s 
-37 
-29 
-41 
- 4 3  
-45 
-47 
-49 

200-16 
-17 
-19 
-21 
-23 
-25 
-27 
-29 
-31 

-38 
0 -3. 

1 .  i 

Dlain 
Rat 81 

5; 
6750 
10100 
14300 
18100 
34000 

22900 * 

1 6 9  - 
9780 
5220 
2510 
788 
60 
444 
1390 
1990 
2310 
1970 
2910 
3290 
Sm 

lop00 
l2100 
8800 

31% 

sgratloi 
Rat # 

3750 
- 3360 

12100 
22300 

12300 
nor. 

"$ 13 0 
2540 

5850 
12200 

i 
i 

b 

An. 
AVa. 

Arc and 
Station 

~~ 

2W-39 
-41 .. -43 
-45 
-47 
-49 

400-25 
-27 
-29 
-31 
-33 
-35 3; 

3 

-43 
1-45 

-47 
-929 

*31 
- _  -33 

-35 

-- 

23 

I 

pratlon 
Rat #2 

n.8. 
3530 
2220 
396 
68 
32 . 

. 178 
608 
2m 
2910 

2Y 2 10 

752 37 

2110 
1440 

168- 
126 
233 

1 
607 

236 

3a 

go-* 

€et 

in. 
Avc. 
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APPEiJDIX N-D 

. (Release D) 

D . 1  Sunrrsary 
Type or Sanrple -g.-oo-o-~----------~-- Aged Fuel Blementr 

14 August 1958; 6:16 pf4 Date and Reham Time ---------------- _ _  

u p r e  Rate (1.5 - 45 I) -------------- j o .  54% 
upre  Rate (1.5 - 24 I) -------------- I O -  57% 

Mean ~ i n &  Speed 9--------------------- 4.3 mtters/sec 

ltetrork Radioactivity ---------------- Dotacted out to 3200 - 
meterr; maxllllw reading 

of ple8t.d fllterr on 

'I 

in ApponAlx It 
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The fuel element had been irradiated to generate 6,&104 

watts for a total  of 467 hour8 and had decayed for 542 day8.  

predominant mclidea-pre8ent at the time of reltaae a$% shorn i n  

n b l e  N.D.1. 

Tha 

TABWB N.D. 1 

Plsrlon Product Inventory 

. .  
. I  

. .  - 5 : .  . 
- . .  

. .  . . .  .. _. 
i . .  

i 
i 
1 

* I  

t 

. . . . .  

. .' . .  . . . . . . .  :-:.: .t . , . . .  . .  
. I  . . ,  . .  

. .  . . .  . . .  ;.;. _.: . . . . . . . .  . .  .- . .  
-> . .' . . ... r61earo are dwwn in Tab30 W.D.2. 

Up80 rator am 8 function of tip. after reloare, uirtlrrg' 

botwoon t h o  1.5-motor 8nd both tho 24- and 45-motor levo18 at  

thr epox towor, are 8hom l n  ?lguro 1.D.1.  
- 



i 

2 

I .  

I 
c 

. .  

. .  

. .  

I 

I 

3 .  
_ -  E 
P' 

f - - - -  

Ci I 

1 

I 



0.3 Furnace Conditions 

A t  2.3 mlnutes after energizing the induction furnace the 

temperature thermocouple broke resulting i n  the 1088 of temTtra- 

ture readinga. 

ature was attempted according to previous release furnace power 

program, 

temperature resulttd. 

exceeded the planned temperature plateau by 300 to,!40O0C ~t 

approxinutely rive mlwter attar initiating the oelt, 

From that polnt on, control'ot tho !'urnace temper- 

Duplication naa not accoxpllshed and an excasaive . a d %  

It l a  totimated that thaPrpacs temperature 
' r  

9.5 Stlluent S8mvlers - 

The data obtalnd froa the requentially operat8d tff2uent 

r.aplerrr - &or th8t the emjor releius of radioac t lv f  ty occurred 

at approximakly f l v e  mlnutes after lnltlatlng the melt, 

d8ta 8ro horn in Figure ll.D.2. 

D.6 Roleue Pereeatages 

meme 

l b o  roloue poreent.go8 of C d 3 7  8 d  3 r p  88 detoz+nd by 

pre- and poit-1.t yar mpobtrowtm and =-VO~ air a ~ p 1 . r  

data rerpectlroly ar0 ohom la a b 1 0  nh.3. 9%. guru r-tra 
t m  rhid the poroont r g 1 0 ~ 0  of  C d 3  wu ~ O ~ O Z I ~ I W  are &om 

la Flgure 8.0.3. 
TABXS M00.3 

. .  - 
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TABLE N.D.2 

Hcteorologlcal Sitmmary 
c 

Height 
(am ters ) 

O C i t Y  { 
Uin. 

2.0 

2.1 

2.6 

-3.3 
160 

4.0 

Wad Direc . Kin. 

4.26 

4 e 9 9  

5.54 
6.18 

6.69 

7.34 

0.0 

8.5 
0.4 

9.1 

10.2 

10.3 

1% 0 

24.0 

45.0 J 
I 

i 

. .  

. . - .  , 
. .  . ,. 

. .  

. . . .  - . .  
:: - . 

r . :  : r .  - . 

-. . .  

2.0 

2.0 

2.0 

. 2.7 
1.9 

1.0 

5.10 ._ 

4. ss 
5.12 

5.12 

4.77 
4.31 

201Q 

19e 

205 
190 
177 
162 

-.  
0.0 

8.6 

8.7 
8.0 

8.3 
7.3 

. -  
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D.7 A i r  SamPler Field Survey 

The t a m  " i le ld  survey" refer8 to  contact me~urcmtn t s  which 

uere taken wlth a b e t a - g m  rurrey w t e r  on the HI-Vol, pleated 

filter8 imedia te ly  following the k s t .  

arc p r o f l l e s u f  the f i l t e r  ramlings corrected for ramplcr flow 

rate and background. 

1 G e  of thetc1oud centerline statim8 am a furtction of distance 

iron the  releaae point. Also shorn I s  the lc&8t-aqUarer fit t o  

F?wre N.D.rshors the 

Figure W.D.5 ahom the plsated f i l ter  read- 

the data points. 

D. 8 Airborne Radioac t i v l  t y  

Airborne rabioaatlvlty of ea1=, u determinod by laboratory ._ 

countlw of the filters, is &om on Pigure N.D.6. 

&e boen corrected for r-ler f lou  rat.. ?lyra IW.D.7 18 the 

aenterlino p lo t  of ~igure 1~0.6 w i t h  a Ioaat-rquare; fit t o  -*e- 

data point.. 

n s  p e r i o d  for th io  r o l e u e .  1h0 6.- for arm and a leaat-  

'rquar.8 ourro tit uo ohom on n w o  R.D.8. 
D o 9  DeDoo 1t.d n8dlo8ctlrlt;L 

'Ihere data 

Radlochodcal analy8lr of tho aontorlins statlonr om a l l  arm 

Tho aorlum dogorltod on the fallout gaporr is ahown 

in l igun ll.D.9 and 1.0.10. 

aotlrlty u o  proftlor from which tho contorllno dab (Plyre 
PIQUO N.D.9 prorontr the doporltod 

1 . ~ ~ 1 0 )  uw kkrt. 

3 
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3.10 De~orition Velocity .. 

me averagb depiaitlon velocity for cesium aa a +unction of 

distance from tlae release point l a  shown In Table I.D.4.  The . 
values for thlr parameter were determlnad by rattcing the freas 

under tJae aticky paper a c t l v l t y  arc proillas to thoro under the 

ramplor r o t i v l t y  arc profiler. 

TABU N.D.4 

Irotopic Depo8ition VOlWlt208 (ca/roc 1 
.- 

Are (metorr) 

230 

c8137 
0. os7 
0,094 

0. OTT 
0.G1 

0.047 

1-77 

. 
Dell D U  ororoont~Traeer Dlrtrlbutioq 

Uater 

0363 
0297 

' . e 4  

. - , _  

! 
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The integrated dose received a t  each 8 t a t l O n  during passage 

of the af f luent  cloud 1s shown i n  Figure N.D.I l .  The trace of the 

dose rater taken at Lhe detector rtatlona nearest the centerline 

of the cloud 1s ohown in Figure N . t . 1 2 .  
-. 

An approximate recomtructlon of the gamma activity paasage 

sequence 10 ahom i n  -F4gure N.D.13. -- 
D.13 Diffualon Parameters 

The diffusion parameters obtained from this teat are rrhorn In 
T8bl.e N.D.5. ?he actual &ross activity lropleth and i t 6  curve 

fit lsopketh, normallzed to the Ssxiur Clter reading on the 

100-aeter are, -3 ahorn in Figure8 N.D.14 and te.D.15. 

. .  

Paraw te rr 

Rorlrontal Stability 
Cammotor (%) 
Vortfeal Skb2Uty 
taruotor (4) 
ttorixootal Dlflhulon 
coeiiieieat ' (c,) 
Oortlaal Diiiurlon 
Cooiiioieat (cS) 

8utton'r 3 t 8 b l l l t ~  
~araaetor (n) 

Neld-Survey 
mta lit 
' .  0.68 

-- 

r.6 

0.40 

0. og 

0. : 

Blvane F i t  

-.. 
C : H  

' 0.09 

. . 0.03 

0.28 

c 

1 
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D. 14 Radiobiolozy 

R8tr were placed every two degrees on the 100- and 200-meter 

arc.. 

tract 

exposure cage was used at'one-half of the rtations during rslease 

D. 

Because of an unrealistic increase in the gastrolntestlnal 

burdens caused by l i c k g  during releare C, a mew type 

' 

i cloth. Whole body and tirrue determlnatlow for f irs ion products 

: 

This c8ge --- comisted of a corm made of 1/4-inch me& hard .are 

rere the rame 81) i n  Relentbe C. 
I kt6-from rhola body counting are plotted In Figure H.D.16. 

Data from tlruue arulpin are plotted in Figure8 N.C.17 and' ! -  

I i N.D.18. 
1 

i D.16 Sand and Water Collection .. . _ _  . -  
Ibllaut &pler were collected I n  WLter and rand traps. I 

1 B o  ran4 rater ampler "ire not radioactive enow to allow 

Therefore, tbe ¶cator dlreat gpmm counting of 8 50-1 aliquot. 1 

. raapler wore reheted on tho b u l r  of the cloud path 88 doterrrintd 

by the;tJrld runey ef alr ramplsrs and mre evaporated to 50 a11 

ud gama counted. 58cid 1 ~ p l @ 8  were r o l e c k J  In the au. .mnnor 

( I O .  WpMdliX *-A, 8OtStiOlh A.5). R e 8 U l t 8  for tho  WatW .nb rand 
O . . p h E  rho- la liguro W*D.lg 8nb Table II.D.6 rorpootlrely. 

TABU r.D.6 
CUIUD-~~~  in sw 

100-nt.r ih 
Sktlon 46 I I 60 x t O - 9  
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APPEKDSX N-E 

. (Relessc E) 
- 

Sunmurr 

Type of S w l e  --------------- Green Fuel Element 

Date and Release Time --------e 27 Aug 1958; 5:19 PM 
Ispm Rate ( L 5  - 6 I) ------- /O. 65OC 

Laps$-Rate (1.5 - 24.5 E) ----- fi.51% 

Bean Ulnd Speed --------------- 6.8 metera/aec 

W i n d  Direetion --------------- Ootrork Centerline 

Cloud Photography ----------- Both aerial and ground 

Ruorereent Tracer --------I-- Koloa~ed for  10 rinutea 

- 
h 

_-- _- 

lmodiately fo l lwing 

flroion produet roleue 

1 ~ l a ~  --I----=------------- m t r  on three inner.arcr(Ref.11) 

Wotrork Fbdioaatltltf -----0 Detoated out to-3200 moterr) 

I 

-mum re.diG of ploakd  

f l l terr  on lOOl#ter ,am, 

220 mr/hr, uring.Cutie pie 

Sxtemal Dore ----------------- -mum do80 rate on.400- 
. .  

meter 0.35 mr/hr, wing 
r a i n t i l l ~ t ~ o a  dotoator 

8u~erlb.6 i n  Appwhdlx It. 
- 

. .  



t, t3.j : B-2 Fael Blement 
, 

. 

4 1 The fuel element had been lrradiattd to generate 3 .4~10  

ntk for a total of 125 hours 6 ainutss and had deoayed for 42 

days ahd 22-hOura. -.The predomllunt nuclides prerent at the time 

of reloam are shorn i n  Table 3.B.1.  

c Pimion ?roduct Inventory 

Curies calculated 

- 63 
64 

' 7 9  

74 

- 2.0 

21 

35 

..e 
48 

15 

". .- .... 0.5 

7.8 
. .  

, 12 . 

,-. 
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E.3  Meteorological Conditions ,. 
The rind directions and velocities prevailing during this 

release arc shown i n  Tablo N.E.2. 

the release was dsttroined by averaging the data from the LS-raetcr 

level cn the main tower over the release tinre. 

reloaity 6.8 meters per Secood. Pluctuatloas in and 

diroatioa were obrerved; however, the deviation. dld,aot move the 

e f t  luent algnlf lcantly t r& the ne tuork-centerline p&. 

The averagt rind velocity for 

The average rind 

' t  
Iapae rateo. axirting at  the apex tower drtring the release. 

between the 1.Saeter level and both the 24- and 45-ter levels. 

are ahom in Figure N.B.1. 

!?AB= H.E.2 

Meteorological S w y  

A m  TO= - .  

1.5 . 

8: : 
12.0 . 
23.0 
43.0 

.-nu. - Ilia. 

'13 

14 
14 
15 

Y 1 
3.0 
.2 

. Q.7 
6.0 
6.4 

3.4 k4$ 

333 

AVO. 

6.8 

' 9.0 
10.9 
l2.0 



TABU R E . 2  (Cont'd) 

Meteorological Sunnrrary 

s 
c 

UrcI tho rooultlug data aro ahom la Tablo N.B.3. 
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Zistance from 
TOP or wire (it) Dose Rate (mr/hr) 

2.0 1 
3 . 0  2 
.3.5 13 
3.75 20 
4.0 40 
4.25 36 
4.5 23 
5.0 10 

J 

r.5 e f f e c t i v e  release height  Is assuzed to be tha t  level c n  

the  charged r i r e  I n d i c a t e d  by the WBI;  ccctemlnatlon. 

irsttiince, the release helght correaponds to %le top of t ! z  

furnac e. 

In t h i s  
31 

Spectral analyses of the a c t l v l t y  on t h h e  wire I n d i c a t e d  t he  

presence ol a number ot laotopen,  w i t h  

cs137 - ~a137m the m a t  prsminent. 

Ru1°3 - Rh103?, nd 

TWLE N . E . 3  

Release Height 

1 

, K.7 Eifluent Samplers 

The eff luent  rampler f i l t e r  plug a c t l v f t y  a8 a funatlon of i 
tl- from time zero is ahown in Flguro N . E . 3 .  I h e  t soaps  of 

lrotopee from the mlt appears quite se lect ive  anQ the release 

of each isotope r r a ~  carpletsd a t  approxlmatoly 3 mlnutea from 
I 
1 t ime zero. 
i \ 

I 
1 

137 
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E.8 Releaad Percentages 

The perC4nt releare of specific isotopes a8 determlnsd by pre- 

and port-arelt radlochealrtry, ard network activity la shownin 
* 

.Table N.E.4. Alro ahorn l r  the rcleaae peroentage ab dhtermined 

from the eiiluent ramplerr. 

analysoa were not performed on tho green .lament8 becaurre the 

Pro- and port-melt gspraa rpecttal 

rpeatra were too conplex. b 

TAN8 II.E.4 

. Retlaaao hrcentagea 

. .  
. . . .. .. 

. .  . . .  . . .  
.. . . .. 

. -, . -. . . -  ~ 

, .  

. Etiluoat 
Shaumtial 

1.1 

0.05 
0.04 

4 

26 

b l  

9 
w' 
43 

100 

Network Data 
W) 

0- .. 

0.03 

0.01 

1 

30 

50 
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readings as a function of distance from the releaue point. 

&err, io a straight Una Zetaat-squares tit to the data-points. 
Also 

E. 10 Airborne b d i Q a C t l V i t Y  - 
. r.dioaotlvZty along the aloud canterllno at 4ach arc'for 
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H.12 Deposition VelocitQ 

dirtaaco from the re lease point, Fs-ahom I n  Table N.B.5. Each 
value uaa datermlned f r o m  the ratio of the area under the stick;l 

m e r  arc  profiles to thc area under the a i r  sampler nrc prcille8. 

m e  average deposition velocity for iodine, ab a function of 
3 

: 

. H.13 Par t ic le  Size 

Iba  q r u a t l t l e r  of r ad ioac t i r i t i e8  of s p e c i f i c  isotopes i n  

various S w e a ' a n d  back-up collecto-rs of three 15nqer8en 
4 

4 __ - i 

! ramplor8 on the 100-, 2000, 8nd m u t e r  arcs arXahQl)nr i n  Tablo 

I.S.6. 

_ .  

I '  i B.14 Fluororcent Tracer 

i _ _  No t r8eer  68ts'were obtained during thib t a r t .  

. 



. -  . .  

*:..;is: 

. .  
'-. 

I . .  



< '  

J 

Q '  

I 

1 

I 

. .  

TABU N.B.6 

Dlrtrlbution of Isotoper l a  Andsrtcn Sampler 

I I: 

I 
. .  I 
I 

rp -- 

: 
,! 

A r c 1  
(Station 36) L 

1 

i .  
. .  

... 
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.L . 
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.i 
. .  . .  . ,  . . . . . . . .  . . '  I 
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Paraaeters % wt 
_,..:. : . .  

. .  .' 
, . .  

... . .  

0.66 1.4 

1.2 . 

1.2 

- .  0.71 

1.1 0.W 

0.58 
- 

0.62 

0.81 

1.6 

1.3 
0.34 

0.47- 0.66 

0.07 

._ 
.. 

- .. 
0.-70 

00 . 

00 

. .  1.32 . -0 

. .. 
. .  .. . .. . . _  - . .  

. .  
. .  .. ... . .  . . . .  
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isopleths are presented i n  Figure N.E.16. The curve f i t  isopleths 

are presented i n  Pigwe N.E.19 .  Both graphs are normalized to the 

maximum pleated-f i l ter  value on t h e  lOO-meter arc. 
_. 

I 

E.17 Sand an& Uater Traps 

'For t h i s  release, water and sand deposition samples were 

-- 

11.1.20 ohom the gross gMIlra act iv i ty  profile8.for the uater 

aawler. spectrum analpsir indicated the -activityiwab caused - 

primarily by 1131 and Ru'O3. The resul ts  of the analyrfs are 

, .  

[ 
I -  

prceented in Table - _  N . H . ~ .  _ _  

TABLE N.E.8 . . 
- - _ _ _ _  . _  

Contaaination of Mater  ampl lor 
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APPENDIX N-F 

(Relecse P )  

-- - __ - - -. . - 
SunrmarY 
Type of Sample ---------------- Oreen-Fuel Element 

Date and Release Tins --------- 4 Sept. 1958; 5:12 P.M. 
--&sa Rate (1.5 - 4%) -------- +0.38OC 

Lapse Rate (1.5 - 24.9) ------ + O . l 8 O C  
Hean s p e d  --------------- 5.3 metara/sec 

wind m c t l o n  ---------------- Network Centerllne. 

cloud ph0tCgraph;J ------------- Aerial only 

t : '  
3 

F l U O ~ ~ 3 8 C e n t  Tracer---.--------- Reaea846 for 10 mlnutea 
- 

.* 
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P.2 Fuel Element 
- 

The rue1 element had been irradiated to generate 3.4xld! dattS 
.% 

- - f o ~ a = a F o f  X-hour8 a d  6 minutes awl had - decayad & - -  for - 50 days 
- .  

and 22 hours. The predominant nuclides' present at .the t i m e  sf -lease - -  .. 
. ._ are shown' in Table N - f . 1 .  - . 

- .  TABLE N.P.1 

. nas ion  product Inventom 

. . .  . .. 

. .  
"i.?;. . .  . ,. 

. .  . .  . .  . .  
. .  . . . .. . . . .  . . 

. .  , .:.. : . . ' 

. .  

. .  
.. 

M e 8  calculated 

- 57 

59 

67 
63 
20- . 

- -  

I 

2.8 

31 - 

0.52 

29 

32 
- 9.2 

3.9 
10 

. - .  
- .  

. .  . 
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P.3  Meteorological Conditions 

The ulnd directions and velocities prevailing durirg this 
- 

-lea88 are shown i n  Table N.P.2. 

the3ldase w a s  detedned by avepgiry the data f m m  the 1.5 meter 
level  on the apex tower over the release time. 

ryerage w a s  5.3 meters per second. Pluctuatlons i n  the Wind 
8 ;  

dimctiona w e r e  observed; however, the deviations bid-not move the 

The-auerage w i d  velocity for . 

.._ - _ _  -- 
The vcloclty 

eff l u e n t  slgdi lcantly from a network-centerline path. 

mse rate., existing at the apex tower during tha releaae, - 

between the 1.5 meter level and both the 24- and 45-meter levels, 
- _  

U1 
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. .  

. .  , -  

/ .  . .  

. .  . .  . .  

. . .  
. .  . .  

. .. . .  . . .  

200-meten 

203 

vlnd w- restion -wind velocity (seterdsec) , 
Ave . mu. )tin, Ave. - rax. ?Uno 

2.4 5.45 
6.64 
6.- 
-6.56 

* 7.10 
7.64 

8.2 

9.8 

10.4 3.1 
10.0 2,s 

11.2 

264O 205O 234' 
247 
25J+ 

2 ~ 5  226 
204 228 
201 226 
a 216 . 10;6 A 

-_ - .  

P.4 smokt P l u m  motogmwq 

No 8 ~ l y s l 8  w a 8  made of tho v i a b l e  saoke photograPh8 bocause 

the photography war, perfom& undor inversion conditions and the 

fission products relearred undar lapse conditions. 
c 

. _ .  
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P.9 Alr Saslgler Flcld Survey 

1phe g m s ~  radloact ivl tp  neasuraaents of the pleated r i l t e r s  and 

- _  
urnsent fllter and cartridge arc prof i les  from which center l lne.  - 
va-8 rem taken. plgure N.P.6 shows the reading neareat the _ _  

center  of the area a8 a function of distance fron the relFase 

point.. Also ohown 1s a rtraight l ine l eu t - squares  f i t  t o  the 
. ._. 

- .  
data pointr. 

p.10 Airborne R . d i O . C t I i t ~  

The cloud conterlino values for lodlne, cerium and nrthenluin, 

p lo t ted  43 a function of d l r t ~ c e  fn>n the  releare point are B h o m ,  

i n  plgur6 N.P,7. 

colleeted by ’the nl tem and cartridger, whom- the remalam 

lorotope data w w e  taken from the f i l t e r s  only. L i t t l e  a c t i v i t y  

othor tbur 1- w 8 a  greront on the o8rbon 0 8 r t r i d g e O .  

The lodine curve rsprerentr  the t o t a l  iobine 

wuuremonts  worn o o r r e e t d  for eaapler flor rate. 
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P.12 3eposlt ion Velocity 

The lsofopic depcsl t lsn ve loc i t ies  are shown in Table N.F.4. 

The deposit ion veloci ty  for iodine, as a function of distance 

from the release point, is shown i n  Figure N.F.13. The values 

for the lW-, 200-, and 16W-meter arcs are based on the pleated 

f i l t e r  and carbon cartridge profiles, while the values for the 

400- a d  800-meter arcs are baaed on tuo s t a t ions  only. The 

deposi t ion ve loc l t le8  were detenninad froclr the ra t io  of t&e areas 

d e r  the sticky-paper arc pro f i l e s  t o  the area under t he  air 
I 

sampler prof i les .  

TABLE N.P.4 

p.13 Particle Sire 

The rad loaut lv i t ie r  of rpoalflc i ro topcs  cront8lnd in the r l x  

Ot.g.8 of threo k d e r s e n  . ,  

on tho loo-, 200- and 400-motor are eenter l ine  a m  rhown i n  Table . 

88mplex-8 and t h e i r  b+Ok-up.fllter a88adbUe8 

383 





. .- .% . . ~ . ,- 

, .. i - . .  . .  - . .  . .  . . 

N.P.50 
J 

m m  80 t o  95 percent of the cesium and ruthcnlun activLties 

were observed on the back-up f i l t e r  indicating the ac t iv i ty  was 

associated nlth par t i c l e s  i n  the 'submlcron s i ze  range. 

P.14 Fluorescent Tracer Distribution 

Suff ic le3t  t r aae r  data were not obtalned beyond the 400-meter 

- arc t o  p e a t  - reliable determinations of the diffusion charac te r i s t ics  
- 1  

7 -  r 

- 
_. 

for this material. 

P.15 External Dose 

gama dose measurtments w e r e  made at a distance of 400 meter8 

downand froan tha ;-?lease point. 

detector  s t a t ion  i s  ahom i n  W.F.14. 
1 

The integrated dose at each 

W N.P. 15 
2 mhom the  time versu8 dose rate recording from the dosimeter 

~aearest the hloud centerline.  

of the eff luent  cloud, aa measured by the detector8, 18 shown in 

figure n.~.16. T U 8  latter flgw Sh~rrs the isodose rate leve ls  

The opproxinate reoonstrGztlcn 
8 I , 

1 -  
t 

' 
' 

I 

I . at posi t ions a l o r i  t he  400-meter arc vtr8u8 t l m e .  

I 
. i  

! . 
t 

$ i  

t 

. .  

38s 
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TABLE ?t. F. 5 

Distribution of Isotopes. i n  Anderaen Sampler - 

. .  

. .  

. . . .  

. .  
! 

&,?atLon 
and 
Stage 

ltatlon 24* 
100-meter) - -  

1 
2 
3 
4 

2 
7 

, tat ion 24** 
230 meter) . 

1 
2 
3 
4 
5 
6 
7 

tation 24H* 
400 mter)  

1 
2 

7 

273 
175 
% 
t96 

1573 
24300 

44 
30 
25 

i 

3080 
1Jb6 
3210 

l2is 22 
196 

19500 

276 
63 
42 
4 4 '  
45 . 
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2.Z3 Diffusion Parmeter2 

The diffusion Pnraneters c l ta ined Aur-ing shl; release are 

shown i n  Table N.F .6 .  
# 

TABLE N.P.6 J L  

Diffusion Pazameters 

Parameter Field Survey Data Pit 1 Blvane 3ata 
(24 metera) 

s 

0.70 0- 

MY -- HZ 1- 3 

- yY 

CZ 

0.70 0.04 

0.180 -- 
a 

0.32 n 0- 

Vertical Wire' 

POL?, Sand and Uater Traps 

Arc profiler of the grorr gaaaa ac t iv i ty  found in water and 

sand ramplea are shown ln Figures N.P.19 and'N.P.20. 

were reduced 00 elplalned in Appendix #-A, Sec. A.15. 

i. 18 dsdiobloloppl 

The data 
- . 

Rat8 uer8 plaaed two a t  a atat ion every two degree. an the 
- 100- and 200-weter arca. 

ohaped expooura cage placed f ive feat  above grourrd. 

the arcr wao completed no l a te r  than 45 ainuteo a f t e r  a releaae. 

Uhole body count l a t a  are preaented i d  Table N.a.7 a i  count8 per 

rinuta per rat .  

Each waa houred In a rer t r lc t lve,  cone- 
Recovery from 

Figure H. lr .21  ohow8 tho average valuer p2otted to  

give relat ive fa l lout  profilea. Tlr rue  aount data obtained for I 
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mane 
Xatioi 

00- 5 
7 
9 

. 11 
l?  
15 
17 
19 
21 

- 23 
25 
-27 
29 
31 
33 
35 

E! 
43 
45 
47 
49 
51 
53 
55 
57 
59 
61 

TABLE N.P.7 

%ole-Bcdy Radloactlvlty in Rats 

‘L 

n 
Averwe 

Arcan  
Statio 

m- 3 
5 
7 

‘ 9  
11 
13 
15 
17 
19 
21 
23 
25 w 
29 
31 
33 
35 

43 
45 
47 
49 
51 
53 

. 55 
57 

. 59 
61 
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. .  

various post-release t i m e s  are presented in Table N.F.6. 

N.F.22 shows r e l a t i v e  radioact ivi ty  mer;wed at varlous organs one 
Xgwe 

. .  

day after release. 

pivo dog6 =ere placed on the  100-meter arc. Recover7 commenced 
at approximately 45 minutes after release. 

a c t i v i t y  a m  presented in Table N.F.9. 
count8 per minute per 6-m at various post-releaae glmes. 

W,p.23 ahows r e l a t i v e  rad loa? t lv i ty  measured a t  various organs r r o m  

100-meter an: after one day. 

The decay of the gross rad ioac t iv i ty  as detenained by measure- 

Data on t i s sue  radio- 

The r e s u l t s  are shorn i n  

pigure 

perrts inads at one of the =-Vol-Air-Sampler pleated f i l ters is 

rhom i n  Tab18 N.F.10. The f i l t e r  waa fron the 100-meter arc, 

8t8tlon 6. 

P 

r 



.: _. . . . 
. . .  . .  . . 

. .  
.. . .. . .  . . , .: ': ... ' . . 

. .  . . .  . . .  
. .  .. . 

. .  
. .. :. . . .  . .. . .  ;.q:.... -.. . . . 

i -... ;. .. .: ' ..; 
<,. .. . . :.. 

Z.'".' . .' . ..-. . . .  
P... .. 

. ,  . . .  
. .  . .  . .  

4 
i 
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3-13 
- 15 

-19 
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-25 
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-31 

n-25 

-27 

31 - 
30-13 

-15 

-19 
-21 

-25 
-27 

-31 

00-25 

-27 

-31 - 

- 
hi . 

372 

318 : 

528 

363 
,310 

292 

379 
195 

180 - 

Cat 
1.1. Tract 

442 

2769 

815 

3574- 
-986 
10183 

1339 

1224 

1622 

1021) 

94 
63 
157 

92 

63 
36 

789 

* 45 
44 

63 

c 

110 

la2 

127 

216 

82 

453 
1236 

71 

125 

77 
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TABLE N.F.8 
. (Cont 'd)  

A t  6 UZIYS . 

166 

257 

3 6  

462 

3 s  
1083 
24a 

c 0' 
G , I ,  Trac€ 

. 506. 

2072 

537 

2326 

692 
6511 

- 73 
80 
20 

40 

29 
141. 

35 
26 

33 
132 

.-- 

..-e 

41 

31 

169 

60 

124 

91 

1.72 

75 

295 
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52 

35 

89 
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TmLE N.P.10 

. Decay of Radioactivity I n  Pleated Filter 

17 

20 

45- 

55- 

117 

152 . 

. .. 

180 . 

Filter Actlvlt 
(Countsmnut*~ 

386986 
380953 
363542 
335116 
286374 

228650 

265014 

155913 

134270 

112618 

55922 

52150 

37427 
34665 

31630 

t 
. .  
i 
a 

i 
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days. The pro-dominant laotopes present’at t t e  time of release a m  

shown in Table N . O . l .  

TABLE N.O.1 

Fission Product Inventory 

. 

Nuallde Curler Calculated 

40 

49 
51 

52 

4a 

. 2 0  

2.0 

20 

1 

1.6 

10 

16 

r 
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0.3  8%triorological Cocdi tions 

The U l n d  d l r e C t l O r X 3  and VelOC~fh8 pru-fallfng during this 

relcam we ahown in_ Table X.CZ.2. 

The lapse rater extstlng between the 1-50 anG t ~ s h  ttia 24- 

and +;-=-tar levels at the apex tower, plotted as a funct&on of 

t h e  after teginn?ng of the release, are shown in ~ l ~ v e  N.o.I. , . . . . .  

TABLE N.a.2 

Meteorological Sumaary 

mity (metera/rec~ 
I 

Wnd Ve H e t i g h t  
(meters) 

wu. Ave . 
4.30 7.17 

7.80 
E '  

7.8 
7. 
11.1 

' 11.9 
I I .. 1 

. .  - . .  
. .  .. 

. . . .  
:. . . .  . .  

5.33 . 

6.14 
6.42 

t : 18 - 
Y ;L 

..... . . . .  1 ..=- . . 

E . '. 

L 



0.4 Smoke Plume Phot-rapW 
-.. . 

0.4 Smoke Plume Phot-rapW 

E No smoke photography was completed during thls release. 

a.5 Purnaae Conditions 
The Sumace operation durlng thls tert closely followed 

the e4tablirh.d ariteria previously da8cribtd ( ~ p p .  N-A, See. 

- 
- 

A 

A.5). 

- 0.6 Reiesse !!eight 

Poi ort&atlon of the effectl-rc effluent releslle hemt 

ud to obtain information regardlw the ah8rge of the releaad 



. .  

TABLE W.0.3 

Release Pcrcantwes 

- 0.8 

All tho measurawntr wore betemidnod by Uboratom urag  o f  the . 

El-Vol a l r  0ampl.r ~loatod-i i l tor8 and a m o n  oartridger aorreated 
f o r  8amploc flow rate. 

P 

407 
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0.10 Deposited Badioactlvity .* 

Depoalted radioactivity was not measured during thls releest 

because the hinged fa l lou t  col1estors sere not energize2 at the 

proper time. 

the ne'rrork. 

When finally energized, the cloud had drif ted olr o t  

G.11 Deposition Vclouity 

Because of the 8bsence of d:posited z a d l o a c ~ v i t y  data, no 

depositlon v e l o c ~ t i e s  have been calculated for this release. 
-- 

0.12 ?Suoreecent Tr8Cer 

Because of l m a t l r 8 t i o n  of t&e -meter arc and lack of - -  
suri ic ient  par t iole  eonuentrat2cn past  th. 4OO-lnter am, no 

iluoresuent tracer data a m  available from thl8 experipaent. 

0.13 Sxtemgl Doso - .  
- 

The 6-z dore datr obtrined on the 4Oemet.r arc .rs--Bhom 

- i n  F&ures fs.Q.11, H,o.12- and 3I.G.13. The dose acctmul8ted durirrg 
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0.67 

0.79 

,0.52 

0.22* 

- 

cd37 Pit 

0.02 

0.43 

0.16 

3 .5 

Ru1Q3 Plt 

0.83 

0.63 

0.20 

1.3 
- 

Blvqne Eatr a 
(24 meerr) 

I 

.. 
0.01 

0.03 

0.37 
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17 
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. .  

1- 3 
7 
9 
11 
13 
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2 0 0 - 9  
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I? 
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AT 6 DAYS . .  

3.1. TMCt 

AT 12 DAIS 
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AT 104 DAYS 

A r c  .ard 
9 tatlo.? 

1oe- 5 
7 
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. 19 a 
2 0 0 - 9  

11 a 
_ _  15 

17 
19 

-zoo- 9 
11 

0.1. Tract 
- .- - - . . - 

75 
22 . 

400 " 
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--- 
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91. --- 

AT 172 DAYS 
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t 
" 

mlntllladon dotootor 
doruribed in Appendix K 
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H.2 Fuel Element 

The fuel element had been I r r a d h t e d  to generate 3.4%104 

watts for a total of 125 hours 6 mlnutes and had decayed for 

65 days. The px%&ualnant.nucUdes present at the tine of releMe 
. -  - 

a m  shorn i n  Table N.B.1. 

40 

49 . 

51 - - 

52 

47 
. .  

20 

2.8 

24 

1.0 . .  

- 1.6 . 

. 16 

3.9 
1.2 

7.9 

-- . 

. .  
t 

I 
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H . 3  Meteorologlcd Conditions 

The ulnd data under w:2fch tN8 tea-  was perfomad a m  ahom 

-in Table N.8.2; The lag80 rates c ht inq  during the ralsase be- 

tween the 1.5-mater and both the 24- and Ismeter levela& &e 

.Pox tower are &own in pigum N . I . ~ .  

. .  
4 

- --_ - - _  - -  

TABLE N.H.2 
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1 

2 

3 

3.5 
Top of Pumma 

13.7; 
I 

5 
6 

R ' Z L  N.H.3  

R a h m  Height 

rzBdiopn tin t y 

( 2  

83 
65 

10 

( 5  

. .  

(1 

( 1  

30 
e5 

75 
65 

10 

( 5  
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e s t h a t e b  t i n e  cf occurrence or tiie &%ca tenprp,r;ure axcuraim. 

H.8 Release Percsntag23 

The rulsaae parcentqee of rdtrrerL-Jm, ceaiun, t e r l um ar-d 

s f r c o n t m  were determined Prom t h e  LOC-meter q c  ple3ted-t i l ter  

i sotopic  (l&k. The ptrrnri iees  YCI% obtained by r a t l o l n g  the 

m o m t i  of the above l i s t e d  nucLidaa i n  the centerline pleated 

filter8 t o  the Iod lne  content of thrtae fI:?ttrs anxi aas*&r,b 

50  Bgrcont rsleaaa of the latter f n m  the melt. Charm data are 

ahown Zn Table W.H.4. 

- H . 9  Wir Sampler HelC ZA-;~ 

The groar r a d l o a a t i v i t y  meaawrsents of the pleatcd-filter 

and oa&bon-sartridgsa, oormctcd ,Cor sampler f l o w  rate arad barak- 

&rOuncI, ahom In FigUre IO.H.4, #.He5 and 11.~.60 The arC pro- 

iller tor theea aolleators are ahcm i n  ~ i g u i ; r  &.&: md n.zr.5. 
R.H.6 shows the valuecr at each a m  along the canterline 

plotted as a f U n t 3 t l O n  of distance troa the release point. 

straight line least-aquare8 tit 18 ahoun throwh the data points. 

8.10 Urborne Radioaativity 

A 

The alowl aenterllne values for iodi~e,  aerllmr, tiraonium, 

mthdnicm, and oesiua, as detadned by lab aasay o f  the RZ-vol 

air rurplrr plerted f i l ters  and carbon oartrldger uy ahom i n  

Pl&um N.H.7. 
oonaentrrrtion with bitstance Sotween them Irotoperr. 

p r o f l l s o  fxyrguhloh t!!e canterllne raluea uero taken are rhown i n  

"hem ks little biitenaca i n  tho  0-0 in 

The aro 

- -  - 
m a  m . 8 ,  3 m . 9 8  H.H.~o, w.a.ii and w.12, 
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E. 12 !hposftion Velocity 

’;he dopooition wlocity for Iodine as a tunctioa of diatazce 

ais dextexnined by the ratio of tha ar8ti mAer the depositad Iodine 

profllecw t o  the &=ea under the fodine air csacentratlcn p r o f i l e a  

%a s h m  In Table so.a.5. 

X.13 Particlo .Szs 

& stu* ua8 &e ot L>e par=fcle size diatrlbution and rela- 

tive abun4aTloe c;f apaodrlc nurllcles aznnpled by an Mersen Smpler 

a i t h  a rnolcculm back-up fiLter ht a point f ive  meters on 

atnt%rUr,e downwind fmta the furnace and at a haight of 1.5 mt8~il. 

The a c t i v i t i e s  of the iaotopss collacted on each of C,a seven 

otpaes of this Bstcpler are G v e n  in T h l e  N.H.6. 
remral ehareatefietfc6 ot tha m.7 at2ga rpalccular d r a n e  

f l lcer ,  which W(LB prsGCdnantlg i n  the sub-mlcron -8 w b n  pre- 

oeded by tho M a r s e n  oyrtpl3r, mru ehan 50 percent of each 

nuollcle w a a  In the sub-Maron range, axacpting zirconium. 

Based 03 the 

E.14 PlUOX’OrC6nt T W e F  

Eo trroer d.k a m  av,lilnblo during tbis raleaae beoaue  of 

6 wind M f t .  

a 
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TABLE ll.tL,5 

~totopio Deposition ~elocitlco (cq /acc)  

i .65t.53 

l e 7 2 o I ~ l  

.692.31 

3.913.4 
.6~?.12 

1.e 
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TABLE N.f I .6  

Distribution of Isotopes in Anderssn Sampler 

Sr 89 



g.15 mte- rna i  Gose - 
?-‘e grirrp~a dose fma t h e  e f f l u m t  cloud, iis d e t c y n i m d  by the  

s’atectors along t he  400-mter a r c ,  13 shown In plgura ~ . a . l 5 .  ma 
dose rate, as e f ia?c t io  A of elapsed tine a3 recorded by fhe detec- 

t o r  r,e%st tne cloud c e n t e r l l n e ,  1s shcun In X b T e  H . H . 1 6 .  me 

g m z a  : w e  of the cloud, o r  the  130dos~ r a t e  levela at detector 

pos l t i cns  ve1zu3 tlrne is shown in Figure N.H.17. 

H. 16 Mftu3con parameters 

Tt i t  Oifluzion pareseters obta ined  during the release are 

shorn in T a l e  H . H . 7 .  For c m p d a o n ,  Flgures N.H.18 and N.B.lg 

shcu t h e  a c t u a l  a c t l t d t y  i sople th  and the C u i i b - f l t  Isopleths 

=espectively. 

TPBLE EI.H.7 

Mf f i e ion  Paramatars 

Parameters Fleld Survey 
Data Fit 

0.78 

0.34 

0.23 

0,239 

- 

cd37 
Fit 

0.61 

0.68 

0.96 
0.30 

- 
Pit 

0.67 

0.86 

0.79 
0.10 

- 

- 
-- 

Vert loal  wire .. 

4 33 

- 
1131 
Pit 

0.85 

0.80 

0.32 

- 

0.21 

- 

Bevam Data 
(24 netera) 

- 
- 
0.03 

0.03 

0.39 

- 
%okt 
PPmc 
at 

1.0 

1.0 

1.8 

0.78 

- 

- 
- 
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tampleer. 

- T k X S  N . H . 8  

Radloactlvlty i n  Sand and Water 

Sample 

5 ind 

Location 
( k c  - Station) 

100 meter - 6 

- 11 

- 16 

- 21 

200 ilreter - 8 

- 13 

- 18 ' 

4oc) meter - 11 

- 16 

1m mater - 16 

200 mater - 8 

400 meter - 16 

8 W  meter - 8 

Acit i  

%O 

ai0 

460 

67 
210 

220 

57 

140 

40 

2e0 

100 

14 

0 

ty frn c1 

,103 

22 

520 

1300 

520 

95 
- 460 

470 

21 

120 

160 

25 

20 
. 
A 
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APPENDIX N - I  

[Fielease I) 

a r c 8  (Ref. 11) 

Network Rsdioactivity ------0--- Detected out to 16tX amtors; 

raaxl-lmrm n&il-q ot pleated 

80 mr/hr ,  unlng C u t 1 0  PI 

f i l ters  on 100-aeter am, 

grrta-1 ----I---------_ Mkldmrnn Qo5a rate on iroCr 

laetef CC, 0.072 nz-/hr 

ualw sc int i l la t ion betec- 

t o r  deacribcd in Appendix P 

i 
I 

8 



1.2  PI. Element, 
4 Tha ~Ztel ~ L . z i x i . t  ."iG !x=n ir?a45*ted fo generate 7.7~10 w a t t s  

f o r  a t o t a l  Gf 467 hours and had decayed f o r  585 days. The pre-  

T a b l e  N . I . 1 .  

TABLE H.I.1 

Pission Product Inventory 

Wclide Curles C s l c u l a - t e d  

3-4 

12 

3.3 

0.98 

2.9 

X.3 Meteorological Conditions 

release are ehown in Tab le  N . I . 2 .  . 
4 tspso ratea, eldst&rg at the age% twer during the relcme, 

1OVdl8 ,  uu ohorn In pisure N.I.1. 

1.4 1 P m m a ~ r d L t l o f a  

Pulraae operatlon t o r  this t a s t  closely followed the normal 

powur input program ectabliched d u d r e  Release A (App. N-A, Sea. 

A*>).  
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' Eielgnt WLrd Direction 
(met eru 1 h V 8 .  

1 .5  21 2 
2og 2:: - 
193 I 

12.0 
24.0 
44.a 225 

1.95 
2- 33 
2.73 
2.95 
3.14 

* 
w i n d  Velocity (Xcten/secj 

Ave . 
2.00 

Location Ulnd Direction  MI^ Velocity (natsrs/sec) 

200 meter 2150 2.20 
400 22l  2.27 
Boo 221. 2.76 
1600 234 
2400 222 2- 5 

, ( A d  hve. Ave . 

*T 

1.5- =fluent Samplers 

me rsdpogictlviiy collasted by tho efCl.Az.ct ;3u=lcjrs I s  

&own i n  mure N.X.2. 

rutely 3.5 dnutsa  txm time z o m  i a  indicated. 

1.6 Relspp~ Percentages 

A maxinunr release of accivlty at ~ 3 m x l -  

No prs- and post-melt gamm spectrometr;l uan accomplished 

durfng this ra1e;ue. The release peraent for atre-clum w a ~  ob- 

t r i n e d  ln the s u e  m?Lnner a8 prevlously axplained (App. N-A, Sec. 

6.7) - x o e p t  that a 50 peiwent oeslua rel8ase w a a  \med in the 

200 2fXi 3.06 
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In tke czlcula',im {fhz ~ v e r q e  cesL-un released Prc?m oti:ar wed 

re laaae3) .  

0.53 f G . 2 5 .  

1.7 A2r Sanpler meld Survey 

T N s  proced7ire gave 8 st,wr,tIm release percent  of 

me tam "P,e:d 3urvey- refers to contact aeasurements 

ukrizh ~r ) i=e  :%en 07 t i re W - V O i  pleated f l i t e r a  Inmediately 

c o ; i G i l r g  :.'.a ::st w7th a beta-gazma survey meter (Cutle Pie 

t o r  rc&r!a >20 nu-/hr). Figure N.I.3 show8 tho arc pmfl les  

of Lls I lLter  re%lings corrected for eanpler flow rate and 

bacQrcunC. 

1.0 Ili*o,na Radioaativity 

Airborne Cs137 rndloactivlty aa detenalnd by l&bratory 

a 0 U r t . t ~  of the flltsm l a  ahown i n  pisUre N . 1 . 4 .  

a w e  w a s  not aonatruttsd beCau88 of lose of a p a r t  of the aloud 

A centcrllne 
" . .I,r, .% . - . ..>; 

rrcm *e mtwork. 

1.9 Dgpi, oited Aadioolltlvitr 

me oesius degosdted on '&e gums& tal lout  pIpera placed - _ _  

ucound the m a  is ahmm in pig- M.1.5. 

p l 3 t  of ttm 

o f  diatanco frcm the release point. 

1.10 Deposition Veloolty 

picrura ~ 1 . 6  ahows a 

value of-5.a aro (omtarurn) a~ a iuqction 

The deposition voloolty for cea lur  aa a iunctlon of distance 

fror the ralc!aasa point l e  ahown in TabZe K.I.3. Ea& value xas 

determined by eetabllslling the ratio of the area under the s t l c k y  

paper aativity-aro prof i l e  to the aorrespondlr- area wider the 

E U - V O ~  air sampler aot iv i ty  aco p r o t i l e .  
I 

I 

I 
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Ces'm Deposi t ion Velocity 

c.w2 
0.W4 
0.133 
0.137 

the doee rata rccorcted by the deteator located neamst tbe f i r s ion  

producf c10;ul centerllne plotted against elapsed tln8, Tlae 180- 

dose rate levels, ahom as tims v e m  poeltlon aaro86 the 

$OO-aeter am, a p p e a r  in Figure N.X.11.  

1.13 Mifusion Paranaterr, 

Bouaurre of the lo86 of a algnfflcstnt portion f>f the fissloz 

prodwt  cloud oft  the network, dlfrualon parmeter8 uero not 

obtained from thi8 test .  
< 
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