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: "ABSTRACT .

F*esxoa~frocn‘t§’77éld RéIease T%sc 1 was pecformed O Chpaqpe - %

and resolve uncertalnties in the currently uaed methods of 8 fety

"analys s for nuclear air"rart. Spectft*tk%y the cest was mal 4o

! v to evaludce release percentage airborne radioactivity, and e
1 - _ . )
i o ‘diffusion and deposition characteristica of fisaion products |~ . A
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B B SR S " Y.~ INTRODUCTION

Hqclear ai*cratt propulsion xeactors mist operate ac high

power levels, which result in the productio* of large quantities

.______or rission products It a reactor core is destroyed, a porticn
) or the contained radioactivity will escape, become airborne, and
g;;f’ff:ﬁ dittuse according to . the prevailing wind ccrdition. Depending on
- '.-the amount of - activity releaeed,.and the position of a-would-be _
;SVAreueptor, the radioactive cloud may present a serious internal _
,f and/broexter’"IfﬁEEBrd It can’ ‘e stown" thaf’fhe probability of

. A R e hazardous:reiease from an aircratc accident ia-very remote._'

44fff4¥4;f-‘ﬂouever, the consequences of’such a releaae nust be. regerded

'”f eeriously. sinee the errects may ‘not necessarily be resericted to

- ;i a ‘small ares. o "_ ‘_“. o ;_~-.;: T S

i |
; : Reactor coree, or porciona thoreor, can- be de-troyed in a

: N ;_.' veriety ot ways. " The most probeble evenc leedins to the y releas
or riaeion producte ie A core meltdonn, which. uay take plece 1r
atter-eooling is halted’uithin eeverel hours rollouing exteﬂded

o operetion. A less probable releese ie a reactor runawey. whieh
- -oey occur 1if there is a sudden increaee in the " reaotivity of the
reactor caused either by a railure ot the control- eyatem or eone
: craeh-induced cause. Only the meltdown case was aimuieted in
__ thiz series of experiments. | D
The prooleu ot,hezurda prediction is e'conplex-one.

Attempts to predict precisely the extent of the hazards have always

13




bean"sériodaly hindered by 2 lack of quantitative labqrétoxy and

tield data. There has been 1ncorporated into the Airplane Nuclear

'
|
————

. outlined below.

fropulsion (ANP) safety analysis program a 3reat deal of conserva-
ti,m. This 1s because safety analyses have been based aecessarily

Ei‘heagér 1nrormation and cascading‘assumptlons. Large-scale

. test data have not been available ror pr edictlng with a€curacy ‘the

amount and physicochemlcal state of the released riasion prou,cts,‘
ror evaluating the uncerta.ntieu of ‘the dispersal characteristica,
“and for reaolving the ultimate biological implications. ‘Experi-~

mental tests made to,mlninizo the large eafety tactora have been

- .only partially successful. _
~::“”“‘Ths basis tor the varlous hazard tactors s used’ to.date.ire

Some 1mportant and related laboratcry -

Release Percentages:
- This lahox{a- : | o

. work has bcon done—by—ereek et al. at ORNL (ner. 1)
—tory reaearch has establiahed the anounts or fisd!on produ-ts _
The laboratory work 1nd1cated '

“rcleased from small apecimene._
that 50, 1, and 10% reapectively or 1odine. bonc leekers. and
ceaiuu could’ be expected to be’ rclclled rron metallic nuclear air-E“

‘eraft reactor fuel elements. Safety analyuis predictions ror the

ANP program (Ref. 2) have been based on the above percent releases.

Particle 3ize and Size Distribution: Consideration of the

effects of particle size diatribution.on nuclear aircraft hazard
predictions required definition of particle-size distridbution and

~xct1v1ty dlatribution..

14
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) were ror distancee ‘less than five miles.=

Crosswind Diffusion Coefficient{Cy) - Q.4 :

.

13

.fare given tn Rererence 2 and dutlined belowz ;-

- ‘effluents released from-a variety of industrial processes.

The values ot che parameters used in the ANP dirruaion model.

~

The ANP modcl-has been based on a log-normal particle size
R distribution having a geométric median of 7 microna and standard

deviatlion of 2.75. This distribution is based on a stud; or th.

It has

‘beén aSsuiied that allparticles less than 10 mierens behave. as-
aeroaols._.The particle size-activity relationahip hag been based
_on.bumb data. These are areas ot considerabie uncertglntj (Ref. 3)
- Atmosgheric Diffusion: Alr concentrationa nay be calculated
»-—f—¥_ by .the Sutton-type, atmospheric ditrusion equation if auitable N
e : parameters are aupplied (Ref. h) Sutton hae given to*mulas for ii
| obtaining these parametere from basic micrometeorological conditiona
i.__”, (Rer. 9) Experimental investigationa to date have been concerned

.r—————%arsely with-elevated sources ard in moet cases the data obtained

i

-Féii',:uhich are in agreement with AEC and Brookhaven 'typical‘ paranetera.
.
{

paramstér . :gxgical”*tagse“:gigieh;' Inversion

| Stability Parameter {n) 025 0.55
! | ‘He'a_n 'wmq sneed '(a in m/sec) 5.0 3.0 '
i Vertical Diffusion Coefficient(Cz) 0.4 0.05
2 0.4

e o W p o AP eyt

.. - -

'*‘"m



Degoaition~ The hechanism-or cloud~depletion'by,fallout
needx £s. be—understood in order to aralyze groand c®ntamination

hazards. Aerosols 3nd particulates in - radioactive cloud will

"eventuaily tallout, washou., or otherwise be removed from’ the\
atmosphere.v Explaining how the part! cles are removed—requires an.

.understanding of the phyniﬂochemical prooesses _involved. Smali_A )

particles must impac.t and stick to. surraces it they ae to be
removed from tne cloud. Chamberlain (Ret. 6) haa_ described the
advantages of studying deposition in terms ot a retio, 1. ?’f-
deposited radioacciVity to the time integrsl air concentration.li:
This rotio is- derined as "the deposition veiocity (vg). ‘

' The ANP model attempts to predict deposition (ground con-

teminetioﬁ).ss a tactor ot oir coneentretion. Hith.the exception

of iodine, the entire cloud inVentory has been assigned values of Vg' o

(cq/see) equal to 0.1 and 1. O for inversion and lapse conditiono
respectively. Iodine has been’ assigned the values of 0.25 and -
2.5. These vslues were chosen on the basis or experimental date o
obtained by Chouberlain. A S | IR
iologicel Effects: In assessing the relative hazards sesnite
ing from a reactor accident where tission'prodocts ere-telessed;
the internal dose is uuch greeter thsn the externel dose 1in ceseo
where the receptor 1s immersed in the cioud. ' '
" The ANP predictions of biological effects are based on the

assumption that the pe:son.stays~1n and .breaths the cloud during

16
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its full passage. ©Only gamma rays are consldered forsexternal
dcses, and internal doses are calculated for each isotope using
the methods from the International Com~ission of Radiation

Protection (Ref. 7).

OBJECTIVES
- With the exception of the fission preoduct 1nvent0"1,'wh'ggwéan
N be'cal;ulated rather accurately, all other major components of a
hazards analysis contain assumptions which contribute io the un-

certainties of the hazards predictions. The objectives of the

!
i
.
o e

Fission Products Field Reléase Tést I (FRT-1) were to reduce- the

uncertainties of these assumptions and to obfaln direct cvidence ~—  °

of the downwind hazard resulting from the meltdown of an aircraft

reactor fuel element. .. @ . .

Therefore, Convair-Fort Worth, under the direction of Air

Force Special Weapons Center of the USAF Ailr Reseanch and

4
PO WY S Y kel

Development Command, performed a series of fission product rslsace
experiments in the field at the National Reactor ‘festing Station,
idabo. during 1958. The series consisted of a total-of nine

releases in which irradiated metalliq fuel-element specimens were

e S—reh W Y Sl 4

melted. Both aged and freshly irradiated (green) specimens were
used. All 6: these feleases were conducted on an extensively
instrumented sampling network. The basic neﬁuork extended twb
miles downwind from the release point, with additional samplers

being positioned aldhg an are “ppruximately fivn miles from the
release point.

17
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R poveféd aircratt were reasonable for estimating purposes. .Ths test -

II. CONCLUSIONS

__ .The PRT-I éxperiment demonstrated thar the various;éssumptiona

~-used in previous ANP studies of the hazards assoclated with nuclear-

pro§1ded informaticn which has helped to-rqfiné”thoagﬂggr@gctera

Se ,;Sie,y;ouil_y used. In addition, ‘apéc-ltic»‘areaa of _ubce':té&nty have

_';bépn d#fined more clearly,tor further experimentation and .anslyses.

within'thévrahgés'éf the melting températurgsAand?atunghgr;c”__,

' ‘éonditiodémgxperignCQd.Jt&e ;Blléiiﬂgiéﬁnclusion;.ierg xnached;b4

1. 'aeieasif?ercentiges'ﬁéﬁd;fzudhjustméh:'

S _ . . Pission product release percentages were about as -
| expected, except for cesium and strontium. Whereas 108
T A (2,3!w§@xgsol.lndw7.7$<particultte) release of cesjum - - .
~“= 7" was expected, about 30 percent (all aerssol) was released.
: Network-activity data indicated that approximately one, = -
percent of the strontium was released as an aerasol, about.

a factor of five higher than estimated (0.23% aercsol). ' . -
2.. Diffusion Model Approximates éenterlinc_Aiéngﬁéenﬁ:h;1§n] 7'

. .-Observed centerline air concentrations of radloiodine
& ring lapse conditions are within a factor of two of the
values predicted from ANP "typilcal lapse” parameters. -
Cesium concentrations were. erpredicted because of an-
underestimated relesse percentage.  Wwhen the cesium data
are adjusted to the experimental release percentage, the
data ror cesium, like iodine, snow tactor OI tUwo agree- -
ment with prediction. _ : , ‘
. ‘Measured centerline concentrations of radlolodine
during inversions were an order of magnitude less than
 predicted uaing ANP "typical inversion” parameters. The
. same 18 trus for cssium if the data are normalized to
the experimental release percentage. These lower concen-~
_ trations are attributable to better initial vertical
diffusion. An increase in the value of the ANP verticasl
diffusion coefficient by a factor of ten is indicated.

- W Watats. WP gt B @y 2t oian




(%Y

Particis Sice Vcdul Requires a-Change

Radicac.lv.ty *n the network was in the ferm of tine
“aerosols with most isotopic activitles assoclated with
“particles leas than 5 microns in diameter. Previous ANP
. studles Had assumed a Iarger’ aerosoi, hav;ng a geometric
H ] median Jiameter of 7 microns. ,

r ~h_o4. -Additiona; Deposifion Velocity Da*a a*e—ﬂeqntred————'

y —— - The average ueasured proporeionallty constang; R
_f S .be;ueen ‘ground and cloud contamination, commonly called: L
g T . the deposition velocity, were nearly the same as those
: o used in previous ANP ‘predictiosns for lapse releases.
However, the measured deposition velocities for inversion
and lapse releases were not significan:ly different from .
- each other. ‘Therefore, ground-td-air contamination ratio . -
" predictioris were adequate for lapse but an order of . .
magnitude too low for inversion conditions. Cesium
deposition rates were unexpected V- an order 3t magnltude B
" lower than other 1aotopes. _

. 5.A'”Lower Respiratory T*act“ Deposit.on Vhluel Appear valid.__-

L The lower resplratory tract deposit'on values of -
- 20 and 35% in rats and dogs respectively are not considered

j C to be significantly different from the National Comniittee

L. ‘ on Radiation Protection value of 25% (Ref. 7) because of.

A approximations such as- the use or average breathing: rates.

}6. Inventoriea Can Be Approximated by Calculations

' . In senerel, ‘the tielion product inventories as calcu-
- lated were within average of 19§ (maximum variation of
R . 35%) of the values detarmined rsdiochemically from pre=-

S S melt samples. This is conaidered to be good egree-ent.

7. Internal Doso Was As Expected

The internal dose (thyroid) resulting trom brenthins
while submerged in the green release cloud is about three
orders of magnitude greater than the external dose. This
1s in agreement with previous conclusions for aircraft
reactors where the relative amounte of 1odine are largs.
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8.

External Dose w2s lesz2 Than Calculated

. The external gammy dose was meiasured under lipse
conditions 2t 407 meters from the scarce and was atout
one<half that prnd -,-d usl ng the measured release
Tgquantlty and - yplca- apse pardme.ers. - - -

_9._.Radicnuclides ‘ere Heleased at Dirferent Igtervqggn___*;n_

10.

11,

12,

The seguence of release wasa 1ad2ne, cesium, ruthenium,

- 3trontium,’ .irconium ant-eevium,.. Sinde—the radionuclides

-Weres relecased esser <lally as separace "palfs" of ;about two
minutes duration, *h- isotope profiles across the various

arcs, becauﬂe of -banging metﬂcrological conditiona, also

varied. . - . _

The Fluorescent Tracer and CesidmiAeiasol Did Not Intq;acé

No interactisn occurred between cesium aerosols and
the fluorescent tracer, zirnc cadmium sulphide, during

- simeltaneous releases. No large dltterences 1n the dittu--

sion patterna w“ere observed.

"Vertical and no'izontal otabillty Parametera Requlre
AdJustnent ;

Adequate descript.on of the dispersal or airborne f- 

' ‘matter, even over the relatively short distance of this

"experiment, requires recognition of the anisotropic

" character of atmospheric diffusion. Values of Sutton'’s

stability parameter "n" obtained from wind profile data
do not predict measured ¥RT-I alr coacentrations. The
‘radioactivity-data-{it requires both a- vertical aad hori—

- zontal stability parameter.

-Jodine Aeroncls Penecrate High Btficiency Piltots

Iodine was ths only aerosol which was found to pene-
trate (>5%) the pleated tilcer of the H{-Vol sampler.

)
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~The_ reaults-or FRT-I and concluslions reached theretrom have

provided importsnt data on tnc complicated phenou*na-or release.

' diapersal,—and biological errecta of riesion products. It i3 now
;{:poesible ‘to assees more =dequately the hazardous aspects or
nuclear-powered eircrert.',Tt is therefore recommended that certein N
_ANP assumptlons be mpdiried and experimental work be continued.

| Specirically. - '

1. Modify the exieting ANP neltdoun parameters to'inclndei.‘
J30%. release or cesium and 1% releaae of. strontium in’ “;
vaeroeol :orm, Lenve otner ieotopic release percentageei' )
at present value.: | A ' '

izr“vChange tne*velue of the existing ANP vertical ditrusion
coe'ticient to 0.4 for the. inversion case to predict ;
" centerline ‘maximumn air concentretions tor ehort renge
diffusion (-4 2 ni) .

3. 'Heeeure. at. lininun distancee of 20 nilee. eirborne-end=
deposited redioectivity under strong invereion condi- '. _
tiors.- Vertical diffusion data should also be collected. -

4, Carry out biologicel studies accompanied by ieotopic L
ennlyeae of sequential blood eenplel.urine and tecel
samples, and body orsene. A -eteriel balance of

radionuc:ides muat be established.




|

«

_.Perform con:azned releases with large segments of ANP

“ue‘ elementa andJ"cllect all of the effluent ror

1aotopi~ analys‘s. g ) )

e

.

-— _6. Zcrrorm atmoaoheric and eontained releasea at elevated >

- emm—

tompexafurea to deteraine the deperd-nce of releaae

e L,

T tractlon on temperature.
7. Determlne the particle-size disﬁr;euiien of the ﬁarious
;airﬁofhe”ahd.erosited radfoisotopes.
”8, COnguet extenaive'deposition>veloc1ty e;udies on grass
. hndei'inversion and lapse conditions. |
‘ ?,}1Inveet1gate the depoaition velocity of cesium to deternine _
"'*;"lhy 1t was a factor of ten -lower thnn—to:_nzhgg_isotope:.4e

"16..:Aecertain the behavior of fodine on filters and other

' 2"', f‘>aurtaces such as vegetetion, -oil, and gumned paper.
: ‘5;1.; .Obtain additional data to provide the basis tor the selec-'
' . tion of typical values for the two components of the
oo _':;_atability parameter in. anisotropic diffusion.
.“f' Tié'._"llenuxs the fission product releaue charactcristics of '
:f different types of fuel elements under neltdoun condi-”

“tions.

as
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- IV, DISCUSSICN - ) L '4

£ .

Th_.e_‘f_ia‘aion produo;' x:eiegbes were divided into two series of
tests, one.:erien nsing aged; tho other freshly irradiated (green)
fuel elements. Nine releases iore'accoﬁplinhod.and herein
referred to as Releases A through I. Pive ruloasoo were perfonned'
with aged fuel elements (A, B, C, D, and I) and four with greén
fuel elements (E, P, G, and H). Pour releases (D, E, P, and T)
were performed under moderate 1apae conditions and the renainder

(A, B, ¢, 4, and H) under moderate inversion conditions. The lapse

I»and inversion ‘cases ropreocntod uild and poor dirrusion respoctivoly.

The data points reproaenting each. roleaso have been aasigned

;n symbol thnt ia uaed throughont the roport. All inveraion
-7§roleasea are ropreaented by Open aynboll ond lapao releaoou by o
1solid synbols. i ‘ o '

rortinent deucriptions or tho oxporimcntai phase an. data

'.ovnlnaeion are. presented in thia loction. uovevor. dotailod _

"‘doscriptions. derivations, to.t rooultl, calibration inroruation,

ffnnd operational tochniqncl hawo beon extrocted and plaoed in |
B 'i'Appondtcoc A through n. The dotatiu and data oum-arieo ror each

. of the nine rolcnsos are given in Appendix N. The appondioos were

prepared in detail bocauso a variety of sclentific and onsinooring
dioiplinos were involved.

23
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0 o1} 400 METERS
8 .
R = o 400 METERS -
O (31) “' 200 METERS
ALy 3100 METERS
GED WIRE @ § METERS FROM FURNACE
N - FURNACE HILVOL § METERS FROM FURNACE
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. - AEROSOL S ENERATOR
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nsrcomnmo . " A = PALLOUT TRAY
MET TRAILER s WIND

ONVAIR COUNTING
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e
(K UNIVERSITY OF ROCHESTER ANIMALS
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SAMPLE stonea
VP HEALTH mvsxcs

FIGURE 1. INSTRUMENTATION
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the third phase the fuel elements were melted. PFurnaces -

loaded with irradiated fuel ele ients, transported to the site,
and afler apptopriate weacher and 1nstrument checks were made, the

fuel e‘ements ue'e me‘ted. Field operations in generul_fonsiated

Monitoring and recording meteorological data
-Collecting and moﬁitoring rield samples which established

'cloud-re‘ease heights, tiasion produ»ts release percente,

external dose, biological exposures, air and ground con-'

contrations of radioactivity, and characteristics of the

particulates and acroacls in the effluent.

iThking pra- and post -releaae gamma spectra of the fuel

: elements.’ L ]
fAReleasins and ueasuring the dirru.ion of anoke plumes

.;'and a fluoraescent ‘tracer '

_,Decontanination and dilposal of turnace and prcparation

. of release site for tuturo rcleasea. _ '

_ the rourth phase consiuted or laboratory analyaia and. data
reduction.. Samples of the prcg and poat-melt fuel elements were
anaiy?id radiochcuicallj'tor Releases E, G, and H. The nofuork
‘lanploi. except biéiosicai and a few fallout samples, were trans-
ported to Convair-Port Worth for analysis. One or more quantita;
tive gamma spectra neasurénants were made of each shuple and some

typoi of alr and deposition samples were analyzed radiochemically.

28
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_h.l.i Test Network .
The fissicn product releasea were perroried'atfx’site-
within the National Reactor Testing Station (NRTS). The site

was about tour miles north ot tho Central Pacilities Area. In

: ,goneral the site Ioa.nodorately loyol. Within a radius ot_2.5 E

miles of tho release point the area was covered with a generous
growih of oagebruoh. “The soil was of voloanic,origin, fine
- grained and looaoly packed. - Bojond the 2.5-mile zone &ho-torrain
was broken by extonaive volcanie rock outcrops so that vehicular
entry could be made oaly on prop&red roads. Only a small corner
of ‘this lava outotop‘oxtended into the main area of the test site.
Since tho topsoil was a rinoly dividod uindblown -ocorial, it was
nocoooory to control the dnlt by eovoring most of the road system. '
vith on aapholtic eluloion. li‘uro 2 depicto tho locotion of the i"
test net-ork rehtivo to other facilities at )m-s |
Tho fan-shaped oo-pling netuork subtended an angle of 60°

' having a contor lino uhioh coinoiﬂod lith tho loot proboblo wind

direction. N55°D (risuro 2) 0n ‘this grid were opaood 84X inotru-}
nontod arca havins radii of 100 to 9!00 weters. . Aa tddi@ional
-"lrc hoving an apyroxi-oto rodiul ot tivo miles was also uood
during tho four green releases. All tho tiloion produoto were

released at the spex of the network.
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4.1.2 Puel Elements

1

opeciric details of the fuel elements may be found’ in
Reference 8; however, calculated inventoriea are given in Appendix
A. Metallic fuel elements, actually‘segments of a fuel-element
‘system, were usead throughout FRT-1.
_‘ The aged releasea utilized fuel elementa which had been -
1rrad1ated in the HTRE for an in-pile period of b67 hours and
cooled for approximately o and one-half yeara.. R jg2~

The green releaaes were performed with fuel elementa that
had been 1rradiated 1n tho MTR tor an in-pile time of 125 hcurs.
These fuel elenentn were ulloued to decay about 6 weeks berore
the first relea-e.“ . | o
mL3 _-u_i.m.x_em | |
- Hclting ot ‘the teat s;-plel was accompllahed with a ;
lpecially desisned 1nduction furnace (Appcndix B) Induction
'hoating was chcaen ao that fast melting and. adoquato te-poraturc
;concrol could bc obtaiuod. The turnac. was oquippcd vith sequen~
-tially opcrttqd ottluent la-plcrs. and metered. air was 1ntroduced
;fto dilplaco the ertluent rro- the furnrs e crucible. The Purnaco,
power lupply, and oporatin; ‘controls were located at or nnar tho
apex of the nctuork.

The oriteria established for the relesase operation were
as follows:
| ." Stage to be melted in air
. Melt to occur within a few minutes aftar ir'tial applica-

tion of power
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suazained melt empirature to exist for 10 minu:ee. :
folivwing inftial melting

. rnaze tc be purged with hetered alr aﬁd quaaatitative
‘samples of the effluent taken thrcughcut the heatfng
c}:le ) ' “ 3

. Erfluent tc be released to the environment at rlve .
feet above 8round level

u 1.4 Pcuer Distribution

Electr;cal power was supplied by two’ ayatema. An overhesc
power aystem was designed as a Joint effort 5L the Idaho Operatic
.orr1ce. Atomic Energy Commission, and Convair-Fort Worth. This .

'Llihe-eyeten supplied power to the release area, control trailef
~ and the’ equipnenc on the 1nner arca. In addition. genorator leta

'were uaed ontme outermoat arcs becaune ot the dietances 1nvolved.

Purther detail: are siven in Appendix c.

RS O 5 Heteorolog;cal Network

Hetcorological data were. taken preceding and during each
releale to characterize the dittunion conditicn: exleting at the

A tiue ot each test.

To taexlitate the collection of the -oteorological data,
1natrumenced towers and masts (Appendix D ) were erected. The 46-
neter-hish main apex tower was positioned 200 meters upwind of th

releass point to provide vertical wind and temperature profiles.

32
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Auxiliary field masts containing wind directionuan64Veloc1ty 1nstru-
mentation were located on the centerline-ot the sampling networx .
at distances of 200, 400, 800, 1600, 2400, and 3200 meters downwind
of the releaae poih? All data from the auxiliary statioha end the
main touer were tr ansmitted to recording instruments located in a
central control trailer. ' .

-Forecaste of gensesral ueather conditions, vind‘direction, and

ulndspeed tor the test site were furnished by the United States

" Weather Bureau Ooffice located at Central Facilitiea at the VR”S

Each etternoon a general forecast for the following day was provided
80 that tentative plane could be made tor a release. Every nornins

a detalled aynoptic ueather foracast was eupplied by the Weather

‘-,Bure(u Otrice.- A tinal torecaet for the remainder ar the day was.
‘:;fuade 1n ‘the. early afternoon.“

; b 1 6 Releaae Heasurementa

FRT-I uas not designed to colleet all che tilllon products.

' COnsequently, it wag necensary to deternine the releaae percentages o
1'fby 1ndirect ueana.' In the ased ruel elenenc releendﬁ(tour weans
-_"uere uled uhereby the releass. percentageo could be obtained, ahd
1n the green fuel element releaeeo three uethodc were used. By

‘ usins different methods it was ponlible ‘to cross check the results.



The followlng methods were used:

Aged Puel Elements

Pre- and poat-relt gamma apectra of fuel elements.
Pre- and post-melt grosa gamma dose rates from ruel—
elﬂmenta |

_."lhetwork samplin; ¢l the effluent cloud .

"~ 'Practional sampling ot effluent at the rurnacef‘

_Green Puel Elements o
Pre-'and pdat-melt radiochemical’anaiyséa
. Netuork aampling of the ettluent cloud
Fractional samplins or ertluent at the turnace

h,l.IA'ﬁeleaée geiggt-'_ o T Lo
- Oné aof tﬁe'parametira41n”£he-geﬁeialiy ﬁéedidirrﬁiion equip
tions 13 the ertective release height. - Since thero was no vertieal
sampling. notvork tor the colloction of tisaion producta, a char‘ed- :
:_; wire grid was erocted arter the rourth releano.l Vbrtical uirca.. .

" Appendix E, were'located four feet dawnwind from the mrnacc. |

After a releaso tho length ot tho wirc waa ncanned for

.colleated rndioactivity. Thus, 1e was possible to obtain the _
.etrcctivo release hc!ght trom uha location ot the activity on the -

wire.
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4,1.8 Smoke Plume Recording _— : <

Pission product releases were immediately preceded and
followed by the release -of & visible snoke.- Ths smoke was photo-
graphed by both aerial and ground cameras and from these photo-
graphs»it wae poceible to observe cloud diffusion characterietice,

i1.e., the amount of meandering of the cloud and the rate of

_vertical diffusion. The cloud photography equipment and, ite use is

explained in Appendix F. ' :ﬁ
4.1.9 Fluorescent Tracer Meaeurementa _ f

'The purpcae or the rluoreecent tracer was to simulate
and compare diepereal characteristics of a nonraaioactive tracer
meteriel with riseion producte. The t;ecer_enployed was zinc '
cadmium sulphide (ZnCGS) This meteriel'rlucreecee under ultra-

zviolet light end ie rrequently used in etmoenheric dirrusion o

xperimen‘s.: Tracer tests were made either during or rollouing ’

the tiaeion product releases.

: During the rluoreecent tracer teeta, numerous eemples were

taken: nim Andereen type eir-enmplere out to 800 meters. dov,nwind or

'the releaee point. Appendix (4] conteine details ot the tlucreecent

releeee and- collection procedure.

h.l.lo Airborne Redioectivitz Messurements }
Alrborne radioactivity in the sampling network was collected

by Hi-Vol (steplex) eir samplers. A pleated filter, Mine Serety
Applience No. CTT7227," was ueed as the primary filter; novever,‘
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{or the grean releases tnis pleated filter was backed up by a

carpon cartridge, Mine 3arlety Aoﬁliénde No. 4C727. The pleaced‘
r11 er has a collection errlcienc" of 99.927 for pnrticles having
a mzan al ze of about ¢C.3 microﬁs. The oarbon cart*idgo was added
primarilj to collect the fodine that pene'ra’ed the pleated filter.
— —The samplers were kegt 1n operation oontinuously while.f e
released materia‘ was passing over the netuorx. From the amouat’
of radloacflvity collec:ed by a sampler. 1¢. wag possible to eataﬁ-
1ish the time-integral air -eoncentration of radioactivity at each
sampler poaition. L o o .' '- f'.' ' .y
From theso measurementa 1t was possible to establlah -are
profiles and cloud centerlines. w1th chis rnrormacion, curve )
7:t°ta tor the data ‘were . obtained and direct compariaons with o:her
Amodels wes e made. Tho derivation ot che ourve-fic procedure, as
'fiuell as sampler plaoement and Operation, are given in Append‘x H.
4.1.11 Particle Size Measurements - o

Particlo separation was larsely aocorplished by uains

'zAnderaen sanplera as part ofr the netuork sampling achome.- Thia

samplor was used 1n the collectlon and . sizing of radioaotive
asrosols as well as fluorescent particlea. Sae Appendix I for"
;oetails. The aamplor 13 basically a six-stage, Cascade-type

~ impactor. However, soms of these samplers were backed-up by two

36
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addicional filtering stases,.uxé tirs: incorperating a" Gelman

mplecular membrane filter and the second a Millipore molecular

’ membrane»filter. Duriyg the green releases a carbon cartridge

. was also added as the eighth stage-of the Andersen.sampler system,

4.1,12 Radioactivity Deposition Measurements

‘Since different types of particles exhibit different

X

" tendencies to deposit out on surfaces, several m;teriaia were

used. Sticky paper, water, sand, and vegetation samples were

Placed on the network during each release to measure the deposition

of . radionuélidea. Sticky-pape r sampling was expected to provide

 more aatisractory data because bett~. control over exposure condi-
_tions .could be maintained and a larger number of samples. could be
xvtaken._ The trapa containins these aticky papers. (Append¢x J) '

were poaitioned at the aano llevation as the Hi-Vbl lamplers. Thc

‘traps were deaigned to provide exposure to direct deposition durlng
' clond paaaage only.» Hiter and sand trays were located on the ground

and around nasebruah. The reaults or these testl, excopt sticky

'  i paper. have been reported in Reference 9. sticky paper results

are deacribed horoin.

4.1, 13 External Dose Heusurementn

_ Tolqvaluato the present methods of predicting external
gamma exposure to persohnel from radioactive clouds, twenty

recdrding sciﬁtiilaf;on gamma detectors were hsed.‘ Thcao units

‘s
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were placed at three-degree Intervals on th2 HCO-meter arc. See

Append.x K for details.

45.1.14 Radiochemizhl Technigues

. The network and furnace effluent analyses were made by -

Convalr-Fort Worth. The pre- and post-melt fuel elcment'samples
'~-ve*e-aaaned by -General Eleciric Vallecitos Laboratory and are

_Areported,in_nererence 310. General radiocbemical techniques are

"~ glven in ibpendix L.

4.1.15 Raaioblological Measurements 4
) ' Dogs, rata, ‘and rabbi*s were expoaed at several points on

the inner arce to provid- hiological expoaure data. These short-

tino exposures were conducted to datermine.

the .amount of radionuclides inhalcd and insested

..«  the action of body fluids on these nuclides . .
. ' .movement of certain of these nuclides (capecially 1131)
to dirrerent parts of the body. :

L

.°article aize and alrborne radioactivity data were ubed to

l’taoiiitate the incerpretation of the varioun biological m 4ure-
‘aents. The rabbic data are reported in Rererence 9. .The radio-
:bioiogical meaaurementa (dogs -and rats) uere nade by the University
.i'ot Roebester and arc deacribed in Retercnce 11 and Appandix M.

gvaluation of nesnits

The fleld releases proiided a aubntantial,auount of da:d on
fission products relsase percentagea. airborne radioaoctivicy,

depo:itod radioactivity. deposifion velocicios, external dose,

38
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fluorescent tracer,‘d:rrusion parameters, and radiobiol&ﬁy. The

~data in some cases can be compared with what 1s implied from the

existing ANP model, but in other cases, where no model exists,.
data are presented and discussed in lisht:ot_the overall hazards
analysis. ‘

' 2 1 ?ission Products Release Percentages

Since no contained releases were made, several indirect

approaches were employed to determine isotopic release percentages.»

.!his system provided independent mearis ror-determining release

. percentages and also served ss a check on t-chniques. The methods

elployed required ‘the tollowing intormstion.
.f The amount of the various rsdionuclides present in a
_ }_{ _tue1 element betors a relesse o
:-1q{4} most hazardous radionucl'des relessed to the
o .stmosphere and the sequence ot relesse :

The sbove listing nill be discussed in order of presentstion.

~-th 2.1.1 SOurce Inventories

The principsl uuclioss in thres ot the given tup; elenents )

i sre shonn in Table 1._ The. specimens were psrt of the tusi slement

: sa-ples used‘in fieleases E, 3, and n, Cslouisted data are com-

psrediuish‘dsts obtained from the Vallecitos radiochemicul analy-
ses of the pre-melt sample (Ref. 10). Considering the problem

involved in cslcuisting the inventories, the genersl sgrsenent

'sppesrs to be good. Ih the case of iodine, the laboratory and




TABLE 1

Principal MNu:lides of Aszembly for Relea;zs E, P, and H
at End of Irradiaticn

Inventory in dpm/am U235

_Ratlo: Meas.

L . J Yat
- R Pre-Melt ~ Calculztions from égigﬁ;:ged :
Releage ! Nuclide ; Sample Analysis| Iirailation Histeoryl Vaiue .
| 102 | 5 gx10}2 . .9x1012 1.00
: ggl““ : i.g;§1012 g.?;x1012 1.32
s - 2r9 - 2.9x1012 - 3.9x1012 0.7k
E ! 3r89 5.1x10i2 . - 3,78x1012 1.35
i Bali0 2.1x1013 1.8x1012. 1.28
Ccsl37 }o.637k}312 0.020x1¢012 1.35
1131 . 1.4x10 1.2x2013 1.17
G | ST | STnie | 5%
. zr .3.3xxc?2‘ ‘3.9x10i2 . 0.32 '
P Srggo ,n.gxxo}§~ I 3 8x19§2 1.25
- B 313 4 _ o3
Conis | Glommge | Glgfomglz | 1m0
© 1131 1.3x2043 - 1.2x1043 ..1.08.
Rul03 | 2.3xi012 © 2.9xi012 0.79
: cgluu 1 90.78x1012 0.?;:1012 x.g?
ng5< .2.8x1012 -3.9x1012 0.72 -
H Sr 5.4x1012 3.78x1012 1.4
‘Batd0 |- 2 3x3013 '1.8x1013 - "1.23I
cgl37 | 0.028x1012 0.020x1912 1,40
13 4.2x1013 . 1.2x1613 1,00 -
"Ral03 | 2.7xa012 T 2.9x1012 0.9
zrd - 3,0x1012 : 3.9x1012 T 0.7T7
. Ave sr89 .| §,1x1012 . 3,78x1012 1.35
C 140 2.1x1013; ! 3 berols 1.17
c11;7 o;ozéxigl2'"'3 0.020x1012 1.30
113 1.3x10: 5 1.2x1013 .

A 4%
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ccmputad data are in gbod agreement, differing only by about éight
percent. The average discrebancy between calculated and measured
inventory~wa$ atout 18%. _

_ These calculated Inventcries were used a3 a basis fqri
cohputing release'pércéncages and network radioactivity.’ Calcu-

lated 1nventof1es of those nuciides which were ‘detected in the

sampling network are shown for each tuel element at time of releaae

1n Table 2. Fuel elements in aged Releases A, B, c, D, and I were
estimated to contain 3.4 to 4.7 curies of Sr9°-Y9° and 2.9 to

4.0 curtes of ca137-Bal37m Likeéwise, caIculationa showed that
fuel elements in the green Releaaea E, P, G, and H contained

considerably 1esaer amounta of the above naned 1sotopea and con- '

>‘:siderab1y nore 1131 chul Zr95-Nb95 and Ru1°3-Rh1°3B

b.2.1. 2 Releaae Practionn i
The amountn or riasion producta rcloaced to the atuospherel

- were: derived through pre- and post-nolt gamaa spectrum meaaureuenta.
"pre- nnd poat-melt gtosl gamma dolc-rate nolnurenentl. release
'perccntagel rram tho netuork samples, rractional lampling of the

'i}etrluent et the turnace, und pre- and pout-rolcauo radiochelical

analysis. In tho lattor two cases, the rolat1VQ abundanco of

fission produetl was obtained Indirectly and the results are also

" expressed as release percentages. The radiocactivity in the net-

work was limited to fission products. Tﬁ‘ro was no alpha aetiVity'
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or: the SeVeral plea:éd'rilters assayed for alﬁha.gontaﬁinacion,
indiéafins that cng uranium was not released as an .aerosol.

Pre- and post-melt gamma spectrum measurements were made
with thé aged Releases A, B, C, and D, and this technique provided
an excellont means or computing cesium release percentases. In

these aged releases 03137 was the only isotope that eacaped in

‘sufficient quantity 8o that release percentages could be regdily o

determined from the spectra. Values obtained are shown in Table 3.

TABLE 3

Cesium Release Percentages

‘if-ﬁelehae‘_: f'A-T Pé;centf
K &3 "
. B' l"3
c- 51
D 83

ﬁbuﬁhlythO'io 50'pcrcéﬁt of'thi coaihm waa”releasid, excéhtlng

in Release D. A tenperacure cxcurllon occurred dauring Releasc D.
and consequently a greater amount of cesium escaped. _Thcae

amounts of cesium released are considerably wore than that pre-

_dicted by ANP model. The values for the ANP model are given in

2able 4.



The relaase percentages as measured ire about a factor of .

.fzve'grgatei than those predicted, except in thé case of Release‘ﬁ;

rlné this rzlease the measured value was larger than tﬁe-predicted
by a tac;or.dr‘éiéhi}"fﬁib increase over the ést;ﬁatéd values 1is

>

an important fleld result. However, this increase does not
macerially affect the - haza"ds-evaluatlon results of prevlous ANP
studlea because cestum is a muacle seeker, and the muscle dose 1is
several ordera of magnitude lower than the cont:olling_qrgan dose

for all organs considered in the ANP s.pdieg (aer.va).

TABLE L
- " ANP. Releaae Model
- - (Meltdown) -
B élea;egﬁ I#&ine b-'”°b1‘:'b f"hbn‘vv‘l-. c?-iuﬁ
1 Practioni™ o .| Gases | Seekers "~
Aerasol 50 100 | o023 | a3
:P;kt;bqlate - SR o 0.77 1.7
Totar . | so | 100", '.‘1;09#”' | 0.0

The pre- and goat-melt gamna dose rate ievols trom aged

tucl cle-anta were wsasured uith an 1onization chambor under fixed

ry. ‘This tehcnique also provxded very uaarul 1nrornntion on

i gross sam release percentnzu. The percentage reduction 1n
*:

e L e PR T S T PR
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% . gamma ﬂose rate for Releases A, B, and D, shown 1n.Tabi; 5 are
% interpreted as release percents because changes in geometry of the
pre- and post-melt specimens were ccnsidered to be negligible.
j, _ 'Apprqximately 20 % of the gamma emitting nuclideé were released,
| except]whefe a temperature éxcﬁrslon occurred in ReleaseiDLv Based -
% on_thé;gjgross gamma dose-rate measurements, the highé: teﬁperature
| 1ncfeased.th; release percentage by a factor greater t%an two.
| . TABLE5
 Gr9§q4Gahma Release Percentages.
’  R§1éa$g, . ‘Percent
- — : e :

o B ﬂ.Thegé'@eaéhr§ﬁ¢htqfﬁ§re"1h relative agreement with the, pre- and

péitémgiiggamha ipecti@n nédauienenta, The dooeﬁ:até -ptihicméhta'
3 _ proViﬁed values which were aiightly less than these obtained .
through(sannallpec;rat procedures because the dose;rate valueg are
" waighted by 1sotopo§.other than cesium.
| " Release gergentagea'trom network sanples provided a means
ot'dgcarmining thi ﬁircent of the inittal inventory that was

released as an aerosol. By defiaition in the ANP studies an




R .

.A,_. k3

“acroasci s a partici

18

‘rel2ase perzentages were ccmputed by comparing simple ratlos. Por
e}ample, the per,rn ag"s c? Sr9Q *eleased from dged fuel elements
were deterw .ned from tne fleld alr sampler data'b& eguating th§' -

. . >
di1liticn facter of e rnetwori strontium to the dilutloun factor of

' the total cesium -release, l.e.,

Sr-in filter ' . Cs in filter

taving a diameter less than 10 microns. The -

d

(Sr releast- frac ion)(Sr‘ Inventory)

In essence, the amount cf any nuclide collected 1n a network air

. tllter dtviced by thc product of 1ts fuel elene1t 1nvenfory,

release traction, and rilter efficiency gives the furnace-to-
tilter atmospheric dil;tion ractor for that nuclide. Thcretore,

it can be reaaonably aasumed that any materlal reuaining in the

' clou1 at or above the air oampler 1eve1 at the lco-meter arc and

beyond muat be aeroaol rather ‘than larse particulave. Thgrefo;a{

'the dilution tactor ot th!a material may be assumed to. be the same .
" as’ that of any other~aerosol 1eav1ng the furnace at the same time

_and collected by the rlltor with tho same ottieicncy. ™he weasured

mount of cesium 1n tha tilter (norualized to unit lnventory) and

-the cesiun releaso traction deternined ‘from thc pre~ and poac-uelt

gamma apectrum neaaurenenta, Tablo 3. served to ‘evaluate the right

hand side of thll equation. Note, however. that the validity of

this procedure depends on the aasunption ‘that all of the released

cesiul is in aerosol form and that it is filtered with the same

.ottlclency as the strontium.

46

" (Cs release fraction)(Cs Inventory
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The alr:sampler assays Urom the green veleasas were used

- in a similar manner ©5 evaluate the release percents of Ruil3, |
ce**l, 2r95-NbJ3, ard €si3V. I these cases the atmosgheric
dilution ractor w2s evaluated from the I13! assay by asaaming 50%
ralease of 1131._ The 50f value 1s a reasenavle value sdpportgd
vby.measured fésﬁlts ané i3 also the percentagé used in the ANP
studies. | _ ;

A o The reléase bér;ents computed by the above methodgfre
listed in Table 6. Cesium éeleaﬁes for the green specimens ranged
:troﬁ'éh ;o 36%.' The rémaining iso;bpic.releazea, except 1ud1ne!
&etg ieaa-thén’tﬁb:percén;. ' | |
Q' L ngiéaae' 'Pé;-c'ejms .of. Nﬁc;z'dé.n_{c;&u1.—;;eq from -ue;uqric_'hé;uvzgy, _
RS . Releases® R
Nuclide fa B L e o b e | P | o] 0w} 1
L ,'~k8ed A 3d| Aged | Aged |Grecn Lreen|Green|Green| Aged
. 53‘)0 "=:::‘:" ._19.7: 0.15 0‘17 0.75 .' -" ; - s | B ’0-‘5 -
LPLLUN B N R B BT E 0N I - )
cett | -] -] -- o.of -- |o0.63] 03] --
25w - | - | --| -- | o.0f-- |o.25] 0.05] --
es?37 fec | | =] - |30 |36 |3 s | --

® Releases A, B, C, D, based on Ceaium release nercentages from
gamma spectrum measurements (Table 3)
Releases E,F,G,H, based on assumed 50%I131 release
Release I based on assumed 508 Csl37 relenzse



The release percents obrtained by network sample data were

'hin'general agreement witn the spectral and dose-rate measurements.

The agreement 1~'considered to be good, conaidering the proeedures

used in making the compar;scna

A . The netuo:k sampl= data permitted a broadsr compariaon of
_ ieqtopes-thanlthe previously discusjed methods. Tgble_S_;houe“a
list orAieotopes tﬁei ean'be'compared with the ANPHmodéi”bhown in
Table 4. ;The‘measured release perdentage_pf ceslum was high by a
factor of abouf_lo to ;S_as_coﬁ;;bedmée“thoae used in the ANP

.',ltudies, based on aerosbls only. The meaaured strontium release

percentages were high by a factor of 2 to 3 but the reaolution 1n

. ‘theae calculationa 1; aomewnat doubtful.

Practlonal l!ggling ot the effluent at the. turnace was the

_rinal mnthod used 1n determining re1ease percents. The contentab_
-_ior the eleven evacuated bottles used to eequentially sample the :
'-rurnace erfluent during ‘Release E were analyzed to determine. tha

ﬁ~relenee pcrcentage ot ceveral nuclides and the relative time of

C their releaae. Alao, an 1ntesrat1n¢ bottle ual uaed to collecc

etrluent throughout the release. The effluent sampling technlques
and effluent analysis are described in Appendices B and L.

reupectively._
Each erfluont sampler was lcplrated into three parts for
anelyun. i.e,, (I) the sumpling probe tube which «tended into the

‘erucible, (2) the glaas-wool filter plug through which the gas

B i T AT e



sahple passéd befcre entering the rlask, and (2) the evacuated flask.
L Of these, the prcbe tubes were the moat radlcac:ive probably because B
of condensation of fumes onto that portion of the probe extending
into the cru:!._bl'e.» | | |

The»accunulated percent of ea:th wrad:onuclide releaged during

[P

Release E, - as -based on calcul’ated 1nvehtories,’ 1s shown iq Figure 3.

'rhe relative x-eleaaﬂa in 1ncrea31ng quantitics are Ce]“u( 81‘89 (
zr?? Nb95<Ru1°3<Cs13T-Ba137( 1131, The iodice release 1s roughly

T T AP IR R Sy

: three orders ol’ lnagnit.\.de greater than cerium and a..rontlum.
Krypton-85 13 r.ot shown in Figure 3 because analysis tor t:his

1sotope was made only !‘rom the single integrating aa.mple bottle.

e ———— TR TGP

'It may be aeen that so'ne cesium uas released shortly arter t.he
.ﬂ i_- . power uas applied r.o the l‘urnace. Houever, maxlmum releaae uc~.urred
E about 8 t.d 10 minutea later, requiring al-r.-my two mlrutes co reach
50% ot the peak. Parker, creek. “and - Mart tin. (Ref. - 1) tound that tho
‘_cesium x'eleaae percent tor "threahold mel:ing rose. rrou about 9}
for small buruup co ahoat hl ﬁ ror 25$ burnup. Innauuch as bhc :
burnup in. the tuel olemen “s uaed tor FRT-1 releasea was only 2 3
and O. 33% ro_r qged. and gz_'een nel -el}ementa respecc-lvely. t.hq high
release percen£s observed ate_probably caused by longer'melt dura-

‘tions.

Pre- and gost-geleaae radiocheuucal. analxses were made

for three green relenaa (E, a, and H). At the time of the {leld

tests 1t was dce-ed”necmnary to obta‘n realiatic release percent-.

ages by perforaing radloéhenicdl analysis of samples from asome of
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the green fuel element specimens and thelr post-releaseé.residues.

waever} due to difficulties experienced in dissolving some of

the residue these énaiyseh.can only be used t¢ obtaln upper limits

to the 1sotopic velease percentages.

Consequently,

the results

presented in this section (Table 7) are not expressed as release

percentéges.but as the percent recovered frbm the residue.

As an

exahpleglthe'rield data do not substantiate the high zn?S results

reported in the rad'ochemical analysis (Ref. 10).

Thia'may-be

explained by the ract that Zr95 was detected in the undissolved

residue.

Ldkewise, there 13 considerable doubt abcut the strentium

tecbvery.aince the,undisaolved portion of the residue was’ .not

_ checked ror beta activity.

ocﬂa additional details are givsn An

Appendix L.-f
| 'm:u; 7
Nuclldea Recovered from Residue
s -fetcent Recovered
Nuclide A : —r
o ;RelcaSQ.g. Release O Relca;e H
3-89 59 5 ggj
2!233 | 3?" %3 93
R 91 ,
z'filil ” ,lg.x g.gu 2§. %8
c. " . Y
" palo 7 ur .
celbl 36 . 102 76
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1”5'551 4/2,2 Effluent Characteristics

In order to fully evaluate field results 1t was desirable:
to Qnoﬁ the release-time behavior'or the different lsotopes,
) ertéctive‘heigh‘ or‘the erfluent as it lert the furnace, and the
particle size characteristics. >
Sequential fractional eampling of the effluent made 1t
:poeeible to determine the release time of various isotopes. These
’ereaulte are shown in Figure 4. It 1s apparent that ilodine, cesium,
strontium, ruthenium, zirconium-niobium, and cerium are released

in the order listed. Eeeentially, all the lodine was releaaed

A 4 s o G g A wb D G s aea s gaes

-within the first two to three minutes while most ot the ceeium. '§

.“ruthenium, and strontium was not released until ebout eight minutee-

'a'h

-~

. had elepeed. Zirconium-niobium and cerium were detected about two .-

-Q:-inutes after’ the other ieotopee begen to appear. Eeeentielly all’

-‘. -
L

the ectivity was released within & renge of ei- to eight minutes.

_ The releeee heighc ee meoeured by the charsed vertieai gf
| “conductor procedure during Releaeea E, F, G, H, end I was about ﬁi
R 5 2 ’ 0.1 uetere, i.e., about the same a8 the height of the top f;
' - A L S

5?‘ " 7'ot the rurneee.j' -
i‘ . o o Pertiele slze meaeureuente were made et rive meters down~

WK .
LA S S
LN

wind from ihe turnece and on the network. The neeeuremente were
made with Andersen samplers and Millipore filters. i
Results obteined during Release A at a station five meters jal

downwind from the furnace and samplers located 1.5 meters above - ;.
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T - groand show that roagzhly halfof the ziréonium. one-fourth cf the
-.ruthe': um aand c"‘.m a-nd p"a"*icanj' none of the s-zrohtlum and
ccslu.. par \.icxes Were larger t‘an 5 microns., This s shown’in_
A t.h\. large fractlons collected by the first atage of the Aédeca‘én '
3aapler, Table 8. 'ﬂ'e comgarison with ZnCdS is’ also shovm in r.he
table where ‘the geometric standard deviatlon {TE) and median

sizes {D) are shown. It 13 asaumed that the densities are me

same. o ‘
B TABLE 6
_Distribution of Material in Andersen Sampler-

o . . ~i . L Stage No. stageikct;vit;és as;PQrcentgges ef Saﬁéler Total '
R i e b "“““? T 2 3 1% |5 [t [oeiman ;
o 2r9‘3-1::b9‘5", ar |16 |18 6.1 5 o N é

'sr89 3] 3 w ofoes. .
auloi Ru1°6<_ _' a |- 6.7 . 6,;.‘ e | m j; g
Sl L 3137 B3 |1 |y |2 | 23 fur | e | &
. ; ce1~1 celdd |25 f10 || s 9 {10 | 30 ]

Fluorea.ent ; _ _ | }
racer . — : : : :
y (microns) | 8.1 3.4} 2.3] 1. 1.3} 1.0} -- g <
fk‘, 1.7 5f 1.3 1.3 .3 3] -~ . g

EN

ol
gy



Samples co>lected at ﬁhe 100-meter -c and other poaitions

h " (Tables 9, 10, and 11) show that the particle sizes are: .

Zirconium-niobium 1 to 5 microns

Cesium <1 micron

Ruthenium <1 micron

Iodine ' " €1 micron

Strontium <1 micron

Cerlum - ~half <1 micron

. ~half from-1 to 5 microns
. - TABLE § ‘
Distribution of Nuclides in Andersen 8ampler‘(Re1ease,§)'
Stage No. _stage Activities as Perceqcages of Sampler Total

] Nuclide ) - —T —T T3 |
! . 1} 2 3] & 5 6 |fgipan
; - csl3T-pal3® | 2| 1 | 1. 1.3 | s 88
‘ o "gean values from two.stations3near'the§¢loud.qenterline‘on the
IR ' ) * TABLE 10

Diat.ribution”ét Nuclides in Andersen Sampler (Rélease E)*

_ Stage No. | Stage Activities as Percentages of Sampler Total

N EEREEER R EEEES
25w |9 |lo|a|lalu| ]| 7 1
inu1°3.nu1°5 sl 2] 2 2] 2 '82_ 3

na ho | 3| 3| #] s 3] n | e
3137 a2l v 2] r] 9
celblcol® g lul 7] 7] 7|11 | 53

» vy ,
® Mean values based on cenierline atations from three network arcs

‘»‘:}




. ha o »

RS TR St O B

TABLE 11

" Distribution o Nuclides in Andersen Sampler‘(ﬁélease R)e

Stage No. | Stagé Activit’es as Percentages of Sampler Total
Nuclidd T =
» . . 4 = Gelman
1 S A 6 Pilter
RulO3, Rul0& 8. I's - -] 1| 1 85 ;
,137.3a137m B E! - ==} -] 3 51 9

L4 Mean values baaed on centerline ‘stations from three network arcs

All the partlclee measured on. the fietwork were within: ehe

AVP detinltion of eeroaola, 1 e., emaller than 10 microns in dia-

'f'meter. The sssumed ANP 105 normal particle size diatribution

(rg' -2.75 and B = 7) was not- checked. |
The tield date ahow, uith ehe excep*ion or zirconiuu-.

} niobium, that 50 to 905 of tae radlonuclidea penetrated the
' gAndersen lempler end were deposited on the beck-up neubrene ‘filter.

The percentage ot verioua redionuclides on the _eubrene rilter ‘were

rairly unirorm tor dirrerent releaeel. Also, ebout 9QK of the N

vicesium. lodine. and rutheniuu wee aeaoiceted with neteriel thet uas

1n the eubuicron rlnae. 1 e., 1t penetreted the riret five etegee

>_or the Andersen eaupler. No. signiricent change could be detected
in the size distribucion of the releaeed fission products between

the 100- and 800-meter arcs.

Autoradiozxeue of eight stegea taken from an exposed

Andersen-Gelman-Millipore sampler system are plctured in Pigure 5.
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.“

aluea_uere obtained. For ea;e»in-compariscn, the centerline

Trie o lallive siza Jdlstrloution, nresemiannce sOocmall porticles,

ey acLicenzvle in the {figure. The creaver f11m exposures in

UlA L SLuzne of tne indersen suzmpler and the Celnan fllter are . P
. . B

-uﬂ;Ld_: cly nore px onour~cd as compared o the preczeding gtages.i

e luck ot rad;oactiviLy nobcd>on’:he'seccnﬂ membrane filter
{Zrage Yo..8) 13 indlcative of the high collection efficliency of

the membrane filtera.

The aetivity in the cloud wa3 meagured at various positlons

on Lae nczwcbk.' Prom the data, ‘nformation wis obtained on inte-

gral alr ooncen*ratlunJ, ‘relat 'e~isdtop1c.diftusion, and relative

'Lcucntlon o nucl‘des on plea.ed e teré and carbon cartridges.

.&.

_.1 Integral Alr Concentration

”ho data srowed thac the rates of radloacciviuy diaperaal

- by J-EO‘phe” c dlfrusion varied QL‘te eign¢t1canb;1 rrpm ‘one re-=
'}lea S¢ 'o the nert, as measured by Fl-Vbl alr samplers. alled

‘_:;.:'~ e 34 ,"11e radloacu:v:ty data for each release were plotted '

(Appcnd‘x M), and r om_ thoae plots’néx1Mup;cenuer11nc ac;iv{ty"_

da-a were normalized to unit inventory in the unmelted ruel

elunent and also to unity at the 100-meter arc, '?15ure G 1s
fllastrative of the normalizatlion to uni: invento:y. In this case

the log of the zenterline f'ilter activitles blottcd versus log of



- b Ll .ol 3 “ - . N - -
che dlstance Jownwind Srom thie T2lefgz poiitl, e cadhn £ on
. e . - - P . - . \r e -
. 1eSINNAINS poEt sauares” Sllted SUURIGAU LL0CS T 2t .
.0‘» . ] - ..7 - -t - 3 r EAELIY -~ o -
Soeronles in rolense rzcTliond ALd Jn irysacs Ty, e InTeswiio0)

w0 100G meters Lasuln in the carves uturiligy sl dlIfer
The curves ol Flgu:e S were nereiols ranlciizl in ngu;c e ﬁc1—
malizéd o nnlt'activi:y at ithe Loo-mére; af: te ¢t 1

compa: Lson of'di f‘usj.cr: raueéhin the aampling Eétwofk. the
mathematical model which expresses he diffhslou of an eifluent

blumc pred:c;é A straishy line los-lgg pist of c2 llhz aly -
Lon-entrat'on.i Gdodﬁdifrﬁstch-(lébse),;és' *"'15 u steeper slopc
vthan does porr diftus cn (lnversLon) The . xaigh*.ilne rit.'tne ’
data qu;te uell in mcst wases.‘ The oa.a frum lapse’ Releases D, -
E, and F show a sign:ficantly 5rea~er -are ox decrease (Pﬁ5F¢1
dirlusion) than the lnver *on'Rgleasns C, G. ané H. -"Reiéaséfh‘-
_was perfo med under an -aouherna..onditlon changinb to a- vexy weuk
inveraton condltion.wh'ch prruas‘y acccun~a rovfune lapse-llkf_ 
behavior.

_ The ANP preuiuzcd lapaﬂ aﬂd xnve.s‘on llﬂcS'to'\u?wium
ase ahown in FL guro u. The pr-d tgd acttvz.v, au:cr”'ng Lo<znc
lapse curve, 1s a facs or of 10 wo 20 lowe- “-4 an pointa ropxn-
senting the mensu'ed apxosol concencra~.on. 'Hnwevex, ;he pred*ccc"
lnversion_ccncentratiens ure not ma erinl.y diflecens fi1on the
measd: ed valueg. t i3 fmportant Tc nole tha:inhe p:edihtad'air'

N ‘
concentratlons arc LuSed ON @ &.50 Lesoul :ﬂlonﬁe wnercas. the

results show that 10 %o 20 timns this amount was seluaded.
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Tha ¢orecnlietlon ¢l _-alfnc_“-un.\.ne eloud renilariline
for lagoe Releases X oand 2 ana inve:slon Ralens:z i arze shown in

Y

2 . ke Slgnirlioan. dIfUrences exist uetwe23 Relzase F oand

.o Plrule 5 shaﬁ; Whay the Releaze F curve {lapse) ‘s similar to
vz R:lzage I carve (2dv;:3§cn). Tris anc.aly rmay w2 Lie result
0? s i:~?1na‘ ccndl. iéﬁa wh*"h exi:teo cu:ring Releuse P, 1.e.,
Wzak laple at ;he_tower. AS Jhonn in .olxigu;e, the ANP predicted.
iiujqe ;oﬁcencrac1Qn3 are w-uh-n a factor of AboU. two of those
mqésu:cd. ?he'95edi;zéd:iave;3 on le:cls ure a ractor of 10
 nL5hcr Lnad::hoac encoui.t2red ¢dzin° uhe xc1gu4e. These ANF values
are oasza on a O% ledine ze’easv-wh¢cn is conslstent with the
im-anunga valuc.;‘ T ‘
'rh lou n.;x {ne rutk enlum da,a PlOﬂ 'nveﬂﬁ;on
:R lnaacs G Jﬁd H and fron laoae Rnlcasns E and P are shown n
,u:c '0 und 11 "he 3lope° of che :uLhen um curves are essen-
iqilyvthy same aa Lhone round with renium.
'1rcon1un-niob1um data are ahown>‘n Flgures 12 and 13.

.
o v

:":c agn-n .ne alopcs of'the curVes a(P eqsent"llv thc saﬂc *s

" found .o. ,esium. . ii o 't *i-‘ ‘,ﬁ ’ .

'#.P JI” Belat'vc Is0v 00l Dlr“usloﬁ. '

Relatlve laotuplu dlf’ua‘on ia an !Iadex ol dispersal, A

cemparicen of xclac‘vc diffusion may be made by forming a concen-

Lration ratio (Gonc._on 100-meter arc ) {zom the curve fitg.

i hete

CONZ. Ol SEdU=meie: wiw
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Table 12 is a listing‘afvchcse‘ratios.4 Genérnllx;zzhe d!7ference
in the attenuation factor is hbre pronounécd from one releasc '0
anothe:r than between nuclides of any glven reiease.  The iodfné
appearedtzo diffuse more rapidly thén other elements. This mayi
have been because lodine was relgaeed'early in the.meltlﬁg opera;
tion when the dlffusion-condition was @sdaily Letter than tcwdrd
the end of the melt. - o : .

TABLE 12  _ y

Nuclide = |: - B R S B PR B

Reieasé ~ : é;137h_3 ':‘1131 f“‘f Rul°3;' ngs_ﬂbga
.v‘D_Ased.-.'_hp,e‘ | 3300 - 1 . ! i
_E-Greén-lgpie } B }fSéi.t" _:1530‘,; .. 550 ? :;: :63§ .
F-Green-lapse .‘ﬂ;2151*f'1,:~3?9.* a0 e

'A-Aged-Weak- DEE A I BT BN
invereion - .._5590{f Q’l."f-‘fﬁ ” A 1 .

'B-Agedfinveraion  ' ifé;i  B ;,;;}Q”flﬂ.i;;, N | Caml il
C-Aged-iﬁvexaibd?: 72331,5§? et 1 - : 1 -
aeGreeﬁiinverélbn. -,126_ v S e lin " 150
H-Green-inversion 86 ) -"300' w00 180

I-Aged-weakQIQpae - - .- -

L0



4.2.3.23 Relative Reteatlion Cf Nuciides

Reiative retenticn of nuzlides on pleatea fil:ers and
Carbon cartr:d;es A udtrate the pnne.:ating tenden:ies of Lod'ne
The results I'3m “he various releases are rlotted 1n Plgure xn :
Atcu~ 5 %o uﬂs of the o*lne,'based on totai. icdire“po‘le"ed ’
by btth the Pleated filvter andg baci-up carbon.carcridge, penetrated
the Hi-Vbl pleatej fllter. A Ieas:;sqaare [EXA ot'the-perce1t of
lodine penetraling the H: Vbl pleatcd filter zhows thau alightly
higher percentages are re"'ned cn the f11¢ ers located closer to
the release point.' o ' ‘ v S '; h'?.
- . _ The p*rcentage ct ‘odlre coll ected by the carbon cartridge
" wAas dependent upon. the conceﬂtration of duat in the atmoaphere.
’:The 1nteract10n d?the local duat and iodine was demonstrated
‘durlng Releaae G. This release was pertormed immediately atter a |

. dust atorm and tne pexcent or 1od1ne collected by the carbon

k{cartridges was greatly reduﬂed. As compared to previous and similar ‘

4.-3 . leases’ tne per*entage or iodine 1n the carbon cartridges taken

n,trom tho 100~ to.. looo~me'er arcs \Re ease 0) ‘wa3 smaller by as
much aa three orders ot magnltude. However, on the rive-mile arc,
the_percent ot ;cdlne_cn the earbo; was roughly the same for either
dusty er hon-duatv‘cehditions; iddlcatinz a posaible transfer of
 todine from the plected filters to the carbon cartridge. Such a
‘tranarer mlgnt easlly have taken place becauae the 'lve-nile arc
fllters rema.ned in operation for some time atter the paseage of
the cloud Each gene:ator had to be turned ort separately and thls

required some additlonal time,
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The pircen:age v’ cerlum on ne arbo" ”arnr dge.was about
;:etrQer_o‘ masnltide ieca tnan lcdine, anl tre pe"uentage for
e ~21r;en1um-niabfum, rythontum and cesium was about two orders of

magritudc I 33>:han lcdinc.A Unifxe 'ciine these d&he: radionuclides

S appaTensly Ware not influensed by higher aonceu.xa'lon- of inert

~— --.»‘per:icqla:ga,in,the_aimaophere,_
§;2.h Dégositcd Radieaczlvitl
’ Gieund cenbam:na oa do»rexaed with d‘stﬂn_- similarly to
iha:Qubaerved for thn alr con"en*ratlcn.- AlL deposi fcn data were
.oetiined ftom 1zky paper p _aced at one-degree intervals on each
“:f*’ o f‘cf'the‘six.ércs; The cer.ereine reaul *s are normal‘zed and present
o ‘ 'as-diein egrat’ons per’ minute per sqaare .oot per eurie of either
3‘37 or 113- 1n tially in the tuel element. Alao, the centerline
' datd uere-no malizﬂd to 1 at the 100-meter arc. |
0eaium-137 ﬂontaminasion or.atirxy paper resulting from
lapse Reledoes D and T and 1nverslon Releases A and G are shoun
in Pigures 18- and 16 Depoaition during 1Jverazon Release A was
© more s-mllar 2. that observed durlng lapse Releases D and I than
glrwerslon Release'c._ A slmelar behsvlor was noted tor the air con-
zent rafions .md this condition wan attributed t.o the tranuent
borderline nature of tne inversion ex-atlng,dur.ng Releaae'A.
-Th94ANP predicted curve for deposited Ce31um astivity under
lap¢e Londiti ns 13 one-half that- measured 1n the field., ‘This

dlf:erence 13 caused by the greater cesium reiease percent and
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lower deposit‘on y-2locity measured in FRT-1. quever;”the‘ANP pre-

dicted curve describlug deposicion under inveysion conditicns 1s
larger than the measured deposition by a ractov of two. . Note that
____the ANP pred‘fted lapse and 1nveraion ground contam‘nation curves
_were obtained by multiplying the predicted air’ ,cnfencra.ion curves,
Figure 6 by the correaponding settling velocides. In otker uo:ds,
"typical" lapse parametera_weresve:y.good_tqr_predlct;ng air concen-
-tratldna and ground contaminatlon by one crder of_magnﬁedde.' The'
over estimation could be compensated for by increasing the .
"typical“ value of C, by about a factor or ten sirce be*ter initial
* vertical ditruaion was meaaured at NRTS T
‘ 81m11ar1y, in the case of 1131 depoaitlen (Flgs 17 and 18)
_the lapae Release P behaved like an 1nversion release.’ Iodlne 131d
air-concentration dava (Figs. 8 and 9) showed the same" anomaly.-
The ground con.aminat16n~tor the lapse conditlon was ovex-
timated by a taccor of two, becauae the measured depoaition
“velocities were lower by about that raczcr under the encountered
1apae condltions. As a compariaon. the predieted ‘odlne ground
' ontamination for the 1nveraion caoe 13 hisher than that. measuxed |
Tr.e ANP depoaition veloclty of 0.25 ‘for 1odine is a factor of .
flve smaller than that ueaaured at NRTS. The interrelationships
betueen the lodine ground. contamlnation and airborne activity are

aimilar to the argumenta prnviously presentpd for cesium;- namely,

‘!-
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thé predlicted lapse ard inve'slcn ground Fonfamlnaticn curves were
nb"'qoq by multiplying the predictcd air-uo"centration cur vegs
'(r-p 8) by the corresponiing settling velo#ities.

8.2.5 Depontion Veio2ity I . S

Pepozition velc:icy Vg (Ref. ©}, defined as the-ratio of

hor-zoﬁtal-surface-deposltﬂd activity (cur‘es'sq metnr) to the

tims 1ategral of alr concentration near the surface (curie-secends/._ ,

cu.meter ), was determined for several nuclides. Average values of

V, obtained from the sticky ctaper, sand, and water samples for

8
1131, Ral03, cs137, Zr95;ub95;_add Cel#l are shown in Table 13.

' "'ABLE 13
Depoaltion Velocitiea

o . Depoaition on Surtaces (cm/éec)
Nuclide Sticky Paper | . Hy0 } Sand

ka2 1 o.006 4 0.055(38)0 ';o.oaa':5§f¢63(5) “o.081 % 0.019(5)]
gt = 1.1 £ 0.35(14) 1:6 .%0.65(8) | o.74 sour |
:liu1°3 | 2.0 : _o.'98f(;1)"' : 23 :,._'1;._0(9) . '0.60__ *0.38(9)
R ;".u “r0.73(10) | 5.7 t3.406) |29 ¢2.7(6)
Pt o toes e | -

L

'® Numper of arc averages from uhich the average deviation 1is
computed.

, The average depositlon velocitiea for sard and water wera
calculated from ground- 1evel-doponltcd-a»t1vlty data report-d in

Ref'erence 9.




H

In most cases the amourt of radloactiviiy dcheitﬂdeon waLe:
and'sticky pape. was mnea:ly ;he same, whlle tnat deposited on sand
was smaller.A Lack of dc;aileq Kncwledge of Lhe chemlcal form in
_wh'en ihe viiious nuclides were depoéited.limits {ﬁc‘COﬂfiﬂﬁPC“"

w‘uh whizh ine measared danosition ve;oclties can be ex»ldpﬂld c«

to other situations. Houever, it 1s noted that in bene:al hlghex'

' deposition velocities were observed for the at*ckj papax and water

than for the sand.

‘

As’ a group, the various nuclides exhibited. eonaiderable

: variacion in their depoeition velocities. Inaamuch as ceslum and _

iodine wete found mostly in the submicron par*irle alze range,_the_f

large dlx;ereu:e betueen their observed deposition velocitica ﬁay
: be attribnted to difrerencea in sticknhllity“ or absorptivity R
‘rather than’ to: dirrerencea in the probnbility ‘of striking the

collecting nurrace. The ruthenium behnved aimilarly to the 1odine.

Zirconiun-niobiam was apparentl; arrected by the collecting medla
since aand and uater reapectively exhibited depoaition veloc1t1e4

' ftwo and rive tinea that of sticky paper. However. 1n this case,

the dlrrerence ia not aignificant becauae the. atandard deviacion;
are also very large. . o _
Contrary to the ANP model no ditrerencee were noted between
lapse ;nd"ihvereion deposition velocities. As shown in Tablc 1
the average ANP ;pre depoaition veiocitihg are probably a factor

-‘ . M
of ten too low, but these are comparisons between sticky paper

Lty



nm”' ??‘-,-m..«--..m.».;-;»'---A'-l.ha—#"-'{“'f S

', ° Stick} paper

_4.2.6 External Doae

i"' wﬁighted average ot all meaauremen s.'

The ranhea ot maximum external doaes at the koo-meter are

for FRT-1 were: - o.oo17-o.ooa mrem (Lapse)’
, . - Aged o

,OOdQ-0.00l& mrew (In#czston)

.'Gr§eh | °r009~0;012_mreq,(hapae)
0.016-0.02l4 mrem (Inversion)

8g

1en 731‘,:ur Vc‘cc--."c.s wnd the gz.n-'r:\‘.'zed deposltion velocitles for
g su:lacne3 encompasaed t.J the AhP rodel, p*esu*amy g:ass airf‘.eg.ds.
TABLE 14
onp'zrison of Duposit"on le‘o.,ities - "
(cm/sec) -7
>
_ o 'ANP Prediction " Experimental® - ‘[
A Muclide Inv. | Lapse Inv. | Lopse | Average®** é
= - . &
: Bone Seekers - .
“celll 0.1 1.0 0.57 | 1.2 0.7
,r9> 0.1 1.0 1.7 2.79 | 1.4
' Muscle Seckers ' 1
. csldT 0.1 1.0 | 0.08| u.104 0.1
? '> n st :.j :.K}dﬁay Seekérg ._ : e .5 e o | -
“"fg;iﬁggﬁkémauéiz. ">1” ‘Rul03 o 0.1 ' 111;6"‘l'-2;5 1.3 2.0 - w
- ] ’ﬁ "nyxoid oeekers '  N ..   'i{
s izs | 2 | 1 | o9 | 11 -




“These data show that green releases resuitedkin higher éxyexnal

doses as compared to the aged :e¢leases, which was expected.

There 1s,however, lnsufficlent data to compare'lapse'and inve:sion
cases and to deﬁermine'wh;ch piroduces the laxgez dus

A <cmparison between extefnal dose and toih <
iﬁscle'dose for the aged releéses and ;aléulnzed @hyroid dose for

the green releases werv made (Table 15).

25.

alcalated

Results show tha' muscle

dose from Csl37 (éged releases) is 50 to 200 times larger. than

external ddse.

‘2800 times larger than extexual dose.

isotope in the aged fuel elements uhile 1od1ne was che most abundant

~In the green elements.

These findings were ganerallj expe"ted {

Ceslum-iaa the predominate

TABLE 15

External and Internal Dose COmparlaon

'The'tnyroid dose {green releases) 1s 1100 to -

thérnal Dose

Rub#lé'boae.

1. . |Time After Thyroid Dose
Release | Irradiation - “mrem mrem: mrem -
A?agéd:h ”:zi'yéaré . _-6.0014 . 0. 19 .-
C-aged ; 2} ye#ra' ' VO.bQQ37 o, 017 =
D-aged | 2} years | 0.007 0.32 -
E-green 43 days 0.012 050086 34
E-Qreen k. 51 days 0.009 0.024 1%
G-green . 6# days 0.016 0.12 | 42
H-green f 65.day; , 0.024 '0.0SIﬂ 27
I-aged i 2} yeaia 0.0020 0.15 -

81




‘An <xternal doze proflle for the 40C-meter arc, based on

£VUIJ$C lapse pa:iameters 1nd the measured cs137 release quantlty,

wus determined fron existing nomos.ams (Ref. 14). Plgure 19»shows
.thc somparison tetween tne calculated ‘and meaﬁured doses for .
Lupseeﬁeleaseu D_and I. It the calculated vﬁlges_are used as a
bnelsﬂof~pz sdiztion,. uhc Lst-:a;cs‘er external dose w.1l be too

large "y a factor of two Lo three.

4.2,7 . Fluorescent Tracer:

Dur‘ng Releases A and B (aged fuel elements) zinc cadmlum ,
.eulphlde was released for about 10 mlnutea 1mmedlately tollowlng
lllauion prouuct release. The release was not made simultaneously
bccause of the unﬂertainty as to hou the rluoreacent materlal

mlght arrec. the diapersal and deposltion o, the releaSed rlsslon

='producta.' On the basis or theee tea;s. the declaion was made to "

pancrm Releaae c aimultaneoualy with a rluorescent tracer releaae._

ulnce ceslum was the only tlaaion product released in a aigniricant

-quan.lty, 1nteracclon between the rluorescent tracer and cesium S

lumeu os eoneamlnated par*icles could be obaerVed.
Prellminary data from the Andersen 1npactora used 1n o

Relca;ea A and B lndlcatcd a clear partlcle size dlrrerentlacion

;bc twesn the tracer and.the ceslum. that is, the tracer was reteined

in the upper atages and the cesium was deposited in the lower
~aglagea.: Thi; proved that if a significant fraction of the cesium

should become attéched:to the tracer particles in a almultuﬁeous
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relea#e, 1v ceuld be readily detecsed. Reéul*f_af Release C |
Cindicated no change in the particle size dist r‘bu&ion of ;he é
released cestun, : - . 1

Datr udequa ~& {or a detall éd compa:isqn of rluoxescéhc ‘

. Y .
niacerind fiasicn product dispersal we:e obtalired only durlng

‘ vNciéasu C. Piom these resuits there appear to ie no's-gnificabt
“GirCerences between the diffusion characteristics of Cal37 ana
zine cadimiun sulphide.‘ Furthermore, the calculated diffusion para-
melters 1nd‘céte that there 1s no strikiaZ ditferénce‘becween the ”;&

dittusion of gross radioactivity and zinc _cadmium swlphide.

.g.a Dif.uaion Parane ters

The abi‘ity to analytlcally predict the atmospheric dir-

flfun*on charauteristics of an ertluent requirea a mathematical
"model having sufricient 'di’rusion parameters. . _These parameters
repreaent the variables ot the problen. It 1s difticult to obtain
,.;r¥;é;gpxeaen.at1ve ditrusion parametera ysggqpe they are dependent
; ;;upon micrometeorologlcal conditions.'ALapse rates and vertical
4:, variafiona in nlnd velocity strongly atrect vertlcal diffusion.
Horizontal or vertical velocity components, reaultlns from’ spon-
taneoua eddiea. affect both horlzontal and vertical dir'usion.
Whene\er meteorologica -ondiclons.change,_ne!-ditrgsion para-

‘meters must be used to ptedict,atmotpher;c mixing. The problem of

using one‘aét of’yarameters'tor long range diffusion cases is

burdened by the natural tendency of meteorologi~a1 conditions to

varJ with cime.

o . .

!4 -



.Many attempts have teen made Lo provide a meams for obtain-

ing realistic diffusion parameters. Some are theoretical while

- _ ..__others are_ggg;g;éal. Of -these, Sutton's formulas are the best

" Known for calculating'param ters rrbm micrometeorbloglcal data.
?Su.ton'a ‘formulas describe the dirfusion of a plume trom a con-

. tinuous point source in terms of two diffusion coefficienc-,

Cy (horizontal) and C, (vertical), and a atability pgxameter fn".
, An empirical set ot Sutton-~type "typical" lapge and inver-

sion parameters have been auggeated as a result of a study by

“staff ﬁeﬁbera of'Lhé'Brdokhaven National Laboratory and4others
'(Ret. 12) "heir rindings have strongly inrluenced the ANP aatecy
v'analyais atudiea ‘and their 'typical" barametera are herein ﬂ

. rererred to as the "ANP parameters" (Table 16)

TABLE 16
“Tvpical' ANP Atmospheric Dirruaion Pnrametera

Pafaﬁé:qrfﬁ”~" Lapse Inveraion
n . - 0.25 . |- 0.5 .
. Cz - 0.40 0.05
‘4 5.0 m/sec] 3.0 m/sec
Om :}f ‘0m
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The highe: predicted concentiations are due primaxily to
the'larger'mcasu:ed vciues of Cz ;s compared to the "typlcal”
value. The more rapid dispersal indicated in Figures 22 and 23
is caused by the parzmeters My * Mz)2°" o Comparing the values
~of parameters obtalined b fitting the cloud concencration data with
those parameters dertved from the meteorological measu:ementa

reveals several tendencles. These are: ‘ f

Parameter Observation ‘
C o . Shows a tendency to 1ncrease with
y -wind velocity .
(Horizontal Dirrusion) . Increases when the bi-vane value

of &, increases (the crosswind
standard deviation of the horizon-
" tal velocity componenta.) Lo '

cz . Was larger for the inversion |

(vertical Ditruslon) . releases and occurred with larger
' values of "n” than tor ‘the - lapae
_ _ releaaea. : , :
My .. ..Smaller for lapse than ror 1nvcraion
releases T

(Horizontal St ahility) . Larger at loier wind vclocitics c
N . . lapse values 3encr311y hisher than

: : o are inversion values i
(Vertical Stability) . Shows a tendency to increase with

humidity and temperature.
. Tends to increase as the bi-vane
value of ¢z increases
. Tends to decrease as 'n' increases
At present these obgervations lack atatiaticql welght. As norc'
data become availablq these trends may become more definitive.

calculated parameters may‘be obtalncd from expcrlmentallresultu




“Teble 17 summarizés 3omne bf the diffué:on parameter valiues,
and s!imultaneous ﬂc'ccrolo tcal condiulons existing during each
_relecase. .The techniques used for calesulating these parameters
aay'bc.round in'Append1x H. A varletly ufjmzthéﬂs were uszed to-
evilaala ﬁue‘parémetCrsiincludlng sncke plune photog:aSﬁy,
flusi=scent tracer, ross activity on‘Hi-Vcl asr 3ambler pléated’

l*ern, and 10t oplc radioactivizy on pleated filteras. Alab, a.
.bi-vaqe, 24 meters above vround on tne apex tower, provided data
for determination 61 cy, vz,-and mean wind deviations in the ver-

¢ 1cal and horizontal crosswind directlons. Fo£ compariaon
purpoaes .he tower wind. speed data were uscd to calculate the
_stabllity parameter n",'uslng the w! ndspced pro '1le powex law.
The gross beta-gamma paramotera (pleated fllter rleld data) may
be congidered valld ror a cont nuous releasc of. abouu ten-minate
durat!ion nhile ‘the 1aotop'c pnrauaterl Cor 03137 1131 and Ru1°3 -
are for tho componont releasea ox abont two-minubo durat’on. The
variatxons 1n the .aocoptc paxamotera tor a 51ven release are e
probably cauaed by changes . in uoteo:olosical condl one.

Ropreauntafiwe 1aoploths. normallzed *o tha Jame ccnterline;l’
value at 100 meters, conpare the actual diftusica pattern wlth L
tiat predicted from ANP paramecers und‘ghnt caleulated rrom_bt-
vane results (Sution's edudtiona). These are shown in Pzgurés 20
and 21. The "typloalf parameters a;c bettar than the bi-vane

calculated parameters for pr:dicting dispersal o the effluent.
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3

Partherngre, the "typicai™ ANP parameters !t the .cresswind prcfiles

ca2tter than the bl-vane paramete:;s. .Becaiuse of this oe».er fit,

- the "Lypnical®™ parameters vere further investigated.

Plgures 22 ahd 23 ghow predi:ted atr-conterline concgntra-
vions of iodine and zeslum fcr the lapse and inversicn conditlons

and those air concerzrations as measured ia the field. The

‘centerline.concentraticns were all normallzed to the same source -

“strength. The measured centerlines were based'od [Arameters

obtalned from the -diffusion of Cs137 and I13l. 'In this.comparison

the "typlcal" lapse parameters ﬁave proved-‘o be quite good in

predicting the meagu: ed air c01uentrations within a factor of two

out to 3200 mqtera. ‘The ":ypical" 1nversion ANP parametera were
conaiﬁtently' h gn by about an o*der ol mugnitude in’ predi*t‘ng
dounwind asr concen*ra*iona out to 3200 me.era. : B

Sucton'a method of de.erminins values or cy, cz, and n

{rom ueteorologlcal measurements’ brovcd unaatisractory ror calcu-

lating FRT-1 a¢rborne radioactivitj concentrnt‘or levela. There-_
is the 11n1tat101 yha“ Sut:on's aolution of the d ruaion .2quation ‘: -
contalins only the sing.e‘stabllity parameter n . Thererore. 1"” o
cannot be uaed to dcscrioe adoquately an an‘aotropicallj diffusing
cloud. To compensate for thq inadequacy of the parameter i 5 two‘
parameters, My and Mg, were 1ntioduced. The general equation
defining the various. parametera Hy. Hz, c,, ca, and "n" are

dorlved in Appendix .

20



NPC 9028

?..0_.33 ..zl

eo._i...ou. >:>:u< ool -zco-.c .«.a ..So.a

(uoiew] 39NVISIQ

0o0@

00Z¢ 009! 008 00% 00 001 0 00zt
v v L L 4

009!

8

T T T 1R

A : . ..:o_
H vy A
O ¥VIMN O
A .
9 ...o_
NK
(o] Je0!
A

- 0l

- SY¥ILINYUYY gZ(.l\

NOISY¥3ANI .. T¥YD'dAL., L.wo_

- 384V LIVOKAL.

)

AL VYOIaVY

.‘
e

2

é
(wsaraw/s0001




thut are prosented “n the literature (Ref. 13) or from future

relz2se tests. These nay be uded to add statlstizal weight

the gene:ul observatlona. The collectior of more informatlon will
. : N
piovide data for:
. ~the determination of the dependence of reallstic para- -

@eters upon basic meteorologlcal measurementcs

. an embirical relationship between diffusion parameters

and . baeic meteorological measurements.

e'h 2. 9 Radioblology

Pats and dogs were exponed to the radioacuive cloud un*er

. oontrolled conditiona and were- sacririced ‘after’ the reieaaes te -

pxovide data on the rrection of- inhaled aerosol deposited in the
':iung and both lower’ respiratory tra~t and upper reepiratory tract. o
The daca are aummarized in Table 18 Limited data were also

'obteined on the ratee ot removel of radioactive perticulates trom

T thc iunz end on the trunslooatioﬁ ot radioisocopee within the

bOdJ. Dux"ns the courae ot the: teets. eeveral ot' the animal

”';exposure tenho-ques ‘were varied and the et'ecte noted for use in

linterpretation of these tests and tor design of future experiments.
_ There was a reiatively lerge amount ot iodine. as compared
to othor nuclldea, in thre e:omache of dogs that were eacririced-
within an hour afterineleeeeo ?. a, and ﬁ.‘ This amount of iodine.
in the'gauﬁrointcSCinal‘traot was probaoly caused by temporory
entrapment of lodine in the upper respiratory system followed by

swallowing.



TR

. The lungs were relatively void of lodine as compared to
A other nuclides,Ain the stcmacﬁs of dogs that were sacrificed.
within an hour after Releases F, G,.and H. This amount of 1ocdine
in the gastrointe;t;nal ttact was probably caused by temporary
" entrapment of 1odiqe in the upper respiratory sy3tem'tollowed>by
swallowing. ' ‘ | | |
. The lungs were relaeively vold or iodine as eompared Hluh -
other isotopes, 1nd1cat1ng a vapid 1od1ne removal raLe.. The
blood contalned abouu IQ% ‘of the total body burden of iodine at
the end of - -an_hour. " Of the total amount of 1od1ne in the blood -
‘about 4% was assinilated by the thyro1d. |
» There was no 1nd1cat;on chat cealum was localized appre-
ciably in tbe muscle under the conditiona or the teats.
Median LRD (louer reapiratory tract depoeition) values for.:'
rata and dogs were 30 and 35%, reepectively, of the total 1nha1ed
- activity as calculated rrom the meaaured air concentratione.
» Theae valuea are aomewhat larger than the an-ua-sz value
dr _25%, . However. the dirrerence ia probably not aigniricant
because the breathing rates were not individually measured. A
single eetimated breathing rate was ueed for all animals of a
given speciel. . '
Gastrointestinal (GI) tract and total bodJ internal (TBI)
_values_were ‘used to gnfer upper reapigatory Cract depoeition

(URD). However, the TBI data from Releases D, E, and P were




et RN

‘nvalidatad as es:timates of URD plus IRD because the animals, nnt

belng restrained i'rom 1ltcxing themselves, Ingasied large amounts

of activity In zddiiion’ to that inbaled. In Releases .G, H, and I
S

the aninals wvere Lcshzdi“ed and the ”BI values werle fa-xly close

to the Nﬂ‘?nB-,Z value of 73% for URD plus LRD

- TABLE 18

Median Lower Resplratory Tract and "Total Body" Deposition Values

' Number . Lower 4 " "Potal Body"+
Release Animal | -cof - | Respiratory . Internal
Animal . | Deposition (%) Disposition (%
‘Median ' Range - Medlan | Range
| D-aged | 1at - 38 1. 18, 8-1&2 ,
_E-green rat |- S& -39 .13- 17 .
E-green rat 32 _ R
P-green | rat . | 20 22 . 116-67
F-green dog 4 26  |i8- 36
G-green rat’ 30 - k5 - ]21-126 ' ‘
G=green rat 24 -1 N Y AR 28-183 :
G-green dog 5 -} 58 MQ-_881 S
H-green. rat 12 .28 |16~ 5% 86 - 6&-210
H-green dog. ﬁ.24 ol 035 11-92 [ = .
T-aged rat 1 1 37 g .T e 3:- 99
I-aged dog 12 24 92" o L -

® The term "”o tal Body Internal Deposit‘on represgsents the
summation of fission product ccncentrations of only those
tissues which were analyzed (Refl. 11).
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APPENDIX A

Fuel Element Inventoriea

_The HTRE-type fuel elements used in the field tests were,~
- supplied and prepared by‘the Geaeral Electric Idaho Test Station.’"
i The e;ementa .were deaignated H 2 type and were taken from ' .

. HTRE-MTR asaemblies l-T and 1- L-
The 1nventor1es for the fuel elements were calculated using

: an-xnu-?Oh code with nuclear input data frow the literature. All

5isotopes presented. in a report by T. J. Burnett (Ref.15) were
".considered Tablc A.1 shows the calculated inventory. values for
T ~ the elcments 1n curics and the releaaes 1n which they were uzed
: &iﬁégg%ﬁﬂﬁﬁﬁﬁiéﬁ??é*%:_fltkll 1sotopes crc 1nc1uded whose 1nventor1ea exceed one-tenth

| eustol-
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APPENDIX B
Fuel Element Melting Equipment

) r'
ES -
[

‘B.1 Induction Furnace
 An induction type furnace was selected over a gas-fired or o

resistance—element furnace on the basis or clean fast heating with

good temperat\_xre control. The final design was a trmsportable,
eﬁielded furnace capable of heating a fuel element tao 1ts melting
,;Soint 4n two'mmtee. Built-i—n rediation shielding pemﬁtted
’ .ordinary treneportetion and handling methods for lin.ited time
- intervale with!.n the NRTS area. ' ‘
The cynndrtcel furnace, uluch weighed 7,200 pounda, 18 shctm ' ' ’
T 1n Figure B.l. It neeeured 27" 0.D. by 32" Mgh, ‘and was comprised S
= of a ehield caelt [¢STR 14d. (2) from ahich 1s euspended a cast’
‘,cerenic cynnder (3) with embedded 1nduction cou (4); cap (5).

| Rh-l’t themocouple (8); 12 ertluent nnpnng tubee (9) connected by
| slns-wool tlued elbon (10), lolenoid velvea (11). a.nd needle
velvn (12) to rlun (13). en:l an. atr injection tubs (14),
The rumaee cmcible served euo as the diachuze etack.

7]

|

B guphite cmcible (6) reat:lm on a cex-enic pedeetel (7). Pt, J
=

|

{

!

|

from which sampling tubes - led to an array of 12 tnetionel- |
nnpllm flasks around the verticel rece of the tumce. 'rhene - AR
tlnke were uutened herore each rel.eue end removed atter the’
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release Ior subsequent sampling. Metered air was injected into the
center of the crucible to remcve the effluent from the crucible,

The effluent was released to rrée alr at a height of tive feet above
' ground A
| The vertical wall of the furnace was a radiation shield having
a 6.5~1nch thickneas of lead cast in-place between the 0,25-1nch-
thick steel éuter’and inner shells, The fﬁrnace bottom, 11d,: and
:cap )3+ ovided essentially the same ahielding thickneas and materials
excepting where potting compound in the 1lid Lnsulated the induction
coil connectiona. The calculated dose-rate at the outer face of

.the-rurhace ias 0.45 R/hr. Fdr the. particular fuel elements used,

. the maximum dooe-rate was O, 15 n/nx meaaured 5t t"e cask faoe mld-

.'plane. A narrow bean of about 5 R/hr was measured at tho potting
' conpound in the 11d where handling of. the turnace was not
:required Handlins the furnace and aampling tlasks at arms length
 reduced the torao dose-rate . to about 0. 05 n/hr.
: The 1nduction coil, made of 3/8" o. D. copper tubing,‘had
10-3 turns, 7" 0.D., and a total length of 5-5/8". The coll
was imbedded. 1in a caat ceramic cylinder 7% 0.L., 5-1/%" I. D..
12-3/8" long.
A orucible (Fisuresyn.a. B.3) height of 12.5" was selected
from considerations ot induction coil size, power loss to nearby

ahieldtng, ahielding %hickncsa, and the desirabllity of having the
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f31/25" above the. turnace.n.‘

riu of the crucible project above the furnace 11d. A graphite

crucible having a 0.5" wall thickness was an adequate susceptor

for 10-kc 1nduction heatiﬁg,'the'crucible ard fuel element rising .

1"n temperature abou? equally on a fast heat cycle. Two uire-dhct
'holes, 0. 625" diameter through the crucible wall near the rim,
;were-provideq. A saw-cut, 1/4"-deep eround.the crucible, 8" from
" the base,. defined a;breakeée‘puint used after a run to reduce the.

‘crucible helgh;‘co;tlt within avallable shipping containers. To -

uiuimiie”the evolution of CO from graphite in alr at high

o temperatuées}"the crucibles were coated with an'elunina wash.

jThe crucible ronned the errluent diachaxze stack vhich protruded .

' 8.2 ?ower Suppll

A 60-kw, nir-cooled. notor-generator aet with across-the-line ‘L

atarter was nounted on e concrete pn1 115 feeot upuind tron the

t'._-turuece. The notor-generutor eet was serviced by hao-volt. 3-
_ bhase, 60-cycle powor obtained from a tran-rormer and hlgh-line .
‘ubout 200 reet diltant. The generator output, 10-kn, |1n31e~phnse.

hko-volt naximuu. was udJultod by a continuous vuriable rield _

lupply 1n the control consoles,
The control sonsole, located 20 feet from the lotor-senoretor
set, included a push-button remote-control for the motor-generator

lta:ter; a continuousiy variable generator field supply with panel

20




ammete:, a main-liine contactor lor generator to furnace transformer
-,and capacitor bank, panel meters for generator-volggge. amperage,
: and power, a ground detector unit, switches for the two water-
codlant pumps, sampling 1lask contrcls, and a !10-V service outlet,

o A capacitor bank . with Jumpers provided 7.5~ to 303.5-Kkvar
in /.5-kvar steps to tune the lnduction coll to resonance. A
variable-ratio 10-kw transformer provided impedanue-macphing
hetween the induction coil -and the motor-generator set

The water—coolant system, Pigure B.4, ror the capacitor bank,

transformer, and 1nduction ¢coll provided water-pressure of about
’ .30 psig at these items. The warm water was returned to a 1, 000-
_ gallon tank. located 25" feet from the turnace and at the same

1eve1 as the turnace.

- B.3 _Effluent Sampling
Errluent trom the melted fuel element waa pu:ged rrom the

-crucible by anecting air at a rate ot 1 ctm (local presaure ‘amd

'=.;temperaturu) at the center of the cruciblc.u The varioua ,samplers

are dcpicted 1n pigurcs B.5 and B.6. Gas eth volocitica tron
tho cruclblo wort not measured; however, calculationn tndicatcd
the velocity might have been about 0.8 ft-sec™!., Stainless
steel tubes 6.25-1n.-0.n., 0.226-1p.-I.D. sampled the effluent
before it reached free air, and a dummy sampling tube having one
and sealed was preaeﬁl to provide a measure of effluent conden-

salt-  at the'outeé_and 1nqer surfaces of the sampling tubes.
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Each sarpling tube was connected through a solenocid ﬂalve and a
‘needle valve to its sampling flask. |
. Three different sized flasks were used in the nine releases:
an s;béhd type (Figure B.5) fabricated rroé three 6-inch nipples
-and two 180-degree return-bends with an erreccive volume of 0 24
liter; a steel bottle {Pigure B.6) having a volume of 1.66 liter;
‘and a ateel bottle having a voluma of 10.8 liter, be}ng sinpilar
to the one shown in Pigure B.6. The S-bend flasks were attg:had
_.tb the vertical race of the furnace by epring-clamps; the 1.66
.¥:'<"11ter bottles were suspended from the aampling tubes (see
| 'Figuro B.1l) by the slaas-wool filled elbows and were secured by
_ two turns eround the rurnace with maaking tape. and the 10.8
liter bottlcl ‘Were placed in a "bucket-type“ roeeptable attached

f"  to the turnaco podestal. _ ,
K o The 10.8 1iter flask was used &s an 1ntegrat1n; sampler, -

SRR

_'being turned on shortly arter the ltart of & releass ana re-
'-ninins on for aoout 13- ntnutcu. The S-bend rlaaks were uaed for
: Boloaloo A chrough 8. tlkins ‘short-time s -ploo pcr@odically
throushout the r01¢a:0. The 1.66 liter flasks were used for
Releases } 4 through J an short-time anmplort.,

P e AN e amet el Binmanrar aen et 4

B.4 ngggrtturo'noasuremont

A Pec, 13 pcrccnt Rh-pPt thermocouple pocztxoned 0.25 in.
bolou the cruciblg base monitored the tcnporltnro in the furnace.
‘With the furnace at thermal equilibrium in the range 1ooo°c to

127




T e

furnace; va.riations in the rate of temperature rise of the
. furnace were observed at .the strip-chart recorder and compensated
. for by- suitable thuatmcnés. Pancl-mter readings wers recorded

a noording of tho tupouture

'recordei'. :

.- 7 sheet, ~Install previously calibrated -upung

1600°c. there was a 150‘0 (o] _temp_ex‘ature difference between the
thermoccuple and the crucible base. Final calibration was made
using dummy fuel elements and observing the etart.and.completién )
of melting during fast heating cycles for vario_t_u Anput wattages,
Thermocouple emf was recorded on a 22-mv full-scale ~atrip':chart

_Each uloue was atarted at the same energy input to the

-

as needed to uuot in the 1m:erprotation of the atx-ip-chart

3.5 rumaco mnfion

A tnical mmoo o. oution cycle 1nc1udu pnpaution.

| roluu, and. ronou-throv.uh: g '_ L - f T

- _1,. Low nn-nsoo lith n t\ul clmnt at ax-mr hot 09ll,

2, " ':runnport furnace to uto and place on a podutal.
umn.u maximum nonuublc norld.m tinme .

| 3 an virtieal tuo of the furnace with polyothyhne
flasks on the furnace.

IA. '-cmck all oonmcnonl oxcopt thc rluk solenoid"
. '.1”.0
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Remove rurnace'cdp about one-half hour before-

Feel
2l

predicted release time; measure sky-ahine radiation.
Start motor-generator set,

Apply power to furnace; melting begins about two

. minutea later,

10,

11,

13.

14,

15.

Start the flow of netered air to crucible at+#
rinute and begin the sequhxtial triggering of

sampling flasks.

Reduce the furnace power.at about +3 minutea;;nd
maintain a'desired'crucible'tehperature plateau.

Turn off furnace power and metered air at 4—13
minutes. .

Monitor working arza .for radiation level; replace

'cap on furnace; monitor for radioactivity; close

all needle-valves on the flasks; cover furnace tor
ovor-night (al11 runs were ‘made in the evening).

‘Close water-coolant when crucible temperature :
- drops to about 100°¢, - L

Remove aampling tlasks from the rurnace; measure

- gamma radiation at the glass-wool tilled elbowa.

and place in plaatic containera.

Re-ovo furnace connoetions and wrappings and wlah
the furnace down until smear tests. lro acceptable E

: ror rurnace trnnsportation.

Dispose_of furnace wrnpplnga and waan-dgun clotha S
.as hot waste. o )

Wrap furnnca and trnnsport to 03~AN? hot coll; re-
move orucible and melt., Reload furnace with fresh

cruciblc and tuel olonont.

B.6 Sampling Plask Aq;ultnonts_

Typical procedures:;

1,

RVlcusto tlauk to looal baromoteric pressure minus
253.&0
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AdJust flcw-rate valve at collecting flash such that
~opening solenoid valve for 30 seconds to atmosphere

reszults in a flask presaure of 15 cm Hg below local

atmospheric pressure. The pressure chanjgc is 10 ca

Hg, and the mass of sample obtained 1in 30 seconds 1s

‘equal to 10/76 times the mass of air which would be -
1n the tlask at a pressure of 76 e¢m Hz. ..

o
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_ APPENDIX C LA
Power.Diatributioﬁ System

The selection of a source-point location near an existing
7.2/12.5 KV 3-pha$o line made 1t posaible to supply the control
trailer arua, the source point, and the 100-, 200-, 400- and 300-
meter arcs with eleotric power from an overhead distribution
syatem connected to the exia*ing line. The overhead system was
designed as a Joint erfort of IDO-AEC and Convair aud comtructed

) under contract to IDO-AEG ' The 1mtmcntstion alom the above
nentionod arca. and the loads at the control and source points
were connected to the overhead ayaten by means or a ground-

- surface cable systcn deugmd by, nnd construoted under con*ract
to cOnvur. SR - | '
'rhe ponr source for the- o« 1trol area consisted of a
120/208-volt. 3-phu¢, AS-KVA nung, that suppued ugnu and
power for 10 tmlort.und tm mteorologicn tower, 'rho po\ur
source: rox- tho tumco ma comute& of a #Bo-volq. 3-phru,

: SO-KVA r.tiu. that luypued ponr to the motor generator and
pusps ot ‘the induotion rux-moo. -the air conditioning unit of the
meteorological trailer, and lights and instrumentation for the

source ares, ] _
The 3-phuo,. 12,5-KV 1line was terminated at the 480-volt bank

and a single-phade, 7.2—!01’*11:;0 was conéinued beyond to serve the

it
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A endc. This problel wu not conaidared important beyond tho 200-

. . drivon gonex'ators a.nd wiro and dry. typo tumtomera, obtuned
- from U. 3. governlunt lurplua, than by eonltmcung overhead -
. nnu to bc comcted to tho 7 2/12 5-xv um along Mncoln Blvd.

first _rdur arcs.. The pressnce of high voltage overhead lines in
world.hg areas o‘r the innermost arcs was avolded by running the
1ine along the laft boundary of the netwcrk and supplying the
100- and 200-meter arcs from transformers located at their left

meter m. therefore, the ROO-nter are vas aupplied by 2 trans-
tomr at ‘the center and the 800-neter arc was cuppned by two
tmatomors, evenly spaced, gach supplying half of ths arc load.
' -A ltudy ‘showed t:lu!' it uoﬁld be more economical to serve the
1600- and 3200-.1:01' u-cs by means of portablc guolins-engim-

_mter arcs uoro oach luppnod ohctucity tron 3 genemtors or

28 Xv nung at 125-v01tl, 3-phuo._ To: reduce volta;c drop, :

. tho gcmuud vol.tnco -u -toppcd up to 250 volts, 3-phuo,
’ this lu used as tuc puuu voltogo alom tho m.r Dry type

tmatonuu were used to mpp].y the. 1thnt pouuom. with -

‘ one tmromr lupplyim 3 pou.‘.:ionn with a muml. lzo-volt

service. This system was duigned by and constructed under

econtruct to Convair.
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‘ All of the arcs, out to and including the 3200-meter arc, were

‘tontrolled from a switchboard in the control trailer. After the
generators n the 1600- and 3200-meter arcs had besn marnually

RS S

started, all power to the 6 arcs could be turned on or orr.

1ndlviduany frou the control trailer.
The inatruments on the 5-mile arc were located 36 far froa each i '

other, ‘and from a power nna. that the o-xly practicﬁl solution was AT
to use mll indivicdual gasoline O_Dsine generators for each instru- | j‘
ment location. These units, as a. uttér'ét avdlabzuty, 'iveragéd T " -
'about 2.5 Kn in rating bdut were only loaded to- apout one-quartor - | -

capacity. R T R
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AFPENDIX D

Meteorologlical Measuremernts

|Hind Velocity

Velocity detec:ors were 3-cup Becmman-ﬂhitley type anemo-
‘3. Locationa of the detec.ors are shown on Figure D.1.

All uind “speed detectors uere check-calibrated in the wind
'v;él racility at: Egi‘n AFB Heather Section to conform within the
‘fa::urcr'a tolerancas and ncnmal'Zeu to calibrations made by

. (ncf.‘lo,. Break away or. uxnimum velo.it measurements
;;adc. i . | |

.1Prior to inatallatlon in the field at NRTS. all wind velocity

' ,ors were dynamically compared on a pulae perunit time

'Ai This was done at. low, varylng, and medi\n wind apeeds. '
iirter'lnatallation, periodlc lnspection was accomplished to

B it crroncoua rcadings. -theiiﬁ"l“‘ed cup ¢leaning, minimum
"g drag checks and hi apeed drag checks.

'Fll recording channels ue*e calibr;ted against a known pulae-

"1};;ourco, and’ accles°wcre noruallzed to a full scale tor a low

?'Fy«range of 7.5-neterc-pery;econd and a hi-velocity range of
pre-ber-second. These fwo rangea‘beot.auited the testing
Eerc'depitcd for the.ticld<reléaee test . geries.

1e.uind volocity detcctors functioned very well snd mainte-

_«as confined almost entirely to routine inspection and
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cleanup. However, the pulse rate to analog translating medium
suffered sevére.dupt damage, and rellability was considered very
poor. Test-to-test maintenance of the units consisted of a

.complete cleanup drAfelays and other areas that might be subjJect

to damage by dust,

D.2 wWind Direction

wind birection detectors were Eeckman-whit}ey vanes. Loca-~
tions of the detectors are shown on Figures D.1. '
‘ All wind direction detecto*s were checked for static vane
'balance. minimum breakaway torce, and signal integrity before

ins*allation. S v

A1l ¢hec2 eéiiirn‘ioné were accomplished via chart-pan
idexlection vs, yiaual vane. aiisnment on a known backsight
;rererence within Tae aurveyed aanpling lrea. Based on each de-
tector'a calibration. an equivalent signal was used to check
excitation and rull-acale signal detlection prior to any dacl
recording seqpence. ] "_

_ chular pro-data takins checka included chart centerlinc )

confirmntion, vith vane backnigheed on a ‘visual® rereronce point
| full-scale check and adjustment of cxcitation voltages plus
inspection of the mechanical condition of the dctéctob. Mercuz

cells wers used for excitation voltage to insure long-tenn

stability.,
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Performance of tie uhits»was considcred satisfactory with the
exeeption Ar an occasionral potent1ometer-w1pér burnocut caused by
dead zone switching with a‘long; iarge-capacity cable belng used
for the signal voltages. Anequate suppre33101 was provided to
insure againat ex»es-ive.damage. '

D.3 Alr Temperature (Dynanic)
TO determ.ne mean temperatures for 1nversion and lapse condi-

*1ona, three shic;ded'copper-constantan thermocouples were 1n-

acalled on *he main tower at the l 5, ?h and hswmeter levels..
,_Reccrding was accomplished by using a Brown multipoint recorder
of 5o°c in span. . L B ",' . _L'

A separate sec or tnermocouplea was locaeed at the sane posi-

-_tione to provide a means or magnirying the ditferenee-temperature

‘variationa between positicns. Recording was accompliahed by :_ .

» stabilized-d c.-dlrrerence emplitlers reeding a O-I-ma recorder._‘




APPENDIX E

'Releise He -ght De.e"ﬂinatlon

E.1 Equipment .
The basic equipment for the releases height meés4"edén:é'uas

a frame structure codtaining one or moere charged vertlcal wires.

The wire or wires were apprczimately 8 feet ln leng*h and were

‘insulated from the supporting frame. The sysoem u;odjduting

. .
Release I 1is shown in Figure E.1l. '

E 2 Operntlonal Procedu*e
Prior to a release, the rramework ‘was placed imm‘diately‘

downwind of the rurnace. The high voltage bats er‘es were gonnec- '
ted betwoen the’ wire and ground terminals about 5 minutea bcrorev"

energizlng the rurnace. Innediately rollowing the release, the

b;tterios.waro disconnected. After the_turnace 11d was replaced,

the wire u;.s ‘moved"tmwthe ‘framewcrk. and placed witaln a box

uhich waa conatructed so that the wire was supported at, the ends.

,“ﬂThe wire was then transported to the COnvalr trallcr whero the

collected activity was measured as a function of distance qlong

the wire,

80vora1 typos of collection goometrieu were uaod during the’

testl. The geometry i3 listed for each of the rcleases:

i
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Release Z: A slngle, negatively charged wire, at minus

2050 volts with respect to ground, was placed 42-3/4

inches downwind of the center of the crucible on the ;
network centerline. The furnace top was 43 inches from :
the top of the wire, :

- Release F: 1In an attempt to Jetermine the lateral
JTstribution of the effluent as well as the vertical,
three vertical wires, spaced 5 inches apart were placed
48,5 inches downwind of the center of the crucible slong _
the network centerline. All three wires were negatively S
chargsd to 2450 volts. Although thia geometry gave N
consistent indications of the source height, the lateral ’
distribution of the activity could not be accurately -
determined, The electrical field pattern surrounding o,
the wires caused lateral migrations of the ions and mis- S
leading results. No further attempts to measure the hw :
lateral distribution of the cloud were made during the ‘ RN
releases., - ' _

Release G: Two wires were installed on the framework - R
2.75 Inches apart, one at a minus 2450 volts and the S PO
other at a plus 2550 volts with respect to ground. The : STl
frame was positioned so that the two wires were on . 1
either side of the centerline 45.5 inches dowmwind from o i
the center of .thk2 crucible., = - = : ‘ T

Release H: The'géouétry used lh'Réieaiélk was similar
To thZt of Release G. The only difference was that the
two wirea‘péro‘s inches apart. _ : '

Release I: Three vertical wires were spaced 1-1/8- e
Inches apart with the central wire on.the grid center- : g
line. The central. wire was maintained at ground ,
potential, the:left wire was 1225 volts negative and

_the right wire was 1225 volts positive with respect to 3 ;
the central wire, - Pigure E.1 1llustrates the electrical ' K

connections,
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APPENLIX F

Smoke °1ume GCeneration and Data Anazx es

F.1 Equipment ‘ _ .

 A U. S. Krmy Mechanical 3moke Gererator, M-3, was uséd‘
to produce the visible plumes. The M-3 is a-nulsejéﬁ'ambke
generator capable ot generating a hydrocaxbon-baae 011 smoke
at the rate or 25 to 50 GPH. The generacor oparates satis~ .

factorily with No. 100 Pale 011. The oil is vaporized and

| eJected 15 nu,nc‘ bv means of a pulaat;ng ~ombustion angine.

The hot oil vapors'eondanae a-shorc distance atter exit rrom

'the nozzles. givinz a fine oil-aeroaol plume. '

CGnventional x-zu caneraa, each ritted uith a aeven-inch

.roeal lengch lcn. and using xodak Super-xx. Aerial Recon tilu,  lﬁ-.‘
_u'ro pouitioned on the ground at‘prevloualy determined loca-< ‘

tions ‘to record tho passase or the smoke plumes. In order to

obcain accurnte data rron.the photographs ooncerning cloud

_ hoighu. the orientation or :he optical axil or each eancra had

to bo knoun._ftb ncco-pllsh this, each canera was aurvcycd .
into poaltioh and aligned on precisely. placed rererenco cargetl.._
The coverage and ponltion or each ground eamara is shown in
Piguro 3.1._~AL1 5round cameras were sequenced with intervelo-

meters which were op‘rated from a'cedtral.control:ﬁoint.
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MOURE 1.1 LOCATION OF GROUND CAMIRAS




To obtain 1nrormatloﬁ.ccncern1ng cloud path and cloud_
shape, and to provide thé‘dqtavneceasary to correlate angular
po;ition data, dbtained_by the ground cameras, with hefght
measurements, an Air Force A;Qb'aircraft'was fitted with a K-24
caméra-uslhg a 5;25-1nch focal length lens. Sequepce photo-~
-graphs, intervelometer conﬁrolleditof synchionlzatlon with
ground pho#ogfaphy, were'taﬁen of the conﬁinuoua pluﬁe and
smoke puffs from an altitude of 8500 feet aboveAihe terrain
aleng the network centerline, Radio contact between the air-
crart,and‘ﬁhg fielditest ‘control center pefmitted a;quitineous
aerial and ground'phbtqgiaphy, | x '

groc ure | | o _

. _ Prior to each acheduled riaaion product releaae, the 011-
:tog 5enerator was atarted in sutricient time ‘to generate a con-
tinuous plume extending,over as much ot the length of the
netuork as poaaible. Arter the plune wac developed and meteor-
ology uaa still aatisractory ror a release, ainultaneoua
photogtaphl wcre taken tron the lir and tro- thc sround. The
total tino to photograph thil plume was approxinatcly ten
minutes. .

After this series was complete, the oll fog generator was
" turned ott for sbout two -inute. to allon the apex of the plume
to move dounwind Lfrom tho release point.. At the end of this

period, the_generator was turned on for one stnute to pro&uce a
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srall cload apptoximatingAa puff. Simultaneoas photographs of
:he'"puff“ were taken from the alr and ground. ~Photography
continued until the purr was no longer ﬁisible.

sho:tly, one to five hinutes, atteo the "puff™ was 3ene}f
ated, the_furnacevwasobrouaht to temperatore and the riaaion.
product release efrected. Follouing the fission product release,

which took about'thirteen m-natea, another "purte"® was generated

and simultaneously photographeobfroaxair and.groqnd cameras
until the cloud'disappeared;V
-’ «3 Ditrus-on Parameters '
Vertical and horizontal photography accompanied moat
fission p'oduﬂt releases;- Ditfusion parametera, baaed on amoke
Aplnme analyaia. were ualculated onlv ror those releaaea with -
inilar lapae rates; e
, The derlvat1on or tbe amnke plune ditruaLOn parametera ia'."'

based on the azauMption that the viaible outline ot tho plume

13 ‘the ea:e as an 1aop1eth ot the cutort denaiby to :ransmicted -Hfi‘ﬁ

background light uhlch 1a given by Eq 1.'

oo L 2 :
33________. :
Vo czu 'z .
where
D,, * Cutoff density

Q = Source term




T g e e o

= Vertical difrfusion coeffician: o .

Cz =

4 = Mean wind velcelty .3

x = Dictance downwind | ‘
my; = Vertiéa-l stability paraczeter :

Zoo - Helght at-wﬁichfcutort‘ de‘nsit_y 6cqurs :
Equation 1 was obtained by ‘_htegrat;ng Eq. 5 of Appen\jl-x H_from ‘

- ®to + ® overy. : ' I o0 -
Two cases were analyzed; . : - : \m,‘;' ».

- case I, the 1n1t1al rise and the maximua width or heigm - BN
and their associated distances may be estimated. Solving for R = L
cz by subatitutuy; ("1'7‘1) and‘ ("2' zz) into 1: - . | AR | o | o { .}

¢? = - @

where Z = Zgo (underatood)
801ve Eq. 1 for zco '

R '3 Wm[C_ .29  1-m; lnx : .
Zoo c_., [ E’eor‘ czu] - (3) e ‘ )

Differentiate Eq. 3 with respect to x- and set 1i¢ cqual to O

to find Xx whpn zco is a maximum,

- 1 I 2 -l
“max * *XP =z '_5001""‘31 [.] =z

‘.
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Substituting into Eq. 3, and 3o0lving for C,

2
2 2(Z¢o max)
=

L\ 2nz

o (5)
¢z ( zco max) o

-

Equating Eq. 5 to. Eq.

o B ] P ) B

and finally, solve Eq. 6 for m, and Eq. 5 for Cj.
' Case II. ALl conditions of Case I are met along with the
ability to estimate x where zco z 0. |
Theretore, it tollowa that rrom Eq. 3

o ] ™ ""‘f"’_.i". [

_ Substituting Eq. T into Bq. 1,

X

czz '[:“2]2 mz 1:[___:,,,{l o (8’ ,

 and equating Eq. 8 to Eq;f2i_'A”””

ziaxz 4

It $s now possible to’aolyé Eq. 9-tor°nz,‘and Eq.. 8 for Cz.

(e
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APPENDIX G

Fluorescent Tracer Dispersal‘aqd Data Analiﬁes

6.1 Equipment -

A Todd Insecoicldal fog A;oiicator, Model 40~E, was usedloo
disperse the fluoresceoo tracer. ' ' |

The two princlpal functions of the disperaal equipment are

to break up . tne aggregate plgment and release particles at a-

known and unirorm rate. The aerosol generator utilizes the wet

dispersal techinque, which oinimizes,reagglomeration of parti-

cles. ,
The outlet nozzle woa-suon that the Jet could be directed

_i_in any doaired direction, but duiihg operation the jet was
'-directed vercically to minimize the immediate deposition of

The aqueoua spray was viaible up to a distanoe ot

10 teet from the. nozzle arter which droplets evaporated leaving

an 1nviaible pisment aerosol.
The quaneity of piguent roleaaed was neaaured by noting

the decreauo 1n llquid level in tho nixing containor which . oon-

tained a knoun amount ot pigment.» The tluoroscent chds aero-
80l was sampled with the Andorsen aauplera. Appendix I, -on tho
100-. 300-~, QOO-, and 800-meter arcs,

a.2 Data Analyses

Zinc cadmium eultide particlol ‘were counted at a uagnitl-

cation of 125!, uuins a Leitsz biaocular microacope. An

|
)
|
|
|
|
|
'
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ultraviolet iight was utlilizad to incuce finnreacence, thus
enabling the opera'or to 4! rzer-n*iate he ween z’nc cadmium
ulfiae and atmozpheric dusgt part-cles. -
otage two or al; Andersen samplers was seledted for
particl e-coun.ing analysis. I::waa dezermined that Stage one’
collected particles kaviag a large ﬁa;iety of sizes, aﬁd stage

threc‘requiied excessive cohnffng.timee Eeeauseﬂit'contained

so lew partlelns. As is typlcail .n Andersen samplers the

pa**'flea lmpinged aga*ﬂst the ccllecting media and the result-

,Lné vl .ection of part:cles rormed_a small circular.pattern.

.hereafter'called a colony. Slnce there were'aoo 1mp1ngingfjets

~ per s.age, chere uere an equa‘ number ot colcniea. Thia larse

number of co oniea xould have requ'red a considerable amounc
of couﬁtiﬂg time. Thererore, to deteruine the average number
of particlea for the entire acage, all the parficlea uere -

counted 1n only eight colon-ea.~ "he colonies aelected fer

: count:ng were those uhlch happened to bc under a set or 90-

degree grid lincs orisiﬂating at the center ot the atage..

Pour colonies were counted alons-one grid 11ne and the remaindet'

of the colonlas aleagmthe-otheb grid, which meant that eight

colonies were ebunted_aldng a randomly chosen diameter of the

‘stage. In those cases where the average number of particles

was small ahd the standard deyiatloh'tron the averages value
was'greater‘than 10,-:1xteen colonles were counted, i.e.,

eight colonies per radial distance.

e
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The fluor
the various stages of the Andersen
counting the various
scope. Sizing was accomplishe
) dr& field,
tion or the reticule was accomp

resultins in a value of 1.5 microns pet
200 particles were 8ized O

_rollovs:

quadrants of the plate.

50 particles in each of rour colonie
Hheneveﬂ possible the 50 perticles
Particle :

osing a Bausch and Lomb graduated reticle.
lished with a atage micrometer,
A total of

division.

--uere.aelected across the centerline ‘of the colony.

aize 1s derined aa

iented particle, when all neaaurement

axiu, i.e., horizontal axis.

orescent-particle size distribution as found on

sampler was detegpned by
sized particles with the aid of a micro-

d at a magnification of 1250X,
Calibra-

n each stage; they uere ueleuted as

s in the rour

the extreme diameter of each randomly

8 are uade on a given
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APFENDIX H

Airborne Activi :J-Deserminabions and Date Analyses

H.1 Equipment - - :

-

High volume (Hi-Vol) air samplers, manufactured by the

Staplnx Company Company, were used. The units are motor-d:iveh,A

' centrirugalotype 2ir pumps which require 110 volt alternating

. current tor.operation. The Semplers were connected to a ground'

pover distribution system and operated from a central control

point..

The amplers we-e titted ulth a pleated fllter. and during ’

the green releases an aﬂtivated charcoal cart*idge waa alao

"added.4 A d'sassembled and mounted aampler are shown in Pigures .

H.1 and He2 respeccively.'

' The fileer. Kine Satetj Appliancea COmpany No. CT77227. waa'i

‘a h-inch-diameter pleated ribe:glaca:co;lqcyor, guoeed tg-haVe ni
collcction etrlciency ot 99.98 péégbﬁt}téé‘Ogjlm;crohfni-bcfyi’ -
Phthalate partlclea._~:' e |

S

e

The acnivated charcoal tilled cartridge, also ohtulned tromA

‘M3SA, wan ticted to the Staplexbair_sampler by a,minor_moditica-

tion of the tilter_hél@gr.‘IThe‘cartridges were placed behind
the pleated filter durihggthe'tiehd'tests in which fodine
collections were made. - This was done to collect those particu-
lates which wouldmnot_have_been 1ntorcept§d by the pleated
filter and to minimiié contamination of the cartridge with
fission products other than 1odine, 4 |










The 1odine collection efficlency 62 the cartridge is
assuned to be 10U percent. This assumption is based on. un-

published Convair data which show that all the 1odine 1s absorb-

-

ed in the carbon cartridge. - ' .
The individual unlts, even when new, shoued vat-ation in
pumpllng rate when compared under constant conditions. The
exact c.auses for this non-uniformity are brobably‘causcd.'by
one or more of the following factcrs: (1) varirtions in
‘bearing friction, (2) rotor or amture unbalance or drag.
:  -(3) variation in brush or comutator characteriatics, and
? . (l&) variation in resisteance ot rutcrs of the cm typc. __
| " The sbove factors apply to umplers running on a conatcnt: .
_'voltage. The variety of waya m which power uas suppued to the' ‘
‘various arca resultcd in e wholc lpectm or lmc voltages and
" vo:l.tcgc dropc throughont thc nctwork. varuticm or + 5 percent
_"or nominal nne voltcge were ca-on.  ‘ Cne :
_ It was mpncucal to pcriodican; N.d thc mu r).ow- o
"' meter on the Hi-Vol instruzents and ‘then average the rate as

—

~ 18 oustomarily done because it would involve a prohibitive
amount of time in the field. ' |
The only precticsl solution to the b_r_ob_).c'n seemed to be

s - i b o S t—— <

that of calibrating each sampler against & standard flowmeter
under known voltage conditions us}: pleated filter alone ac\d

; pleated filter together with carocon cartridge. Tests were run
on single samplers to determine a relation between _cbbned
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voltabe and flowrate with a number cr filzers to deqprmin the
percent variation in flowrate rcsult'ng from d te:ent filtersa

of the same tyre.. Recording.voltm elers were then pﬁt on the

- Supply line at the right end of the loo-ﬁcter arc, the center

ot'the uqo-meter arc, and the 1eft ends of the 800- and 3200-

meter arcss. PFrom the resulting data, it was rFossible to cal-

culate a flowrate for each sampler in the test. netwdrk.- Tabdble H. 1
shows a 11ist of calibrated flow rates for each samplcr, dctermired

immcd ately after Release D. These values were used for reducing
the field data from the first four rcleaaea. The tranatormer

thc uoo-meter arc becamc raulty after Release D, and a

calibracicn could not be pertornwdw This accounts for the

' averasc value appearing :n tbe ROO-metcr a*c column.'

Tablc H.2 ahowa cslibrated- saupler tlon ratea dctermined

Tv imuodiately tollowing Release H. Theac vall-s were used in re-
'7‘ducing the rield data tor Relcase E through a.. Table H.3 con-
. taina aampler calibration dats ror nelaasc I. Avérage valucs i .
,_Aonly are ahoun tor tha lOO-. 200-. snd hoo-mater arca; thia was '

ncceaaitated bv thc tact that tha calibration was pcrformcd with
no load on cha 1line except the sampler being calibrated. The
abacnca of voltasa drop resul;ad in higher sampling rates than
were obtained during aczusl test conditiona uﬁou 81l samplers

were operating. Thus an average value was assigned based on an.

'appropriata loading-raocor;

H.2 Atmospheric Diffusion Psrsmeter Evaluation

Sutton's well known solution of the Pickian diffusion

B e,




Staplex H1-vol

ARC

.Station ﬂg{

TABLE H.1

3argpling Rate Jor Releases A, B,C,D

» , 3anpling Rat;e___-(r:z‘:.\)__1 —
. JOCM. 200N 4LCOM 800M 1500M 3200M
35.8 35,4 | 36.6] 38.4 28.&' 35.2
. L 1.9 - 33.1
5.8 | 3s.2| A | 3res | 398 331
35.8 34.9 39.6 | 32.6 36.2
. h42.1 34.0
- 35.0 34.0 38.1 | 40.6 36.2
35.8 | 34.5 40.6 | 80.6 34.0
, . 40.6 36.2
'35.6 | 33.8 /35,0 | ko.! 35,2
e | oo |22 33.1
34.2 3.2 . 39.0 ho._ . 30.
o R : : L ' 320“ . 33.7
- 35.6 35.2 1 39.0 ) - 32.5
e : ) 3.2
. ST Ba 33,8
N B T 355 33.8
35.0 | 36.0 T 27.5 | 36.9 3%.0
32.6 ' | 32.0 41.5 | 36.9 35.0
) 40.0 3602
35.8 | 37.2 35.8 %5. gg.g
- 33.8 | 335 2745 B 37.
35.4 36.
35.8 | 33.8 38.1 gg.g gg.g
33.8 | 3.2 40.6 | 36.2 35.8
' 3&-5 34.0
36.2 37.9 27.5 | 38.1 23.2
' : 33.1 6
33.5 33.9 v 39.6 | 36.2 38.4
- ] 35.8 39.0
7.0 | 36.6 |36.6 | 39.0 | 35.2 | 39.




TABLE H.1 {Cont'd)

ARC Samrling Rate (cfm)
Station NO% .J00M | 200M | 40CM 800M | 1500M
46 : 36,6 o 35.8
ur 33.8 | 32.8 1 40,0 35.8
™ : 35.8
49 37.2 | 36.2 . 39.6 31.2
50 ' "37.5
51 34,1 | 33.5 40.0 34.0
52 : - 36.2
53 35.5 {.37.7 36.2 37.5
5i o 36.2
56 y 36,2
gg _ 36.5 | 36.2 36.2 34.0
. : - B 35.0
28‘ 33.8 | 33.8 v 39.6 gg.g
61’ 36.8 |.36.0 36,6 | 36.9 33.1

3200M

e e & -

41.5
41.5
43.1
42,2

41.5
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Staplex Hi-Vol s_ampling Raée» for Releases E,P,G,H

TABLE H.2-

{Station

Sampling Rate {(cfn)

100M | 200M | 4OOM | 8ooM |160CM |32C0M .|5 Mile
3 ' 204 | 9. | 308 23 7\ o
5 19.“ i 19.“ 20.“ 18. 1 Qu
) g B 204 - 20.4 Al.d 18.1.
9 lo.4 17.7 |} 21.5 20.4 18.1
1) 1 17.1 20.9 |1 20C. 18.8
15 wa | - |08 aa | 2og | 2ok
15 {181 | 19.8 | 18.1 | 18.8
17 . 18,8 ) 18.1 | 19.8 | 19.& ] 16.5
19 | 1.8 19.8 | 20.4 | 16.0
20 IR R ] 19.4 | 184
- 22 . = ' 19.4 17.2
- . 1 18,1 17.8
g : S ‘ 19.4 -] 18.1 -
- 29 215 | 19.4 1 19.8 22.2 17.8
31 20-'$ 20.“ 190“ 1708
32 ' 20.4 b { 08
33 17.8 18.1 | 18.8 | 18.1 | 18.1
33 ' 18.1 17.8
36 17.8 22.2
3 20.9 18.1 ] 19.8 20.4 | 19.
39 - hara ou | 383 | 194 v
v EO 18.8 18.1
J&0.
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TABLE .2 (Conttd)
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TABLE H.3
Staplex Hi-Vol Sampling Rate for Release I

ARC Sampling Rate (cfm)
Station !} 100M 200M 4ooM 800K 1600M
1 | 3w | 37 | 3609 7.5 | 38.4-
2 . .
2 | A | A | A [369 | 396
5 | ' 38.1 9.6
6 .
7
8
9

T . B ‘ 36.9 -| 10.6
| | 3.5

n | ] 315
13 || 11 f3s |
15  | ’ ' | 38.1
Ay | -] 35 | wo.
TR | | 69 | %8
2a 11l L e | G

[y
N
GOEEEEEEE
® 6-06 & & o o o o
OFO OV OV OO

'35.2 |- 36,9
362 |38k
X 1 11 ] .0 | 2619
3 - 34.0 '35.2
35 ‘ | ss00 | 3B
3 | | | 3.9 | . 39.0
3 12| 52
81 v | ¥ ¢ 37.5 3.3

i “3 3“05 37.1 : 36.9 38.“ '3
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ARC
Station NOO

uy
45
45

800M .1600M
35.8
38.1 35.2
35.8

38.1 35.
oo 35.8
. 33.9¢; 31.2
i 37.5
29,0/ 34.0
36.2
36- 2 37.5
36.2
8.1 -36.2
36,2
35.2 gg.g
38.4 35.8
32.5

33

P

35.2




equation (Ref. .5) as applied to eddy f‘ifmsion in the L

atmosphere for continuous point sources nhas the following forms

' | yz (z_h)z
. X(X.aYoz_) ;0—;6—;:’-"- exp - —-2—;2-:7- ex'p -Es—;zq_ ,(1)

L +exp [—.é.;_i_a_’;‘.?l.z]}

'-,v»thcz”'e-: bx(x‘.y_..z.) 18 the c§née_ixtrat;oa at a distance X
- ‘downwind, y érosﬁwind and z abdvé_ gfdund froma
~ release point at (0.0.h). ) -
- - » Q is the rate ot release or a1rbox-ne mternl at
\ the source point. ‘
U 1is the mean wind speed.
c, is the horizontal diffusion coerncunt. '
-c. u thc vorucal du'rnuon coerﬂ."unt.
| nisa stabnlty paruntor. L
‘h s m height sbove gromd )
?ucuul appncauon ot' this equauon requru chlt c,.
Cz and n be defined as averaged quanuuu which may be con-
.udcrcd cmunt ovor substantial dutmcu snd for appreciable -
.-portodl of time. ‘
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Sutton suggested the foll
of Cy» Cz and n from meterological measurements;

o2 - uN® ( .;rz)l-n
¥ T (Aen)(zm)u © \ T2

2 “*N.“' _ (_1? i-n
Cz (z-n)(2-n)T " \T °

'ﬁsz!v . _z.)“-?"“
u(z1) (31 '

where: N = .'nacrovis osiby

towers have been uud to evaluate
been evaluated by nttins the above power uw (Eq.
speed prornu obtunod from the aremo-noters .on tho apcx tomr. :

vla # mean squared veloclty tluctuation 1n y-direction '

_712 « mean squared veloc;ty rlucr.uauon- ;n z-direceion
Dats Croa the bi-vane at 2 meters bbovh géound‘ ‘on the apex
'm Mm n has
n») to the wmdf -

vi2 and i,

owing methecds.for cbtaning values

(3)

- (4)

‘ Subsutution in zqs. 2 and 3 t.han yielded values. or c, and Cz

respectively. An averaging porlod of about 30 minutes was uud

for all mteoroloaical parsmeters because that was the time

inteivsl covered by the releass and dutt of ‘the cloud through

‘.
the net.uorx. The air samplers wers kept running durlng this

peviod. mrctore. ‘when Bq. 1 is applied to theao tests, Q is
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interpreted ce be the integral of the release rate and x(x,y,z)
a8 the integral of the airborne concentration over this time
interval. X is then called the "exposure integrel”.

There are two ways to compare theory with qxperi@ental

results. The first method consists of calculatliag tie values

”'at_ihe various sampling atations and comparing them directly

with the measured network values of X. 'l'his method is userul
for showing directly whetber or not an exisuna theory 13 ‘
adequats for pred.tcthn purposes. An alternative way to mke ‘
the _Vcomba_rison is to tit Eg. 1 to the measured neﬁvork data,

1.e., determine those .v'aluesfot c’,, Cz and n which cause Eq. 1

‘to yleld the beat approximation to the actual hétvork data

and then to sompare this set of panmter valuu \d.th the set.
obtained tm the neteorological data. _ 'nus mthod is unrnl
if 1t 15 desired to study vquona eheovetipal_appmcpeo :

to. the ciflcuhuon' of tho purihtnrb from motcoroiogibdl ‘d’a"tn.

tq. 1 oxprenu the mhenont muocmhy of the dirtuuon

phnnounon more ntutaotouly u' separate values or f.ho nta-
butey pumtcr. n, arc used tor eho houzontu and vortica:l.
components of the diffusion 23 followss o '

X(x,y,z2) -_WT o EE;?;E’]
on [ ] .,,[ o]

166 .
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_ obtained from the qeteoi'ological ,dgta' using Eqs.

B
R e AT g s e
I g ' - 14 . . .
where 2-n Smy +my K (6)
| ) . ) .

Table 17 (Discussion) shouws the values of Cy, Cz, @y and

By obtained by fitting the above equation to the network air.

:ampler‘da:a. ‘Table 17 also shows the'valu_ea of cy, éz, and n

2, 3, and 4,

No attempt has been ﬁade to evaluate separate horizontal and
vertical stability parameters my andmz from meteor‘o‘logical

data. ﬁowever, the ny and m, paramet:e;a evaluated from network
‘data can be combined to give an average value.of n (Eq. 6) \tor

comparison with :the meteorological value.
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H.3 Activity Diffusion Parameter Evaluation

Diffusiorn parameters were calculated from gross teta-gamma and
'no'op pleated tilter data (arc profiles) as well ae smoke plume
_photograph/ snd meteorologicsl data. Grephizal plots of these
uaba fron each are, corre*ted tox'aanpler flow rate,.provide
) profiles 0? the 1ntegrated-c;oud concentretion. Profiles of
~ this type may be found Qnder each releasze of Appéndii N.

Préﬁ thesé proriles the naximum value, Xnax per"arcAind the:
area, A, under each arc prorile may be obtained-and plotted
versus arc numbers (distance). A least aquarea curve fit to’

’these plota may then be used 1n conJunction with the’ equations

v tor a Gauaaian prutile and the Sutton type diffusion cquatlon to

calculate curve ric coerricients, By, Cy, mz, and cz.. A
summary of- these calculations 1: shown in Table . 17 (Diacunaion)
The technique ror combialng the protile daca with the
dirrusion equation is outlinadz '
_1. Plot the callbratlon corrected protiles of. ‘the cloud
- activity 1ntesru1: (Seo Appendix N). » '
" 2. ‘Plot the lalec ‘squares curve fits of x&,x per arc

and A pcr are :

Area under ;
‘4/”fonch arc profile

] ¢~ "‘xc Vllue
per are

2 curve
- = £ £it
- &
i .
s .
£2i ‘ 5
arc No. (Distance) g arc No, (Distance) ' {
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" curve fits, one can obtal

3. Usirg the Gausian ré‘lationships (Eqs. ',’;and«S)

A
‘/—2? Xnax

A . .
(7) or. Qy - (8)

Xrax *

where 0Oy 1s the cross wind standard deviation of the forced

normal distribution, and Xmax 18 the centerline maximum of the -

distribution, and choosing values of x,,. and A, from the
n a straight line plot of. Gy Vs,

. arc no,

€~ plots as
a straight line

.Are No. (Distance)"

4, Now, 1t 1s possible to cnlculate the dittus;oh"pgméters
by subsututmg vilue_s from the above plots into the genera’

‘Sutton type diffusion equation (Eq. 9). -

(2m)? | o (usn)?

Q- g2
X(x,y) = OXP = ' e R Tl ol
¥CyCyix2" cy2x2=n | . 2 x2 c2 x2-n

Because the top of the Jurnace and the samplers were at a height
“(h) of 1.5 meters, and the charged-wire measurements of the efflue:
a few feet downwind indicated that the relesse height was slso

1.5 meters,h = 3 = O, Therefore xq.'9 becomes

|

f




e : (10)
¥Cy C,®x 2" Cy2x2-r

'‘esponding normal profile is

N{x,y) = —2 exp --152- A
) u2rdyoz 20y

X(x;:r) - N(x.&)

B

REE O TLV- R

2

: ,_ls' different in the y and z directions the rdlloﬁing.re-
| aships exists
y <

V-i‘_,’z | 'f f’z"mz,

- -y ond nz nre not neceanx-uy oqual.

m the plot. ol‘ o, versus arc No. (o, as a. runcuon of x)

: poutblo to pick any two vuluu of x ("1’ *2) and corres- L

' ng valuesof gy thereby solving Eq. 13 for myt
- | g "y(lﬂ)
. _\G%l/

ee(32)

(25)
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(1)

\/—oy'-c,pt 2 and V2o, -c, x5 0 (12)

Voo, =c &7 (3)

'. ,'.i._(l_‘i);. .. B

N
.
s
————
- T -
"", Rl mxg_m e v LA N, e L i o "
= . P & k N *’i’ B APy M g
3 . . speali- BEL .
3. . '
-



L L L

- \
5 )
R e e, T R R S NIRRT, - Ok STIC b -
; "
‘:? = - .g“‘-—'-‘..» — - - —— ‘ - -
{
]
Than C",, may be determined by using £q. 13 and calculated values N
or my{23. 15):
‘r-"y(‘ ) R
Cy = —wy (1)
‘hn .
where x, is equal to any distance.
Then using the relation trom Eq. 9 and letting y = 0, it 1is ’
possible to develop_Eq. 7. : - K
- N 1
m .. -
Xoax(x) = (17) L
o : uxy+mz e
_—— Next, by using the plot of Xaax V8. distance dosnwind as repre- | %
§ : sehted by Eq. 7, two s'imt;ltaneoua equations may be written:
g b 4 - an x - — o
i _x“f"'_; 17 _xfﬁr"!"z x““x 2 xény-l-mz hhas
& which can be solved simultaneously to -obtain: '[f'/
: ' x3)
~ : og! Xmax{X1 \
\ Bytag Yoaxl%o) ! )
x(x1) X2 or mytm, = \x"“"‘ X2 (19)
x'mx(x'z) X1 103(_‘_1.-.) R
‘%2
"

A
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L _ . By'a'ol\dns,for n,, Eg. 20 i3 obtained:
g( Xnax(%y) rog[st5)
Teaaleg! oslytr)
= za
108("2 | 1»@(;1) | | ;( )
o | 4 27 . ' ‘

4 .- Prom EQ. 17 one obtains:

§- _ xm.x(xl)gLn_‘xmﬂmz_ . _- ' -' L (21—)

"._ B Lol

~' ’l‘hus. Cz mey be calcuht_ed it émg inows the source strenth.

i e o i

H
i
i
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APPENDIX I

Particle Size Measureuents

I.1 Equipment

_Particle separation of rqleaaed‘fiasibn,products was acenmpe

1izhed by using a milti-stage, sleve-type iﬁpactof'knonn as the -

-Andersen sampler. A dianantled sarpler and a couplotc systen are
shown in Pigurea I.1l and 1.2 reapactively. The princlple pr oper-
‘a‘ton 15 sjvilar to that of the Casella 1mpaotor, but 1t provide:

more atagca for parciclc aiziug.
Sanplor- used by Convair in the Release resta dirrercd rrou

'the_conlonly used wodels 1n'that.cach stage contained 400 holes
instead of 340. In addition, the use of coated glass pi:ﬁcs -
1natead ot agar as a collecting medium increased tho J.t-to‘
surface spacing froe 2.5 to 3.76 mm. The sampler uaa otigianlly
dqaigned‘ror the collcc;ion and discrimination of bactcgaal ccro-i.»

. v ) )
ﬂ“iw.mlh...uMimm SN A ) Wle . whas e w e -

"

‘sols.
. Tho Andersen sampler is nornally a a:x-qxago rrnotxonshor;
'houovor. with the addieion ot a bacl-up tzltor. a .cvcnth ltago ‘
was obtained. nur1~¢ the green rolca:c.. an ci:hth ltazcg co-poned
of an aceivatod oharcocl cartridge, was 2130 added to ingure the

Y W T

oolloction of 1odino. e
| The Andersen saspler was used for two specific investigations

during the tests: (1) io‘dotornano the activity and pigt&clo size
distribution of released fission products, and (2) to determine "? !
the diffusion characteristics of a fluorescent pigment. . .I 5
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DISMANTLEID ANDIRSEN SAMPLER
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I.2 gield Calibration ef Flow Rata

A gless plate;ALZ§~inches thick, coated with a silicone-

based resin (Dow-Corning 200 Fluid) proved to be a satisfactory

' part‘cle collecting aurface. The resin was placed on éach platg_

by dipping in a solution ot xylene conta.n.ng 1 percent by»

"weight of nczoo. The xylene ovaporated, leaving a thin uniform .
' ooating of reain.' The rasin was non-dryiﬁs and maintained an

: oven diatribution on the plate through periods of extreme rield

temporatura variatiora.

~The’ air tiow through the Andcraen aamplers waa calibrated rive ;.
tinoa throushout the test pariod. During calidbration, all ot the -

_aamplorn wera turned on ainultanaoualy sinulating the rield line-

"load conditions. B L

A 0-14 80!! Brooks rota-otor was uaed to calibrate the ai'
flow. The iupodanoa of’ tho rota-ator was doter-inod by taking two

'aota or naaaure-anta. ‘one aat inoluding ono rotameter and the
'othor aat tuo rotanotara._ Tha difference between the two raadinsa )
: ¢avo au indication of tho rota-otar ilpadanco. The - rotanator

A'uaod on tho Andorlan aalplor calibration dccreaaad the tlow rata

about 5 percamt.

,mthoatlon-ratoo'nora!attactOC appreciably by additional samp-

_linglaqpip-aat attaohed to the Andersen aa-plar. Average flow
' rates with different sampling arrangements are showns




Sampling Arrangement - SCFM

A . 2.00

G 1.75

M 1.75%

AtG | 168 - T
- A+H S | 1.68

AvaeM . 160 !

A

+G+MesC 1.12 .

Where A 1s the Andersen saﬁpler; a, the Gelman :ilter} M, the
Hillipore tilter, and C, the charcoal trap. '
Reproducibility meesuremente ehoued the flow rate to be ,1

" about 1 5 percent.

I 3 Laboratorz Celibration of Saggler

Calidration ot the original eampler was perrormed at a rlow o

rate of 1 cfm with particles of unit deneity. The purpoee ‘of
this calibration progren was threefold: (1) to recelibrete tne
modified aaupler, (2) to. extend the calibration range to 1nc1u6r
higher flow rates and perticle deneitiee, and (3) to deternine, '
if possible, the operational limits of the eaupler. o

The "statisticsl dieue;er' -A. chogen to repreaent the
particle size 1n a "horizontal®” direction, i.e., the length of
the projection of the particle on a line across the field of view
in the microscope. ihis method has been shown to give a

-pm
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representative picture of the size distribution of the sample when

" the particles are randomly orilentated.

" Mean vas. Median Size: The difference between the mean and
median sizes on a single stage in this study can be negleéted on

the lewer stages due to the narrowness of the distributions

- obtained cn these stages and the relative coarseness (0.75

' microns ‘per division) of the measuring instrument. Where suffi-

cient data points exiited;a log normnl_probability plot ﬁas

;drawn and the median noted. Qﬁherwlng,_tbe mganAsi;é'waa calcu-

lated using the formula:
b= xfr(x)

where £(x) = frequency of particles of size X, expressed as a

.. percent.

SizeQCOunt.nnd Mass Medlthn* A aizo?count medinn dinnbtef'it"j.

obtaincd directly from the particlo aizo diatribution nhere lIze

13 detlned aa ‘the statintical” dianoter. Prequently, pnrttcularly  51
in toxicologic ltudiea. tho concentration ot a.natorinl 18 -oro
"neanin;tul and tho mass median. 1. ouployed. Thn liao-count distri-.'

bution 1- convorted to a mass trequency distributibn by aaluuing
that the mass of a particle is proportional co the cube of its
-qaaured diameter. The size rrcqucncy is ehon‘yeighton by the
cube of the average diaweter in each class and the rciulting
frequency plotted.néninat the size. Both size and nnsa,lddian

counts were coupnfod whenevar possible.

, . . ——mm

-~



Im action Theory: The <heory of the Cascade impactor can.
be applizad to the Andersen Sampler. Briefly, for equal fmpaction’

effic'ency, the equation can be written:

n S€V Dp2/n 1

where € = particle density
D = particle diﬁméter (ir epherical) - .
v = jJet velocity L o 5‘ 3~
[ n= viscosity of air . f ‘: . ) : qfi‘
1= a.;haracteristic length of the system o ' -;ﬁf -
In = constant J S ‘ o
| 'Impartion efficiency is the ratio (no. vr particles hitting _‘ o ;z~,‘

_the plahe)/(no. of particles entering Jet), asaumins 100
percent retention by the plate.

With a given a.r sampler and neglecting any: varic%ion 1n4% > -

“the nedian particle aize retained by a stage 18 given by e .

- Cn. .
. e0:5 w5 I RN

luhere thc auhlcr‘Nt-’h,”rbfers to thc ltaso nuubcr and V 13

s

the oampler rloa rate.

cn. the stage ‘constant, can then be obtained exﬁerimoncally . P

with various deﬁlity materials and flow rates and used 1ndirect1y

to indicate the operating range of the la-plor.
Procedure: Alr rlou through the lanplor was providcd by a
vitro vacuur puﬁg and muanured by a Brooks rotameter. Gllll disca,




it i G , e

o 1/8* thick, coated with a 1 percent Dow Corning 20C-xylern2 3olu-

_tion, were used to co}]:ect tne partic}es on each stage. Dry
.v.poude"r aerosols of zinc cadmium sulfide (? S 4,1 gm/cc) and

Pb303 ( ? 59.1 gn/cc) were generated with a compressed air -~ -

Qipiiatfo'r. A lxylon (P = 1) eeroaol was released using the com-
4 merc‘xal package generacor.. Each material was eampled twice at
b | ENGEEE A flow rates of 0.9, 1.4, and 2.0 efm . o
£ o T . A total ot 200 paruclea were eized oa each stage trom 5

*- . : | - 'j' .'undo-}.y eelected coloniee. S‘zing was accomp 1shed with an eye-
. __'. 'pj.ece reticule (calibrated with: a etege micrometer) at magnifica-
_‘ uons of 1250 x, uaihg a 100 x oll ‘mersion obJecuve (1250 x
| : with a &40 x dry obJective for krylon sizing on the upper stagea)

E _.Reucule clubuuon values vere O 75 nicrom/diviuon and 1.5

e, :«';’f'x"’fm;we»~ mfun

. luerona/divieion reupecuvely. .
T obma a ueeeure of the reletive emount ot uterul

S by A.‘.._, .

retajned by each stage, a radioactin Zn3 aerosol was senereted. .
L ’uu.ng the espiutor technique in u dry box. Three aupleu nere
" taken- n-at a flow rate of 1 cfm, .nc the total 2n65 ecuuty on
"each stage was counted uuns r's 3-1nch ecinuuetion cryseel

aad a 256-channel analyzer.

;;ge-cﬂnt M n__s_ and §tg‘e Conaum:ez ‘The average size

count median diameter, 15.. and the cewecuc atandard deviation,
6 s are presented in Table I.1 for the various maverials and

flow rates. Por & normal distribution of log~diameters

180
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apprdiimatély.éa perceﬁt of the particles fall between thé median
log-diameter 2 C} . Thus, GJ' 1s a measure of the dispersion

of partical aizes about the mean size.

The conatan‘., c was obtained rrom the romu1a~

- cs<

D’. : ?TTT. 70>

s - median diameter (microns) -

density (gq/cc)
aampler flow rate (ctu)

5
[+ ]
o]

o O
[}] ]

<l
"

Reduction of. the density exponent rrom 0.5 to O.u resulted

1n a aigniricantly lower average variance‘Iﬁ c and waa_used-

in all’ calculations of the aizc-count staae conatanta. e

Haas Kedians and Stage cOnatantso" The avorage mass median

~ diameters are presented in Tablo 1.2 ror krylon and chds.l- '

Mass median stage constants were cg;cglated_tron,theqe;yalues

‘using the formuls:

- S :,.__' o :.:-‘ - ; .
A‘?°° vo‘s e

The aize-count and -;ai'-odiana for ltugos‘z and'VI_are'af

beat Just éood estimates for the true values. The reasons for

. this are: (1) otas; I median is dependent on the upper limit of

the sample and (2) Stage VI particloo are of c size conpnrablo
the graduations of the rotiolo uhich -akea aocurntc size determin-

ations quite dirficult. In addition,:qxperincntl reported in the
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|~ Activity Distridution: The results of the aitivated zinc

literature have shown that unless improved resolution is obtained,

_e.g.,‘qelenianvcoatinz'the samwnle, measurements of barticles in

the l-micron rgngé are usually 10-20 percent too high. .

-

TR P PP BT T~ B s

— "Ioﬁthéi“Dafi}' Dd?IﬁE'thé course of the calibratich, iron
 4and chrb6n~hust uére~aamp1ed'at.a flow fate of 0.3 cfu. -Stage
‘onatante calculated rrou t.aae data were approximately tuice the
"f v;lue ot the constanta tound at the higher flow rates. These nane

.. aerosols: aampled at 1 O crn yielded the same atage constanta as
i_thoae tound in tho calibration. Thia 1ndicates that the constanta.
' :' rqported in th&s calibration are valid only. 'or tlow ratea
N“;'greatcr than 0.7 efa.

) lnlfido IltO'Ol exporiuent are pro.cnted in Table I.3. A-iévéﬁth
ntaso -111190re riltor ual addcd to the Andersen to ueanure the
amount of sub-aicron particlon prelenb-:u the aevouol.‘ Thc acttvity
on thc riltor eonsiated of thoao oub-licron particles pIua any

- llipppago ot largpr particlel throush thc naupIer. .couparison

4:-~~w1th—tho ttnge VI rcoults 1ndicatcd total nlippagc wna probably

»;1... than 0.5 porceut of the total sotivity. It appears that- 1:
the sampler is to be uued with high density material, l.e.,. P >

ih ) ;q/b:, some rodeaign is ind'catcd to lprcad thc pnrticlol loro
evenly tbroush;tho.devicc. 1h1: nay bo acco-plinhed in the present
saspler by enlarging holes in stage VI to 1.6 mm and placing this

‘stage above the prolcnt_;tago 1.
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The radiocactive zinc sulfide aerosol was samﬁled'iith a single
stage millipore and sized with the following results: i
Size~Count: }L - . _ .
Geometric Median .= 1.6 microns S
: Geometric Scandard Deviatlon = 1.9
Mass Median:
Geometric Median' = 4.0 microns
Geometric Standard Deviation = 1.6 ¥
; .
.‘
i
: = .
'_.l . _”"_ . o :
A ~ , .
¢ ]
) .
. )
t "
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TABLE I.1.

Size-Count Msdians and Stage Constants

1
i
S
T WP R IR

oA
{
5

'
v
i

s

e

Stage

Matr],
Density

Plo
I.l»’

w Rate (0.9 ohsvm

low Rate Aw.:_mwsv

_Flow Rate (2.0 onsv

-

o

jﬂf"."i. e

Y

L4l

I

III

12.2 1.3.

7.70
2.97
2.22 | 1.5

5.65 | 1.2
2.59 | 1.4
2.06 | 1.4

& | c

b,

n

[

Ce

L .on,,_ 15, L .
116 - | 10,0 | 2.4 1,

- S B 3.5 | 1.8 T2
|- o |
: b

- 5.88( 1.4
2.76] 1.3
2.22] 1.5

13| 7.3
1.6

3.86] 1.4
2,141 1.3
“1.59( 1.3

9.50
3.20

5.01

2.35

2.00

3.46

1.86
1.44

[ 4

1.5

) Hom

1.3
1.4
1.3
H'k

1.4
1.4

13.30
7.85

7.06
5.77
8.77

4.8
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i
~ .gun.n n 1 So,:« 'd.)
. u»_nouoorrw z._._u_.w!...n ,,_.-zw_.m.w.e-mo_ ooaunuw.nn
| MatX, . R B _ _
Stage Density Plow Rate (0.9 ofm) | Flow Rate (1.4 cfm) | Flow Rate (2.0 cfm) Average
v 1 2.96| 1.4 | 3.08. | 2.60f 2.4 | 3.30 |2.46| 1.5 3.47 |
4 1.78 .:wy=  ” 2.98 | v.¢ofl1.u | 3.20 |1.61] 1.4 '3.95
9 .30 2.3 3.06 .| 138|103 | 3.79 |1.25] 1.3 w23
- 1 i o 1  bBus Yo.ze
v 1 220 1.3 2031 | 12|13 | 132 |1.28] 1.2 1.80
| “ | 35| 13| 223 | 132[1.3 | 270 |40 1.3 ] 3.5 o
9 L7| 13| 250 | n06l12| 300 |0 | - [250 | o
4 o _ 2,62 I 0,28 ,
i 1. 120 2.4 a0 | 96|12 | 113 |0.95] 1.4 | 1.3u
3 .84 1.4 I 1.38 | o.75|1.6 |"1.58 |o0.82| 2.5 ] 2.01
R T e | b 2oz
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APPENDIX J -~ —
T TTTT . Deposition Velocity Determination

J.1 Egupment . .
>

. Deposition collectors were placed at regular intervals

"¢ downwind of the release point. The units were remotei;'éontéoned'

and could be operated in either the horizontal or vertical posi-

s et o - o e+

“_tion. Each unit co_nsisted of two hinged pieces of 0.25" x 15" x 15"

" marine plynood. Théae piecea were spring-loaded and in tension
-when sandwiched together. A solcmid operated catch was useéd to |
'mm:ain the. cloaed poaition. Du.nns a releuo the solenoid uu ’
,c,nargizcd t_'cleuz._ng tr_xc- catch to the plywood cover and expoainc -

- ‘- the collection surface. cloaim of the traps pri.or ‘to re].eau

o e, ..

- .

was noconu-y to provent ‘dust contuumtion of tho adheu.ve. ;‘.A“ 5 K
colleator in the closed and opened. pouuons 1s ahotm tn
msuro.t.l.;- B ’ -

- The con«unz mdu used 1n ‘the ra.nout un!.ta wu the ’
: ':ltandu'd ldhouvo coated couulou acetate sticlq papor nuur- ;
1ng 0,0015" x 13" X 13", The adhestve was clear, dolorless, and-
' pressure sensitive over a tamperature range of 0-65°C. 'rho | o
adhesive was protected with a sheet of ;luum paper which was ’
removed prior to placement of the plywood hoards, '




MSURS 1.1 STICKV-PAPER FALLOUT TRAPS
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Following each reiease,» the adhesive coated »;)apers were re-
moved from the fallout units, placed in 1ndividual ‘envelopes, and
ahipped to Fort Worth for a.nalysis. L ' » o
' In addition to the ati..ky paper collectors, fallout samples L
were conected fn sand and uater-traye placed ac- selected grid
! '16&1{{1“:. A liter of water was placed in piutig: trays which
were 135 square inches in area and 5 inches deep, f,bout 250 m1 . _ N
} . of a.cid-wuhed Ottawa sand was place22 in metal triys which were ' , o
161 square inches in ares and 2 inches deep. The smplea were o SRR
ntranarerred to Jara and taken to the laboratory where analysea ‘

were pertomed by the AEc-IDo Health and .;arety Group (Ret. 9).

PRTCIN

3.2 sticlq Pager Analyees : S _ o
mh unple selected for mlyuu was moved rron 1ta ‘
‘envelope in a Blickman hood. rolled and placed in a 1, 5" x 7/8*

pluuc eontnner. After each u-ple was xurked acconding to o )

"~ e g ey

.

_heuth physics roqus.reaents, it wu moved to the 1ou-leve1

-"

i

‘ 'eountins labomtory. N PR

.J.3 Sand_and Water Analyses
' Zach sample was thoroughly mixed in the Jar and a 50 -1

aliquot was taken for grou gamma counting, using a thallium
aotivated sodium 1o0dide well counter, 'rm lctiuty of the auquot !
- was then suled up to the total sample volme to obtain gross
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* R . . R o : ) . . : —

e o2k T = ATk

gama activity in counts per minute, Following gross gamma

counting. gam spectra were taken of those aamplea obtained

O et @O Tkt A AT WL T .
M 3 .
. e,

i t'ron each- are showing t‘te highest activity. )
Gamma spectra of sand and water samplos collect.ed.»:iuring aged

. Releases A and D showed-C, 137 g 137‘ to be preae;nt while sazples

conected dur:lng green fuel-element releases showed tbe presence o

or 1131, ul93, 5137, ana 2095,

_ ?m thosg spectra, qua.nt_:it_:ative estimates were made of the

" (N
TS VT

-} major 1sotoves in the fallout ‘samples. Stepwise, subtraction
1 o ‘of--standard spectra toé the 139topea in the sample gave thc_
| | uréa uﬁder the photo peak for fhc isotope in question. Fallout
. i activiﬂ.ﬂ.‘rur Releases D, B. ‘P, G, and H corrected for decay
| .-m 31von in Tables J.1 through IS5 o
| Strontm::-90 analxsoa woro also udo on nator u-plu e
obtd.ncd durim Release F. nch of tho nnplu lhowed less than
4 _the detestion limit of 1073 ncmounu per squaro foot. MNo
— —mrthor 8-90 n-u cnuylu were made,

J.lb Rnultl

Dopoution vcloo!.tiu of the vu-.loua uo cpes are given by
the ratio of airborne astivity concentration to ground contami-
‘natidn level roé the same sampling station, Deposition velo-
.eitles of the 'mor 1sotopes are tabulated in Tables J.6
‘through J.10. |




TABLE J.1 )
Release D - Aged Element

Sanplé . Are Station | Fallout, /% per Sq. Ft.

o ni b A

(c8137)

3

Water 100

EESRRR
5

51 , 52

£5% ¥
B

2 & vEEE

w0 om0 18,

o o

l‘..‘u* . DA Ao ot P n e el &
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TABLE J.2

Release E - Green Element

s e A————" - wr APRS

Sample Arc sz;ﬁion Fallout, n/c per Sq. Pt,
e — — -
. 1133 | rul93 | 3137 |zr 95

Hatér 100 26 3009 57 | ' '
. 31 3200:{ 110 120

“ 36 3600 | 86 :
41 1500 390 90
46 1400 | 100
o | 51 1300 | 100
| Sand 100 - 26 |720 | 22 | 4.8 | s.6
o 36 |160 | 8 | 23 8
T 46 340 48 9.6 18
200 - 23 T2 4,0 3.8
A hg : us - 3.6 1.9
.j.
-~ TABLE J.3
‘Release F - Green Element

3m1¢ 4 Arc Station': - |Fallout, u/'c per Sq. Pt.
1 B

water | - 100 11 950 8.

: : 16 620 4“?
2 = |
36 2200 62
= |8 |8 |3z
2 320 3
400 26 100 52
Sand . 100 16 300 30
) 26 120 10
200 28 110 b8 §
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N TABLE J.4
- Release G - Green Element
Sarple Arc Station Fallout, m/”c per Sq. Ft.
STETIN EUNRCE R SR
Water 100 6 200 1700 1600
: o n 70 710 1000
5 16 760 670 670
; - 21 g0 | 81 150
200 lg, 190 57 390
: | 1 90 250 170
i - #00 11 ST 48 76
; 800 13 129 4.8
! |sana 100 - <16 |2s0 110 160
| - 200 8 leo | 19 88

V]

L L0 S AT

400

€

19

3.0

- 2.6

C TABLE 3.5

" Release H - Qreen Element

- sﬁ‘ph_

- station

| Pallout, n/'c per Sq. Pt.

| vater .

400

100

100

400

. ————

.

2600

260
100
520
570
28

100
27

230

34

22
1.2

o
¢
B:Q




| ] | | . / 1 : | o
| e 1 -e - ||M ﬁ oe o oun
- - - o -w e - . L gn .
-- - | egro| ° got’o | oo . elo°o ]| 1
” ” B - o

€L40°0{8T°0F61°0.f20°F€60'0 | w€0'0F L30°0 | wocoswt'0 |  socoFiteo| | 48| =

col.,. ’ . - - . " ’ : T - ) . - o owa
- - A - - : -w . ~w - . g”

-~ - © - L. e . - ) ) -‘ . | L Lo &n °

.- R -1 R | - 0%
-~ ] -~ | S B ee : - puvg

| - e N R e -] Tas|
- | - S T R o?
= == o -- Loom= ] w20 =60 €o° o+n«.o L]

@m0l  urd < ontol  otro | - geloo- %0°0+¥5t0| ds| =

) .- - -- Ew0¥ussoco [uzo° 0¥z | lstoTmeo| o
- - == 1 %590°0 . 1610°0 . €9t0°0]| vueg

- owo'q  wsoo|  lsloo | Geeror | g%o'o| 45| @
. -- -~ -- , -- puvg

ool -~ leno'd  w6goco| - wsgero | 126170  tazre] as] o

ool = = = = - - | o
’ , .";, -F - - - - T e - Rkl . : | - : . ee
e | s e cwmoo|  mmie | oo cooro| "ut| @

TR e Sl .- R ! BT '900°03$20°0 §10°0%gw0°0| o3n
\ e . = . o 1860°0 +£90°0 2000 +20°0| . wreg]
R 8990°9 ___Steo'o | cto'o*pizoco)] eds| v
h, ©wo02E . S009T T w0e ., " w00t stdweg psverod
X . X3tooteA " , —03 a
. g ¥ < -
5 33-» ..o«ﬁ.&.n _ :

Drer®d .

vl




| -
| amamm et r...'...\f-..\i t\l..tl.\.r...ii e
|- a»!.u 3.7
wcpow u.vo-»«»os 4.53«»3
- L <owoo»« _Per. voopn»os ?a\uoou 3
Release| Sample [—— 5T 300w T Bo0m 600 | 3200m
E. SP 1.340.5 - 0.68 0.866 0.975 2.88 -
sand | 0.47%0,05 | 0.3240.14 e 0.375 . -
B0~ |1.7£05 | = - -- - --
w “” . - r-l . we ‘e -
u.a 003 * OOww o.x - - - -
n»o “ mq+ OQNP ”o”gwpohr.’ - - o - - -
° , “w - - . bkt baded - -
Sand .- .- 0,15 -- - --
“Hx0 -- .- 1.25 .35 -- .
"H- sp 2.440.79 3.1+1,2 1,24 0,79 2.8+41.3 | k,2+2,5 | 1.61
Sand 0.68 0.4 o..mwu 1,92 - -
0 5 9+2.8 b.97T+3.86 | 2.8%2,4 | 2.4 -- --
 TABLE J.8° |
oopﬁ._ Deposition Velocitles
le le , . Velocity .nou.._voowa»o:.. ?a\n_n& 5
Release | Samp 100a ' - 200m “100m 800m~ 1600m 3200m
E uw OOPWHOQON J. L - . ».3 - -
Sand ~N - e -- - -
B0 - = - = -- -
H sP 0.k0+0.29 | o. 3#£0.13 0.6240.67 | 1,7£1.7 | 0.12%,026| 0.267
nnc - - .ll. - - -
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APPENDIX K

External Dose Méaaurémenbs

K.l §3u12

The monitoring unit for ueasuring gamma radiation under
condi‘lons encountered in the field was d-aigned by Ccnvair,

Port Worth. A couplete unit 1s shown in PFigure X.l,: The.

aluminum can shown on the left of the Pigure zontains the 3 S

detector and circuit components, - L )

The detector 1s ® plaatic ncintillatiun crystal /NE-1C2)

-ounted ona Du:ont 6292 pbotonultiplier tube. Tne output of L ';:~u
- the pnozo-ultlplier tube provides the 1npub signal for a trtnals- . ‘ [t
- corize¢ pa-ae in egrttor-anplitior aection. and the output ot .
.hln section ta couplud 3 tn- Baterline-hnguu reeorder ‘which _
_ A- sorvcz .s tbe ¢nd1eat1ng device. Power ror tho pho onultiplier : -
| Tl.abe is providod by a 1250 volt battery -ountod within tho aluai-
':;A'uun cau.f _ A o Lo
- “The -onitors were pocxtionod slong thc hoo-nceQa‘urc at

3 dogreo 1utcrva1|; a total of 21 units woro usod. -

. x,a ‘Calibration A .
The magnitude of the count rtto was established by labora-

tory cllibrttion of the unit. A pulse-gencrator signal was

applied to the transistor circuit input and adjusted until the

selected pulse rate produced full lealc’rpldins on the recorder,
‘Pollowing the initial alignment of the circuits, as described

above, each dnit»wat calibrated in the riold:iith 3 6.95 me

Cs137 - Bal3T® gource, The response of each monitor was determined
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:'unit:

as a function of the zalculated dose rate. .The dose rate was

computed from the following relaticnship:

D:60 EC
X .

where D = dos¢ rate in Roentgens per hour, E = enersy or the radia-

' tioa An Hev.. C = source strength 1n curies, and x distance

from aource to detector in feet. Calibration curvgs of dose-

rate vs. recorder reading were obtalned for each sensitivity

Tange of 011 of the ﬁohitora. Filgure K,2 shows a typical set of

curves from the field callbration data.
thrapolating each range to full s:zale derlection in

-Pigure x.a gave the ;ollowing calibration for that psrticular

55555 : . Coverage . -
Linear I Bkg. to 0.36 mr/hr
Linear II -  Bkg. to 1.3 mr/hr .
.Lanear I Bkg. to 15 nr/hr‘S,-
flcsnrithnxc o Bkg. to NO ur/hrm”

‘ Thc ua:inuu doao-rato reading of the ﬂO!u lenaitivh acale,

Linear I, could be adjusted within a wide .range of values by

proper selection of the voltage that was applied to the photo-

-ulclplior tube., This procedure autonatically determined the
range of - the other thoee a.alea. The shapo of *heir response
curves did not change; che only noticable effcct was that the
curves were. dilplacod along the abscissae of Flgure K. 2. the

direction dependins on whether the voltagc wa: raised or 1ouered.
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onvenient mears of adjustmenz,wgs~availab1e
during prerelease calibration of the monl:drs.

The response curves of Figure K.2 show that the scale
aensi:ivitiea were not constants. In the ranges selected for
use during FRT-1, the monltors could detect a change or 0 002

mr/hr above packground on acale Linear I, O 0.004 mr/hr above

‘baékground on icale Livear II. and'0.01 mr/hr above bgck-
- - e

ground on scales Linear 111 and logarlthmlc. -Por théfﬁearly

1inear portions of the curves of Figure K.2 the sensitivity of

‘the uniﬁs are listed in Table K.l.

TABLB K.l
Doslneter Calibration

I B -_i:::::::*:z,:i’::nz::m
. 'L¢d§§r;1;_":19 =-' j  )  v ! :“9;63k N
'Lineaf;lil'- B | 4_i7;.i - 0.045
ngirithnic oo 04055 ﬁ

The responso ‘of the crystal is reiitively conatahe trcq'
energles of about 0.0 Mev lnd higher but dropl off rather
sharply for small energies. The monitors were calibratsd with
a cs137 - pal3’e source, and, since the only gamma emitting
element present 1n the effluent of the ased fuel elements was
Bal37®, the external gamma dose rate from these releasss was
read d;rectly-rroi the recorder chart ot-the monitor units,

e e




Ai-br the green releaeea a correction was appiied to the chart

ita to compensate for the energy dependerce of the scintilla-

lon crystal detector.

. 'Proceduve A o -

-

- Each nonitor was placed-in. an individual, open-end shelter

3 the rield. The three remaining sides and the baee of each

:‘_1e1ter were constructed of O «25 1n, plywood. The top of the

_1e1ter uaa canvas, providing shade and rain protection tor the

ryetal and photomultiplier tube. .

After each release the -onitore'vere removed from the net-
ork to the Convair.crailer.f There, the recorded'data'eoulo
P re-oveofquickly. and the'proper'ndiﬁtenehee and calibraﬁion ’

:jrtorued on each monitor. In eddition, complete: protection

troa tho weather was obtained e*d radioactive contamination ‘

r the unito wvas held to a minimun.' The operational»procedure

onsisted of the rollowins steps:

1.

2.
3.

b,

5.

?reqilqtne eheck-ouc end celibration -of eech -oaitor

. 4n the Convair ‘trailer.

Trlnlporting tho unite to the 400-meter arc.

SQttin. the recorder ebart epeed on 'hich' and inlerc-
ing a time reference on the chart.

!ollowinc the release, the units were collected rron"

- the riold,vculibroced and taken covthe Convair tratler. .

The recorder chart was removed from each unit and _
properly labeled as to relesse number and monitor position.
Prior to the next roleese. the oniCs were serviced and

any necessary aeintooanoevperrorted.
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K.4 Data Handling
The external dose-rate monitors were included in the experi-

went primarily to measure the maximum dose-rate and the inte-
grated dose occurring along the uoo ueter arc during each release.
To extend the usefulness of the uonitora, the chart speed of each
was deternined to un'cccuracy of 1 part in a 1000. The chart
speed used most often was ahout 3/4 inch per minute, and by
arbitrarily considaring l/16 1nch of chart distance as a lover
limit of the reoolution of the reeordcrs, the time depcndence
of the activity was ucasured to within about 5 leconds. conae-
quently, a tino-aetiviey 9rotile of the effluent could be -ade
at each -onitor atation ror each release. The effluant, as 1e
pacned over the 40O-meter nrc. sencrated activity 1nd1cncions
on tho recorders such. thut whon thc data from each ztation was
plotted liuultanooucly on a tiln axia. a "contour map" of the
cloud accivzty was obtlinnd by eonucctins areas of equal dome-
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APPENDIX L
Radiochemical And Counting Technigues

-

L.1 Purnace Effiuent Analyses o >

' Purnace sffluent from Release P was analysed to determine

(a) thé-percent of nuclides releaséd and (b) the time of nuclide

‘release.

' Ridiohuclidea from inside and outiide the‘sedhentihl sampling
tubes were renoved'ncphratély.' This uas achieved by tirat plusging
the tubc with Tetlon atoppera ind renovins the outaide actlvity. "
The plusg were then removed and ‘the’ inside activity extracted. A.
coubinntion or chenical actzon and u.chanical agitation was necea- ‘
sary to affect the deaired renoval ot radioactivity rro- ‘the nctal'
lurtace. 81nco most of the dopoulteg radioiaotopel were moat
_ probably in an oxide form, it was felt that a roduéink-agont such
as oxalie Acid uould be holprul in thc decontanination process.

A -odol 2-52 ultraaonic tranlduocr. -anutacturcd by tho Branson

UltrAlonic corporation and ulcranonic aonorator nore used to aid =

tho dccoutllanstapn of the aoquqntial sampling tubes. ‘The tube

~ was placed in a plaotic bag eontélhinc 300 ml of 5 percent oxalic

néid; and the blgwlhd its cdntontd were then put into the water of
the ultrasonic trtnaduccr."lrtor 20 minutes of agitation, sbout
50 to 60 porccnt or the radiocuctivity ua. removed. It was nccei.-j
sary to repeat thia operution three or four times to obtain an

overall removal of 90 porcent.
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The radioactivity remaining on the tube was measured with an

end window counter. Gamma spectrum analyses of the cleaned tubes

~irdicated that the gamma activity recained on the tube had about

-

the same isotopic distribution as that whici: was removed. N
A neaaured aliquot of the tube washings was placed on a

specitic quantlty of‘abaorbent paper, sealed in a polyethylene

Libag, and analyzed vith a 256-channel spectrometer.. A 100-u1

aliguot of the waahinga tron the inaide of the tube was used for

strontiun'analysia.-

_The 1sotopic activitiea deposited on the outaido ¢f the tubes

'ite preaented in Table L.l. “No ntroutinn analysls uaa made  on-

Atho activity outaide tha tubee. Thble L.2 gives the aetivity

rctaincd.znq;ao ‘the tqbqq. i 1131 could be located in the samp-
ling'ptobo tubes because the tubes were probably too hot for iodine

'i condénnatiqn to occur. - Tube number 10 was a dummy tube closed at.

on. ond. it'lervdd'to eatinato the amount of diffusion taking

_placo 1n.n tubc uhon not open for sampling. The activiéy deposited
inside a tubo cnuucd by 1tl _operation is equal to the aotivity in-
. side the tube uinms tho-activity inside tube nnnbor 10. '

R:dloactivity was ro-ovcd from the gluco uool filter by dis-
ldlvlnc 1t in a nitric acid solution. - The filter and the elbow

were plucod in a three-necked flask after which 150 ml of 20-

perepnt HNO3 were added. The lolntion was brousht to a gentle

boil and refluxed for 2 hours. The caustic scrubber served to
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. _TABLE L.1
Radloactivity on the Sampling Probe Tubes

‘
‘.4

Tube No.

Isotopic Activity, (mc) (correct

ed to release time)

cs137

Ru103

Py

celul -

1
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s e g ke
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0.21
0.28
0.0
0.17
0.15
_o;lo-»

o212 |

10415

0.3
0.10.
A °’13_>

0.8 |

3.2
2.3
3.7

3.0
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~ ® No Activity Detected

TABLE L.2

Radioactivity in the Sampling Probe Tubes

‘Tube No. -

Isotopiz Activity, (mc)(cofreg¢ted to release time)

csl37

Aul03.

Ccelil

: Sr89

[

0 OGNV Fw e

-
- O

1.

2rPB. w9

1.1

10.035

0.055

70,065

0.034

0.043
0.039
0.010
' 0.008

¢.013

£ 0.006.

5.1

0.51

vo.h2:

0.86
.0.68
"1w5¥

0.49

0,18

0.24
0.58
0.21
0.20

0.14
"~ NAD

0.004

' 0.012
10.006
0.003 |~
o.040 |
>.002 | 0.002

0,005

0.002

TOQOOév

NAD .
0.002

' 0.002
. 0.003

0.047 .
" 0.009
0.012

0. wo
0.G24
0.021

0.010.

0.014

' .31

1.412

10.97

o.211-

. 0,219
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| N

Radioactiv;cy on the Glass Wool Filters

Isbtope Activi:y,(yc)(cprrectea'to releaag-timei’
Zr95-Nb | ¢s137 | RulO3 | 1131 | cel’l [3r89+90

Elbow

NAD® | 12 2.1 | NaD | NAD
- | o051}z | 2a | -
m . ] o.2n o0.28 proo | " |mp
" | 0.12- | 0.006 huso " ¥
0.14 |s20 L L
» | ousfomr | 13 |ooss| - o
9.2 | 2.9 |omr | u> [0.18 [w -
1.2 3 .o;9ﬁr N} o092 ) v B
- 1.7 - 2.4 1038 | 3.1} 0.007} " S
’ | 0.088] 7.3} 0002 " SR T

J

W O N 0OV EWw N e
2
©
.
M .
.

‘C)‘,j

'™
o
g
=]
o
(34

Q.

Co 11 0.002 0.13 | 0.008| 1.5 | 0.001 |
A ol B |
% l 12 NAD 0.035] 0.001] o0.42] NAD -
b 5‘ TOTAL  12.1 . 89.75 -4.289 -83.89 0.363 |
| A . - o
? i ® No Activity Detected - [ :
e . o
| i - .
] ;; ]
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”~ltlndardo, using the appropriate seomctry.

retain tﬁe vclatile fission products such as !odine and ruthenium
tetroxide. Two consecutive eitractioaa with oitric acid were
sufficient to remove over 90 percent of the activity. The
remova1~wao.checked with a Cutle-Ple lonization chamber.

The nitric acid extract and the caustic scrudbber aoiutions

were both diluted to a liteor, and aliquots frowm each were taken

for gamma spectrum and :adioohenicai analyses. Aliquots of the

- loiuti;n uero‘riltered. and the tilter pada, after being sealed

in polyothylono bags, were analyzed by gamma spectroscopy. A
3" NaI crystal -was calibrated with Cal37, Rul03, ana 1131

Thc radioactivity depolited on tho glcaa wool riltors is
showmn in Thblo In3-

.L,z !otuork segglo Anal;aos

chcnical analyaec or tho pleated filters for ltrontiun and

:‘.ruthcniu- ‘were undortaken as follows: - (1) the riitar was placod
" in a 10 porcont RCI solution, containins 20 mg of Sr and 10 mg of
" Rua 'ca:rie . (2) Artor digeltion ror 30 minutes in RCl, the

ooiutiou was tiitorod iuto a volu-ntrio flask and diiutod to

~ 100 ml. (3) Por~-trontiun. an aliquot (50 ml) was taken from this

flask, ovaporatod to s onnil volu-o, and 10 ga of Sr oorrior o
added.- Strontium !l:‘prooipitctod.in water. (4) A second Sr

' precipitation was obtainod“uith'tu-ing nitric acid. Again the
' procipitato was dissolved in uator and contauinnting activities

2112
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were removed by terrlc,hydroxiﬂe scavengi;r., _:rong}um was pre-
cipitated as SrCx0y - Hpy0. This was filtered, washed, dried,
welighed, and couﬁted for beta activity with an end winaow ccﬁnter.
For ruthenium, (after step 2 above) a 10-ml aliquot was taken

from the flask and 10 mg of Ru carrier added. To this solutlon
~NaB103, H3PO4, and HciOu were added. _Ruthehium (preéent as4xqcl3)
was oxidized to RuOy ‘which was distilled_and co;lected in an :
NaOH solution. The RuOy was reduced by éthyl.alcohq},iprecipitat-
ing the Ru as lower valence oxides. These oxides were dissolved in
HC1 and the’ resultlns RuCl3 reduced by Pg to metallic Ru. After
uashing, drying, and welghing, the rutheniun was connted with an

end window counter ror beta activ‘ty._,_'~

"L.3 count_gg,rrocedure

Samplea nere delivered to the 'hot laborntory , uhoro aalected

:unplea were nrtpped prior to coununs. rln-out paper su:pleo

-y . e ..'.‘g...-.ﬁ-tr_

were aealcd 1n Z/B-ineh diametor plaat‘c viale. Tre plented-tilter _

. and carbon-cartridge aamplos uore oealed in. s;ran Urap to’ prevent

contanination of countera aud handlins areas.; ‘,3-?: o

Degguited Activitz:' The tall-ouc papcr saoples’ were counted ‘
on a uingla channcl pullo hoisht annlyzer (see: block dxacra-
belou)

Detector Atomio “Atomlc 510] [ Advanse —,
and Stand - podel . 204-B Pulse Heigh Scaler and
l plifie Analyzer | Register

Fluke . 400
Pevwer Supply

a3
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The &etectqr used was an 8?8.§9114type-H31(T1) (1-1/8" x
1-1/2" well) mounted on an RCA 6655 phbtom_iupueg.. 'n]ae. detector
gndlprg-amplir‘er wer2 mounted in a é-inch lead shield to reduce
background. The counter was standardized at the beginning-or each
day's run and approximately every tour houra dnring the two-shirt
operation. Csl37 or 1131 ntandarda were uled for this standardi-

zation depending on uhether ceaign'or_iodinp sanplgs were to be

‘counted. The amplifier gain was adjusted 8o hat the O. 364-Mev

and C. 662-Hev photOpeaks were arbitrarily set at 21 and 33 divi-
sions (volts) for the 1131 and -c3137 samples, Tespectively. The .

".._counter uas atandardized tor Bal“o-uluo counung by settinz the

1131 photopeak (O. 364 Hev) at 13 d:vuions. /After standardization

o the ba:sline was set. at a8 diviuom (tor 1131 unplu) and 30
diusions(tor Ccsl3T -amlca) and in each case the window-was set
_at 6 voln so ﬂut the counting 1ntcrvu 1nc1udod the respective

phot.opuks The buouno was set at 40 diusiom (tor Ballo_

. Lal¥0 counting) nud an integral count na m.. mmound count-" '

ing rutu un dotcruuod ror the pulu-hci;ht intcrval or
interest puor to tho counczng of samples.

gigbom Lgt;!uz The ylutod-rntor and cnbon-cartridgo
ulplu were connt«l on tho RCL lurk 20 Nodel 2603-2607 (Ar;onno
m.) 256 Channel Spoctroutor. 'lho detector used was.a 3 x 3-

_ 3nch lm('n) solid cyundor (luram mounted) oa a Dumont 6393

photomultiplier. The phototubo. orystal, and pre-uplu‘ior

314
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ﬁere mounted in an upright holloy lead cylinder-that'prgvided

3 inches of iead‘ahielding on all sides. 'The'256—chén§;1

analyzer was modified so that én'lniethl'(kroSs) counting rate -
could be made. A pair of Atomic 1090 series multiscalers were
ganged for this integral count. The apectromeier wascdtandtrdized
at the beginning of each day's run and approximately every four '
honrs thereafter during the two-shift operéfion. ‘The standard
used was a fall-out paper aanple (cs137). The gain uauuadjuated

so that the photopeak (0.662 Mev) occurrcd at 7 divisiohs on the

' analyzer display scope. An integral count was then made and this

_ value coupared to previous values. The gain was theu reduced by

one-half and the background. counting rate determination made

prior to countins eanplea. This reduction 1n ga_n resulted in an.

- analyaio range ‘of from O to approxinately 2 Kev ‘or the spectral

noaaurenentl. A groan counting ratc vas takcn tor each aamp1u

-»:Adnnljzed, but only representative spectra were taken for most
' samples. The exception was Release H, in which spectra were taken

- "for all ?h“o"‘u-pui- analyzed.

1hooo samples with activltios ovcr approxinatoly 2x 1oﬁ CPM

, ucro ponitionod at 10.2 ci abovo the cryntal. -Counting ‘determina-

tions were then made and orticioncioc tor this position were

lclourod. A1l other uculurcnonta were lado with tho oa-plo placed

_on tho cryotnl containor.

213




L.4 _Sgecoral Analyses: Samples that-showed sufficient gamma

~ activity were analyzed in-an RCL-255 channel anélyzer. In general,
the apeotra of the samples oollected during green releases showed
the presenoe.ot several different peak'eneigiear In conjunction
with the energy calibration data and half-life meaaurements,’tho
parent isotopes were identified. Through the application of

‘oeveral correction procedures, quantitative measurements of the

: total aample activity, and consequently the total quantity of

' u;each iaotope preeent, were obtained.

o _General'- The nature ot the 256-channe1 analyzer penout"
"oyoteu'ia such that the area under the photopeak spectral curve is
proportional to the totai quantity of active material present in
the oauplo. Hhon oni; a nonoonorgotic ganna is present, 1t 1s an
easy aattor to necauro tho arco under. tho curve and- convert the
Vreoulc to lanpio activity uaiug tho proper errioionoioa and con-
voxoion faotors. Hhen tho sacple containn aovornl gan-a enitting

'iootopol, the analyais ot tho spectrum becomes more involved.
‘ Sinco Coupbon scattorinz of the samna rays occurs in the dotector
cr)ltal. nonooncrgotio sa-c rays aro dc:ected a8 n dictribution
of energies. Hhon lovoral iuoh gammas are present,’ the less
onor;otio photopoak. are luporpooed on the Compton di-tribution
of the higher onorgy Sammas. This effect must be taken into
occount whel: measuring the intensity of oach photopelk.

Certain of tho photopoakn of 'interest in these ansly-cc
consist of more than a linglo onorsy gamma ray. For example,
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the Zr95-Nb)5 photopeak 1s a composite of four energles:

2r95: 0.768. 0.724 Mev
mB: 0.740 Mev
1131; 0.722 Mev
Also, the Cs137 photopeak at 0.662 Mev contains contributions from
Rul03: 0.610 Mev, and 1131: 0.637 Mev. In both cases, the g.mma3

appear as a single but broadened photopeak because the resolution

of the Nal detector is not sufficient to separate them into discrete

photopeaks. COnaequently, in measuring the gamma ray intensity of
such photopeaks. a correction must. be applied to account for the
build-up to the peak hesght by the 1nterfer1ng ‘gammas. It 1s to be
noted, however,vthat the composite peak height is used when. apply-
ing the CONpton accttcring correction becauae the detector handles

all cr the inconing ganmae lying 1n a enall enersy ranga very

nee:ly alike. o

Unlike ordinary groaa countins techniques, conetant back-
ground tigure can be subtracted rron each photopeek height only
when the total aauple count 1. -uch larger than the backg:ound at

v the energy. being conlidered. In celel uhere the sample acttvity
18 aeerly equal to or. leal then the beck;rounny'eccount nult be
'teken of the energy dlltribution of the background rediation

The dirticnltiee liated ebove cpply to the determination
of the yhotopeek height of the photon energy or interest. To
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. fraction of the isotope indicatad.

for the-leﬁgth of time the standard'naa}run), &nd the reaolution.

Table L.4 indicates the results. ' !
Column f of Thble L.4 represents the photon occurrence
These values were obtained

from the literature (Ref. 17).
" The basaic uetbod used to resoclve complex spectra consiast- - -

first of deter{n_ining the ahabe of the 'photopeak‘and Compton dis~-

tribution of the most energetic gamma present. In order to deter~

mine the shape or tho Compton scattering portion of thg curve, 8

set of enpirical valuel was established which described the

npcctral envclope u o-funet-:lon of energy. This was accoupuahed

by taking uparate apectra of Csl37, Ru103 1131, 2,595
atandarda.. In the Cmpton scattcrmg poruon or t.heu spectra, |

ot g -

nlacted point. ‘along the cnnlopc were cxpruud u a pcrcem:ago
- of tbo photopaa‘.: hcuht. 8o thae 1n ordcr to skotch-in the cOnpton‘ ‘
' 'lcatt‘ring uction or thc lmlc curve, 1t was ncceuary on].y t.o |

measure the photopuk hcism: and mltiply it by tho appropriato -

=

percentage at . prcuhctod cmrn valuc. At low onorsy photopeak B

positions, tho 00qton contribuuon tro- huhor onorq photons can
be ulcuutod and cubtuom out., This process conumoo for uch-‘ :

photopeak pruont in the opootm Tadble L.s 1ists tho uluu ror

the pertinent isotopes of FRT-1 lupln.
The method used to odbtain Compton percentages with respect to

~ photopeak height in Csl37 spectrum 1s shown in Pigure L.1. The

‘.
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TABLE L.5

Compton and Gamna Bulld-up Correction Pactors®

Ep. | 2r95-m95 | ¢s!37 | gul03 | 131 | celil

Exgenatev | “lo.762) | (5.662) | (0.498) | (0.364) |(6:145)
: Percent Percent Percent Percent Percent
2B | - . ! 1

(0.762) . - s 75%0.38|20.0%0.5619.8%0.20 20.3!0.13

(0.662) - - 6.8%0.48]15.7%0.70 i[15.620.50

Rul03 ‘ -1 _ -

(0.498) - 10.75 T | 3.8!9.30 1. 1ot +0.50

an | | o
(o 36&) - 0,90%.1 b.1%0.2 -A'. - 14, 7-0 731

# To use Table, select the isotope tron the lort. ha.nd column
.whose true peak height (h) i1s lmown. The nuabers in the
columns to the right of this isotope indicate its- conpton
contribution to the various i gtope. photopesks li 3%

igt_;pton
s

- Examples: to correct the phot.opeak for Cs
gontrbution, multiply the uuured height (h) of C
13? ukew:l.so h x 15.78 18 the 03137 contribution to the
1131 (0.364 mv photopcalc.

a3
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photopeak iakes .the shape of a Gaussian distribution, and since the
area beneath this curve represents sample activity, the area under
the curve must be found. 1t can be shown that the area under a

Gaussian distribution curve 13 equal to 1.0645 times the area of an

inscribed iacsceles triangle. The area of the isosceles triangle

) 13 h x4 L, where A L 1s the width of the curve at half maximum.

The area under the Gaussian distrlbution curve becomes:
21.0645 - h* AL ,. (1)

" In practice, 1t was often impcssible to measure A L because
of interfering photopeaks and >COmp'ton contributions. To c;rcup-
vent this difficulty, the é_léfector res'olut_ibn! .
was eupiricauy predetemined for each primry 3hotcn enersy to be
amlyzed. I. 13 the measured length trom the photopeax centernne

to zero energy, Pisux-e L.2. Know*ng R, and L beins neaaurable
on esch spectrum to be miy;eq,_ A L('th.) 13 eaany obtatned.
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Substituting for A L, Eq. 1 becomes: . ,

.

A =1.0645 - h - L - R. (3) ,

Values of R are liated in Table L.4 for the 1sotopes of interest. -

It 18 worth pointins out that R, as defined, is 1ndependent of
the galn setting 1n the apectrometer system. """
‘The height, h; can_be'me&aurgd directly from the reconden | ‘ ' ‘xvj
chart in total cbunta;'nnd divislon-by the gate-on-time éi@es the o g_,ﬁ
counting rate for the peak energy channel (counta/%eé-channel). L v |
The length, .L, must be converted to channels per'unit Iensth..ror
whatever unit of length 1s used. is conVeralon factor can be. : i‘ -

obtained -by dividing the 256 channels by the carcrully meanured

freme s arme w4 ana .
Is

Adiatance rTequired to pen them out on the Broun Recorder . chart
pqper.A Note that this convarsion figure is dependent on. thc
gain setting of the spectfomgber system..  Eq. 3 becomes (1n unita ? ,

of counts/sec): S N o S

t

t .

i

} '-horo x s tho actual nunbor or ehanncla per unit lonsth. and t
t

' “is the cato-on-tinn in oocond.. Taking into account the photons
]

which undergo Compton acnetcrins, ;hc total detected oounting rate

"1 becomes: ' . ' | .

wes A , (5)

P e Ay 4 A . - S A e
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‘where P(E) 1a the phnto-fraction as defined a.ove for photons of -
primary energy E. Equation 5 must also .e divided by the detec-
.tion efficiency, € (E), to obtain the total 4-p1 gamma emission
by the. eanple for the photopeak under analyais. Equatioq 5 then-
.becomes. T o

: AL .
N'= -
-~ P(B) - €(E)

N ()
Since Eq..ﬁ_repreaehta';he total sample photon episs:on rate for
a particular photon energy, further division by £, the acurrence

fraction for the part}cuiur photon, gives the number of sample

. atoms involved in the decay process:

N"p 2 ﬂm—-r(g'rr ST (7)
A rureher rerinenont cun be -adc by taking 1nto aecount.the time _ *

lapse tro- rcloalo to apectral analyain by aultipl:ing Eq. 7 by
.Agf uhoro T 1is the time lapse tro- f!eld release to spectral
amlnu and )\1 is the docu conaunt d the isotopc. 'mu givea:

_c,1osus-n-t. R x~o"1‘1'= DPM-Min (8)
Ai-r-e-r(z)-r-c(z) "n3.
where C is the effluent activity at the time of releuss of the
ign 1sotope collected during the sampling peiiod. Inkq. 8, 7 s
the flow rate through the sampler in Pt}/hiu.
" Bquation 8 provided the working basis from which fission
_ produétzqctivttica of the ottlu;nt were obtained using apectro-

-gtor data.
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Agglicatioﬁ: The atep by step sanalysis of a spectral chart
from the analyzer 1s outlined below. Th§ procedure is that which
was followed in analyzing FRT-1 samples using the values listed in
Tablea L.4 and. L.S.‘ The uethod is completely general, however, and
may be adapted to any 1sotope provided the appropriate valuss of

the quantities listed in the Tables have been previously obtuined:

1. Sketch in the photopeak ahipes.' '
2. Draw in photopeak centerlines and locate the zero
energy point. . : .

3. Identify the photopeaka (Enorgy and 1aotope)

4., HMeasure and record the distance from the zero energy
peint to the centerline of oach photopeak.

5. Draw in the averago backsround lcvel as oatablllhed by
. background runs. . (Take account of scale changol.)

6. Begin the analysis uith tho higheut onergy photogeak

' 7;"'H¢llur0 the hoxght ot thia poak 1n coun:u abova the
- background level. , .

8. Multiply the heiahe of thc peak by chc apyropriate
percentage listed in Table L.5 to determine .the Compton
contribution under the lower energy photopeaks. . Con~

_ struct a table so that each photopeak height pay be
1isted and from which background and co-ptou contribu-'
tions can de daductod.v

9. MNMeasure the hci;ht of the locond most onorcotic photo-
peak above the background plus the Compton contribution
from the first peak unaly:od.

10. Multiply the height of the second poak by the sppropriate
©  percentages in Table L.5 to determine the Compton
sorrection to be appliod to the :uccoeding peaks. The

‘s
v
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11.

12.

- 13.

" peak 1s Tﬁt‘

" that region, one is not Justified in assuming that the

"After the photopeak height of 1131 (0.364 Mev) has been

1131 ang cell‘1 peaks are to be treated similarly., -
Enter the values found in table constructed in step 3.
above and deduct them trcn ‘the baclcround-corrected
height of step 7. ,

COntinuo this process until the lowest energy photo-

If there is not a definite peak _
where Ce or I131 should be found, yet.the sum of the
background and the Compton ccntridbutions from higher
energy gammas is leas than the value of the curve in -

difference is due to the 1sotope sought. Background
contributions may fluctuate considerably, particularly
for long gate-on-times or for sample activities close to
the level of baclxround activity.

obtained, refer to Table K.5 for the irical value of

- the contribution to the Zr95-b95 vy 1131 (0.722. uevh

Also, determine the contribution of RulO3 to the Csl
peak. These contributions must be subis?cted in order
to get the true photopeak height of Cs*37 and z:-95-m:95.

-Subaueuto the net values found 1n step 11 and ‘the

proper quantities from Table L.& into Rq. 8. Substitute
alsoc for K, 4;, T, and P to obtaih the activity. or the
1th isotope ih the otrluent at nhuo tine,

L.5 Rnidua Ana;;sn .

Post-mlt poz'tiom or the utnouun fuel elements were

'mlyzcd tor the qunut:lu of :l.aotopic activity by the mmra.l
’nootuc Vanocito- Atc-:.o monton. No analysis of the aged

nm elements were made. - mhnlqun for mnyunc mon mx .

o elements were as follows; (1) tho can eonmum the omiblo was

- N
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at the time of transter frowu the dissolver pot to .the 5 1liter
o

atorase vesael. The solution was diluted to volume and aliquots

taken for radlochemical analysla. (2) The residue in the dissolver
pot was heated to dryness and KHSO, added. Tempeiature was main-
talned at, 23090 for 8 houra. Atter coollng, the rualon mixture
was dlaaolved and tne aliquot analyzed. ‘ )

A gasma analyala was run on all unleached cruclble plecea

.and’ aample residus by means of a 256-channel analyzer using a

aﬁeqlal ‘scanning plug in the radiatlon lock of the hot cell.
Both'03137 and COGQ standards were uaed for calibration. Table
L.5 shows the resilts of the chemlcal analyala for three green
releascs. The valuea shown are the percentagea of the varioua
-4sotopes retained ln the realdue and ‘the cruclble. A datailed
daacrlptlon of the radlochenical analyala is praaented ln

nerarenca 10.
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TABLE L.6
Puel Element Residue Recovery
- N A *

JRue 11_de

S
Percent Retention-

. Release G

| Release H

| e asma

ful03
colbh

zr92
8r-89
mlj“}

xel33

cald

91
86
s
59
57
13

016

Release E

0.0

79
102
3
%
29
- 0.0h -

93

76

- 48
36 .

26
3.4

0,18 .
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APPEXNDIX M
Radiobiolo

Radiobiological tests were performed during the laat seven.

releases by personnel from the University of Rochester (Ref.11).

Detailed biological results are'prgsehted under each release °"n-

Appendix N. Thererore, only a brief outline of racilitleu. pro-

cedures, and studles performed are outlined in thia qypendix.

M.l Facilities

1.

An air-conditioned, moblle iaﬁbréto;y;uqn used at the

site for dlssecting and counting biolosical apecinenl;
The laboratory was equipped with a 5" x 6' xaI(rl)

crystals which had & 3" x 5% u0111~. ’

Albino rats of the Wistar strain ot'bocn vexes ueighing '

between 150 and. 200 grana uare kept in the laboratory
until exposure time.

Beagle-type mongrel doga 6: bo€h seiéi ieighink Bétieen;

7 and 14 kilograms were kopt nenr tho laboratory in tuo
trailers lpccitically deaigned ror houutng ani-als.

K.2 Procedure

1.

Animals were placed at various stations on the network
grid at least 15 ainutes before each releaze. Tabdble M.l
shows whers animals were placed during each release. . At
least twe rats were placed at oaéh station before each

of the Releases C, D, E, P, G, and H; before Releass I

231
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four rats were placed at each station. Some animals

were anesthetized priSr to Releases ? and G.

TABLE M.l

Animal Locations -

cation . ,
Releage™ 100-zcter . 200-meter | 40O-meter | B800-meter
e o _~'~
_ (aged) _Rats® | Rats® Rats® Rats®
2 i -
D - T
-~ (aged) "Rats®,#s ii Rats®, o .
. {green) Rata®* . | Ratse®e - "Ratsee
4 Rate*® | matss |
(green) ~ Dogs® .
Q. " Ratg#® Ratsee '
(green) Dogs e _ Dogs®®
1, B | Ratsve | patess
(green) . . Dogsee Dogs®®
D 3% Ratse® ;- ‘
(aged) Doga®e ! Dogses . Dogs®*
. {- )

® Unrestrained
#%  Restrainod to preveat nose or pelt licking
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2. Early post-release recovery of exposed aﬁimals'yaa
desired. }

3.. After Releases C, D, E, and P rats were sacrificed in
mass by suffocation with COp. After Releasas G, H, and
I, dogs were anesthetizsd By 1ntr§vénoua injection of
sodium pentothal followed Ly maximal bleeding from the
carotid artery. ' h L

M.3 Studies Performed | | |
"R§s£rainiggICagos: During the course of Releases C and D, -

_the effect ét iestrainihg cages on:aI'(gaatrointestinal tract)
. and total-body-internal depositicn in rats was 1nvgstisat§d.

It was discovered that unrestrained rats showed extremely high

a1 activity-presﬁmably because they had licked their nose;'qnd'

Cfur. In subsequent releases all rats were restrained. A similar

effect was noted with unrestrained dogs in Release P;' Therefore,

tho dogs vere muzsled for. Roloaaeo a, H, and I.

!{tectu of Anesthetization: One-third of the rats in nolease

4 and one-half thoao in Rolaaao (] wore anesthetized prior to

cxpoaurc. In tho eI tract -odian uctivitic- wers reduced by

@ factor of 4 and 3 respectively for anesthetized and unanesthe-
tized rats. The lower-respiratory-tract deposition (LRD) values
were roddnid by about 1.5 in each cusau. However, the LRD reduction
is placed 1n doubt by anosalous eotal-body-intornal deposition
(TB1) vnluo..

Y
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lower-Respiratory-Tract Deposition: Radioactivity that was

retained in the lungs wus correlated with air concentration results 4
to obtain Lan'percentcgcs. The ncdian values thus obtained for
' inhalcd activity deposited in the lowe; rcspiratery-tract (lung)
-rangcd from 30-35 Dcrccnt.
Total Bcdx chociticn° Radioactivity was cunmcd tor all body

‘organs analyzed and correlated uith measured air ccncentraticnc

to obtain TBI (total body internal dcpo:ition) values uhich had &

' mean near 70 percent of the inhaled radioactivity.

Sacrifice Times: Artcr Rclccsc 'C there was a dclay of us
minutes bcrorc thc rats were sccriticed, which resulted in cpprcci- .
cblc‘transtc*cncc ot radioactivity from thc lungs to the bioodctrcan
and cvcnb thc kidney. » 8hcrtenin¢ or this tinc dclay to 15 ninntcc

. rccultcd in incroccins thc ratio of whole body to kidncy cctivity

from about 50 to almost 350._f
‘Metabolism gtudict © Two cxpoccd dosa from Release 0 were
kept for metabollsm ctudicc.. Urine and tcccl cxcrction rates and
 body organ retention timés were iuvcctigatcd.. ‘Excretion studies
indicate: A R _ _ o |
. large portion of activity has a total effective
half-1ife (Tere) of about 10 days.
« Remainder has a rather long Teee of approximately
' 100 days. '
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DPoga' lungs lost about G0 percent of activity in SQ&
and most of the activity wes removed shbrtly after exposy
the remaining radiocactive material was apparently quite;kj"’
Spectral analyses 1ndicgted thé persiatance of Ru1°3. Cs3y
Zr95 in decreasing abuhdance. . A

Isotope Identification: Decay cu-ves for Sody or:nf;
plotted for isotopic 1dent1f1cat;onf‘ In a few instance :T
channel gamma spectroscopy was uaed to give reliﬁive 13Q 1:‘

il

4abqn43ncen.

e iR




—~— ‘ - ~
;-
‘
ct
P T o )
" <t " . t' . - - PR i
e et . N - e
-
i
+ o
. B
. ’
1
-
.
>
i
5
{ -
i * . R

S o o APPENDIX N .. R

This appendix contains detailed data on

each of the. nine Releases A through I. - - :

— e . -
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APPENDIX N-A
(Release &) j ; :%
A.l Summary .
' TYpe Of Sample ~--mmeemmam—mccmoeas Aged Fuel Zlement ' f ;o
Date and Release Time -#4--#------- a, Ty 1958; 6:09 P - ﬁ
Lapse Rate (1.5 - 45 m) =ceccececces -0, 37°c
Lapse Rats (1.5 = 24 m) ~=meemmeeee -o.os c O
Mean Hind Speed --- c——- 3.6 meters/hec ' o o ‘
‘Wind Direction e = Network Centerline o - iA
Cloud Photography ceccemdcccceaceu= Both aerial and ground ' S
‘ Pluoresoent Tracer -==-ccovccceccee~ Relegsod.ror 10 minutes - :
‘-1mmediate1y roliouing- | v
N rission product release_
Animals -. ————— ~smm Rabbits on inner arcs(Ref. 9)
Network Radloactivity ---- Detected out to 1600 meters; o
| . naiiqu- reading of pleated -
F tiltox-fon.iooomotdr arc,
) k0 n:/hr. ulinc Cutie Pie
External Dose  --§-— —- - aniluu dose rato on 400~
| meter arc, 0.052 mr/hr, I

using scintillation detector
descridbed in Appendix X,

[}
]
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A.2 Puel Element

The fuel element had been 1rtad1ated to generate 7x10u watts
for a.totalet 467 hours and had decayed tor 922 days. The pre-
doaihant nuclides present at the fime bt‘releaae‘are shown in
Table N.A.1. >

TABLE N.A.1
lP!aaiohAEroddé; Inveht@ry

Nuolide o Curies Calculated
sr99 o IR 4 .
Cell¥ _ ppllis . S 16
 pmllT . 10
RalO6 - pn1%6 a3
-cal"37_-: 13«‘137Il o 3

MA.3 !otoorolog;cal Conditions

The wind directionl and vclocitiol prcvailing durins thil
release are lhown in Table N.A.2 . '

Lapse rctos oxilting at thc apox tou'r during tho reloaao,
bctvncn thogl.s-lotor level and_both_tho 2#-..nd‘h5-o§or lqvola,v
are shown in Pigure M.A.1. It indicates that at the time the
furnace was onorgigod; i1.0., time :oro; 8 weak lapse condition
existed. However, at two minutes arfor time zero, the estimated
time of melting, an inversion condition is evident and gontinued,
c:copt for a short noutral conditiou. during the remainder of
tho test.
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TABLE N.A.2 o

Meteorological Summary

- o
Height ' stion ~4ics Velocity . (metera/sscl
(meters) | Max. “Min. | Ave. Max. | Min. Ave.
1.5 o} o ]-eme | N 2.6
133 ‘ o .2
.0 ' : I 4.7
2.0 - . ' o 5.1
124.0 ' _ 5.5
0 o S ' , 6.0
ation L Wind.Direction _ Wind Velocity
(Are) Max. | Min. | Ave. Max. | Min. Ave.
"'ébo-iaéter' , 2g9° 214° | 2u4° 6.5 | 18 4.0
- m .- 27 ) '198: 232, 6.5 . —200 noo
1800 " T | eha SRS IR 3.8
héoo " | ewe | . 3.8
400 " ol awo ) , - k.3

: A.§ moke Plume Photo

moeo;r aphic docmauuou or the vuibl.e anoke cloud was
accmluhcd du.'ing this test. Aorul and gmnd photosupm
were taken of the [ e-release continuous plu=s at. 23 minutes prior
to tﬁc ruuon product release and are showm in nguro N.A.2.
llovovor. since thc smoke was released under upu conditions, while
the fission produotl were dispersed under inversion conditions, a.

correlation would not be poasible;}’ thus no photographic analyses

-wera performed.
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A.5 Purnace Conditions

The turnace.ooorating progranm e:tabliohed for all releases
-1a Summarized as follows: .the rurnace was energized at time zero
with a aufficient 1n1tial power input so that the time to melt the
fuel element was approximately two minutes. This tlne_uas.estab-
llahed by ndmerous meltarot noh-looded ruel'elenehta. Follouing
melting of the el-ment, the furnace power was controlled so that
the ¢rucible temperature was kept at approxznately lOO degrees
_centigrade above the stage melting point. Thls level was maintained
for a ten-minute period, at which timo the power was shut off.
The temperature as a tunction ot tlno during this release is shown

in Figure N.A.3.

”u,_ grtluent Sagglers

- Data obtained from eequential aamplers loceted at the tap ot
the rurnace crucible. indicated that the riallon product release
was lncreaeing for approxlmately 3. u ninutes etter time zero-
(Plsure N‘A.h) Addltional lluplee vero obtained at seven and .

v twelve ninutce.. Tho close 1nterval lanpling. l.e.. eight eamples
durtng the 1n1t1e1 3 -3 nlnuteo. was eatablilhed prior to’ release
becouso 1t wos_belleved thst the release uould.tako place durlng
the first few nlnotes after melting. S8ince thla‘epparontly was
not the case, the timing was Set in all subsequent releases to
spread the ettluent otupling’ovor the entirs melt 1nterval._

AT Release ggrcenggg ‘ '
The percent relesse of C3137 was determined from the pre- and

post-melt gamma spectra of the fuel element. These apectra are
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shown in Figure N.A.5. The percentage of .the sr30 releaaed was
" calculated from the results of Sr?0 field sampile radLOchem‘cal
analysis, the fuel element inventory sr90 to 05137 ratio, and the
.measuéed 03137 réleaae percent; TASle N.A.3 lists the release

percents cobtained.

TABLE N.A.3 -

Release Percentage

[ Nuclide | Percent -

A.83 Alr Sa ampler Pield Survex ‘ .
The term "field survay reters to contact neaaurementa uhich

were taken.on the Hi-Vol pleated filters imnediately rollouing the ;;‘Z
teat uith a beta-gamma survey netcr (uith Cutie Pic when over :~“ o
20 -r/hr) Figure N.A.6 shows the- arc protilel of the rilter'
readings in lr/hr. corrected tbr la-plcr tlov rato and bacxground. B
ligure N.A.? shown a loast-aquaxel £it to the riltor readings ot L
the: cloud ccntorltno stations as a tunction of distance tron the

release point.

A.9 Alrborne Radioactivity
Atrborne Cs137 as detcrnined by laboratory counting of the

Hi-Vol pleated riltcrl 1s shown on Figure N.A.B. The data have

't
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been correccted ror sampler rlou rate and are -eported 1n terms of - -

22!:;1!' Pigure N.A.9 1s a plot of the 63137 centerline data with

e~
a straight-line least-squarea rit. Note that the .slope of the

line -is essent ally. the same as that obtained from the ajir

"sampler fleld nurvey.

A.10 Degosited Radioactivitx

The ceaiun deposited on the gummed rallout papers 13 shown -
in Pigures N.A.10 and N.A.11. Figure N.A.11 shows the maximum

value from each arc of Pigure N.A.10 plotted versus distance from

© the release point. A f-e_r,a'ignt 1ine has been fitted to the points:

A1l chonlted vglocitz .
Tho averase deposition veloclty tor ccsiun, a8 & runctlon ot

.distanco rroa ‘the releaae point. 1s choun 1n lelc N.A.h.-

"valuoa for this paranoter are the ratiou ot the areas undcr tho

aticky-paper activity arc profilas to: the areas under the air

;-ampler arc protzlea. Littlo chanso is ovident 1n this parauctcr

_aa a. runction or donnuind di-tanco.v

TAB“ ”c‘c“;
Cesium Dcpolition Velocity (cm/sec)

Arc_(meters) | Sticky-Paper | Water _Sand__
100 .0278 ouk 2,015 |.02 2.
200 .0215 025 ¢ .006 |.063 ¢ .05
400 0242 :
800 0277
1600 - .0658 ]
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A.12 Pluorescent Tracer Distribution

Because of 2 shift in wind direction coincidehf: with the re-

lease of tluoruc.ent tracer, no fluorescent tracer data were

. obta.lnod. ‘I‘ho tracer cloud centerline did not-appear on the net- -

nork but noved an undeteruinato distancc orf the right side of

P

‘ ‘dou rate levels as a tuncuon of time and’ pouuon. acrou the

" the grid. -,
A.13:',gternal Dose

. 'me gamaa dose rate from cloud passage was "neaaured. and
recorded -at cvery three dcgrce- on thu Roo-mter arc_ using thc
gam scintnhtion detcceou ‘described in’ Appendix K.

‘The integrated sama dose uceived lt each station on the
hoo-nm» are during passage of . the cloud 1s shovm in rigurc |
I.A.lz. me m dose utc as a runction or. dintanco. takcn n'-o-:..
the detoctor station uureat the centorune d’ the effluent cloud,

u shovm in Figure N.A.ls. :

An appronnto reconstruction of tho um activity rcleue
seyience 1s ehown in Figure )I.A.llt. Tho nzure is a plot of the

hoo--m- arc.

A.24  piffusion Parameters
The urmaon parameters obtumd from this tue are shown

in Table N.A.5. The actual gross acuuty i1sopleth and its curve

© £1t 1sopleth, normalized to the maximum filter reading on-the 100-
meter are, are shown in Pigures N.A.I.S and l_.A. 16 respectivsly. |

s
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TABLE H.A.S

Diffusion Parameters

‘Parameters Fleld-Survey Data-Fit| Cs137 pig~ ‘Bivane
| Horizontal Stability | - B SEN PN
Parameter (M) . 1.0 " 0,98 -
Vqrb_ical Stadility o ’ . . ; :
Parameter (Mz) S 1.7 . 1.5 T
' 'n;iriiontnl Diftusion |- _ o : ’
‘Coefficient. (Cy) . . 0,08 0.08 0.11
Vertical Diffusion | - - ' S 1.
. coetﬂ.cieut (ey) oot N . 0.02 "0705
| Sutton’a Stabi1ity e S o
Pcrmtor (n) L .- . - 0.26 .-
-A.15 Radiobiolog S IR

- During this release Dutch rabbita were oxpoud in x-utruning o

‘.cuol (Ref 9). Thirty Auin:l.a ‘were used with. only the head and ears
.of each Tatdit exposed.. After releass, the scalp and ears’ were
countod to give an mdicnuou of oxtoml contnluuou snd the lnnsf
 and tuehu for internal eoptuiuuoq,. These results are shown on-

H‘\lr. X. ko 17.

A.16 Mmmm

During this release, fallout samples were collected in water

and sand traps. The water sanmples were ulootod‘on the basis of

the conterline of the cloud as determined in the field survey of air
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'aampler activities, evaporated to 50 ml, and gamma counted. Sand

samples were selected in the same manner, leached for 30 minutes

with bolling 6 N HCl, the leachate concentrated to 50 hi, and

N

gamma counted. Results are shown in Figure N.A.18 and Table N.A.6,

‘ respectively.

- TABLE N.A.6
] ) Cesium-137 in Sand
Location . 1 : Curies
'? _ 100 iétér arc . . |
| - . station 26 . o 18 x 1079
station 36 SR  L8x109

! _1?99_!§Férfdrc: '?:_> |  :.‘i ' : ' ;-t.‘_
D Temims | emees
0 sauenss T F 0 esex109
Cstatton53C - - - | 07221200
|
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APPENDIX N-B
(Release B)

B.1 Summary
Type of Sample mmmeeeeccecaam-
* Date and Releasa Time ——emme———
~Lapse Rate (1.5 ~ 45 m) <eeeeee
 Lapse Rate (1.5 - 2lm) S
Anean Wind Speed «c-ccsccccccens

Wind Direction =-<-- -
- Cloud Photpgfaphy -

.”_iiuoieseent Tracer -=ccccecccos

-

N

Aged Puel Element
4 August 1958; 8: 16 PM

-2.4%

2.5 meterq/hec

Right edge of network
No photograph '_ _
Released for 10 minutes

“immediately following fission

' Network Rad108ctivity --=--s-ec

prbducﬁ'réleaae
Rabblta on inner. arca (Rer. 9)
Dotectcd out to 3200 uetcra,.

maxiwmum reading of plepted

filters on 100-meter arc,

160 mr/hr, using Cutie Pic

External Dose ---- . -

Maximum dose rate on 400-meter

are, 0.0057 ng/hr. uoing scin-
tillation dotoctor described .
in Appendix K.

e SV
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'8.3 Heceorolog;cal COnditions

B.2 Fuel Element , ,

The fuel element had beer irradiated to generate 6.6 x i0%
watts for a total of 467 hcurs and had decayed for 932 days.
The predomirant nuclicdes pfesent at the time of r=2lease are shown
in Table N.B.l.
. 'TABLE N.B.1

Fission Product Inventory

Nuclide , Curies Calculated
- sr90 - ' 3.7
Ce1u4 - Prluu _ 15
pnlt7 L 9.3 -
 Rul06 . gpl%6 b 12
csl37 . pal37 B I 3.1

The wind directions and velocitiea prevailins durins this

releaao are ahoun in Table N.B 2. The dircctxon data: shows that

" the. t!oaion product cloud centerline wal ‘along the rlsht hand

edge ot tha lampling network. At approxima;ely-the 800-meter arc
the centorlino swing back to the grid and remaiped Jult within the
grid pact the 3.200-¢cer arc.

la:lc rates, existina at the apex tover durlng the release,
between the 1.5-meter level and both the 2&- and 45-meter levels,

2812
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are shown in Pigure N.B.1 An inversion condition existed during

dispersal of the fiassion products.

TABLE k B.2 -

Heteoroliogicul S1amar>

APPEX TOVER

4 _n.n ’umeo Conditions

'l'ho mrmcc operating achednle tor thu teat clouly

'toumn‘d t_ho establighed procedure (App. N=A, s'oc. A.s_). The

furnace was taken %o toupouturo and held there for ten miuutes.

_ The temperature as a function of time duung this rolouo 1s

shown in Pigure N.B.2.
B.5 Effluent Samplers o . |

Reduction of the data obtained by the uqnol'tt.nuy opoutc't
effluent umiou show that the major release of ncuvii:y occurred
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‘melt gamma spectrometry is shovm 1n 'ra.ble N.B.3. The gamma spectra

. B.T Ar gggxu- FMeld sdng_z

'the test uth a beta-gama eurvey neter. rum B.B 5 ehoue the
" are px-ofn.ee ot the fiiter. needinge in -r/hx-. eomoted tor . |

at approximately three minutes after time zero, These data are

shown in Pigure N.B.3., - . L
B.6 Release Percentages |
!‘he percent release of cesium as determined by pre- and post-

from which the 03137 release traction was determined. are shown in
nsure l.B. Percent releaee of Sr9° was not detemined beeeuee

‘the cloud centerune pleated filter data was not eveilable. o -
TABLE N, B.3 o ; . '
Beleeee Percentage ‘ i
: Nuclide : . . percent | o o
o e G |

The tem *field survey" retere to conteet neuurenente rh:.ch
were tahen on the Hi-VYol pleated rntere uuedietely rououns

|
sampler nw rate bmm:d The proruel m mo-pleu because |
pu-t of the eloud m off the uetwox-k.

3.8 ALrborne Reuoaetiv:ltz
Alrborne c-137 activity as deten!.ned by leboutoxv counting (
|

of the Hi-Vol yleeted filters 1s ehmm on Pigure N.B.6. These dat

‘. ’ : ‘ . 4

367
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_ B. 10 Deposition Velocity -

hgve been corrected for aamplér rlow*ate and are *epbrted in

terms of DPM-Min . Because.of the cloud drift off the network,

: tha profilgs are 1ncomp1ete.

 B.9 Deposited Radioasctivity - - -

-

»n o
The cesium t’_lepo;;tgd on the fallout papers 1s shown in

?1zui'e N.B.7. The arc profiles are incomplete as the clou& center-
1ine“was off ‘the right hand side of the network.

‘l‘hc average vdeyoution velocity for cesium as a 'runction' of

,diltance rrou the release point is shown in rablo N.B.4. The

vuluu for tlus pluuter were determinsd by rauoing the areas

- urder tho sticky paper activity arc profiles to the arnaa under
" the air ua-phr activity arc protnes.

TABLE N.B.4
céllm Deposition V_g’l_oéity

. Are (utora) ._ — Velocity .(cq/uc)
%g T . 8%;
500  0.062
- am . ) 00021
1600 0.018
3200 : 0.015
B.11 Jluorescent ITrsger J1; tgb.guon

.No tracer data were obtained during this relesse because the
6loud centerline was off the sampling network.

172
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| Vertical Stability -

-"'Horizontal Diffusion L IR 1
- :|Coefficient (Cy) | . e- . "l == ] 0,02

"Vbrtical Dtt'usion

—— -

- B.12 External Dose

No éxternal dose data arvre avgilablc‘trou thils release
becaune of the diraction of the cload path.
B.13 Diffusion Parameters

The diffusion parameters obtained trba‘thia test are:ghowﬁ
in Table N.B.5. The fleld-survey-data fit and 65137 £it were not

éalculatad bacauss the cloud was only partially on the network.

-

TABLIE K.B.5

Diffusion Parameters

Parameters Fleld-Survey-Data Fit |Cal37 Pit |Bivang]

‘Horizontal Stability _ o L
Paremster (H,) _ R N B -

1_Parauotor Mz) . o  ', - . - ';v' | — -

. [ceertretant fcz) | oo p e ‘0.0z

" }suttonts atabillty R I D

'rora-otor (n) : ; - i T ee 0.45
n’-n | mgm

Dutch rabbits were used with only the head and ears of each

'rubbit exposed. After release, the scalp and ears were counted

3
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ny to give an indication of external contamination, and the lungs and
. trachet.uero_counted to show the extent of ;nﬁerna; contam#ha:ion.
| These results are shown on Piguié'N.B.ﬁ;
L B.15 Sand and Water Collection
No samples were collectéd because the fallcut missed the
major part of the water-sand sampling gria. '
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APPENDIX N-C

(Reiease C)

€.1 Summary

fype of Sample ~=-ecreeccmccecc-- Aged Fuel Elemsnt
Date.and Release Time e--=------ 6 Aug. 1958; 7:14 gx
lapse Rate {1.5 - 45 m) -------- -1.5% ‘
Lapse Rate (1.5 - 24 =) e~ -1.08°%
Mean Wind Speed --ceccmccceero ;—>2.3 meters/sec ‘:

: Wind Direction ----- e===-m=ew-== Network Centerline

é Cloud Photography ----- 7-—-;f~-— Ground only
Fluorescent Tracer e«—e—mecec—eccees Release& simultaneousl; with

. fisslon product release

Animals -—-e--—c——c=e-=aeaw-c--=- Rats on 100- and 200-meter )

arcs (Ref. 11) Rabbits on
100, 200, and 4Q00-mester
arcs (Ref. 9)

I AL AL K B e B K A S AAn B e

Network Radlioactivity -~--ce~e-- Detected ouwt to 3200 meters;
maximum reading of pleated

filters on 100-mater are,

42 mr/hr using Cutie Ple.

External DOse =--eee=am-=we=~=~= Kaximum dose rate on 400~
meter arc, 0,028 mr/hr using
scintillation detaector '

. describved in Appendix K.
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* Table N.C.1.

C.2 Fuel Zlement
The fuel element had been-irrhdiated to generate 7:10“ watts

for a ;dga} of 467 hodrs and had decayed for 934 days. The pre-

dominant nuclides present at the time of release are shown in

-

»

PABLE N.C.1

e -- Flssion Product Inventory
- Ruclide ‘ ‘Curies Calculated
cellh . prlhs a8
A | 12
Rul06 - m106 o ‘ 1.5
- _0,137 3.137h R Y S

€.3 mtgrologen COndiuonl

The uind direotions and volocitiea prevailing during thio
roleaco aro sholn 1n rablo u.c.z. Vhriationn in wind diroction

'»wore oxpericncod, but they Were ot such lhort duration that the

effluent path was ouly slightly displaced rro- centerline.

,anao ra;go. oxiating at the apex tower during the release,
between thﬁ 1.5?i.tor level and Loth the 24- and 45-otcr'10v01¢.
are shown in Pigure N.C.1. It shows that an inversion existed

" for an apprecisole time befors the release and continuod to

despen following the release. . R
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TABLE N.C.2
Meteorological Summary
APEX TOWER
Height Wind Direction Wind Veloclty (meters/sec) A
(meters) Max. | Min. | Ave. © Max. | Min. | Ave. '
, 1.5 264° | 201° | 239° s | 1.1 | 2.3
: 2.0 . 233 4.4 -- 2.9
n 600 - ' 50" 107 3.5
i 12.0 -- 5.9 7:3 4.2
; 2.0 245 6.4 3.0 4.9
i 45.0. 256 7.0 | 3.0 5.2
? ' 4
 PIELD MASTS
| Lecation ﬁiu&-Directipn' Wind Velocity (meters/sec)
. (are)  FMax. TWins | Ave. | Max. | Min. [ Ave.
200-meter - | 260° | 1959 2320 | 2.‘6 1as | 28
J400 . . 259 ] 202 ,23'1 - 8.4 1°1.0 1 2.3
héoo - . | er0: 29 | 234 | 2.9..| 1.3 | 2.0
"R&00 - .. 1271 | 208 | 235 e 1 == -

‘C.4 gmoke Plume Photography - . - o o
i Phbtﬂﬁhphio documentation of the visible smoke plume was

. .
. ra———

accomplished at only one station during this ro_:l,}ono'. The photo-
graph from which the parameters M; and C, Were obtained 1s shown
in PFigure N.C.2.
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C.5 Furnece Conditions.

During previous releases, the furnace required approximately

two minutes at maximum power input to begin meiting the fuel ele-

ment. During this release it was estimated that a period of .

epprgxiuately five minutes vee'requited to reach the neitinz point
beeeuae or'rurnace uelrunction..'Aleo. the normal furnace pregren
required a thirteen miniyte furnace operation time, but, becauses of
the slow aelt, the time during nhich the eemple was held molten

was ine:eeled.' Hoeever. it 1s not eviqent from the data that this

deviation affected ‘the fission product relesase.

" €6 Errluent Segglere

‘74 The resuits of the eequentiel eaepler deta 1nd1cate .hat the

‘za:c elaaee ot aecivity, as. ehasa 1a ?1s=ra N.C.3, occurred

betveen 5 end 5.5 unutu etter uu sero. The u-pung mtervah
ror thie release’ vere epeced over & 1&.5-1nute period.

1alaeeg Pg;g tages

The peroent releasa of 03137. as deternlned from the pre- and
post-melt ¢e-e spectra anelyeee. 1: ehouu in Table N.C.3. The

 gamma spectra rro- nnioh thoee dlol vere derived is showm 1in
Pigure N.C.4, !he releeeu pexeeat of 8r9°. also shown in Table

N.C.3, was determined by comparing the results of 3r9° field

sasple rediochemical analysis iith the fuel element inventory

8r70 < ¢s137 ratio and the measured 0137 release percent.

..
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: point.
_'c 9 Airborne Radioactlvitl

: nnlor flow
: acuvity -w: a lout-nquarel curn fit. lotc tlut ﬂu alopo ot

TABLE 4.C.3

Release Perce¢ntage

Nuclide Percent
csl37 | 47
8% 0.03

C.8 Alir Sampler Field Survey

The gross gamma act{vity on the pleated filters 1;‘0}10'!-! in
Piguzes N.C.5 and N.c 6. Pigure N.C.5 shows the irc_profiles'qf =
the rilter readinsn corrected for flow rate ahd'background; f4
ugure N.C.6 shows the pleated filter readinga- ot' the cloud

-centernne stauom as a t\mction cf distance from the releasse

!hc network ceaium data are showr in Figuru N.C.7 and N. c. 8.
risnrc N.C. 7 shows tho cesium pronlu on each arc corrected for
rate. Pisuro ‘N.C.8 is a plot ot tho 00137 centerline

.thc line is nry mrly the om as that obuimd tron the curv. |

£it of the uir nnlor field survey.

C.10 Deposited Radioactivity

The cesium collected on the gummed fallout papers is shown
in Pigures X.C.9 and N.C.10. Pigure N.C.10shows the maximum

‘.

Alsc showm is the loast—lquares fit to 311 the data poines. :

/‘?
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radioactivity values per arc in dpm/tt2 as affunctzoo~or distance.
Figure N.C.9 shows the gummed-paper cesium aotivity protilc for
each arc rrom which the clcud centerline values were estimated.

C.11 Depcaition Velocity . ;

' The average deposition velocity for cesium as a runction of
distance downwind fron the release point 1s showr in Table N.C.4.
This n’armter.f_io derived from the ratio of gummed paper qcc_ivity_
to pleated iilfer'aotiVit;. '

| TABLE N.C.4 |
- ) _-Ceoiua bepooition Vblooity'“‘"

_Arc_(meters) Vblocitl (cm/sec) }

"‘ 100 . *0.28 - - D
- 0.1¢
hco‘“’:x" o.“ T )

c.12 garticlo gizo

!articlo oizo otudieo Ioro uado during nele‘nol c. B, F.
and H. !ho quantitioo or rndioactivo celiu- collected auring
Release C on the Iéo-uotor are by three Andersen samplers with
millipore backup filters are shown in Table N.C.5. About 85
percent of the cesium was colloctod by the millipore tiltor.

'indicotins 4« -predominance of- lubnicron particles.
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. TABLE N.C.5
Discribution of Cs137 In The Andersen Sampler -

Activity (DEM-B.)
Stage Station 28 | Station 32
100-meter arc 100-meter arc &
1 870 _ 880 o | _
2 860 | - 1170 ‘ -
3 875 13000 | LT
" 1220 1630 . - .
5 - 3880 * 4550 )
6 - ‘7:70'0._ 5500 ;
T e300 132000 |

* No. 7 State - ﬁiuibo'r_e-?ut'e'r
c. 13 ?luoreacﬂt Tracer A o

‘me assay or tho airborne ﬁuoreccent parucle concentrauon
‘wn ude by cmmung parttclu on tho Anderacn platu uith a ucro- :
_scope uung ultrsuoht nlnxuuation (Appendix G). The fluorescent

tracer network data are shown in ngux'u N.C.11 and N.C.12. o : J
Pigure N.C.1ll shows the ard profiles from which centerline values

" were taken. nsun. N.C.12 shows arc centerline values plotted as E

a function of distance.

1

‘.

293
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C.14 External Dose

The gamma dose rate was measured and recorded every three
degress on the 400-meter arc. Thé integrated dose received at
each :tation'during passage of the effluent cloud is shown in_
Pigure N.C.13. The trace of the variation of the dose rai; with
time at the detector station nearebt'the centerline of the cloud,
Station 34, 1s ohown in Figure N.c. 14,

~ An spproxinate reconstruction ot the passage aequence of

"thq gamma activity is shown in Figure N.C.15.

C.15 Diffiision Parameters
- Reloase Cc nas a niuultancoua tiaaion product-rluoreacent

tracor reloase. nbre the rolative behavior or the two etfluents

18 of particular 1nterent bocaule of tho pronpoct ot siuulating a’

I radioactivo errluent with a nourndioactive traccr.A7-*

The dirrusiou parauete'- obtuinnd by 1t 1n5 31-Vb1 air

,aanplor field lurvoy data to a -odifled Sutton-typ. aolution of
tho diffusion oquntion (scc Appcndix B) Qre ahown in Thble N.c 6. -

. P

Included in the table are pmntor vamn obmned by tho une R D

wethod of the Hi-Vol atr -auplo al-lyn of ceoiu-137 fluorescent
particle assays of Andersen og-plnr platea, and smoka plume '
photography results (see Appendix P). General acioe-ent is observed

"between the pira-otcrl. with the exception of the smoke plume Mz

and the Cg's from cesium and smoke. ‘ - .
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’ 1.c,~value.

The amoke data were obtained approximately ao.qinutea before

u?'ﬂ?

the start of the fissicn product release, during which time a near

_1aotherma1 condition exiated.

account for the elevated M, value.
The C; value obtained from the cesium-data fit appears

This difference in lapse rate nay

‘quite differant from the smoxe d=:2 and valuea obtained from other

Mo adequate reason for this high value can bs ortered,-

honever, there are two factors which may have contributedéto thr

dilcrepancy. Pirat, the inner arcs were 1noperative durigs thc
Some activity uay havc passed these

initial minutes of mclting.

arcs without being detected.’
tiated by air'aampler activities or depesition samples.

o a portion of the etrluent cloud nay have becono ..parated nnd

" carried att the network.

This theory, however, is not subatan-

Secondly,

Thia would aooount for the clevated

_ Because or the above dircerencea no iloploths were
‘constructed.__ T
- TABLE N.C.6
. Diffusion Parameters
_ Pield survey | | ; L o
Parameters | Data Pit cs37 pit | Tracer 21t | Plume Pit
"y 0.84 ©0.76 10,85 --
" 0. 44 0.28 0.59 1.2
c’ 0. 22 . 0. 37 . 0. 25 | ew
Cs - 55.0 - © 0.03
u oo Y CY Y . -
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c.16 Radiobiolo

For Release C, two rata ware placed at each tuo-degree

U.interval on the 100-, 200- uoo-, and 800-meter arcs. Exposure

cages were constructed of L/é-inch liro mesh, each animal havirg
freedom of uoveneut. Reéovary began 45 minutes after tite reiease

and was conpleted in 30 -1nutea. Those animals knovn to- be in-—

'tho loud werc aacriticed and placed in plaltic bags ror whole

body counting. !ho nnimall which indicated a sisniricant accumi-~-

- lation of radioactivity were lacrlticed and lung, trachea, kidney
',and o1 tract -orc rcnoved and rial‘on product content detornined.
- tﬁllnol from the tuo rats at each station lora countod together, '

- yielding an average vnluo._

Hholo body eountl are precontod in r:ble N.C.T an diaintogra-
tions por niuuto par rat. Piguro u.c.16 shouo these data plotted

to sivajarc profiles.

in lika'ninndé. tissuo'daéa are prosdnfed in Table N.C.8

.and plott.d 1n Fisuro N.c 17. Bocuuso the release consistc
:IIIOIt ontircly of csl37, the countin; otricioncy for Bal3Tm,
- npproxi:atoly 50 per. ccnt. ﬂns ulod to oxpro-s the dtta in ter-s

of dllintcsrationa per -1nuto.~-

.17 3znd “and Water Collections

The water and aand sampling program ‘was uot used during this

roloasc. i
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TABLE N.C.7

B TS T W QT s R N TN e AN
o - . . AN : B L ey e R A s

R

'+ cira | &yt . s e § 4

Hhole-Boci;y Radioactivity in Rats

303

re and Disintegration/min. Arc and | Disintegration/min.
tation ‘Rat #1 | Rat #2 Ave. | Station |Rat #1] Rat #2 Ave.
100-19 360 . 3360 3360 200-39 | 6250 n.s. 6260
=21 (Y ."376G 4270 -4 3610 3530 3570
-23 5970 T430 ~. =43 1650 2220 1950
=25 6750 7720 7230 =45 - 624 396 510
=27 10100 70 9270 -u47 107 . 68 88
-29 | 14300 |12100 |23200 -89 | 7T 32 32
=31 18100 22300 20200 400-25 ‘19C¢ :f - 178 - X
-33 | 34000 1900 33000 : -27 8658 1 08 | 733
=35 37800 7700 42700 =29 ]1830 /} 2060 1660
-37 | 34400 n.8. | 34400 =31 2140 2910 2520
-29 | 22500 } 33600 28000 -33 ] 2240 2510 2370
41 16900 - | 14300 15600 =35 }2190 2410 2300
-43 9780 | 12300 11000 «37 11700 - 2110 -1900
~b5 5220 n.s. .| 5220 -39 | 1540 1440 1899 .
-7 2510 2550 2530 1 57 753 805
49 - 788 ;3 . =43 ] -302 376 319
200-16 - 60 26 . . -85 28 168 _ 193
<17 | haa ‘569 |- 506 <47 | 114 126 129
=19 1 1390 1190 1290 . 800-29 {221 ‘233 |} 227
«21 | 1990 1360 1670 g «31 [:514 - B20 -} B6T
-23 | 2310 2540 2430 =33 | 1060 . %3 956
-25 1970 1740 1860 =35 797 1 937
-27 2910 2030 2470 =37 I { - 607 o(v
=29 3290 K060 3 " =39 1 c=a® 9
=31 | 5720 5850 5 1 275 - 236 256
- 32 10900 | 12200 {11 43 | 139 | w1 -~120--
- 12100 . T340 00 «li5 | a=at 38 19
-38 |- 30 - 10 : - '
n.8. 3 no sample
S~ Background ,
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TABLE N.C.8
Radioactivity in Rats

_K'c and Station’

Disintegrations/min/ organ- -

{ =41

CCan

ground

640

48

319

1930
1940
W35
665

325

. k29

320
1020
1150

505

PTracheg Lung . Kidney " @.I. 'n:acbt

100-23 all 187 822 3560
25 back- 181 B4 3650
27 ground 289 685 4610
29 - e 985 @50
-3 810 .1620 12350

-33 o5 *| 2490 | 21400
-35 1500 | #4220 32350

© 11900
o
12950
gm0
2185
5050

' 8600
9600
8200
750
3400

B ®---Background

s b
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Lapse Rate (1.5 = 28 m) =--ewmmmmmcne-

Wind D;rect;on ’ ———eeecame—ean
Cloud Photcgraphy SN,
Pluoreacent Tracer - emmee——————
. mul' = - . W e @ -

Network Radioactivity ---eeemesccc-e--

-~
APPEWDIX N-D
(Relcase D)
D.1  Summary - '
Type of Sample -------F-----------ff-- Aged Fuel Elements
f Date and Release Time ------l-==S---e- 14 August 1958; 6:16 Pi
E Lapse Rate (1.5 - 45 m) =-vecoccncno- - 0.54%C

4.3 meterp/béd

Network centerllne

No photography

Relcased for 10 minutes
1mmediate1y.toliowiﬁg .
!1alion produc: rolea-e
Rats on 100- and 200-
meter arcs (Ber. 1)
Detected out to 3200
uctqu;‘maxippn reading
of pleated fiiters on
100-.eor arc, 2#0-n/hr,~
using Cutlc Pio.
Maximum dose rstc on
400-meter are, 0.672
wr/hr, using scintilla-
tion devector dessribed
in Appendix X
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D.2 Puel Element |
The fuel clement had been irrsdiated to generate 6.1x10%
watts for a totﬁl of 467 hours and had decayed for 942 days. The

predominant azclides present at the time of release aze sgoun in

Table N.D.1l. -

_ TABLE N.D.1

Fission Product Inventory

SRR I Curtes cateuiates
s e -
cell¥ . Prl'”‘ ! 13
o6 - ’“‘1°6 Sl
PRE AT T T

D.3 Meteorological Conditions _ _ o
The wind dznctlona and vclocitiu prevuung durin; thia

rclnu are shown: :l.n Table n.n.z.

Lapse rates as a tunction of um arter rclun. oxi.ung"
between the 1.5-meter and both the zh- and ks-ntor levels at
the epex tower, are shown in Pigure N.D.1,
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D.3 PFurnace Conditions

At 2.5 minutes after energizing the induction furnace the
temperature thermocouple dbroke resulting in.tho Joss of tempera-
ture readi'rxga. From that poiant on, control of the furnace temper-
ature was attempted acoording to provioua reieaae ru_rm.ce power
prograus. Duplication was not accomplished and an excessive el
teqborature resulted. It ia estimated that the mrnaco temperature
exceeded the planned temperature plateau by 300 to,s ROO C at
approximately rive minutes after initiating the melt.

D.5 Effluent Samplers = = I )
'me data odbtained tron tho lcquontiany operated ettlucnt

-lalplors lhOI tlut thc u:or release or radioactivity occurred

at appro:d.utoly five nimtu after initiatins tho uolt. ‘meu..

data are lbotm in Piguro n.n.a.

D.6 Release gorcontgol L ,
The release porcontagu of 03137 and 8r9° as dotorninod by

pre- and po.t-olt gama spectrometry and l!i-Vol air uwlor
data respectively are shown 1in ‘hblo ll.D.3. n:. u-n opootra
from which the porcont relesse of 00137 uu aotorninod are lhown

in Pigure N.D.3.
. - TARIE ¥N.D.3

Release !oroontg‘o

Nuclide . " percent
CeldT : 83
T 0.68




TABLE N.D.2

Hete_orological Summary

T

- TEX_TOMER " S
Height Wind Direction _Wind Velocity (meters/sec
(meters) ¥ax. HIn. ] Ave. Max. Min. Ave.
* 15 | 212°] 192°| 233°| 8.0 | 2.0 5.26
3.0 270 | 194 | 234 8.5 2.1 5.99
6.0 | e | - 8.4 2.6 5.56 "
12.0 -] -] - 9.1 -3.3 6.18
24.0 265 | 21 | 234 | 10.2 1.8 6.69
5.0 | 2rs| a7 | 28| 103 5.8 | 7.34
" FIELD MASTS - -
] Location "'iiad Direction Wind Vblociti (n.ﬁer-(pe;j '
(Arc) “Hax. a. ve. Max. n. |  Ave. |
200 moter 277° 2010 |234° 8.0 "'2_.8.4- ' 5.10.
400 265 | 198|229 8.6 2.0 | 4.98
800 279 | 205 |237 8.7 2,0 | 5.12
600 - 2Th | 190 }230 8.0 2.7 5.12
400 2nn | 1T | 233 8.3 1.9 b.TT
200 1310 | 162 |27 7.3 1.0 | &3
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- D.T7 Air Sampler Field Survey

The term "f1leld survey" refers to coutact measurements which

-were taken with a beta-gamma survey meter on the Hi-Vol, pleated

filters icmediately following the teat. Pigure H.D.ﬁ’shéwu the
arc profiles of the rilter'rendingu corrected for sampler tlog

;ate andfbackground. Pigure N.D.5 shows the plcated filter read-

ings of the cloud centerline staticna as a function of distance

from the release point, Also shown 1s the least-aquares.tit to

' the data pointa;

'D,B Airborne nadloactivitx

~ Alrdorne radioactzvity of c-137. as decerniucd by laboratory
countlng of the filters, is shown on Pigure N.D.6. These data '
havc bcou corrocted for aanpler flo- rat.. !1guro l.D.? 13 the

.oenterunc plot of l'iguro N.D.6 uta a lmt-lquaru nt to the

'data polnt-. v ‘ o ;
~ Rediochemical anslysia or the contorlins atationa on 111 arcs. S

was porror-oé for thil release. The data tor 8r9° lnd a 1e‘lt~s

~squares curve: £1¢ are shown on Pigure n.n.a.

‘D.9 Deposi gg Radioactiv;gz

The cesium deposited on the su-od rallout papor- is nhoun
in Pigure N.D.9 amd N.D.10. Pigure N.D.9 prclonta tho dcpooiccd
activity arc profiles froa which the contorl:h§ data (Pigure
N.D.10) were taker.

)
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D.10 Dogosition Velocitx i .

The average depoaition velocity for cesium as a function of
distance from the release poeint is szhown in Table N.D.4. Tpe,.
values for this parameter were determined by'ratiding the areas

- under the sticky paper activity arc protileé to those under the
| Vuauplo: activity.agc protilea;'

TABLE N.D.4
Isotopic Deposition Velocities (cq/hec)

- Sticky~Paper Water Sand
Arc (meters) A :
caldT | x990 cal3T | cs137
100 0.087 .972.58 . | .2842.157 | .0363
200 0.094 |1.52.3 | .ot02Z.027 | 0397
400 o.o77 |r.7r - | .0s54%.013 | 0654 -
800 0.C51 | : I
1600 0.047 * 1

| D.11 Pluoresoent Traser Distribution o
| “Counting of fluorescent particles was not done because the
relesse was not simultaneous with tilaion;produot,roloaidz and,
therefore, diffusion eonditions wers not the same.
D.12 External Dose | ‘ |
Gamma d0ge rates were measured nhd roodrdcd at every three

degrees on the 200-meter arc ustng the gamma scintillation detactors.
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The integrated dose received at. each station during passage
of the effluent cloud is shown in Pigure N.D.1l. The trace of the
dose rates taken at the detector stations nearest the' centerline
of the cloud is ahown in Pigure N.D.12.
sequence is shown in-Figure N.D.13. o
D.13 Diffusion Parameters '

The diffusion parameters obtained from this test are shown in

Table N.D.5. The actual gross activity isopleth and 1ta-cﬁrve‘
£it laopleth, normalized to the maximum filter reading on the
100-meter arc, ars shown in Figures N.D.1H4 and N.D. 15. ‘

_ TABLE N.D.5
- Diffusion Parameters

An approximate recomtmcticn of the gamma activity passage -

Cparematers Fielda-Survey| ca237 pit¢ | - '
_ hrgntq;io. L Deta Fit Qs _ e , Bivane Pit

| l!orizontal smuuty- - 0.68 | - 0.73 ‘ -
Parameter (%y) - X5 ' v : -
Vertical sub!.uty - S S -

| Parameter (B;) | 1.6 1.6 § -
florizsontal mrmxou' ‘ - I
cocffioiont (c ’ 0.61 0.4 . 0.09
Vertical Diffusion '
Coefficient (Cg) - 0.007 | - o0.03

" jSutton's 3tability ) 1 :
§ Paraneter (r) .o _ -~ 0.28
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D.14 Radiobiology

Rata were placed every two degrees on the 100- and 200-meter '

arcs. Because of an unrealistic increase in the gaa_trointestlnal
tract. burdens caused by licking during release C, & new type

exposnre'cage was used at one-half of the utationﬁ -during release:

- D. ‘This ‘é.ag'e consisted of a cone made of 1/4-inch mesh_'_ harc¢ :are

cloth. ‘Whole body and tissue determinations for fission products

‘were the same as in Réleue c.

Data from whole body counting are plotted in Pigure N.D.16.

"Data tron tiuue amlysia are plotted in Figures N.D.17 and

N.D. 18.

D.16 Sand and \later Conecuon o _ L

l'anout uaplu vcrc collected in wanter and cand traps.

"mo sand and. nter u-ple: were not radtoactive enouah to allow.

diroct gama countins of a 50-ml aliquot. 'ntcrcton. tho ntor

X u:nplu were ulected on tho basis of the cloud path as dotom&md
| »by uu.uom lurvey ot u.r uuplers and were evapontod to 50 ul
: .and u-u counud. s:nd u-plu nro nloct«.l in the same unnox-
(uo Appcadix I-A. Section A.5). acaulu rox- the nec_r and sand

uq:lu are sho\m in ucnu N.D.19 and Table N.D.6 roiﬁoctivoly."

TABLE N.D.6
Cesium~137 in Sand

Location ' N . c\u-i.u/ttz,
100-meter akc | ‘

Station 46 . 60 x 10°9
2%0-meter are '

Station 53 1.3 x 1079
400-meter arc

Statica M1 B E 1.8 x 1079
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e | APPENDIX N-E
R ' o T . (Release E)
: E.1 Sumeary | » |
: Type of Sample -----+~-==-=cce- (reen Fuel Element -
Date and Release Time --------- 27 Aug 1958; 5:19 PM
_ Lapse Rate (1.5 - 45 m) ~===o- - f0.65% '
-;@ -~ Lapse Rate (1.5 - 24.5 m) =-~-- fba51°c
o Mean Wind Speed - -~ 6.8 meters/sec
| Wind Direction -=--- _. : Network Centerline - _
, Cloud Pﬁdtﬁiuﬁﬁ? = Both aerial and gi‘oun_d ,
1 _‘ !'I_i‘i-'o‘i.e'a.coiit Tracer ----=co--e-- Released for 10 minutes
. | | lsmediately following
J‘ . ,_r;puiqn ﬁrodnct':olcue

il _ ANIALS ~-cececicmmcemc—ieecoe- Rats on ‘three inner arcs(Ref.11)
S ugcioru~'m1ogc't1vzcy —---m-== Detacted Out to 3200 meters; =
. : ) . maximun reading of pleated

: SR S - filters on}bloo'-'ctorlllrc.

1 S ... 220 mr/hr, using Cutie Pls
| . External Dose ---- _ - uaxim dose rate ‘on; 400~

meter arc, 0.35 -i'/hxj. using
scintiliation detector
described in Appendix K.
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B.2 Puel‘tiement

of releass are shown in Table H.E.1l.

TABLE N.E.1

The fuei element had bean irradiated to generate 3.&:10“
watts for a total of 125 hours 6 minutes and had decayed for 52
. days and 22 hours. The predominant nuclides preiedt at the time

Pission Product Inventory %

s

- Muclide

Curies Calculated

L)

£ )

1191 ‘ 63
ruliT 2.8
Rul03 - pplo3m 35
. 01131 - u137‘ 0.5 * "‘
Balé0 . 13140 5
prl43 5
i 7.8
“12* - @9l29 12
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E.3 Neteorological Conditions

“he wind directions and velocities prevailing during this

release are shown in Table N.E.a;

The average wind velocity for

the release was daterained by ayeraging the data from the l.5-nmeater

level cn the main tower over the release time. The average wind

velocity was 6.8 meters per second. Fluctuations in wind

direction were observed; howover;

the deviations did not move the

‘orrlnent -1gn1r1cant1y rro- the network-centerline pnxh

. Lapse rates, existins at the apex tower curins the release,
botwecn the 1.5-meter level and both the 24~ and As-ncter levels,

are .houn in Pigure l E.l.

| TABLE K.E.2

Heteorolosical Sul-ary

APEX rom
,'i:-' n.isht v“ Hind Dlrcction | vind Velocity (meters/sec)
1 .(ntcr-) ax.'] MWin. [Ave. Hax. Win. Ave.
. ‘o R ‘o ':. ] .
1.5 gg 206° 237 - 13 3.0 | 6.8
.0 - ’ ' 1 . 2 : 1 o .4'-"' ¥ -
Fo 2L 1L OR e b3
330 |m|ap |28 | W | &d |83
45,0 218 | 229 2 | 15 6.8 | 1200

333




TABLE N.E.2 (Cont'd)

neteorolosical Summary

PTELD MASTS _

Location | Wind Mrectiéi Wind Velocity (meters/sec)

(Arc) Max. | Min. | Ave. Max. Min. Ave.

200 aeter 272° 212° | 242° 13 1.7 6.5

800 - 27 207 | 233 13 33 8. 1

1600 1 208 237 - 12 3.8 g-?
2800 269 1 204 - 236 12 z.‘l

moke Plume Photogr:

Photographic ‘documentation of the smoke cloud was acccmplished
vithm\mdm lur'ul photogrt_phy. 'nu'photosraph from which the

dittua:lbti part’n_fen were calculated 1l- shown 1n-l_'1,guéo_ N.B.2 - .

E.5 Purnace Conditions

‘Bu opontiou of the tnrmo ror tlu- release was normal and

u-nu- to Release A~ (Appcndu I-A. SQction A.5).
2.6 Release Meight

mung this release a sm:lc negatively charged wire was placed
on the network centerline la-:/l:luohu downwind from the center
The furnace top was four feet below the top of

of the crucibdle.

the wire.

The wire was scanned with a collimated-3.M. instrument,
. and the resulting data are showan in Table N.E.3.
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ihs affective release helght 13 assumed to be that level cn .

the charged wire indicated by the moat ccntamination. In this
4nstance, the relsase height correaponds to the top of the
furnace.

Spectral analyses of the activity on the wire indicated the
presence of a number of isotopes, with 1131, Ryl03 - prl03m .ng
¢s137 - Bal37® the most prominent.

TABLE N.E.3

Release Height

Distance from
Top of Wire (ft) Dose Rate (mr/hr)

oWV O~
pojwoo
W =N
"o o

VNMEsEWwWwWwh

E.7 Effluent Samplers

The effluent sampler filter plug activity as a function of
time from time zero is shown in Figure N.E.3. The escape of
1sotobes from the melt appears quite selective and the release
of each isotope was completed at approximately 3 minutes from

time zero.

1y

137
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B.8 Release Percentages
The p__ercent release of specific isotopes as determinsd by pre-

and p'oa'i-‘ult radiochemistry, amd netitork activity is shown in

- Table N.E.4. Also shown h the release percentage as d‘etom;ned.
from the effluent samplers. Pre- and post-melt gazma spectral

am_lpci ‘were not performed on the gfeen elements because the
spectra were too complex.
TABLE N.E.4

Release Percentages

2.9 MM
nmru N.E.4 and N.E.5 show the pleated-filter and carbon-

cutum actzuty are purnu corrected for background and
sampler flow rate. Pigure N.X.6 shows the cloud centerline
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o rntor to- carbon-urtudgm will be prountad later.

readings as a function of distance from the release point. Also
shewn i a straight line least-squares fit to the data points.
E.10 Airborne Radicactivity .= ’ )

' The radiocactivity along the clcud centerline at ‘lfach arc for

lodins, ﬁtheniun,éu;ui,"sirconiun, and cerium, plotted as a

_function of distance from the release point, are shown in Pigure

N.E.7. It was necessary to include the iodine activity collected

. on both tha pleated-filter and carbon-cartridge of the Hi-Vol
" sampler, since & significant frzction of the lodine was retained

by the f1lter. 'ﬁxo ‘Tesalining isotope dgti-i'oro obteined froa the

" pleated 'ﬂiter ‘only. The- rhdioactive'iodino ritios of pleated-

'Bu nro profnu. cormtod ror nmlcr flow ute. for:

rutheniun, ccuun. :ucoluu-, cerium, and icdine are shown in

umm .0808. '0'09. '03010. 'o‘oll. .nd .08012 r..mu"l’.

E.11 m_o_! ted Mo&ct;ﬂ.g

mo unne p:-ctnu for each arc are shon in nmo l.x.ls.

.'nu dcpouuon of iodino as & nmcuon of dutauco ‘along the center-

line from the rolun point is shown 1n Pigure N.B.14.
on the _200- and 300-meter arcs, ounly centerlins stiocky
papers were analysed for iodine. Thias procedure was followed for

. most of the green releases. Because of the large number of

samples, 1t was necessary to select only certain samples from the
cloud centerline on the 1nt¢r_uduto arcs, theredby emphasising
the deposited redicastivity on the inner and outer arcs.
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E.12 Deposition ‘Velocitz

The average deposition ielocity for 1odine. as a rupctignuot
distance from the release point, 13 shown in Table N.E.5. Each

value was dstermined from the ratio of the area under the aticky

paper arc profiles to the area under the air sampler arc profiles.

R.13 Particle Size ,
Tho quantitiec of radiocctivitiea of specific isotopes in

the nrious ctagu and back-~up collectors of three Anderun

~ samplers on the 100-, 200-, and ltoo-mter arcs are ‘dhmm in Tadle

'.:.6. )
B.18 Pluorescent Tracer
Mo tracer data were obtuned during thia test.

£.15 gte _J, Don

an-a don rates reeu‘lﬁ‘ng from clbud paause'uere ineasured

and recorded on the hoo-netcr arc. " The 1ntograted dose at each
deteator station along - the are is shown in Figure N.E.15.

~ Pigare l.l. 16 shows tbo dose ratq versus time of cloud passage
‘ recorded by the detector nearést to the cloud centerline.
Pigure ll.l. 11 ahon the dou rate lovolo nlong tbc koo-uter '.

m versus tinme of cloud pnnso. mu ruuro is an ,pproxiuto

_ momtmction ot ﬂu p-n image of the cloud as uon by the -

detectors.
2.16 w.-.._tsa.m.eas:_a. S

m d!.ftuuon pumton obtained during this nluu are
showm 1u Tadble l.l.'r. For comparison, actual gross uuvuy

@

2
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Distribution of Isotopes in Axider:en Sampler

TABLE N.E.6

‘Location
and Stage

Activity (Dem-Hin
(o)

!

Are 1
(Station 36) .

O\ SWN

iman Pilts
Activated
Charcoal

. Are @ .
(station &8)

OV &

Gelman Filter

, Are A -
(Station A0

AR L 0

Selman- Pilter
Astivated:

Y

2r95- ;95

ca3? |
_;

RulO3

1231

8300]
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TABLE

K.E.T

~-Diffusion-Parameters __

e e e e S D T BT Y 3

Parazeters

_Data Pit

Ay

Field Survey 'D'ata
oo 35]§37 o |
- ) aloe

5 2:954xb?5 L

| Bi-vine Data -
S (24 meters) -

Bi-vane S
(1.5 meters) -

0.66
0.58

G|

0.8
e

1.4
10 2 °

1.2
~"0.70

Smcke Plume

_o.n
| o.or

13 |

1.1

1.6

1.3
0.34|

0.02

0.29

T e Vertieal Wire .

———

———
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isopleths are preaented in Pigure N.E.18. The curve fit isopleths
are presented in Figure N.E.19. Both graphs are normalized to the
- maximum pleated-filter value on the 100-meter arc.
| E.17 _Sand and Water Trags -
" For this release, water and sand depoaition aample: were
obtainsd on the 100-, 200-, 400-, and BOO-met.er arcs. Plgure
u.z.zo shows the gross gamma activity profiles for the water
sanplel. Gama spectm analysia indicated the activlty,uaa caused
K primarily by 1131 and Ru1°3 The resulta of the analysis are
o presented 1n ’x‘able N. 8.8
; ; 'umu; N.E.8
: ' cOntaninauon ‘of Hater Samples o
i -7 | statten | 131 nu1°3
3 o (100-meter arc) lt\c/ftz niqe/ﬂ:2 = -
26 - .} - 3000 | sp
. ! '—*‘31 ._ ’ "--:w' T 32m . T . ¥ 110 !
¢ S A 73600 - 86 )
. B - 1 . I L7« IR
TTE e S-S SV - :-1800---- 100 -
1 - . B " L -

RIS L L Ry S

L RSP I P

E.18 'aauouolog"'

lut. were placcd tuo at a station. evory two dogrcéo on the

- 100~-, 200-, and 40)-meter arcs.

restrictive cx_polure cage five feet above terrain.

i)

387

nach vu_ housed in a cone-type -

mtrytqtho




o e e > - > - - >
- a» an ab oo . - -
b 0o o an - e o an =]
- - anen » o - e wn:
pr o= o o s &
o wn an > o

- - an o w

l VaValal
IR

o~

S e

QI OGO TIT

g Sy iyt s s et

xS ot

oo e

=

=

n  f== ]
x5

o~ X =

nannnsttHMHHHEHHHHHHHHIGGINK

‘I
§




oL

P

.

e it «« e i W55 7

‘)

-

'
LA
i
|

* [ w.‘

L 4

TUNVS VIO0L 40 UNNSVSINNDD ‘ALAUTY VIONVS |

. |

STATION NUMBER

CONTAIMIMATION OF WATIR SAMPLES

ASURSE ML 39




2o gl

nctuork ror recovexv uu no latcr than lt5 ninnus after the release.

B umuls wers ncr!.ﬁ.ced, countod. and .ntopaiad imediately after

conecuon. A filter from a m-VOl air sanpler was counted 3 hours :

‘.aftcr the rclouc, and at 1ntervall thereafter, for a. connanson

_schemes were d.tuﬂned on two whole ratl (sut.tor. 2-3&) and on '

uth blological nmplu gounted on- thc ‘sane counter. Docav

two rcndual carcasses after autopsy (atation 1-30)..
. Whole body data rrcu thuo rats are plotted as protucl in

. _-ns\u‘i ‘N.B.21. nlm data are preuntcd in Table N.E.9 in counta ' :

: "por minute per ornn. ‘rho data rroa gmn rclusu cannot bo

oxprouod in sbooluu radioutiuty units becsuse of tho nnety

or onoxg!.ol imlnd and- tho ufromt counting crriciomy for

'--cl.oh. m data ro:- the whcle rats (station 2-315) and the resi-

' lcn noo. the data m c:prcuod u countl per nimto_im.nd ‘

dual cmuu- (staucu 1-30). along \d.th counts obtnnod from
ths. n-wrnnor- (stntion 1-31). are prcmtod 1n Teble N.E.10.

of abloluto m::. = o
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o ‘IABI.BNBQ
a‘d-°3°t1'“t7 in Rats

. Arc and
Station

AT 6 ROURS

— COuntg/hin/ = — -
Jd _G.I. Tract Trachea | Kt

1-24-

28
-3

33
11

1020 - |-

'gg-g

13966
- 5569

1652

| e

q7
4

1687
9

16 .

1 DAY

124

8 &
1 1018-

o

855

AT

L 13 12

14
31

‘m
150

2|

'3aa

2 PAYS

l a3

46343

1455 -
2873

1423-'

1160

1534
295
195

Cdi el . e _'-,_,

g P

1-2%.

1172

152

119

251 1




TABLE N.E.9 (Con't)
' Station g | 6.I. Tract I Thyroid | Trachea | Xidney
i AT 2% DAYS o
; — : o v ——
; ‘1-24 493 11 195 2
, ‘ 23 810 . 1256 gZ 107
f AT 35 DAYS : :
1-24 - | 187 | - --4s36 99 74 :
‘ 28 314 8027 130 . 130 :
6 | 2= 1726 - - ;
295 764 ' e-- —-
AT S4 DAYS
128 | ) 2207 e
28 199 | T hzr | oo : '
o | am hés
i
‘ I .
| {
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TABLE N.E,10

Radioactivity of Rats, ”iiea_id\ial- Carcasses, and ?l'ei.teé Pi'l;térs

Daya
.y ” e
Relcue

(Counts/min.) '

" Whole Rats. - .
- {Scation 2-34)

Residual Carcasses

Qtation 1_}9)

g 2

g

#1

_#2

Filter Paper
1 (station 1-13)

0.25

jr11803

gt

 hosuw6

7202 -

786821. -

726891

536093 ’

46140

1(_‘29836 |

939 |

199561

741120

2624306

2394897

4

su780 |

© 21200

| 2395005

2177224 |
1792226 | -
- 859190 |

393268 |

‘20032 |

‘116, 000
113,267
‘03.832
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P.1

' Fluorescent Tracer ==----==----
_ N L .w;_._egv].y following fission

APPENDIX N-F | -

(Relezse F)

Summary A
Type of Sample --~-v-as=-c-o=--

Date and Release Time ------~--.
“Lapse Rate (1.5 - 45m) s----ee-

Lapse Rate (1.5 - 24.5m) =--=--
Mean Wind Speed ------<---c--o-
Wind DLrection -------n=--n-=o-
Cloud Photcgraphy —-----====vem

Animlas ;-;e-;-------.-;--;b;--

T e e

- Network aidioictlvit -f-p'----;

- f4lter on 100-meter are,

External Dose --~---- -

Rats on ;OO- and 200-meter

arc.. (gct.. 11)

o -o:tcr__‘_u'o.' 0,009 mr/hr, .

Green-Fuel Element

4 Sept. 1958; 5:12 P.M. ‘
v0.38% SRS
+0.18% | I i

5.3 meters/sec
Network éehte'rllne‘ o i
Aertial only . | N

Released for 10 minutes .. = .. |

products release

Sl SE

‘arcya'... Dogs on 100-meter

Dot;ccteq out to 5 miles;
maximum reading of pleated

135 ar/hr, using Culte Pie.
Maximum dose rate on 400-

using scinitllation detector
described in Appendix K.
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R.2 Fuel Element. o L e o -
‘rhe fuel element had been irradiated- to 3eneraf.e 3 ano“ ﬂatta N
ror a“tatat—ot 125-hours and 6 minuces and had decayed tor 50 days

i and 22 hours 'rhe predominant nuclides present at the time 2 :-elease

u-o shown in 'rable N-F'l' - . RN R
- . | i TABLE N. P 1
: Fiaaion Product Inventory
Nucl_:l.d_a - Curiea' Calculated
o o _as
e N
om® L er
WM T T e
o p - _ . L »
.cq"'»‘.":- s 3 R -

03 py1038 ST
ce}37.pal3T0 | . o.52
pal¥0_4140 ! 2
prit3’ o . 32
wat® I 9.2
23 | 39
Tel20m.pel29 - 10
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F.3  Meteorological Conditions

The wind directions and velocities prevailing durirg this
rol&iu are shown in Table N.F.2. The .average wind véloél_ty for
the *'-eleaae was determined by averazing the data rrom the 1.5 meter
level on the apex tower ‘over the release time. 'x'hc veloc.lty
average was 5.3 meters per secord. Pluctuations in the wind
directions were observed; however, the deviationa dj.d-r;:t move the
effluent significantiy from a netvork;centoflihe path.

Lapse ratet, okisting at the a’.pex fouer during the rcleaae.
between the 1.5 meter level a.nd both the 2&- and lls-moter levels.
mshotminl?igurenr.l.i : ' o

' TABLE u r.
lleteorolosical Sumury
| APEX TOWER

Height __Wind Direction | Wind Veloeit "ﬁotox‘s(aecz
(Mt.l’a) .""Ri'i""—m. N.. lv,._ — “rm. ﬂ%. —ve. .‘

B | B | |3 e x| i3
1200 - z - a9l a3l o1
24.0 238 | 208 | 222 | 125 b.i Kgg
45.0 7 | 228 | 281 12,5 | e. 10,02

i
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TABLE N.F.2 (Continued)
)'.eteo_r_ological‘ Summary
"= FTELD MASTS P

tocation | Wi nd_Direstion - Wind Velocity (meters/sec)
(are) - Max. [ Min.; -Ave. ."T:fnii.' ®in. Ave. |

200-meters | 264° | 205°| 2340 3.2 2.4 5.45
500 1 2u7 205 226 10.4 3.1 6.64
800 254 204 | 228 10,0 2.5 6.05
. 400 A -1 204 226 11.2 .3.5 7.10

: P.‘l Smoke Pl\ne Phot _graphy

No analysis: \vu mado or tho viuble mokc photographs bocauae
the photography was perromod under inversion condi*iona and the A

:,' tlsoion px'oduots roleued undcr lapsc conditions.
:‘!‘.5 Purnace Ccmdiuons DR -

-

'rm opcrauon of the tnrnaoe tor tlus relouo was noml (App.

N—A. Sec. A.5). R _.HT“

¥.6 Release Height

- During t)ua roluu, ‘three vertical wires lpacod 5 inches
apart, were placed 48.5 inches dotm\dnd from the center of tho

BREE.
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that the effective release height was ap

the top of the furnace.

P.7 Effluent s§gglera at ‘Furnace
The eifluent sampler filter plug r

of time is shown in Pigure

corresponds to the theoretical melt t

release furnace calibrations.

F.8 Release Percentages ,'

The reclease percentages of

pre- and post-melt radiocheuiut:y'

are shown 1in Table N.F.3.

TABLE N.F.3

proiimately 4 inches below

adioactivity as. a runctibn”
N.F.3. The data show that the maximum
wo minutes after time zero. This time

"activity release occurred t
ime as established. by pre-

specifié‘inotqpéa as detérmined-by ,

and network centerline activity

. Release Percentages

Nuolide ‘ :‘.uei_tydikixpia. ‘(;()
103 =
13 50 ' '

cl137 36

® These data uorovdotorninod
release of lodine.

t
‘s

g B

assuming 50 percent
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¥.9 Alir Sa=pler Pield Survey

The grosa radiocactivity measurements of the pleated filters and

" sarbon cartridgéi, corrected' for background and sampler flow ra-t;e,

| 'sho-ninngu.we-u.ra. N.F.5, N.F.6. Figures N.F.4 and N.F.5

‘present 1 lter and cartridge arc profiles from which centerline
values were taken. mgure N.F.6 shous the read.lng nearest the
center of the arca as a function ot distance fron the relaase

'point. Also sho\m is a straight line leut-squares it ~1:0 the

" data points.

.10 AMrborne Radioactivity

The cioud centerline values for 1odine. ceuup and mthenimi,‘»'

plotted i3 a tﬁnc'tio,'r_i of diatance from the te;eaae' point are shown
. 1n'?lsm. N.P.T. The iodine curve represents the tot#l.'lodine
collected by the filters and cartridges, whereas the remaining
‘,iolotope data wsre takqn from the 'tlltors only. Liti:io activity
.other than 1od1ne'- was 'béeucnt on the carbon cartridges.

'rh. u-c profiles for iodlm. cesiua, and mthcniun are shown
in uguru ll.r.& l.l'.9. am N.F.10 respectively. Tncy repreunt
the laboratory sssays of tho Hi-Vol air eampler data. iAll the
measurements were corrected for sampler flow rate.

’.11 Doggutod Moactivitz |

‘The protnu of the dcpositod iodine on the network sampling
arcs are shoim in ugm N.F.1l. The ocloud ccntarnno dcpouuon
of iodun. as a tunction of dutanco from the nlcuo point, is
shown in Pigure N.¥,12.

s
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£.131 ON STICKY PAPER (dpm /1)
a‘rf

100 200 400 800 1600 3200
DISTANCE (meters)
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P.12 Deposition Velocity
The 13otopic depcsiticn velocities are shown in Table N.F.A4.

The deposition velocity for lodine, as a function of distance

from the belease,point,vis shown in Figure N.F.13. The values

rorfthe 1004 200-, and 1600-meter arcs are based on the pleated
tilter and carbon cartridge profiles, while the values for :he

AOO- and 800-meter arcs are baaed on tvo atationa only.f The

depoaition velocities were detennined from the ratio or the areas

under ‘the sticky-paper arc protiles to the area under the air

aampler prorilea. .
' TABLE N. P4

Isotopic Depoaition Velocitiea (cuyhac)

p131 - ¢131 RulO3

100
200 . .52
'&uQQIAZ" .80 _ - 1 -

- 800 R - -
1600 B2 I

1.4-.21]2.2.2.82 ] 2.6 .26

P.13 Particle Size
The radioactivities of specific 1sotopes contained in the six

stages of three Andqrsen samplers ard their bgck-up,tiltar assemdlies
on the 100-, 200- and’ 400-meter arc centerline are shown in Table

383

Arcs (Meters) | Sticky Paper wacer'» S S
o N L0 P

.58 | 3.2-2.3] 1.58-.71 |.29-.185 .4.-}33'-;-'

11‘5“”..,."" .

i

et
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Prom 80 to 95 percent of the cesium and ruthenium activities

were observed on the back-up filter indicating the activity was

downwind from the -slease point. The 1x§tegra£ed db_ie at each 1 .

associated with particles in the submicron size range.

P.14 Pluorescent Tracer Distribution

Sufficlent tracer data were not obtained beyond the liooomet'er ’ B
arc to permit reliable de*eminations of the diffusion cha.racteriatics T
for this material.

P.15 External Dose T o . . ‘
‘Gamma dose nteasurements were made at a_diétance. of 400 meters ’ ‘

detector station is shown in Figure N.F.14, Pigure N.F. 15 B o LY
shows the time varauu dose rate recording from the dosimeter ‘ B
nearest tho ‘cloud centerlinc. The approxinate reconstr tlcn‘_: R r

of the ettluent cloud. as- measured by thc dateetora, is sho\m in . i

Figure N.P.16. This latter tisure ahowa the uodose rat.e levcls S
at positlons along the 400-meter arc versus time. = ST

The actual gross radicactivity 1soplatho m prennted in o : e
Pigure N.F.17. The curve fit isopleths are shown in Pigure N.F,18, | |
Both graphs are normalized to the maximun Pleated nlter value on |

- . the 100-meter are, _ ‘ y

389
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goaauon
and
Stage

Activity (Dm"&})

- glﬂ

tation 24+
FlOO*meter)

L NovEwRe

i .
tation 2#00
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station 2usee |
: {(400 meter)

# Centerline - Station 26
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b

Diffusion Parameters

)

>

The diffusion Parameters cuiained Jucing Lhis release dre
shown in Table N.P.€. ' .
TABLE N.P.6 T

Diffusion Pa:zameters

{ Pacamater ‘, Fieid Survey Data Fit ‘Bivane Data
. ' - (24 metera)
My o710  e-
Mz w3 | -
ey - or0 0.04
cz - oxer | .-
n ﬁf.:';. e e

- Verticel wire o

".? 17 Send and Water Trags ‘
Are protilee or the 5roee ganma activity round in water and

.eand eamplee ere shown in Pizuree N.F.19 and’ N P.20. The de;a .

.__'-nere reduced as explained in Appendix N-A, Sec. A.15 o =
- Pa8 Radioblologz | ’ |

P Rete were placed tuo at a station every two degreel on the
100- andAaoo-neterverce. Each was housed in a reetrict;ge, cope-
shaped exposure cage placed rive'reet'ebove ground. Recovery from
the arcs was completed no later than 45 minutes after a release.
wWhole bodydcount data are presented in Tebie N.?.T &8s counts per
minute per rat. Pi;ure.ﬂ.l;zl shows the average values plotted to

give relative fallout profileas. Tissue count data obteined for
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- TABLE N.P.7
Wrole-Bedy Radicactivity in Rats

Are Count/Min Arc and Cmmtﬂun
Station -~ Hat ye] Average | Station | Rat #1 [AVe. age |
100- 51 19500 { 38200‘ 27400 200- 3 10200 | 10700 ! 10500
71 60300 | 58500 59400 5 19200 | 14300 | 167C0
9 6223% 314000 | 305000 7 37000 | 12400 | 247C0:
11 577000 | 613000 . "9 13100 ] .8300 | 10700
15 | 725000 | &a30c0 | Togo0o 13 | 177000 | 183009 |183009
' - 189000 [183000
17 Egaooo 828000 gs 15 |-376000 | 380000 |37
- 19 h220000 | 1410000 }1320000 17 | 383000 | 368000 |376000
- 21 §430000 | 1770000 |1 19 | 305000 | 325000 |317000
-’23 1360000 117:30000 1420000 - 21 | 327000 | 322000 }325000
26 §580000 | 2060000 {1820000 23 | 337000 | 405000 371
-27 - 360000 } 2400000 | 2380000 - 25 1624000 621000 }623000
.29 2110000 | 2100000 . 27 | 616000 | 603111 610000
31 0000 { 1550000 {1800000 . 29| 516000 | 486000 .{501000
33 1652000 ]1330000 | 1490000 - 31. ] k90000 | 494000 |492000 |
35 [ 718000 | 712000.| 715000 .33 ‘132000 244000 |218000 |
37| 362338 319000 35 | 54900 | 62300 | 58500
9 | 154000 159000 37 | 23200 | 17600 | 20400
1| 66000 000 9 | 11800 | 12800 { 124300
83| 24700 21600 23200 1 40400 00 | 35200
45 | 29900 13200 | 21600 43 9000 | 14400 | 11700
AR AR R AR
61§ 8800 | 11000 9900. . 49 | 16000 6700 g‘roo
53 | 32500 17000 17000 51 ). 8 00 | - 9000
551 9100 19100 14100 53 T400. 1 ¢ 6500 70C0
57 1. 8200 8200 . 55 | 10400 700 9100
.59 { 10800 12000 || 11400 57 6300 | - 4300 | 5300
61 7700 9700 87100 " 59 11300 | 12000 | 11600
- 61.] 16000 2400 9200
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various post-release times are presented in Table N.P.6. Figure
N.PF.22 ahows relative radioactivity meaLured at various organs one

day after release.

Fiva dogs were placed on the 100-meter arc. Recovery commenced

. at gpproximately 45 minutes atter release. Data on tissue radio-

activity are presented in Tahle N.PF. 9. The results are shown in

counts per minute per organ at various post-release qines. Figuré

N.F.23 shows relative radio“cfivity measured at various organs rrom

loo-meter arc arter one day.

The decay of the grosa radioactivity as detennined by measure.

- mernits made at one of the Hi-Vbl-Air-Sampler pleated filters is

shown in Table N.F.10. The filter was from the 100-meter arc, -

station 6.




- TAB

RadioactiA

Arc and .
gtation

counts,

.1, Trac

103-13
s
-19

-2

27

25

;w_,98§
] 10183

——— 1622
e -1 2028

452
2769

815
3574

1339
1224 -

. 200-25

=31

1310
292
379
195
180

201"
a2
318 ©
528
%63

.; 751‘_
30&9‘,

T

3334

1009
9471
1197
1106
1752
795

B Rats

157 167

: 143
235

%% &R

753

-——- - oo
ot -—me -
o

L

£l 189

.48
44
63

157
iz 92 |
63

110
182
127
216
e
453
1236
n
125
7




TABLE N.F.3

- {cont'd)
At 6 .Daz; :
r¢ and - S Counts/min/organ
tation fTung JG.I. Tract | Thyro Trachea Karey
h0o-13 | 166 506. T3 87 60
-15° jas7 2072 80 49 124
19 | 756 537 28 91 91
21, |ue2 2326 40 74 172
.25 l3% | 692 29 12 75
27 poss | esu BUTE —- 295
31 |au8 825 35 -- 124
poo-2s |28 | 833 2% m 52
2t |2 | um 33 o 55
{ -31 |69 534 132 69 89
| ] A7 Daye | |
100-21- | 338 1099 | 730 --- 9%
-21 | 685 2899 -e- 139 ———
L At 27 Days
hoo-21 | 336 611 e e 64
21 | 535 1546 eee - 94
| At 45 Days
poo-zr |35 581 .- .- ---
- | At 117 Days
hoo-2z |72 242 e e oa-
. At 185 Days
Foo-g'r | 167. ’176 | - | - ---
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TABLE N.F.10 |
- Decay of Radioactivity in Pleated Filter

Decay Tims " . Filter Activit)

(Days) _ _ (Counts/Hinute

PR e n gD M Nt § T - . SO e diee S0

o | 266956
s N 380953

. 36342

' 335116 |

| . 286370

S 265014

| . 228650

w 1 155913
17 ] - _13u210'

g.

O O

BT S 112618

45 o | 55922
55 1 - sas0
nr . R 145 1

sz - L e

| o 3630

L L T

401
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APPENDIX

(Release

G.1 Summary
" -Type of Saaple
bat.o- and Release Time --ceccvcen~e

- Lapse Rate (1.5-85 1) =e-eememns
" Lapse Rate (i.-s-za M) cccmmcceaa
' Mean Wind Speed -
wind biroction
gloud Photography
‘rlﬁt‘cs_coni. Tracer.

Animals -

Network Radiocastivity ---se-----

N-G
a)

Y

. Green Fuel Element

17 September 1958; T:04 PM
<1.0% -

-0.71%

4.3 meters/sec

Leit Side of Network

No phot'ogra;ihy

-Inoperative

Rats and dogs on inner arcs
(Ref. 11) ' ‘
Detected out to approximately

.-6_-11u3 maxims reading of
pleated filters on 100-meter

~ External DOse

0.2 pus) Element

are, 210 mr/hr, using Cutle . :
Ple . ‘ N
Maximua dose i-ut_o on 400-meter
arec, 0,080 mr/hr, using
sointillation detector des-
oribed in Appondix K

The fuel element had besn irradiated to generate 3.4 x 104

iut- for & :otil of ;25 houi-o 6 minutes and 'had' dc'oa_:ed for 64
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days. The pre-dominant_lactopes present at the time of release are

shown 1in Table N.G.l.

TABLE N.G.1

% Fission Product Inventory
g Nuclide Curies Calculated
; 8r59 30 .
‘ ! hg '_
i zr° 51
i w93 52 -
' celtl 18
ol pritt 20
o — ] o 2.8
. () mio3 RhlO3m 28
| RulO6 pnl06 1
- pat 28 pel?7 1.6
i Bal¥0 L2140 1w
! prit3 16
.o nal47 4
3 1.3
rel29 o129 8
. “

A8 %
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C.3 Metuorological COnditions

The wind directions and velocisies pre"ailing during this
release are shown in ‘rable N.g.2. ' '

The lapse rates existing between the 1.5- and btoth the 24-
and 45-m~tar levels at f.hg apex tower, plott:éd as a function of _'
.tine after beginh‘!ng of the felease. are shown in Pigure N.G.I.

TABLE N.G.2
Meteorological Surmary

~ APEX_TOWER
B ..ﬂci'sht- | wind pirvection | - wima Velocity (meters/sec)

‘ meters ‘ i | S - »

- 1.8 | eumo] a9 218° | 7.17]1.83 | 5.30
3o e | fas | T z.3§ 431
Lo E sy | LR

o) ksie a3 | a7 526 o1l |69 9.32
BNy - _r._m.za.';_mm

o ’ :

_ | Loocation |  wind Di. Direction | wind v:looit} (mteu/uc ]

;‘:,‘ . (m) v m. mno Ave, Max, | M, Ave,

"!i .

. 200-meter | 2420 | 202° | 221° 7.65] 3.03 .

o 400 - - s b B g‘i

£ 800 - - | 219 - - 2

T ;sm - - - - - 018
-god 24C0 - - 222 - - 6.14

=, peoo -] - |2 - |- |oeu
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.4 8moke Plume Photography
No smoke photography was completed during this release,

3.5 Furnace Conditions
The fuxmnace opera.tion dnring this test cloaely tolloud -

- the established criteria previously dascribed (App. N-A, sgc.
A.5). '

- 0.6 Release Helght

~ Poux ut...mation ot the errceuve ettluent release he:.gbt
and to obtgin 1ntqmat:.qn regarding the chufge of the released
particulates, two wires of opposite charges were vertically

: pouuonod, 2.75 1nche: apart, 46 inches dowmdnd of the furnace

N cruciblo.

Fouonm the tut, ‘the wires were lonnnod lith a comnated

OM-survey pte_r, ‘Prom these data. the ortooun release-height

1s estimated to be five feet above ground.

G.7 Release Percentages S 'ﬂ

nolcm pcrconmu were determined by using the pleated

l'utor dcu tron tho loo-mtor are and utubluhim ratios
" Between the cutqn, mthoniul, ceriuz and sirconium content of

éhc‘ pleated filter and the iodine contont. ‘It was assumed that
50 porcone ‘of the lodine was released from tha fuel element.
These data are ohovm in Table N.G.3.




TABLE N.G.3

Release Percentages

—RGcIIde | Network Data (&) |

cal3 3
RulO3 -1 - - 0.8 -

cel®t 0.05

295 0.3

A3 50 -

0.8 Aj.r Sa-aylar Field Suwgz_

The gross radioactivity nementa of the pleated filters '

~ ‘and carbon ca.rtridgec corrected for sampler flow rates and back-
sround. are ahcnm in Pigures N.G.2, N.d.3 and N.G ‘t 'rho

protilu are sho\m 1n P:ls\u'es n.a.a and 3.0.3. The values neu'eat

- the cloud centerlins at each arc are shown 1n r.lsuro ¥.0.4 plotted

as a mncuon of distance from the release point. Also shown 13 )
a atrauht lino lout-aquarea £it to the data pol.ntl.

. _0.9 urbom Moactiul_:z

Thc cloud centornm values for 1od1no, cuim, mt honim,

'zircom.\n and cor!.un. as a funoction or ultanoo from tho release

point, are shown in nsure N.G.5. The arc profiles for these
1sotopes are shown in Pigures N.0,6,N.0.7,N.0.8,4.0.9, snd ¥.G.10.
All the measurements were determined dy labéntory assay of the
Hi-Vol air sempler pleated-filters and carbon cartridges corrected

for sampler flow rate,

407
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0 10 Deposited Radioacfivitx

Depoaited radioactivity was not measured during this relaase
because the hinged fallcut collectors'uerc'nct energized at the
pfoper time. When finally energized, the cloud had drifted oif of
the ne‘work.

G.11 Deposition Velocity |

B§cauna orltho'absencé of dcoposited :adiochivit& data, no

deposition velocities have been calculated for this release.

G.12 Fluorescent Tracer o

~ Because of imctivation of the 200-meter arc and lack of

sufficient pa.rtiole concentration past the Mo-mter ars, no
fluorescent tracer data are available from this experiment,

6.13 Externsl Doss R | _
The garme dose data obtuncd on the 400-meter arc are shown

-in Figures N.G.11, 3,0.12 and 3.0.13. The dose accumulated during

the cloud puuso at u.ch station ‘across the arc is presented in

"nmrc N.G.11. tl_.g_urc ll.u 12 shows the gamma dose rato, as recor-

ded by the dctector nomot the cloud centerline. : P.lsuro ll.o.la
oho\u a reconstmtion ot tho effluent sloud that was required to
produce the dose uto:plottod against the time msasuresments and
recorded by the L0O-meter arc deteoctors.

0.14 piffusion Parameters

~ The dittuuon parsmeters obtained during this release are
shown in Table n.o.n. yor cc-paruon. the measured uopl.oth. and
thelir curve f£1t counterparts are shown in Pigures N.0.l4 and I.O.IS
rupoot!.voly.

SR et
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CJ

. fparaneters |7 Data pit | eol37 pie | mii%3 pre | (o0 metarey
®, . 0.67 0.82 0.83 -
K 0.79 0.43 0.63 -
¢y ‘0.52 | 0.16 ° 0.20  o.04
C 0.22¢ 3.5 1.3 ~ o.03
- - - 037

7 TABLE N.G.4
Diffusion Parameters

 #'Vertical wire |
G.15 Radicbioclogy ) o ' . i '

Rats were. placed two at a atation at alternate stations---“_'m
(every two- degnn.) on the 100- and 200-meter arcs. - All animals
were oxpoud 1n restrictive cczu; those ph.ccd at station mnhcri
‘divisible by h vere msthnund with 1ntraper1tovnl sodium pen-.

- tothal pr:l.or to pucmnt 1n tho nold. " The ucms.cc_pmcedm

was chuge#_rrc- t_he anttocat;qu by coz used in previocus releases
._to ‘an injection of aodi.u- poniot_:hal through the exposure cages as
they were s.ulpondid»..in the field. Sacrifice was co-ploto by no
later then 60 minutes post-release. Uhpie_bod: ocunts were ob-
tained on all rats (through 40 degrees on each arc) and sutopsies
were performed as in previous releases. "rzn_\‘us were sounted at
vax;ioua tines to 'cnab.‘.o 1sotopioc separation of the fission products.
These data are given in Table N.0.5. Each valus is the aversge of
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e
'

. tuo ra.tc at each’ sta ion, DpData from the whole body ec_:uxiti.ng are V

- pmsented in Figure x.c.16 o -

Dogs were placed ungly every four degrees on chc loc-mter
arc and every six degrees on the 200-meter arc. Each dog was

zmzzled 1n an attempt to reduco licking and mouth breathing.

Entrance to the ares for pickup. wa3 apprs....atoly 30 nnutes post-
release at. n‘nich time tne “hqtto_st" stations were gelected by

survey mtar rcading on the face of the hish volume filter. Dogs -

from thou stnuomm anuthnuzod 1:1 thc tiold—by 1ntnvonoua

1n}oction of sodi=m pentothal M were then rmved tron tho
_ ma :nd aorubbod with vm ntov a.nd datox-gea.nt to movo as
'mh oxteml coatmmuon u pouiblc. Two doga, tr_o- ltauons

1005 and 1oo-13 wers placed into nw:on- cages for dally
' conocuon ot ur.tno and rccu. 'rhcu umnll nx-o ltzuned untn

thur oxcretion conmmd nry ntuo radiouuutr. 'mo ‘remAln~
der of m "hot“ dogs ION blod nuiuny (attar decontanmuon)
by nnm tm omtid t.ru'v. M 'cro then Bo;sed u poly-
otxvlom to nn:l.t cutopry. m usmu rc-ovod ror m.luu were
the same as in noluu | 1S Kmver. for this release, urine
suplu of nppronutcly 120 ml each a.lso were analysed. The
tisasue u-euwuou data for various counting times after the
release are prountod in Table N.G.6, as counts per minute per
ornn. except v Blood and blzdder urine for which they are '
reported on & per iimlo basis. |
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B RS foa'”’i’ii‘:’;’&-'ﬁ“:" . = ‘

o

AT 6 DAYS.

Counta/min/Orawn - . : ,
G.I. Tract | Thyroid | Trachea | Kidney
174 n.s. n.s. n.s.
ga ' C——— 142 —
5 — — 82

2770 - 51 92 . 131
202 —— 36
ggg -—- ——- ,—-
438 e - | 33
131 -no'o. " NeBe . n.s.
n.s. n.s. n.s. n.s.
378 ’ " N8, NeBo "NeBe
157 n.s. N.8. |} n.s,
276 ’ ,n.... n,.. n.s, .
n.s. " NeBa.. n.s. n.s.
NeB. N8, . NeBs N.B.
AT 12 DAYS
. us _ n.S. n.8. * Ne8e
20; —— 129 1%;
1820 - 58 - 59 101
# | &|% |
1 - 352 50 1

L " NeBe h.l. N.8.
n.s. N.8. NS, N8B,
169 n.s. n.s. n.s.
- nNn.s. N. 9 n.s.
283 n.s. n.s, n.s.
BB, n.s. R.8, n.s,
N.8, N.8, n.8, R.8,
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AT 1C4 DAYS

e el e W A tri— 0 S

C
Arc and Ccunts/min/Organ
Statica Lung g.X. Tract
100- " 5 48 75
- T 36 22
9 117 ———
1) 317 hoé
13 100 138
15 354 99
17 124 113
19 124 ———
: 22 75 -
200- 9 —
' 11 55 142
2| 5 =
17
E1O I
AT 172 DAYS
-100- 9 ws 1
oo | ez 207
RS I R 62
15 233 :
B Y ¢ 127 - - b1
L 19 1
200- 11 ‘ 59
15 79 .
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_ : TABLE N.0.7
Decay of Radioactiviiy in Pleated Filter

Dec;y
Time
(Days)

- Filter
- Activity
{Counts/Minute)

" os
3
4

- 139
167

57900
57600

55500 = -
51200 |

51900 -

L;h “30300

~25400
112c0
7710
5840

47500
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APPENDIX N-H
(Release H)- -

¥.1 . Summary : : T R

Type of Sample s---<S<i--i-<=s- Green Fuél Element
Date end Release 'rmc emee--e-= 18 Sept. 1958 - 6:32
' Lapse Rate (1.5-45m) =-e--m—ee= =1,5°C
~Lapse Rate (1.5-24. 5m) ==e=-e== -1.0°C

K ‘-  -~ .. Mean Uind Spcet'l' o oo e —— hOmtera/aec

¥ind Direction ‘ Lert of Network c.nternnr -

Cloud X’hotography reeecmween= Both Acr.lal and ground
; s Pluoroscent 'rracer ceeonseeeces Belouc ror 10 minutes
. AN nnodlatcly tollo\d.ng

tiuion pmduct 'releue

:

Antu].l e e . - Rats and dogs on inner
By | arcs (Ref. 11)
” mtmrk !wuouuvity corncanas Dctectcd out to appro:d.-
) | ‘ e ,;w__.“,l, ‘6 miles; maximum
ST yndim of pleated filters - -
on 100-mater are, 370 mr/hr,
. . using cut!.c rL
External Dose - mmeeem-e== Naximum dose Tate on
: 7 - 400-meter are, O. 16 nr/hr.
b ' using scintilla.ion detector
" : . . : descrided in Appendix K |




Puel ERlement

are shown in Téble N.H.l.

The fuel element had been irradiated to generate 3.hx10"‘
vatts for a total of 125 hours 6 minutes and had decayed for
65 days. The predonlhant.ngeudea present at the time

T EABLE W.E.1

" pission Product Inventory

P I 1 SRR LR

o T ——- .-t &

— e

Nuclides cméa Calculated
srB9 | o
Y91 iy
zrd : 51 -
> 52
cat¥ - &7
Lca g 20
- 2.8
- gul03 gyl03n 24
Rul06 l“‘1.06 SR 1.0
| pel2Tapl?l . 1.6
| 8140 a1 N1 R
prlf3 B “16
nalt7 3.9
) ot S 1.2
re}2M pel 7.9

S o — i & WA

431
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H.3 'Heteo'rologi’cal_ Conditions
The wind data under walch this test was performed are shown
“in Table N.H.2. The lapse rates e. ‘sting during the release be-
tween the 1.5-moter and both the 24~ snd AS-meter levels At the
'__aia“cx tower are anxn in Piguwre N.H.1l. S e
) - . TABLE N.H.2.
Meteorclogical Summary
APEX TOWER
_* Height Wind Diection ind Velocity (meter/sec)
3 (meters) | max. | min. | Ave. - [ max. | min. | Ave. .
: 1.5 - - | ase ] . - | a0
0 - - 1 a1 - - |87
0 - - 7 - | - ls7
12,0 - - - - .- 6.5
| . “5.0 - - - ’ 22“ o - -.' 902
[] ST - e ——— ; B R ) B s
! Location L. Wind Direstion - _wind Velocity —
i ~{Ars) Max. I min. | Ave. | max. | min. | Ave.
‘ 200 mater - - 218¢ - | - 5.1
400 - - 210 - S
i 800 - - 214 - - .7
1600 - - 219 - - l.g
m ) - - as - - “. -
- 3200 ) - 210 -’ - 3.9
Y
. Aea
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H.% Smoks Plume Photography -

Photographic documentation of the smoke cloud was sccom-
plished with both aerial a.nd ground photognphy. “he. photosraphs
uud in the dotomimtion of tho ditmu.on parameters are ﬂ;ovn in
T Pigure 8.3.2. The ur!.ll photcsraph shows that a visidle plume
was. donlopod ntnch extmded put the 300-ctor are,

.5 Purnace Conditions | ‘ ‘

o n:ccuively high t-poratuns mro dovelopod duung this

| rolcuo, boing -mnr to thou of nclouo D. xatinatu based
on the po-t-olt condition of tho cnwiblc and on the rurnaco
power program show that a tupontuu of 500-800°c abovo the
_lolnu point of tho m.x oluont m rouhod 'l'lul te-ponturc

= - . -

-u tm- boo.‘roo°c abm tlut phnnod._ _ - _‘_;;M_ “,; |

3 v '.l'n-vor‘ucu. Wutol.y chugod uru noro pouuomd
" 46 inches dound.nd of the mmuo cm.:.bu. m dutr.lbnt:lon of
numun uux-xn ﬁlcctod on thou td.rn 1. shown in Table |

l.8.3. o U
x.‘r Effluent’ s_-_-gidi-' I s

The mnun sampler filter nu.muuuu. shown in
Plgure M.H.3, indicate that the maximum release of nuclides oscur-
red ut lppmnntoly 3.5 nuutu after tho power was applied to
‘the mmco. Also, the figure shows that uuuty was released

‘at a fairly uniform rate, with an inorease beginning at Sive
ainutes after time sero. This second rise Sorresponds with the
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A

TAZL. N.H,3

Release Height

Distance Zrom

Radlcastivity (mr/hr)

Top c(zgti;:tre Negative Wire Positive ¥Wire
1 <1 <1
2 <2 <1
3 50 30
3.5 85 80
Top of Furmace
(3.7 83 75
4 65 65
5 10 10
6 <5 <5
TARLE N.H.3
Relzase Porcentages
Mueclide -Motuwori Data (%)
pul®3 0.75
cat37 24.0
col¥l 0.3
295 0.05
i3 50.0
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estimated time cf occurrence c¢f ths {furnace temparsatiure excursion,

H.8 Release Parcentagss

The releane parcentazes Of ratnenium, ceaiwn, cerium and
zirconium were determined from the 10C-meter arc pleated-filter
isotoplc data. The parceniages were obtained by ratioing.the
amounts of the above»listed nuclidas in the ceatsrline pleated
filters to the lodine content of these filters and assuming
50 percent r2lease of the latter froxr the maelt. These data are
ahown ZIn Table N.H.4.

H.9 Air Sampler Fleld Survey

The gross radiocaativity measuremants of the pleated-filter
and cardon-cartridges, corrected for sampler flow rate and back-
ground, ara shcwn in Figure R.H.4, N.H.S and }.H.6. The arc pro-
files for thesa collectors are shewn in Pigurcs N.n.~ =nd N.H.S.
Pigure N.H.6 shows the valuea-a: each arc along the centerline
plotted as a fungotion of distance from the release point. A
straight line least-squares it 1is shown through the data pointa,

H.10 Mrborne Radioactivity
Tha cloud centerline valuss for iodine, cerium, zirconium,

ruthenium, and cesium, as deterimined by lab assay of the Hi-vVol
&ir sampler pleated filters and carbon cartridges are shown in
Pigure N.H.7. Thers 48 little difference in the change in
goncentration with dlastance Vetween these lsctopes. The arc
profiles from which the centerline values were taken are showm in

rigures N.H.8, X.H.9, N.H.10, W.H.1l and N.H.12.
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H.11 Depositad Radiocactivity

*he cloud deposition =f 1odine along each arc isg shown 1in
Figure R.H.13. These values are also shown in Pigure H.H.14. -
plotted alung tas centerline ae a function of distance from
the release point.

55.12 Deposition Velocity

Tne dopogition vslocity for 1odine as g function of diatance
as dstemired by the ratio of the arsa under the depositsd lodine
profiles to tha area under the fodine alr concentraticn profiles
is shown in Table X, H.S.

H.13 ?&rticlo Size

A study was mpade ol the parsicle size distribution and rsia-

tive aburdance <f spacific nuclides sarpled by an Andersen Sampler i,
: with a molecular membrane back-up fllter at a point five meters on
; genterline donnvihd from the furnace and at a height of 1.5 meters.
The activities of the 1sotopas collected on each of tha seven
stages of this sampler are given in Table N.H.6. Based on the
removal characteristics of tha Jo.7 stzge molecular nesbrane
’ filcer, which was predoainantly in the sub-micron range when pre-

ceded by ths Andarsen samplsr, more than 50 percent of each

nuclide was in the sub-micron range, excepting zirconium,

H.1l8 Pluorescant Tracer

Ko tracer data are avallable during this release because of
& wind shift.
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TABLE M H.5
Itotopic Depusition Velocltles (cm/uec)

e Sticky Paper watur Sured
(soters) [ 1331 | cal37 FulO3  [2ri5-1p95 | celil 1131 Hul03  fzr/5-wpys | 1131 w0 Tur/Satin
100 | 1.35 172,05 | 2.4¢.79 [ 1.058.53 [.402.2y | 0,92 3,9%2.8 |h.583.2 | 0,54 0,60 1,00
200 2.7 [.142,04 3,183,201 3.7%.u) 42,13 | 102800 | 44U23.4 (13,128,905 O, %4 O X"
400 067¢.034| 1,2¢.79 | 692,31 |.62¢,67 | 1.32t.4 | 2.822.1 |2.4201.6 | o0.3¢] 0.7 O,y
800 " | 1.35 |.093%.023 2.821.3 | 3.923.4  [1.781.7 | 2. 34 2,14 1.61 0.5 | 1.u2 e
1600 ] 0.78 |.192.18 | u,222.5].692.12  [.12%.026
3200 L0473 1.61 1.85 .267
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TABLE N,H.d

Distribution of Isotopes in Andersen Sampler

Huclide Activity

DR-iEn
—_—

e
stage | zrPP.1% | €al37 | gul03,gul% Sr89 | cel®t, cel¥?
1 260,000 14,000 128,000 25, 300 27,500
2 91,000 9,200 40,090 31,600 11,000
3 104,600 17,500 45,000 17,5400 11,800
4 36,000 | 26.900 36,000 25,300 5,300
5 27,000 | 158,000 41,000 91,600 | 10,100
6 6,500 | 195,000 71,000 135,800 11,300
7 35,000 750,000 250,000 644,800 32,500
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7.15

External Doase

e gamma dose froa the effluent cloud, &3 detezrmined by the
dwtectors along the 400-meter arc, 1s shown in Pigure N.H.15. The
dose rate, as a2 functio« of elapsed time.aa recorded by the detec-~

+he cloud centerline, 13 shown in Figure N.H.16. fThe

tor nearest
gamza imege of the cloud, or the 1sodose rate levels at detector

positicns versus time 13 shown in Figure N.H.17.

H.16 IDiffusion Parameters

The difrfusion parameters obtained during the release are
shown in Table N.H.7. For ccmparison, Plgureas N.H.18 and N.H.19

show the actual activity isopleth and the curve-fit isopleths

respectively,
TABLE N.H.7
Diftuaion Paramsters
Parameters |Fleld Survey | 3137 | rul€2] 1131 | pivane pata | smokd
Data Pit Fit Fit | PAt | (24 meters) | Plume}
Fit
My 0.78 0.61] 0.67} 0.85 - 1.0
M 0.34 0.68 | 0.86] 0.80 - 1.0
Cy 0.28 0.96 | 0.79} 0.32 0.03  }i.8
Cz 0.23¢ 0.30 | 0.10}0.21 0.03 0.78
n - - - - 0.39 i

® Vertical wire

>

4483



P -
USRI V5 S

DOSE {me x 104

DOSE RATE (/e & 107

L . S

—— e et e+ PO At = 1 St S 2

 mm o e e & i g

MRC v
155
{ P!
A
oo | x/\
-1 \
-
) / X— 5
[ 4 7 10 183 i$ 19 2 B 2 n
STATION NUMBER
NGURE MM.S CARMA DO MCM QCRID PAISAGE
{Are Prefils)
) NPC W71
X0
1R
0 t

2 4 6 8§ 16 12 14 16 18 20 22
TIME AFTER TIME ZERQ (minutes)

BACURY K10 CAMMA SOE RATE FROM CLOUS PASSAGY
{Condoriine)



T e e e Bl oL S R Y TG e e TR e
4 AP oo N R, =
T N T R T L A e IR
! 3 e e N - EEESRIL A P
e et i e 2
H

T3 BACKSROUND TO 0.020 MR;H8
£ 0020 TO 0.040 MR/HR
WEIM 0.040 TO 0.089 MR/HR
0.080 TO 0.160 MR/HR
0.160 TO €.3C0 MR/HR
> 0.380 MR/HR

Frct denss

STATION ON 40)-METER ARC

Q

POURE HATY?  SAMRA BOEL RATT 2OM O DASSASE
{Aeivicy Comigurs)



[p—

B 2 3PN

MNPC e

(61 oasa)
HiTwon Auusvoer sso0u9 OI'K'N RenK

(aw) GMSSOND oNYLSIO

002t .
. o 000 00 0T o
v v L g
-1 oo»
-
1 om
IR e o m
gaﬁ‘ﬂ..iilgggng.? .... | g
RIIFURILIere P 0T S MATLILILSR U0 se 6 prasiré gy ovid s ss w ast ST o8 mme Ben g
dad N I\ ag u-\ |\ oL x 3:\ u
L4 IR a4 1) 591 og o

-

TN

e



EATIAITR R LA F S R s el i T RS L Tl T G R e 5 S P o e L e e i
t YN e ot LT T T N RN w e z

e

4,17 Sand and Water Traps

Spectral analysis

1 ol
a

8and 2nd watar samples from this

release indicated the presence of 1331, mu1C3, ang 75572

in siznific

ant amounts,

Filgure N,H.20 25hows the Zrcss gamma

activity of the water samples-across the various arcs. Table

N.H.8 shows the isotoplc contaminaticn for both sand and water

zamples,
TABLE N.H.B
Radiocactivity in Sand and Water
location Acitivety (m curiea/?tz)
Sample (Arc -~ Station) I131 rul03 1795 30,95
Water 10C meter - 6 460 22 -
- 11 810 520 -
- 16 460 1300 2600
- 21 67 520 260
200 meter - 8 210 95 120
- 13 220 - 460 520 _
- 18 - 57 470 570
400 meter - 11 140 21 28
- 16 " 4o 120 10G
Sind 100 meter - 16 280 160 230
200 mster - B8 100 25 3%
50O meter - 16 14 20 22
800 meter - 8 6 i 1

L a4 ¢ K Lol DAL SN Sl s At § O Btrndl B B i pA 1 - WA ey W



————
e a-n:rw.. n&%\?& *“lybn \vﬁ» S '« N bt S B v M«?’H A P e S g i 2t et o e
- Py N ,»

B '.. a,r._* PP K
. X e T ae il L R “f ST R __;“: -+ TR LA, R

. K N . - .
S . “ - e W el
e e b e o e, - e ]

100-METER ARC

sermp)
®
- ,.( /r:;

00-2ETER ARC

|

GROSS GAMMA ACTIVITY (cowh /minubsietel

0 10 20 3 « 50 ®0
STATION NUMBER ‘

L

NOURS N9 COMTAZUNATION OF WATIR SAALSS



Rl a0 ‘a—-w’x:r-——-\ o T—————— TR e et e pea e N .
R R L T T TR T e U .
Qe I e . < G Eeiia et
wummf—"‘-—' - - e, vtma
APPENDIX N-I
3 {Release 1)
I.1 Swanary
----------------- Aged Puel Elenent

TR sem A Mrad® e A B+ ot e e e a0 Al < g na e e

B SR

Type of Sample

- -

Date and Release Tinme

Lapse Rzte (1.5-45m)

- ——— -

Lapse Rate (1.5-24m)

- . - ———— -

Mean Wind Speed

- - - . —-— -

Wind Sirection

- vn - .- -

Cloud Fhotcgraphy

B . ST S

Flucrescent Tracer

- - e - - - - -

Ketwork Radiocactivitly ---we-- ——

Bxtermnal Dosa

No photocgraphy

Released simultsneouﬁly
with fission precduct
release

Rats and dogs on inner

arcs (Ref. 11) |

Detected out to 16CO meters;
maximun reading of pleated
filters on 100-meter arec,
80 mr/hr, using Cutie PL
Maximum dose rate on 4QO0-
meter arc, 0,072 mr/hr
using scintillation detec-
tor described in Appendix P
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I.2 Pu=2l Element

The {fuel slczent had bteoen irradisted to generate 7.7x10u watts

for a total of 467 hours and had decaysd for G835 days. The pre-
dominant nuciides present at the tine of release are snown in

Table N.I.1.

TABLE N.I.1
Pission Product Inventory

Nuclide Curies Cslculated
<ro0 3.4
CeldB_ppli4 - 12
p=lf7 : 8.3
Ful06_ ;106 0.98
csl37_paliTm 2.9

I.3 Hetaorologiéal Conditions

The wird directions and velocities prevailing during this
release are shown in Table N.I.2.

Lapse rates, existing at the 3pex tower during the release,
tetwean the 1,.5-meter level and botu the 2i-meter and 45-meter
levsls, are shown in Pigure N.I.l.

I.4 purnace Jonditions
Furnace operation for this tcit closely followed the normal

power input prograa establizhed durirng Release A (App. N-A, 3ac.
A.5).
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TABLE K.I.Z2

Meteorological Surn=mary

APEX TOYER
Helgnt ¥ind Direction ¥ind Velocity (meters/sec)
(meters) Ave. Ave,
1.5 212° 2.C0
200 209 1'95
.0 - 2.33
12.0 - 2073
24.0 193 2.95
45,0 225 3.1%
PIELD MAST3
Locaticn ind Ddrection ¥Wind Velocity (meters/sec)
(Arc) Ave, Ave.
200 meter 2160 2.20
400 221 .27
800 ' 221 2.76
1600 234 _ 2.34
2300 222 ) 2.85
3200 206 3.06

I.5_ ERffluent Samplers

The radioactivity collscstsd by the effluent saxzplers 13
shown in Figure N.X.2. A maximum release of acclvity at approxi-
nately 3.5 minutes from time zo;o 13 indicated,

I.6 Relsass Psrcentages

No pre- and post-melt gauma spectrometry was accomplished
during this release. The release percent for stro~tium was ob-
tained in the same manner as previously explained (App. N-A, Sec.

A.7) »xcept that a 50 percent cesium release was wwsed in the

e e ety e s i i 5 b e o e U MY W s T | NP it £ Bt Y
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in tre caleculatisn {th: avsrage cesium released from otiner aged
releases). This procedure gave a strontium release percent of

0.53 £ 0.25.
I.7 Air Sanpler Fleld Survey

The torme "fileld survey® refers to contact measurements
which ware t>Xen on tha m-Vol vleated filters immedisately
I0llowlies THO 38t with a bata-gamma survey meter (Cutle Pie
for readirgs > 20 mr/hr). Pigure N.I.3 shows the arc profiles
of the filzer re!-sdings corrected for sampler flow rate and
background,

T.8 Airdborna Radioactivity

Alrborne cel37 radiocactivity as detemined dy laboratory

counting of the filtsrs 1s shown in Pigure N.I.4. A centerlire

curve was not constructaed becauss of loss of a part of the cloud

from the network.
I.9 Deposited Radloactivity
The cesium deposited on ‘he gummed fallout papers placed

around the arcs is shown in Pigure N.I.5. Pigure X.I.6 shows a

plot of the maximum value of each arc (centerline) as a function
of distance frcm the release point, ;

I.10 Deposition Veloocity
The depoaition velocity for cesium as a function of distance

from the rel=ase point 18 shown in Table N.I.3. Each value xas
determined by eatablisiing the ratio of the area under the sticky
paper activity arc profile to the corresponding area urder the

Hi-Vol air sampler aotivity arce profile.

24 A
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TABLE N.I.3

Cesaium Deposition Valoeclty

Arc {meters) 72locity {cm/sec )
100 C.072
200 0.07a
L0 0.128
€00 0.:37

I.11 Pluorescent Tracer Diatribution

The fluorescent tracer data are presented in Pigures N, I.7
and X.1.3. The profiles for the inner arcs are shown in Pigure
N.X.7. Pigure N.I.B shows the cloud centerlins particle concen—
trations as a function of distance frox ta. release point,

.12 Zxtermal Doase

The external doss data are shown in Pigures H.I.9, N.I.lO,
and N.I.1l. The lntegrated duse at each dstector statlion across

the A400-meter arc is showa in Pigure N.I.9. Pigure 4.I.10 shows

the dose rate recorded by the detector located nearsst the rissicn

product cloud centerline plotted against elapsed time. The iso-

dose rate levels, shown as time versus position across the

AOO-meter arc, appear in Figure N.I.ll.
I.13 Diffusion Paramsters
Because of the loss of a éigniricant portion of the fission

product cloud off the networi, diffusion parameters were not

obtalned from this test,

449
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I.l4 PRadiodioloxy

Pats were placed four &t a2 station atl rositicns cn the 100-
mater arc. ¥hole dody and tissue counts wers obtalined in
disincegrations per alrute u3zlrg the counting eflficzlency for
bariz=-13T®. These data are presentad in Pigures ¥,1,12 and

. P g 5
Dogs wers placed on the 100-, 200-, and 500-rmeter arcs,

Tha tissue data from the dogs are presented in Table XN.I.A.

7.15 S3:and and Water Collecticn

No sand and x .ler samples were collected for this release.
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