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EXVIEV OF TER SPACK DISCHARGE
. ACTIVE PARTICLE O  PROBLIM o
°
Intrcduction ¢
A report by M.L. Miokelsco®, two earlier by the writer®™, a repaxt by
R.8. Bellf, and mmercus inoidental ref: have defined the problem and

indtoated scmw of ths soticns taken to correct hasardous conditicns. This
report will attempt to hring tals data up to date, and %o inciuds more of ke
studles and asticns of all dspartments than appeared in the sarlier H.I. reports.
Yor this reisan, and also Docause the emphasis o the various proposed tests has
changed conslderally, the raragraphing systea o the carlier X.1. reports will
b9 alendoned. As Wis contsuinating agent das besn varicusly referred to as
specks, spots and active xariicles, it 1a proposed that a uniform title of
"8tavk Discharge Active Particle Contamination” de applied to the problem in

future. The interpretation has to be bdrved enough to ocover droplets, mist or °

sprey c: vell as digorete solid particles.
1. Blalogical Investignticns

The diological atudy has besn linited to a iiterature review and to a sketohy
arploratary sxperimental progran. The literature review wesd essontially
worthless. Roported results vere condérned primarily with the blologloel
offoots of mmll readon implantations with either glass. tubes or gold soeds.
Thore webw Do data for scurcea subctantially less thanl 2o sctivity. The
search ws mede at o tise when fairly sigzeadle partioles (approximately
0.1 nm) were oonsidered. It is Dow olear that the actual prodlems renge
all the way dowvn $o ultra-fine purticles - effectively asrcecls. The
rather extonsive litersture on redicective servecl ocuteminaticn has not
yot bosn reviewed. It fs cur wnderstanding thas such results bave not
been perticularly concerned with, or successful in detecting loosl damage
in the lungs from the deposition of fine particles. Dr. P. E. Chuxch has

indisated that the Chemicsl Werfare Service has meds sxtensive invee’iga- °

tions on the sizes of particles that can penetrute the human defense and
entor the lung. 7This source is to be tapped, znd may lead to & ooncentra~
tion of the diologloal investigation on & rather restricted renge of
particls aise (perbaps 1 to % miorcas).

°
Projeot vork on serveols indicates that Y, Ce end Pr are {n the mmal)
group of fission products which is essentinlly retained in the lung. Aas
theee threo are responsidle for mogt of the activity of the particles in
question, 1t is conaiderad certain that the limiting hagard will be the

L Report on Exieting Aotive Particle Hasard « 200 Areas”.
mm - 10/22/4T (Doc. HW-T06%)
**"Action taken on the Spot Contaminaticn in the Separations Plant Areas” ©
E.M. Parker 10/30/47 (Doc. EW-T7920) Progress Repcrt on "Aotion taken om
?:o 8pos g?e::;umum in the Separations Plent Aress” .M. Parker 1/20/k8
DOO. m" .
#"Active Partiole Investigation = 200 Areas - Zstablishment of Fhysioal Contrul®
R.8. Bell 11/26/4T7 (Doo. MW-8108)
#f The first documented reference 1s apparently in "Z.I. Report f143 on the 200
Areas and Assoclated Lahorutories Week Ending 10/1/47" C.M. Patterson to
¥.K. MaoCroady (Doc. HW-769%)
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local {rradistion of lung tissue.® In any cass, the total activisy involved
is »0 lov that assimilation into the Dlood etresa and subsequent deposition
in an organ would certainly de innocoucus, unless one has to suppose that
ummunmmmm.m«mum. Ons speculates
that even thisg would be sutirely safe, aud that radiosctivity would de
demcnstrable in the urine or foces long defore a hasardous accumlation .
had been achieved. Fo such activity fs found.

Blologioa) experiments have Desn as follows:

.. somung aof the active partiocles in Inman grstric juice

Soludility was nagligidle in the Juice of each of two sudjects teated
(order of 1% dissclved). o o

b. Adsorption in G.I. tract of guines pigs, rate and raddits

much emaller particles. The initial introducticm or.wry fino particles

¢. Tracheal cammmlation of rabbits

The sotive purtioles vere removed, presmadly by ciliary ection, in the
foury specimens. .

4. Burface irrediation cf radbit sar

rmmnhmupondtormutvmmmrmmﬁutomh
af adbout 0.9 to 1,» aotivity. Dudbiocus reaction was noted in coe instancs,
in tho form of reswrrent reddish drovn pigmentaiicn. The reedar is
antitled to nite that the work was done with roddish brown specks of
coutaninated iron oxide. A previously weported thickening of ar ser algo
has an equivosal status. Immotive oomtrol specks produced no irritation
reactions.

¢. Suboutaneous implantatica ~ redbits

The implants bave deen in place in four rabbits for 33 montha. No surface
reactiocn 1s cbserved. The animale have not yst besu sacrificed for
histological study.

f. Textionlar ixplants - rabdits

» N .
Four animals were implanted with active particlss, %ogether with 3 ineotive
control speocks. One animal, sscrificed at two months showed no gross lesion,
but there was no spoxm within a redius of 2 mm. of the speck. Also there
was an increase in the amount of tissue mocepting an acid atain (ecein).
Yarying degrees of cell necrosis were noted. None of these ohangss coourred
in the contral testiole.

® Br 1s reported to e _rapidly adecrbed from the lung. This wruld remove the

source of daughter . -

" DECLASSIFIED
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One rabdii was given a testicular implant with al ac radon seed. The eximal
W sacTificed after '2 months; the sections have not yet Deen studied. ‘The
purpose hsre waa to correlats active particle damage with the more or less

nmmm.nAmmmm.

€. XExposure of rabbits near the T Plant Btack ,
Eightean anionla so upooodthh shown a0 activity Que to pu-ucl'u on the

fur, except co the feet. Whether mildly active particles are in the lung
ocan anly dbe found by autopsy. mmm.mmmm.

Bumaary of thinking on bialogical sspects .
Tae availadle active part.:ah. can prodsdce redlation dasege. Thorv will de

wo vicible resction oo the skin.

» The critical hasard 1a the iuhalation and lung retenticd of particlss.
Yory amll particles (1 to 5 microns) will be the prinsipal offenders.
It will de impossidle to define the safe permiscible activity of such
particlee in a short erm experiment.

Continued adesace of radicactivity in the feces eculd be nsed as pre-
suxptive evidence of insignificant deposition following imgesticm of
particles. This is also a protadly alequate determinant of absence cf
generulized lung deposition on the assmption that a aignificant frastion
of the initial deposition would be removed and would £ollow the ingestiocn
route. It 1s propoesd to ask Dr. R. B. 2irkle and Dr. §. ?. Cantril for
& more authoritative interpretation of this wark, and for guidanse oa the
future progrem;.

P
2. Disoovery and Origin emd the Particles
Qeneral

The ocourrence of cantaminatiocn in the form of dlscrete hstive particles on
the ground in the Separaticns Plants was detected in late September 19T,

by H. I. survoycss. It fallowed from the finding of activity at the dane

of the T Plant Canyom, from recurrent contamination of a path outeids the
B Plant Control Laboratory, and frum shoe contamination of a patrolman,
wtich led to finding contaninaticn néar a guard tower. By mid-October the
gonerul distribution pattern arcund the T & B Plant stacks was sufficiently
well daofined to meke it certaln that the particles emnated froa the stacks.
At that time, it was folt that the phunomencn might have existed for several
monthef witbout detection. A review of the éontaminatlon data suggested

that the megnituds of the effect had been inoreasing quite repidly prior
to ite disoovery.

The pertioles were origimally separvied by hand from the adjecent sand grains.
It vas later found that they oculd usually be distinguished dy oye, dus to
thelr reddish brown coloration. Chemivcal amalysis showed an approximate
Sofconuntafhgoa, and adout the enme time it was realiged that the

# Contaxinated soil detected near the T Plant femce &uring the weex
8/28/47 (Doo. EN-T405) bad been proved to omtain long lived fission produota
(principally Ce and daughter Pr) by 9/10/47 (Doc. EW-T539)
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particles cculd be separated by means of magnets. This greatly facilitated
mmumdmtnmmmmumm.
origtn |

Thaee studies proved the presence of

long-
wﬁummamﬁm
proceut were Bi, Fo and 81. By late Noveuber, 1
mm«mm-mommm
r.nmm,mamwuhnmmmmw.‘
mmxylm.ammmzumusummmmm
mﬁhumMudw%ﬂum“Mﬂqumm
process bullding ventilation air. The mdlation hasards invalved in ec-
meb“m&%ﬁu&nﬁt&lﬁoumwmhm
by all congcerned. Ccnsequently, wbea the crigin of
Mzuumumcomwm,n
poumzomucnocmmm-uum«umtwmmu
nm,mmmmmmmxmmmumm
to & later date. Orders were obangsd® to postpone the installation of
ﬁxtmmwmuwummmmmw.

This change was in axy case urgesnt to avoid the risk of ocrrosicn to the
point of oallapes.

ived fission prodncts caly,
ts

mm«mmmmx.x.wnmmmuam
that although the large particles cn which atteation was foocussed in ths
carlier studise were eliminated by the fan changes, mmercus smaller
particles vere still being emitted. This vas essentially known from the
Roasurensnts by F. P. Seymour in Pebruary 1985. The tden-assumed droplet
contanination vas assumed t0 De dispersed and diluted in the same mannar
as the iodine, which was then the critical contamimant. Caloulaticas of
the possible ococentraticn of fission products at the ground (approximately
10-¥ to 10~Ome/11ter) did not attrect attenticn a-'s signiffoant hagard.
Sparedic moasurenssts of the deposition on vegetation have been made with
20 more than treces located. . .

Specifically, the large actlive particles (0.1 mm.) owme from the ocor~
roded ductwori. AtﬁoMﬁanmmlmm,
scome of which are magnetio and therefore prodably fram the same sourve,
together with ultre fine particles or droplets directly fivm the procsss
Toasels. 5uch droplsts may also initially contaminate dust particles
Pulled through the ventilatiom system.

Distridution of active particles ¢

Thie prodlem logically divided into Technical Departasnt studies of the
stack exission, and H. I. studies of the subssquent dsposition, Necesaarily,
thare has been overlap and effective coocperation in the field Detween tde
departmsuts. Superficially, there bave deen apparent ocnflists in the .
various reports. None of thess is real, and nost of them bave deen due to

& progressive inorease 12 akill in detection of invisidle particles. There
has Desd Deither time nor manpower to reviso the earlier data to make it
conaistent in this respect.

*Project Design Bequest to W.¥W. Plsasents fymu W.X. MacCready - 11/3/h7
*8"8tack gus decontamiontion - Suspense Code 10,229, V.X. MaoCready to
W.P. Overbeck 1/8/48.
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e. The Technical Department progrem on Stack emission
Thy 8tack Gas Disposal group transfwrred its intsreat from the I131 problem

ts mmmmmu/uw (Doo, EW-807h). Feur priocipal
sampling positions with filters vers ectablished in the 3 Plant.

1. Canyon alr to extering the fans - through the alr delance &uct.
Ammzi’ﬁ%

2. mmwmm-wmmqut.
Awalladle 13/25/38.

3. Dissalwer off-gas. Available 11/30/A8.
4. Btack air at the 50 foot level. Awalladle 11/17/%8.
Typioal sample results weret

Duration Now m&

Bauple Hours cnl prop/br at 2° Bemaris Byference
n- P 10 1500 2 particles W-8230
n-2 18 10 1500 1 particls 11/16/%7

* 2 20 323 400-500
particles.
e  * o2 10 5 (ath") less than F4-2
b 224 10 330 < 25, but hot
2 3 10 1500 2100 particles

(F2-1% bg 1 48 many partioles  WN-8233
r2-200] 6 n 180 more particles  11/23/%7
re-3 5 15 3% " ", most & dottest
Th-7e b 10 350 fine sise Not

N , particles
Yi-gee| 6 10 300 11ke F4-7
r2-h 24 10 3000 m partioles In-8h22

Jet calleeted

| F2-50 10} 20 900 mr mw. 1/30/87

Fhg® 10% 10 1000 Yery few particles

#A11 dates in this sectivn are "week degimning" ummmmwmn;mm
zoommmmmuum J’S Work to O.K. g
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Duretica Tlov o filter
Sample  Hours ~  OOM at 2 Remarks Baference
re-6ae  17.1/3 0 580 fover than
. | usoal
Ph-20me  17-1/3 10 480 prect. no
r3-1 2 10 3000 no dissolving
- 0 particle
¥3-2 2 10 33,000 first out -
.- :
ductvork and cne fan replaced at this point I
'n-9~ 23.7 10.5 7500 many particles B -870%
| Ph-11e 23.8 20 3000 Do particls 1/11/48
F2-200» 24 10 2500 - sevoral small
| particles
ha12 24 \.'10 2500 o0 large cne e
(y2.1e 2 . 10 3000 none visible BW-8709
HE.I. found 47
™13 20 200 7 visdile 1/18/k8
- : E.X. found 57
n-s 23 12 5000 none visidle W-8933
E.I. found 1 :
n-6 72 12 8000 ncoo vieidle 1/25/48
' L 2 n.I. fm ’00

# and #% indicates simultanecus samples.

T1, ¥2, £3, T4 serioe refer to the four sazpling portes defined.
The genernl ocuslusions deduced from these data were:

Prior to duct change

A,

Essentially all partiocles originated after position 1. fet in the duwot not
fraa the process vessels.

b. The correlation between nmumber of paiticles and integrated flow was poor.
After Duot change

The firet samples wore hich dospite the washing of the syetem.

DECLASSIFIED



T

EMP-File U . BN-9259

B
b. This repidly oleaned up, and nltimately

g;i The mmber of visidle particles was reduced multifold
large particles, resdily vicidle Ve prectically eliwinated -
3) Bamll Darticles were presect but in far smller wabers

-»

By 2/1/48 (Doo. BI-895%) 1% was clear that "Another serious prohlen
beyond that caused by tie fan ducta” was present. By 2/22/48, (Doc.
IN-9065 plans had been 1aid to atuly the effects of electrostatic
yrecipitation, of filtration and of wter sorubbing.

b. Total deposition of particles on the grovnd

mmmwwx.z.wmmmwumm
surveys of (he terrain of immediate interest.

mmwnwdmsmmmmwoammm
on 11/28/47.# This showed & ciroular area (Zone 1) of 50,000 equare
footom»outthomuth)tomprunh.msmtoot,oc
activities mainly in the range 0.0% to 0.5  each. This was surrounded
by Zone 2 of area 313,000 square foet, out in fingers 1200 feet
1uummum,uummwmmmmm.
zanoahunommumofltoSPm'duﬁuunmo.uto
0.03 wo. Zonme 3, 2,300,000 square foet was elongated 2700 feet in the
same direotion with a width of spproximately 1300 feet. Upwind fram the
stack it reached only MO feet. This zone hed adout 0.0 pef of activity
less than 0.01 ve. The total mmber of partiales was 1.5 2 10°, and the
total dsposited activity was 100 mo. Noeither figure can be claimed ac-
curate to better than a fastor of 5.

ncmtdm.my,omﬂa/hs,meuurm

Zove L - 180,000 square fest _
Zone 2 = 600,000 square feet
m3~mwcmmo.1ma,ooo,oooomrm

The total deposition was 3.4 x 106" particles and 300 mo. The additicmal
m&mum-cmmwmmﬂumm

2x 130 mﬁioluu&-xeawawmmw‘mm&mn-
ing partioles. nma.mmummmmuum_
the data on stack emission, oles were being emitted at the rate of 10°
to particles per month.f The observed dsposition was 1-10% of the
emigaion, which at lesst s remsomable. Lot 1t de smphagizeq that both
mtimmheedmmntm&m,omhnyutomﬁwm
ssme limits oo particls size applied in both cases. The reader is
privilsgsd to speculate on the present looation of the 90 to 99% of the
particles unacoocunted for. An altermative cheok on the deposition s ar-
rived at fram the integrated sctivity.ff This shows a 1§ deposition. It
is of interest to note that the data predicts a reaoval of iron from the
uuxsmmnmnuotamwxmwm.

* Partiols Distridution - 200 Fast - L.C. Boos to File, 11/28/A7 (Doc. HV-8430)
* Lot us use paf to aveld tirescme repetition of “particles pexr square foot".
# Arsumption - 20 to 200 particles cm & £ilter after s A-hour run at 10 ofa.
¥ Asamption - P-2 or b filters show 300 mrep/hr at 2" after & A-hour run

— BECLASSIFED
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The carrespanding swivey of the ¥ Flant was recardsd on 12/22/57.% Zones
1 and @ were muoch more extenzive, and faxmed approximately cirenlar pate
torns centered around the stack. %009 3 was alangated to 2700 Leet down~
vind, tut hero sxtendsd 800 feet wpwind.

Zong 1 - 360,000 sq. 4. bxuﬁ!;m-mm
zma-eho:ooo‘a:. tt.: 23 x particles
Zooe 3 - 4,200,000 sq. £t., b z 10 particles

Total deposition = 6.5 x 205 particles.

The distinguishing featurs of the distridution was the inelusica of all the
Xxolusion Ares in the dangsrous scones 1 snd 2. This de01dsd the eventnel
mnnctdambymm«mm,

E

mmum,mmummmmsmmww

axanimation of building sites. The following areas were
sxtansively surveyed in amid-Msvob:

[ 3
Am& ' .
A plos 3200 xm'.mmamrrmmm;mnooo' distance.,
Coampleted 3/9/48
sommmrmmso.m.:uqnngucmapm.

mmmmmorm.mmw

nmwmummmomw, there wonld be one obanve in
10 of £inding no partiole.

Trus depositicn 0.02 paf - oue chands 13 100 of finding no partisls.
Ares 3
A plot 100! 2 900' sdjoent to and sast of Aree A. Completed 3/20/48
Thres particles, Exisua activity 0.00h po 1n & sixilar sesple
Statistios - Boxinelly approximetely 0.01 pef. |

True deposition 0.008 pef ~ cne ehianoe 1n 20 of finding 3 partioles

mmumo.onm-mm.umcnmamm
o at the opposite limit

Bros daposition 0,003 Jf < cw okanos in 20 of finding 3 particiss

mupmumo.ooem~mmumo«tm3mm.
Area ©
AMM':W'M%NM«W!MW
cngxmaslplha

wrfoce somsentration ® 9 pef

Maxtimm sctivity of a partiole ® O.SP. Averege activity = 0.0WP.

* Partiols distribution 200 Vest - L.V, Zoerner to File, 12/22/47 (Doo. H-BA20)

-y
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Area D

A plot K0O' x 400', 3000' due east of the B Flant stack, at the looatica
of the original C Plant. Conpleted 3/9/48

Burface conoentration = 2,5 pef.

Maximm activity a 0,016 Jao
Average asotivity a 0.002 ,no
Ares X '

A plot 800' x 2200', oontiguous with Ares X, and lying 2300°' to ‘8.2,
of the B Plant staok. Completed 3/20/48 00" 8.5

Surface concentration = 1 pef ‘

Neximum aotivity s 0.033 po «
Averege aotivity a 0,004 o
Aron ¥

A plot 500' x 2200', B.3.2. of the B Plant stack, and 1000' to 2000! awy.
This is close tonniotmsmioinsvatm. Completed 3/22/48

Burface concentration = 1.8 pef

Maximm activity = 0,
Average aotivity = o.o@' Fo -
Axrean G

A plot 1100' x 600!, due west of the B Plant stack, and 1000' to 2000°
from 1, Completed 3/18/k8 ‘

Surface comcentyation » 1) pof
Maximwn activity s 0,01 po
Avernge sctivity = 0.00% ro

Area B

A plot 3500' x 2000', N.¥. of the B Plant stack, snd 2000' to 5000*
awy. Completed 3/17/48 .

Surface concentration s approximately 0.003 paf
o aotivity in excess of 0.0k po- »

Area J

A strip 5800' x T00', about 1 mile 8.E. of the B Plant stack. This
parallels the south side perimiter rosd. Completed 3/19/48

Surface concentraticn = 0.0 pef
No activity in excess of 0.00h ro.

It wvill be noted that the depositions in Areas D, 2, P, G greatly exceed
the previocusly reported surface ocooettrations in the criginmally defined
Zooe 3. Thexe is same evidence that spparent increase of ccnocentretion
vith inoreasing distance fram the stack is real. Nevertheless, it is
likely that Zone 3 1s now much more widsly contaminated than was reported

DECLASSIFIED
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on 1/21/48. If the "skip @istance” effect ia real¥, the required survey
Prograa reaches a magnitude deyond that originally comtemplated. It will
occupy at least 500 man weeks. The ourrently awailable foroe is J men;
bybmwingdmapmrmm.rwh and by emsrgency

of instruaents, the force oan hardly be brought to more than 35. A
ocmprebensive eurvey thus cannot be recordsd in less than 3 months, dy
vhich time the oversll picture may have changed campletely. Rsdical gor-
rective measures at sonsve are olearly indicated.

All the above surveys bave deen congsilered in terms of detection by
Gelger counters. It is known that radiocautographs may show many more
partioles than can be found by counter methods. The relative detection
coefficlent is & funotion of the surface soncentratian, mainly becanse
the standard counters used cammot differentiate between closely spaced
Pertlcles, -and the radiation from weak partioles is readily obscured by
strong neighbors.®* As nov operated, the following coefficionts apply:

Burfacs density by court sy Detection coefficient for radicautographs

13 - 30 ps? 12 to 20
8 - 15 pat 3 to 12
b -~ 8 psr l1tos
< L pat - Approximately 1

Whether the weak particles detscted by refined methods are hagardous is
dot knovn. As an outright guess, the writer is not unduly concerned
about activities less than 0.01 uo emch. Whereas the eerliest particle
data covered the range 0.1 uc to 3 we, ou:font detection methods go down
to 10-3 uo, by counters end periaps to 10-* uc by redicautographs. It 1s
1mu-1mwcmtmmumwmom«mm; the

steady improvement in toclznano should not de overlooked in a revie: of
the data.

c. Rate of deposition of particles

Attempts have been made to estadlish the rete of deposition dy the exposure
of rugs, and later of glass cloth surfaces for intervals of about coe
month. These catching surfaces were screensd from the wind acticn by the

- superposition of expended metel mesh, and supported 3 feet adove the

ground to minimize receipt of partisles from adjacent ground. Although
elimination of wind transport is not claimed, the results should glve the
ockbined deposition from the eteck, pius whatever is pioked up from the
ground and releposited. Until recsutly the deposition Dy this method was
found to fall into a pattern quite similar to that shown by the total
deposition to date. Zounes of maximm deposition rate showed & to 8 pef
per month. During the month of Decenber 1947, the integrated deposition
ir ths 20C Xast Ares Zoues 1, 2 end 3 was 650,000 particles by this
mshcd. It has previously been shown by sudtraction that 2 million
partioles appesred detween 11/28/47 amd 1/21/48. It is resscmeble to
assww that one million appeared in December. The two approaches are
therefore in good agreement, within the accuracy 1imite of euch prosedure.

"Bpot contamination on potential building sites "N.M. Parker to W.P. Overbeck
3/10/48 (Dos. MV-9181)

Countezr detection could be improved dy placing s metal grid over the suspected
area to sliminate side redintiocn from one spot to another. With a counter
shielded to an area equal to the grid mesh, very setsitive separation would

DECLASSIFIED
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The iifinence of the 200 Bast Area fan and duot change has been atudied
by obderving the dsposition rates oo catchers for the month of December
1947, ‘and for & similar period begimning 1/15/48. In the

the total dsposition of particles in these two

sams or not reduced by a faotor as much as two. The change 414 oliminate
the large and usually most aotive particles so that the uvsrwyy eut

of deposited particles fell by a fastor of 5., Only in the apparent amall
Teduction in the mmber of small particles does there appear to De some
divergsnce fram the Teohniocal Department reports, whioch sugsested a
much more substantial reduction. In late February and early March
series of collections wes made 4in & line extending dues north

T Plant stack. These olsarly show the skip-distance, or inorease in con-
cectraticn vith distance, and thus sudstantiate the suspl ioca of this
from the tota) deposition data.

Platance from Stack Rate of tion ¢
oot >»
%0 3 -6
1500 6 -12
2500 12 -18

d. Concentraution of active particles in the atmosphere

This has Deen meagired dy suction at X000 afnm. throngh glass cloth filters
in the expected location of maximna cancentration in the B Plant.

Typical results vere as follows:

Aotivity
Daration Particles Aotivity Concentration Comcentration Bemarks
Date _ Ecura No. _ Benge (uo) § per 20€ eft _ uc/liter '

3/88 5.8 2 0.01-0.013 2.2 10-9 pre-fan
Mha 168 6 0.003-0.01 0.2 6 x 10712  changs
1/27/A8 188 1 0.00% 0.03 N x 20712 f2a
2/10/68 240 1 0.035 0.023 32101}  changed
2/21/88 372 50 0.001-0.03 0.75 2.% z 10-10 .
312/ 3w 56 0.001-0.02 0.9 1.8 x 10°

¥ith thes exclusion of the short run, the highsat partioles concentration
oorrosponds with the sxpectation of a man inhaling one particle inm 1%0
montbs. If this data could de acospted, at face value, the urgsnsy of
solution would be removed. It should be noted that:

(1) There is now much less certainty adout the area of marimm

(2) The glass oloth Lilter is prodedly a poor catoder of very
small pextioles.

Other air collections by means of the faxiliar Big Suckers bave shown only
active Sust, not resclvables as particles in a total sampls of 180,000 oft

= DECLASSIFIED
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Atteapts to caloulate the probdadility of inhalation of particles from the
rate of deposition on the d

stack. mumm.mmormnuornn, oomputed

concentration these methods led to iphalati
POC weok. The particles tranmiseidle to the lung prodedly float in the
alir or at lesst have lower effective terxinal velocities, The qoted

inhaletion rate 19 not_conservative. The writer is mnabdle to
Teconcile this with alr saxples.
Bm of Bections 2 and 3

The active particle oontamination wes dotected by follow-up of small
deviations from the normal pattern of contaminaticn. A1l the large and

mnmmmmcMn«mmmum
Separsticns Plants ventilation system. Removal of the offending ductwork
eliminated mommm,mmmuwntm u:nmoongu

tely
2% 107 to10° particles per month, The highest known surfece ooncentration
usommuoum“.mm-mwmmmmobum
vind drift. The highest conoentraticn over an extensive ares is abdout
10 pef.

mommumz-Vymmowtthommmusmn |
in the Exclusion Areac. Conoentrations ae high as 2.5 psf have been found
X00' east of a stack,

Mh&nbmmmim“umct.ﬁmimmnmmm'urd
particles on the ground. Whether this is due to increased emission or to
subdivision by abreasion of existing particles is unkunowmn. The increase
is mmmwuommmmzmnmnuamzm.

Radloautog=yh methods are spprozimmtely ten tines as offective as Gelger
counter methods.

The prodadle inhalation rate from tests with collection on filters is oneo
FaTRiclis por 120 Soils. Thle teclnlgee ey Kiss ali vory smgii parciclies.
Caloulations fndicate an inhalation rate of cune por woek for amall particles.
it 1s not known whether these are hasardcas.

Defensive Measures - 5" Department Progrem

*®
Close cooperetion detwesn the "5" Dopartment, the Technicsl Department, and
the H. I. Department was mintained at all times, vith essential agreement
oo pajor policy items. Undooumented discussions immediately follcwing the
disoovery cf the hazard were oonoerned with:

a. mrndbmtyduvmmmmthomntdmmmmmm;
thumntyotthohurdmuwmmmhmotm

b. mmwwxmmomwmmumorm-m
air, iocluding such possidilities as cleaning the stack.
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msmmm«.,’mmmxmmmmmmxum
s Jlogated., ’

Ty proposed future rescmediaticns of the X. I, Department for various
ocoutingencies was defined in the writer's Dos, EN-T920 20/30/%7.

This inclnded teoit agmnth the cbiestive of further defining the
hasard, before nm;;,m wre regested. :

o Desigm to perwit U follovipg inetallatione vere requested ca 11/3/47.¢
(1) Temporary ate f1lter to be located in the 2907, B Fulldicgs
poiey .

e cdjeotives were (1) To remove all particles criginating prior to the
mxm«mmmnmna«mmnmm
{2) rormwuth.memmnmmmummn.

(3) hmwrmmtmmhmuMdeumm.
mmmumdmnnmcm.mmw-mmm
in line with the above intentions on 131/26/47.%¢

By 12/9/47, 4t had Deen fully realiszed thet the principal offending partioles
m&e{m;imbm.ctimmm.Msm P teveloped from

mwamwmm&, and was supported by inspecticus

other than the preecrided stainless steal.f Plans were mromptly laid to
mmmtuw.mm.wcmuommm
mmtmmamw-nnmetmcmwmmum

o 0betuled temporury filters. It vas a reascoadle expectation that these
wnMMMMq%MMMA&M,MM~
fore minimize or eliminate the need for £ilters. Changes in the a cable
Suspeuse Code to handle the revised progrem were documented cu 1/9/h8.¢4f

Ia the meantime, mmumnwecmmn.mrum
evaluation of the existing basard wes spprecisted.

The recamendation to wear respirutare in dubicus sones was conawmated .ff¥f
A cheap éisposmdle unit, the Martindale Protective Mask bad been lccated
for this purpose. Although 1t waa recognised that suoh filters had low
efficiency for smll perticles (1-2 miorons), namely those most likely

to be inhaled and retained, there was thea no evidence of

sctivity on the smll eatities. Flans were made to survey the removed

*Installation of air £1lters = 200 Aveas V.X. MacCready to W.W. Pleasants
11/3/47 (Doo. EBW-T932)
*%Dog . N -8108
£ The 291U Duot and Fan Asseadliss relative to the Particle Prollem”
L.C. Roos to M.L. Mickelson, 12/8/NT
'#;291 Foa Beplacement®, W.K. MaoOready to 0.K. Gross, 12/9/A7 (Doo. EW-8245)
tack Ges Decontamination - Suspense Code 10,225, V.X. MacCready to
W.P. Overteck, 1/8/A8
¥4 "8pecial Begulated Area®, W.X. MacCrosdy per V.R. Chapman to 200~V Area
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7242 2% the end of each workday. This Irotection was applied throughont
ths T Plant Exclusion Area, in sgreement with the existing survey dnta.
nmsnm,cdomtm“mn.mlgrmm

rectricted socne neer the staak, : 4

mwmauummmuafmm«m P
Teshnical Departasut and "S* Department ocn 1/27/88.® Mg memorantim
relterated the roasons for the initial attack on the dustwork, tut indicated
clearly that the immsdiate partiols prodlem was only a fruotion o’ the
total long-lived emission from the stacks.

A study of steps to eliminate the primary miet or droplet oomtamimation
at source was disoussed, together with plans t0 revert to temporery filters
1f the duotwork changs proved insdegiate. Long-rangs plans for full de-
oxmtanination were established, and the application of similar solutions
t0 now separetions installations diecuseed.

these procedures were smplified in a later document.®® A gumary of
studies was given, with the technical and operaticoal oritsria for suc~
ceesful decontamination. Intendsd action was defined under the following
headings:

(1) Project Engineering Department to procure and/ar fadricate
and icstall test units, inoluding cne electrostatic precipitation
unit and & CWE Type §#6 filter unit. Consultative assistance from
the Xellax Corporation to de solicited.

(2) Teohniocal Departmsnt to Justify or improve present sempling
methods. Consultative guidance of Dre. Langmir and Schasfer were
to be obtained by Techniosl Dopartasnt and K. I. for this, and for
an anmalytical study of the process effluects.

(3) Considsrstion of sections that oonld de turned over to off-site
groups. Inadility to reprodnoe separstions plant vemtilation alr
canditices slsevhiere, an insurmountadls berrier to off-site assign-
7snt of current local prodled. The function of the Alr Redustion
Company to engage in long-rvngs, overall studles.

Along with the above long-renge studies, speedy and scometimes emexgoncy
Beasures Yere organized by the "S" Departmsat. Thus, when a pecsimtstio
visw of tbs ccntinued gppscsenes of particles wos guimitisd b the

writer on 3/19/48, temporury filters were deeigned, fadricated and

installed in eack cell of the B Flant Canyon by 3/22/M8. Similarly, whea
the surface conocentrations in Arsa I were amncunced, steps were taken to
rsmove persommel fram the Garege in that region, pending further study.

Considerable attention bes been fooussed ot the contamination of pro-
rosed sitos for future expansion, and surveys of the Areas 4, 3, C, D
and K wore requested on this dasis. It bas Deen assumed that the stack
eniesion would shortly bo oontrolled, and that the eveutual limiting
hagard would be that arising from the re-injection into the atmosphere
cf such dsposited particles as could not de cleansd off or

fixed. Provisiomslly, s ourreat surface ocnoeatretion of 0.0l paf or
lean has Deoen oonsidered toleradle.

@

#°8tack gas decontamination - Separetions Flanta™ - 0.N. Gresger -
V.X. MacCreedy to Pile, 1/27/38 (Doo. EV-8667)

*2"Stack gas decontamination, Separations Plants - Development of De-
contemination Systeme” - C.N. Gross to File, 3/12/48 (Doo. EW-917%)
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mmmxa,mwmnmommt;mmmm
boen dlctated.® It 1e ocmoeivedls that further changes will be myguired.

5. Trunsport of Deposited Purticles

Vhile it was realised at the start of the investigation that deposited
particles must de moved by ths agency of winds, rain, thermal curreats,
oto., very little work bhss damto&ponthnm.
accumlations have 2he

|
i

wind trensport of particles fram the catcher fxumes and to avoid the
trection losd cerrsylng alresady deposited particles.

A single experimental Ctest was mads. This involved the redio-au

of 10 aquare feet of dosert surface, an the ground to wind

-]
Fortuitoualy, the wvind blew almoet exclusively from the northwest through-
cut this period, with an aversge velooity of 6 mph, and an unusual peak
velooity of 30 mph in the ssme direction. There was therefore no ageat
teonding to shuffle the particles dack and forth adout a mean position.
inoe ths behavicur of depoaited particles is expected 40 set the
residual limit oo health safety in the areaes, the study of the prodlem
bhas been assigned to Dr. P. E. Church, Meteoralogical Consultant. Ee
vas hdd .

g) Xov far the relevant particles oan rull on the ground
; Xow high they can rise

Ths poseidle concentraticns at levels at which thay xmight de
breathed.

(h) The mestmne Jemcsitlon st Aigtannes wn to 50 miles,

Dr. Church vaa pessixistic sdout the fensidility of answering these points,
without sxtensive sxperimentaticn at Henford.f Some references were mads
available co the experimental transport of send grelns, (Institute of
Neteoralogy, University of Chicago), the problems of wind velosity at
various heighte (Geiger, R. "Das Klima der Boderxsden Luftschiote), and

the theories on doundary layer effects (New York Acadewmy of Bolence
"Canvection in the Atmosphere and Ocean). DIilntion with increasing

® "Looation of Redox Test Unit®, W.P,; Overbeck to Oarleton Shugg, 3/5/M8
Peeposed Prok
Lad froblem for Meteorologioal Consultant™, X.M. Parker to
¥V.X. MnoCresdy, 3/12/A8 (Doo. EW-91T0)
of Metocraclogioal Consultation” P.X. Church - X.M. Parker 3/19/k8

(Rt 7ot docmamtod) —
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distugoe of horiscutal trwaspert is Dest found from Dr. Chureh's own weal
at w“"o

(2] _ e .
The anly reedily soluwble question was that of eltitude. Emall particles
coull escead 10,000 ¢a 13,000 feet in smmer by theraml cozvecticn, end
rerely to 3,000 fest 1= =intar by mschanieeal turtmlence. .

The consultant was of the opinion that effect shonld de placed oo ate
tagpts to revove ¢ to oantain tie partioles al:esdy dsposised, rather
than ¢ goive the given prvdlen. Although this
immedtate environs of the Flamte, 1t still appesrs that liaiting solu~
tizma will have to be sanght. If the data of feocticne 2 and 3 of tiis
repard wre neerly correct, :

licos of perticles wamoocunted for
Wltiles of the Company any of the
attepta o yrove lat no significzis rediation bazard can arise from
this sowrve, o

:
|
i
g

!

g
g

ot ag untoward oonditicn regardless of cost.
memwm:.munmmmum
of particles {n »in. Such yerticlss have best sparmdically obwerved in
ruin saxples, Dut tever in amounts to couse alars, Ingestion of a single
perticls is almost ouxtainly immooueme &ue to the demanstouted low
saludility. 8imllarly, ts Geposition of casual purtioles in cpea
resermaize of drinking water cua de dignissed. Depositicn of contaminated
raln, with a subesquent airborne cerica fo the dried-out particles is alsc
mmmaarndmmwmm,uitmm
thet the rein olond would trovel aignificantly further than a particle
escll Wravel o its om right.

6. Removal or fixation of depogited partioles

o
It is exoeptioml to find any mmbder of ths fnterweted groups
oot advanoed & methiod for the removel o safe fixation of the active
purticles. Equally sroeptiooal is the amtion of a

oaplatsd for gudstantiully less than one =illion
that the wxpendittre of §100,000 on etudy of the prcblem 1is in order
veiore & fionl poiloy Lo sooepled, provided that tmmedlate wxgsody foo
radiation sufety is not required,

For interess, and also $o endocurege the transmittel of Detter aclutioas,
som of the mone feasidles loval proposals ave indlocated:

Devgwd

A, Cotding of the area by & yuke mget, track combination.
rana to dste hava akum poor peroentage recovery, even vhere 1% {s knowmn
st sasentially all the astive iron, The zethod
wonld not attack tle nare generel | particles that

nAY D3 preswst.

b, Vaouur sleaning of the area = possidly with a magoes in the oywtem to
conosntzute most of the avtivity for dettor oontruled disposcl. Trials
have been reascnadly suocessful.

* "Report of Meteorologisal Seotionm Jamuary 15%3 to August 19447 P.E. Church
ot ad., 3/24/A8 :

]
;

;
|

o sstd

3
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C. mem.«mmumwmmwmm
in coliection tranches. Msummﬂnutho(otohoaoonm,
vhere oonstruotion 1s to be undsrbeken. Elseuhere, it will tend to remove
mmwminm“,mm‘hawwmm,m'mm-
mmm,w}mmuwmmm.

. o

d. Bialogioal removal -mm«.mmmm;uwun
to thw primoipal fission produsts intolved with subsequent contrvlled
dispossl of tho comsentrate in ths plante, The apperent low soludility
of the activity frem the particles contiw-indicates this appromch.

Fization

®
e. Mmu&umuMnmmm,mmem
ammmmwmm,mmmumx

establish optimum condf{tioms.,
The water may ocame from paturel rein, induoed rain or by sprinkiing.

b. Amtmdmmtn&mmoklw-mmwamww
the success in producing “Conorete” £loors in Richland desemscts vithout
cantralled xixing of eamponents. Costly and Judged by Projest Engincers
mu-mnauurmmmtu.owumoemum.

0. Comtimued wetting of the surface, eJen if water cannot drive the
particles down. May alter the boundary layer conditioms in ths

favorable direction Yy surfac® dension, ad wonld redncs the trersml
gredients lsading to updrafts. Jostly, snd not a pecsmnent solntion.

4. Rosd ofl as a binder. Costly, possidly & fire hsszard, amd would
i)l sxicting vegotation, thus doctuu;ng mturel protection.

s. Sodium silicate or similar chemical Winders.

f. Planting of gress. Reporteld to be s moet effiolent retairsr if
kepl upright by adequate watering. Oostly, but as same - capense would
improve the amsnities of the desert Plants. The area cooling effect
agnld gonseivably inpresss the availstls oafy Sours Sor alsaciving vy
elimination of thermal up-drufts - a valunadle charwoteristio with e
heavy production schedunle. . e

8. Wird breeks - logs, telephone poles or the likxs distriduted over
the ground, ‘ocupled with periodic vacuum oleansr collectioms from
regions vhere the partioles would accumulats.

*
h. Turoring cr any other rovghening of the surface. (exenple = Jover with gravel).

Summary of Beotions b, 5, 6

mumammxmbmumwmwmmm,
within the limits to which the hasards are understood. An early start
mmdommmnmd-mktnmmﬂmfwmmv‘n

W
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drawn up, 1f meedsd. Mmmammlmtduommof

ductwork, plans were nhanged $0 correct tais oondition firet. Although,
* 1n retrospect, Mawhwmwmu,mmmmmm

mxogxmumnaufmmwmm.'

Plans for 1dsel long-rangs decontextinaticn have bt nloquately intemrnted with
immediste tcaporery ocrreotions, and consultative aid salioited.,

Ammmm:wmmmumeemmmamm
pertioles, mu»mmwmummm, ad pro-
ubumm~mmwmmmemmmum.

Ntt:::n tw%mﬂwf&nﬁm&ﬁodm&ﬂmﬂdeh-mun-
ord .

7- Qhmxicel, physioal end allied studtes of the astive particles e

The early and poeitive sssigrmect of origin of the major offending particles
rencved aost of the argency from these studles. IS is appreciated thet o

vory thorough stuly of the procass effluents is ultimtely requirod. The
farmlation of this program awaits the euidance of Nri. Langmuir and

Bcdaefer. A brief review of the sxploratory wark is SMW'““?"'{?" &
m.unummmmstwmmumwn.o.w. -

Yieidle particles were “11, Wu fram 0,02 m. %o 1., . lineer
dinenaions. Awmmmmmyotur&mmh
showa, based on 111 specks. umumwuonars'rmmmu
also inolrded. utmz.m«rmunummcn«mm
mho

Photamiorogrephs of particles were ocxpared with

1) Bust from dwetwork in the U Plant veatilation system
2 cmmmnmmmcrmmx
g) Asphalt peint from the stask

801}

The assigment to wpecieslwaa talerably °°"1°'.“¢_.' e

T e S
Chemxical analyves for oarbon, caloium, {rom and silioon specifiocally fixed '
ths rust sourve, m1wmmmxuomtmumu-
oluden the stack proper as & prime scurce. Thie Ls importans, bBecause
it is feasidle to filter the whole system except the staok. Adherwnce
of soll to specks acoounts for ooossional high silicon ooutent.

The gross radiocactivity range of investigated particles was from 2.

to 3.2 mo, with the conventional simplified iaterpretation of the " "
for deta smitters. Alpha partiole sotivity, prinoipally Mutoniim, wvas
found as high as 3200 disintegrations por minute. There was statistioally
significant oorrelation between activity and partiole surface area. The
lov oorrelation ocefficlent 0.8 has impeded the definiticn of Razard
limits. Nad this correlation beeu sbsolute it Right have deen feasidle

to discount the aotivity of those mioron-renge particles that oould de
retained in the lung. There was poor correlation betwean volume and aot-
ivity, thus favoring the pioture of deposition of spray on a rust surface.
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Absorption curves of the beta wotivity had an end point at 3 MEY, due to
pre modynium, '

Decay curves of a "new" apeck from stack off-gas filters, an "old" spack
from the ground, and of a rsdiosctive (dried) drop from & hand mil were

cuapatidble with a half life of appraximately 230 wt, in a 100-day teat,
with evidence of slower decay af the "old" speck.

Radiochemical analysis of particles was bogun on 9/8/47, before they were
recognised as such. This was a coutributing factor in their initial dis-
covery. Particles recognized as such were first assayed om 9/22/47.

These and sudsuquent analyses indicated cerium, yttrium, stroatimm,
rutbenium and ¢esium as the principal conteminants in that order. Prid,
daughter of Cei¥* 1s included with the parent, because of the short half
11fe. This prascodymium will make the largest single contribtution to

the radiation damage, due to the high energy bdets particle emitted. The
other predominant pair, S5r90 and poparated in the analysie without
significant growth during the run. Baock scattering and self-absorption
orrors up to 0% were socepted in these detexmimatioms.

It is notevorthy that specks showing alpha particle astivity have a ratio

of plutcnivm activity to wranium activity of about 20:1. This is much

more neerly compatible with the dissolvercontent than that of any later
stage. Did epray from tho separate dissclver line ccat the alreedy

activated particles coming from the dunat? Few, 1f any, of the particles
could have originated in the dissclver off-gas lide. At one time there

was much interest in the "age” of the emitted partiocles. The elementary
ealonlation from the fission product spectrum mey be inwvalid, dus to
selactive offects throughout the process. Atteapts were made t&ﬂ-{m

the nge from the two avallable isctoplc ratics 8r%0/g 89 and Celld/p,1h1,

The latter failed on acoount of the couplex disintegraticn schome of Prith
daugnter, which mads it impossidle to dstermine mi urie contsnt from observed
beta Aisintegration rate. Beparated Celll and CelM gtandards are mseded for

a procieo calibration. The 8r¥0/5, 89 determination wes modarately successful
by two methoda:

(1) Dedustion of 8r%0 antivity from the sstiviiy of sopmrpied T
daughter. Balance of the total 8r motivity asorided to Brb9.
(2) Change in total Sr count {after milking of Y

) with time
due to relatively rapid decay of 899, ,

Agos Detween 100 and 300 days have been reportet,
Spocial tests made have included:

a. IExtraoticn of fission products from spiked feces samples, with
demonstratin of approximately 100% yield. !

b. Extraction of radio-ceriua (90% yield), yttrium (70%) and strontium
(29%) from spiked urine samples by axalate preocipitate. Alternate ex«
trection of strontium (90%) by iron hydroxide precipitate. These are

the principel contaxinants to be looksd for pow, Ultimately, Cal37 wight
become the most pramising metadalisc index. No satisfactory recovery for

cocium has been reported.
R
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¢. No measuredle sclubility of partiole contamination in distilled water
was odserved. This 1s quite surprising as one assumes throughout thet
the particle 1s either a carrier for the residue from svaporated xist,

or residus wvith no carrier. Psrhape the original xist is acidlc, and this
property is loet by evaporaticn. The activity is removed by ndtric asid.

d. Some spot contamimtion specifically not associated with oarrier
particles showed fission product percenteges peculiarly different from
ummmmm,nﬁamwmxuowmm

case. This oculd bave deen & “young” droplet. Unfortunately, the
8r%/5,89 rutic was Dot deternined. ’

.. Actinprﬁoluhnbmmto&ttammm,mmm
active encugh for redio-chemical analysis. The dissclved activity in
mmmmm:mmwuummtommm
activities, Dy effective half-11fe. A higher 8rd9 content is rot x-
cluded. sm«unw,mmmmmmmm,m
umwmwcmmmmmumnwmmn.

Clinical tests - applied and proposed

Contrary to the writer's first estimate, it is now 1airly certain that no
ﬂnmmumunmlttrmmlmdmormm
particle. No particle stronger than 0.3 ted in
past two months, and the s7erage activity has doen about 0.00% me.
ingestion of either one hot particle or 70 small paxrticles aot
ludtondapmuoncto.gfa. mmhmmmurwm
0o clinicel symptoms from . Inhala

i
2
i
:
3

irritania. It i provisicoally deduced that it is valueless to amke direct
clinical sbservations on potentially axposed peocple. .

The eztermal radieation frm a lung-depositad ravtiels 42 badcw tte
feasible limit of detectiocn, nor is the use of elaborute detection
instrusents for inserticn in the bronchus wokr hwbile. (The externsl
rediaticn can be msasured in small laboratory animals).

01mmmumxmummwdmmxumm
the estimation of the 11mlhod of exposure. Several hundred mon bave
been 0 exanined, with the positive results ocnfined to skos contamimation.

Inspection of respirators worn in contazincted sones 1s more indicative
of the inbalation hasard. Twelve thousand respiretors have been tested
by Qeiger Counter methods. Two oontaninated mesks were reported. One
oranomlpmmommimmodmmmm,mm
is ocnsiderables doudt as to whother theee arrived there by breathing.
The Lu0ar wud 2 Jugltiarte vapture of a particle on the outer face. Two
thousand filter pads wers tosted by the moie mensitive rediocautograph
mothod. Suspected spots totaled 122, but only 19 were oonfirmed by
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thmmhnMwlmnmwunv,muwtobo
Mhﬂnd&ol«dﬁmﬁmhmm. Feorl exaxination
1s the most promising procedure. mrmmhnbmmzm
were all free from rediceastive conteximation. Joint oonsiderution by the
mmmx.z.wuw;amummmv«

largs scale ammlysis of feces. The primsry chbjective would de to detect

unquestionably high at Banford Works, the prolcoged wearing of respirators
mmmammmmmummwm"m
test. Hence the need for a feasibility study of thig action, wich cur-

muyawwummmmam.n

m.;mummdeMWhumun;
unfommtolyitintoomfhmtobootmum. Beverthaless,
m.a.r.cwmxnmmwmammoaotmmtm
lung tissue for rediation emalysis. This my de done dy opening all
bronchioles, alvecll, etc. tcrin-muonwom, by groes sectioning
dtbomn&nbodimmtmthmln.ﬁiok,byadﬁngorwums-
tion or detter means yet to Do studied. At all events, the

wvill be difficult. The liver will be ancther organ of interest. The
mcnumofmmoh?mummtobomnrmmm-
range allaying of legitimate -euplayee o Jaudlic fears.

® For estimated use-factor of 0.8 hour per mask, this shows that a man would
Mnimm“mmma.smh,mmmuthmmm

»s«.mnmqmyqum.wummwm&e

.
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rmw,dmmﬁcmmﬁmnhnbmmrw
the peat 1000 - _The Cel¥% nu)fdife of 275 days 1s the predominint
prosumed activity. Recaloulation of stack enission at the time of the
sanple shovs appraximmtely m-?,m/um- of long lived fission products,
on two samples 5 hours ‘coverege. Aecalsculation of the oon-
cunr.ct exission of X as shown by thees filters indicated about

5 x 10-3 mo I131/1iter stack gns. As the filters were started oo counter
ummmmmw,m-mmmmw.
decay facixr of 22,000, 80 the expected rweisicn is low. Eowever, the
averags stack emission of I131 1n March 1945 was 2 x 10°3 113 /11 ter
mum:mmw,nmtm ted valnes
mmﬂo,aﬁhﬂhqcﬁynhha&oomumfnmm

8MM%WM.W¢3MWMW,M
.BthNimthtmumb:emwd’mmmm. It

unhmhwmtummmtmtoﬁommﬁu
the adove walue is low. .

uwmuannmsmumm&muruumm
filtors.

Fiiters over a sampling period of 9 days shoved a stack gas concentra-
tion of 1.3 po/liter. The maximm concentration in air at the ground
could not have exoeeded 1010 mo/liter, with the averase comcestration no
mthmlo-n,nnm. Up re~examinaticn, ane of the ssmples rumn for
T days in April 7mmm«1notlwuﬁﬁv. The total
activity of the ssxple, inaluding distributed activity was cmly B x 10-3 po.
ntmmmtmccaMmmn-mmmm,wmm
starting at this date. ¥ost probable 1s that these particles are dust
which collected a 1ittls activity in transit through the aystem.

3. Alr sswple in Biehland, Meych Joh%

Samples of air were taksn in Richland as early as March 1945. The primary
odjective wves to evalumate the then 1igh conoentretion of I » dut the
presence of trece amounts of long lived fission produsts was noted. For

ane of these ssmples wez 2t leust ten times
This cne was preserved, and it has deen oounted
over a 860 day period. Following the decay of the IL3L activity, the

W
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s,

2T~
8r89 (4 » ?).muwmm.mnmmmm
was the ¢ (T4 = 275 days) activity. The effective half has been
.mwaoomrwmmsoom.w plus smll
smounts of longer 1ived sctivities. The initial cancentretion of CelMs
pmlmnmwnmmmmexm-9u/nw,mannw
pericd. This is entirely insoxpatidle vith the guoted stack concentrution
am-?m/nm,mmcﬁgmﬂ««cm a% Richland is
imposaidie in view of P. N. & Beteorclagioal data. Rither the fig-
azmmtomumuammummmumm
Mt@%,mWMhM%NL&W.M&M
at least an. mnnowcmummnmmummm
Lave to be mare tharoughly investigated to eheeks

il.; Aocurecy of ssxpling.
2 Mbmvwmmmwmduuuvumm
conditians.
lived fisstion ts on tation

m,ImmmmanMmﬂ,n&uMﬂm-
mry attention. Bevertheless, truce smounts of lcnger 1ived ectivities
mumhdmmmamctumhhh. After one year of
operation, this amounted to approximmtely 0.05% of the total astivity, and
this rose to 10§ after about 2 years. In the meantime, the I13 had been
mw.m«nmm,bymmmw,nmtm
long lived activity sppraximately doudled. There has deen little further
mmumwuuw.nwuuawwmuum:m
activity dus to a furthor imarease in cooling time sqEiwlent to 3131
reduotion by a faotar of 15. mmaummnﬂmuvm-
umzammuuowuuwaaoomm-mmm.

Operation Pime (ywars) Balative total Active Deposition
1 . 100
2 hLL,}
3 162
Y 170

It e assumed that prodnction rete and process operaticn have remained
conutant, cmm«nmhnmmtommm-
yput af coutaminated droplets, ea is sudstantiated by the reduced concentra-
ticn 1n stack gas shown detween March 1945 and April 19A7 data.

The vegetation dsta show mtmmuuuwmmmm
mmmumuenm, 00 that an upper limit to the
environkental hagard has been estadlished. This will persist until the

weak Er30 (25 years) and Col3T (30 years) assume control of the effective
half life. It will be inexousable if the emissiom of such aotivities
is 0ot eliminated shortly,

If the vuriruns of the plant were ocntaminated with a pattern of discrete particle:

of long lived aotivity, the analysis of ANy Oole-gIwm samples of vegetation would
shov wide varietions. With the limited asterial at band, this is not the case.

In samples, taksn at one mile intervals and adout 2-5 miles from the
stacks, the activity ranged from 0.007 to 0.06/00/!5 with only one sample

" DECLASSIIED
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significantly bolow 0.0k me/xg. As the depositicn is s surface offect thers
is an expectsd range, uponuncmmnuotmnlumwmuomb.
Vithin the Plant Aress, 2] samplos showed a range from 0.0l mo/xg to 0.4
fao/xg, bus this spresd is no greater thean that found in the overall &lstridu-
/tico pattern. It s comoluded that e main plotare of fission prodoot dsposi-
tion approaches a comtimous dletribution rether then a particulate ocme.

Toumiuminfmummalu.mmadndwﬁwmn
has been known from the gtart of operstioms. It has been casmally studied
by air saaspling and by spalyses of vegetatiam. The basard has deed kmown

to be insignificant, and increasing at an insignificant rute, caloulated co
the dasis of uniform dispersal. then reviewed in tcrms of possidle conoentre-~
tionindi.mtofooi,1tiochcrmtmaosm1m-nm-
bability of inhalation-indnced injury to axy individual ocutside the reserva-~
tion, and Do evidence that the highest conoeiwble concentration on a partiole
capauoctm"m.ns-xvmmumum.

*

Sumsary of Sections 7, 8 end 9

The exploratory ochemical, physical and radicohenical studies of the active
particles are cutlined. These contrituted to localization of the particle
scurce. An interesting application of isotoplc ratio measuremsnt to the

dotermination of 'age’ is included for its potential use ia other prodlems.

Stwumsmhmumiwhuomlthmtwnwmn:
of the long-reage problem.

The poor prospects for suocessful clinical studies on exposed perscumel are
deacnstrated. Ounly a large-scale investigation of feoal activity 1is
promising. Detalled analyses of availadle autopsy material is strom3ly
indicated.

mmwzuuumum.mm-m;mmmmmm
donlopod,mwwtommcmﬁomwdmmmmwhu.

Medico-legal mtc

It 1e the intention of the Company to scguaint all esployees with the full
facts of the reported problem, whea they have been adequately ascertained and
anslysed. It may be determined that damage to some individuals could have
oocurred prior to the applicatiom of corrective measures. In this eveamt it
would be & matter of scme difficulty to prove whether s specific clain was
founded on fact. momw-ummmuommtommn
of inhalation. If the claimed injury is death, a positive ansver could de
given in some casos.

(1) Bthopwpomawlodlungandnmswmmmmmd
radiocactive particles containing active isotopes of ceriumm, yttriwm,
strontima or cesium, the oclaim would be indisputable, if terminal
11lness symptams were suggestive of lung damage. -

(2) Abscaoe of lung injury and absence of rediosotivity 1s premmpiive
e7idsnoe of an ill-founded daim.

(3) ManMﬂmmm.uMWmﬂd
80T1vity Toere would ve little moral obligatiom to 400Dt a Olaim,

onmmylnmmorpduuumtowm,mtom
M@mmlimidmod&lomnofduthinm. Expert advioe i3

DECLASSIFEp




BEBl.ASSI-HED .o

Be-Tile | L EN-9259

~29-

noo&odutomthoriticfouxhlofwammtommmlmlme
cagh to 4o damnge and then be removed before the case procesds to autopsy.

Hmmamnicom,mncwwhammwobm
iog definitive evidence. Perhape only prolonged anmalysis of fecss i¢ ap-
plicable. Claims not supported by clinical symptoms of lung dumege aight do
oliminnted. It 1s asoumed that the employees will aot in good Zaith in these
mm,mmumwmmm@cmmammwmw
work 1a potentielly hagardous areas. More unreasonadle claims are to De
agticipated from relatives of diseesed employees, or from the ganeral pudlio
in the envircns. These can arise from causes ranging from legitimste con-
¢éern over problems overemphasized in the press to outright frand. The

thearetical mibinwdmamumlowmmfr‘-mm
a seriocus prodlem.

It ie imperntive that the best possidle tolerunce experiments should be Son-
ducted on particulate contamination exposure. Whether theee should de 4dume
in whole or in part at Hanford should be decided by ocutside consultants.

Consultative Assistance

The following persons or crganizations have been approached or will be ap-
proached for additional guidance:

Dr. R. R. Zirkle, Radicbioclogical Cousultant - diological studies
Dr. 8. T. Cantrll, Medical Consultant - clinical effscts

Dr. P. x. Lund, Pathology Consultant - (in process) ~ tissue dammge
Dr. I. Langmmir and ¥.J. Schasfer, - fine particle studies

Dr. Shields Warren - radiation dammge

Dr. G. Failla ~ health physics

Dr. P, . Churuh - Meteorulogy Comsultant - trensport of particles

Woeather Bureau - transport of particles
Cheaical Warfare Bervice - particles in lung

Dr. ¥. Nclean - dispersal of particles
Xatlex Corporation - stack decontamination
Alr Reduction Campany - stack decontzmination
Washington State College ~ fixation of soil

Roaders of this document are invited to advise us of other appropriate refcrence
sources.

Smamary of Suwmaries

Quantities of the order of ten million to 100 million redicective particles per
modth have boen emitted from the stacks over the past fev months. These particles
have an effective rudicactive half-life of about 300 days, with trece amcunts of
longer lived activilles. High activity in the rangs 0.1 - 3,m was probadly
confinsd to large carrier particles of corrovsion ebris from irun dnstwork in the
Separations Plant ventilation air aystem. JFurther exission of theee was eliminated
by replacemsnt of the dnctwork.

Reaidual pari&cln amy do smaller similar particles left in the aystem, solid

particles from other szposed surfaces in the cells, or the fine speoks from the
nist crd&oplets escap ‘ng from process vecsels,

R
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In trief, long-lived uuutymmmmmumnn or droplets
since the start of operatioms. wwmumwmuuuwmm
from hasgard. mwmamdhnv carrier particles brought the activity
%o ground much closer to the stecks. Mldthournmﬁnmﬁamm
quo. nmmumuum.uuumoruuuwmaummu
.mmmmmumammnommmmw
hazard. pommmzalmmmmmmnmm.

8igulfioant damage prodebly aaly follows inbalstion. Particles of progressively
smller activity oan bs found Ly more diligent search; ot what lavel of sctivity
these cesss to be éangerons is vitally neeced informaticn. There 1s no obvicus

method of detesting particles in tue + Bericus medico-legal problems are
thereby introdmoed. 10

cmunmm»mmuwmxwmmmmm.m
m“m.mmwmummmu. These steps omsist
dmuwmmumm.,wu&.tmuq-m stady.
mmummmmmwmm. :

Zxploretory studiss of chemical, physical and raliochemical properties are reported.
Bmapwuebootomﬁmdmmmwmammmcm.
rmamMmm-.ceu_s_-_m

mmtmwmmmuummwmw,mmm-
divisions of these dspartments. nwmmmuunmmm
m.ttmmmmeoms,um,mmwm.mm«
interdepartasntal collaboretion. .

m,munwmmtomsbmmmammtow
Moo,mmmmwwmtmw. Diffuseness, repetition and
w-ubummmmatmeomumummuw.
This ie not & final report. In fact, 1tuoloudv1thsmphonﬁwm
developed since the report was started.

lato Results (to .yas&z

i. rwtutmnmmmmmmnmmmnng
3/22/48. Bubsoquent Technical Departmeut semples ran as follows:

Aosiviyy
Duration Flow on filter Bomarks X. 1.
Date Semple Eours cm MA_; et 2 YVisible Particles Detectabls hmuog
3{32 r1-12 4 10 10 o %8, D
2.1k 5 10 23 0 %8, b
0

{5”“16 4 10 23 . 8 N
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“Activity f
Duration Ylow on filter Remarks H. I.
Date Sample Hours CFM_ mrep/nr st 2" VIsidle Particles Detectable Particles
3(823 [r1-13 18 10 500 0 908, D, SR
r2-15 18 10 $00 30-% 15L 1698 »D. 108
RiDY 18 10 500 ) 78, b, 118
3(825 [ 2 10 500 24 20L, 1008, DD
r2-16 2h 10 koo 6 161, 3508, DO
| Fh-18 b 10 ° 100 0 1L, 3%
3‘825 oP1-1% 24 10 30 12 808, »
F2-17 2h 10 30 24 0L, 2008, D
rh-19 2 10 750 o 1L, 2%, D
3{56 n-16 ° 24 10 900 _ a2, 18 AL, 758, ™D
r2-18 2k 10 750 Many S 713
rh-20 2% 10 1650 0 148

L = larpe particle (>0.5ma) 8 » small particl®
D = Dust - DD-» much dust - R = particle detected by radtograph

The particles were obtained by tapping the £ lters, the residmal beling meesured
by redlocautogrephy.

There has been a /enersl reduction of sctivity from about %000 arep/hr per day
to apprax'matoly 500 mrep/hr. Clearly, however, the problem hes not been
contained by the addit'on of these filtars, Presumabdly there is a legacy of
particles in the ventilation system, that will tend to be omitted sporedically,

2, The fllters nf March 1945 have deen radioautorraphed again over a long

pericd. One minor spot was found. Whether this was & minuts speck of dust opr

an early corr~slra particle is unknown., That 4% fa mot a Ori ed érovlat anenk

I2 Inferred frm the 1'act that the rest. of the setivity should have deen deposited

{n the same f'orm. The particles on the filters of April 1987 contain iron
end presumsbly came from the ductwork.

3. The surveyed area in the 200 East /rea has been redically axtended tn cover

8 rectanguler section T000' by 2000', comprieins the B.X. quadrent of this

Area, and contalalus the B Plant stack at ite N.W, corner. The surfece concentra-
t'on between the provicusly lis\ed Areis F and X wes eignificantly lower than in
o’ther cne of these. East of Ares X, the concertration fell vory rapidly to

0.06 paf. It ls nov suspected that xTticles have drifted from relatively

smooth terrain between Aree ¥ end Arec. X on to the densely covered strip X.

In all, ten m!llion particles are accunted for in the surveyed region. There

le reason to fool now that most of tho problem will be contained in the area,
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espscially as particle act vity appears to vary more or less inversely an the
distance from the steck,

Averare Activity of particles as a Pmetion of Distance from the B Plant Stack

Distance (4) Activity A Axd,
font q_xg *g - foot
1500 9 13,500
2000 7 1k, 000
3000 4 12,000
6000 2 12,000
Appendix

Calculations of permisaible exposure

It ia not claimed that one can calculate the actlve particle hazard realistically.
Standard methods are adapted heore to give order of magnitude of the hagard,

Fisslan product nixture, effectlve energy and sphere of action

Teke a simplified ploture in which one microcuris contains
0.3 o Celdd o 3 o Prlk 0.2 o 8r%0, 0.2 po Y50
This will wake the redistion hazard worse than {t is belloved to de. The

onoryetic bets radlaticns are Prlih 3,07 MeV and Y90 2,16 MeV - Teke an average
of 2.6 MoV as Tmax

The enerry from a simple particle will ossentially de dissipated in & sphere of
rsdiug d defined by d = range for Emax
L -
d = rance in t'ssus for 1.3 Me¥ o approximmtely &2'64‘4
Maas of sphere = 47(0.5)3gm « approximately 9.5 em
3

Gamma radiation may be nevlected, and the sffective energy of tis beta rediation
is

2 s %[0.3(0.35»\3.07) 0.2(0.654-2.16)] MoV s géanov

The moet pessimistic sphere of action has & redius o range of 0.53 MeV beta
radiation ‘n tigsne = 0,18 cm:

Moat possimistic mass = 0.024 gn

Caso 1, A a'nvle part'ole of sotiv'ty 2 reminn in position in the lung,
E?m'l Formula, Dosase rate DR = 62”° rep/day [eee MODC 783]

Where ¥ » average eneryy of rediation in MeV

Q = uc dsposited
W * ¢erems of t ssue In the sphore of act'on
R =

62 x 0.53 x 2 rep per day.
S

© 130 g pac day DH:’_ASS’HED
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Such a partlsle could hardly
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stay in ths lung (even if it gould git tiore in

the first place) for more than one month,

The total dose would be adout 4000 rep. A comperadle doss In & comparedble

sphere of action is glven by
sced.

éawma rediation from a one n'llicurie gold

For the most pessimistio sphere of action,

DR, = &:O.&xzmpmm * 2730 rep per day
o.

It was on sone such basis that the writer yrodicted a ekin r;ooticn from contast
wita the partioles. The absence of such a reaction tends to support the caluuls-

tlon for the larger sphers of sction.

Case 2. Activity of a particle that ia unequiv,cally safs

Such a partlele will rlve 0.1 rep par day or less in the sphexe of aotton.

i - s .
Pormisnidle activity 2000 20 1.3 w0

« Or for the most peesimistic aphere of action,

@

Permissible actlvity = 2000 = 0.97
Tlo 1”

Case 3. Uniform lung deposition from an asrosol

.

It s customary t - assume that 29 of the available particles are inltially re-
tained i{n the lun;, end that the blological elimination rate has a half-1life time

of 2 months

The radiation halflife s offoctivaly 300 days

D.R, = (2R 2, oD per day
AW

vhere Qa = total activity (po)
f = fraotion retained =
ﬂ -
» 0.01% day-1
¥ 2z totel mass of lungs
Yor D.R. = 0.1 rep per day,
Qa =

x 0.53 2 0,
. o.).?rao pexr day

bmaﬁt.!‘ud in per day

A vadiation .+ j biologlcal = (0.0023+0.011%)
1000 em.

0.1 x 0.01% x 1000 po per day

Plant cmployses breath 1 ocudbic meter of sirpr howr for ten hours dally exposure,
In the absence of oiher exposure, peraissidle concentration of the seromcl is:

0.17 po/1iter
Sl

» 1.7 x 105 noL].ltor
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mm&om,mmmwufwahmmm,mhnm

Pernissible sercecl comcentration » 1.7 x 20-3 x 10 x 2'/no/nm-
X
. 2#[1&“:' ‘
Case 4. Intermudicte case of to mmerous seall cles, not wuf-
T Flolemtly dleperecd To be trestal s maifue T ih Tamgri ot

This is the cass of Smmediate interset, ani naturally ie the coe that cau be
onloulated with least certainty.

Individual particles of activity 1.5 can bdo mesuned safe. Assume n
poxrticles breathsd in per day Tb
Total mmder in lung = f.5. = 0.2 = 22n
3m O.

‘!horovulbozaxcphonlctutimuchofmao.ﬁainmmulmm

of 1000 gm. mmmumnowuthmoo,mnvznbwnm
overlap of the spheres of action.

n = 3 gives a lov prodebility of overlap

Therefore, it s ufotoinhlo5ytruohowhyotcouutyl.5ycorm.

mm-m,mn»«mm«mmnMomumu-
come moTe and more spesulative.

mﬂuaomo{opaMMthtmnhthnuotulmmu-tw
more rodioresistant than are large areas, pethaps dne to the ease with whioh the
body can mersball reparetive agwats to the Srrediated site. Suppose this
nmmt.;mmot5mm'¢mwmumc¢mo.5n.
m.nztmubonrotomspm.mwamuwv.s o

less. It ls not adsurd to supposs that onw partiols per day of asti ty 10
n,moonld.botoimhd.

ﬁxmtm‘.:lon of particles emitted from the stacks

This mist be caloulated or measured by ccmpstent experts. Proviciomlly, the
1dealized equation of Bosanguet and Pearson is applied to the case.

- Vin Yy
Ny« N 188178 H/k) Ao =i
VZT kekp Ve X (2% Yok

dletance from stack ia direction of wind

whore o = mmber of particles per cudic meter of air at ground
Bt « mmber of perticles suitted per day = approximately 1
E « gtank height « GO meters
‘ . 0.05 H k\ - 0.0S'
Y & velooity of vind = 2 meters/eec., say
»
»

. ™= torminal wsloocity of particles
Appraximate tarminal welocities for irregular (quarts) greins are:
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Diaseter (microms) Y (moter/aec)
2.7 0.}
b ol » 0.2
) . b

The following waluos arise from these muc;mz

Approxiwete Terminal Peak Distance £ Pesk
Particle Bize Valnoity Condentration from stack Partioles Inhadsd
Biorcus ooterfoco  Particles/a. meter foot per week
<1 0 22109 2200 10~3
2.% 0.0 2.8 x 1073 2000 1.2 2 10-3
1 0.2 Sx10-% 1000 2.5 x 10-2
o 1 (3 x 105)» 320 ?
~ 50 2 large 160 tod large %o be inhaled?
~102 5 large 80 « U00 large to he inhaled

This indicates that there is no hazard for ultra fine particles. Zven at muoh
lower wind wlooities, the ocontemtratiocn would not rise to Dasardous levels.
Qualitatively, it s also cleaxr how the production of carrier particles in the
system Lcught down showers of particles in high oonceatrution and close to the
stack, thus leading to dateoticn. Particles in the main rangs of interest (1—*)
bohave easontislly as partlolse with:zero terxinal velocities.

Wird transpor: of perticles

Tile migt de solwd by ocupetent expsrts; in the interim, s orude order of
mgnitude oalowlation may have sce valus.

Dalla Valle's forsula modifies tow#
NO‘.'I ka/(;“(zxvl‘v‘)
. ﬁa{g?/(‘) .

vhere o » mabder of partiocles ploked up por 8q. £t. pexr homrr
I = Yoa Dauan's turbuiencs oconitant ® 0.4
C1, C2 * mmber of wticloa per oudio foot at two levels

For a severe dust ltm, typical datsd are:

¢ s 21z 209 at LI §
c% » 6z zoaat%-xo
n e 20::5280,72-17.&:5280 *

Hence, ¥o = 5.8 x 101lpaf per hour
Fou arbitrerily assune that this storm blows for 10 hours
Total plok up = 3.8 x 1012 pet

® Yormila breaks down for large values of Y8/ Vx
¢ J. M. Dalla Yalle "Miorcmeritios” - Pitman Publishing Corp.
¢ The formula gives a negative answor, but as Dalla Valle'e text as a whaols appears
to contain soeveral confusicns of centimeters with meters, cubic am. vith oudbla ft.
and the like, we ignore this and hope the mumerical values are correct hsre.
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The plck up supports 2 x 109 p. per 0. ft. at dreathing height.

If there was arigimilly radicective contamination 1 pef, the conoentration

in alr {s now effectiwnly 2 x 109 2 3,5 x 10=% active particles per o. f£t.
508 X m

350 o. ft. are Dreathed in a workday.

Therefore Lohalaticm rate # 0.1 aoctive particles per day
® 1 per two work weoks

This xight de reprecentative of the hasard condition in e severe wind stom.
mmwmmaawmuruymwar.

Svppose, pDalvely, that the the ground is coverwd with particles of diamster
2 p in & uniform close-packed array. There will be 2 x 1010 particles per
ed £t on the surface layer, and 3 layers will be piokad up per h

o more moderuts storm, postulate that Just the surface layer is picked up
in one day. This would give a cowentration at dreathing lewel o¢'72106
partioles per n.%., hﬂl{ogooaniumusmm. T™he sotive con-
centration would de 3.5 x particles per o, ft., and the inhalation
rate again one partiols in two weeks. Provisicoally asmme that partiocles
of size 2 m bave sctivity not in axocees of 2 « Then 1l puf on

apposrs be safsy providad that a person stays out of readily visible clmds
of dust. BSimilar arguments muast apply to particles picked up dy thermal
curreata. For safety, we shall take 0.1 paf (weak particles only) es a
feruissidble wvalue, uutil this type of calouiation is perforwmed dy recogniced
wxpertae.

gl

H. M.

e /xs
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FIGURE 5
AL ABSORPTION CURVES

RATIO C/M AT ZERO SHIELD TO C/M AT GIVEN SHIELD
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FIGURE 9

PARTICLE FROM 200-E
PARTICLE FROM 200-W
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