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Al MUSPHIRIC PHYSICS

Prediction of Envisonmenial l‘n&o&n‘ {rom Suy ‘€08 Near the
Ground, Dased on Hanford Esperimentsl Dat, - - 1. Fuquay.
C L. Simpern, and W. T. Hinds

Vasues of pesh exposur? and standard deviptizas of
exposure digtributions d<vavind from a conlinvous poimt
source are presented for 48 Han!l~rd ground eource 4il-
fuston exparimentis, Exposure dala were found (o order
In cerms of etn.repheric stabliity wnen plotied a8 »
function of the travel time  The crosswing variances of
the expcsure distributions s are gapressed in terms of
the iravel time and the produet of the standard devisilon
2! tha wind direct.on J'siribution and the mean v ind
ep <, 18, in an equsdion resu’ ing from G 1. Taylor's
*ora tn 1931

Predict.on methods deeloped frem these concepts
pormit extrape-iation ol the results dtakiad from short
teleaneg to much '"nger rejes.e periods. GCo.d sgrece-
ment hetweon prea.:ted and oheerved exposure Hatri-
tutions were obtaines “rem these models, ueing
indepent.nt data

tntroduction

In the summer of 1939 (he Clreen Glow Program wae “Litisted
at Hanford to obtain diflagion data nut to 25.8 km Irom & ground wevrce
in stable atmoapheres Details of the experimental wesign. n.ethad f
zinc sulflde plume generati.a. supporting meteorological instru-
vientation, sampling techniques, and methnd of sample sssay heve boren
qiven by Rarad snd $uquay. (.9 Diftusion and meteor«icgical fala
obialned 11 tha tegt series have been summarisz *d by Barad and Yuquas i
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I'rediction o Eavisunmentel Espusures (rom Soy cos Near the

Ground, Dased on Hanlord Esperimentel Daty - <. 1 Fuquey.
¢ L. Simpern, and W. T. Hinds

Vaiues of pesh exposurt end stendard devisticns of
exposure distributiona dwneind from a continuosas point
source are presented for 46 Han!~rd ground source dil-
fuston experiments. Exposure data were found o order
in cerms of atn. >epheric stabliity when plotied as o
function of the travel time  The crosswind variances of
the exposure distributions » ere expregsed in terms ol
the it avel time and the product of the standard devistion
0! tha wind direct.on Gatribution and the mean v/ ind
op- &, Y, in an equstion reau’ ing from & . Taylor's
wora in 1924

Predict.on nethods deoloped frcm these concopts
primit extrape-iation of the results dakied from ohort
teleages (0 muck ‘“nget re.esse periods. GCo.d sagrce-
ment hetween pre.2ted and oheerved exposure Jdistri-
tutinna were oblainesd “rom these models, using
indepen.d.nt data

i(:!mtpri lon

In the summer of 1939, the Creen Glow Program wae Latiated
at Hanford to obtain diff.ision data out 10 25. 8 kir from a ground tovrce
in stable wrivapheres  detalls of the experimental wesign. niethd o/
vine sulllde plume generatl.a. supporting meteorologicsl instru-
wmentation, sampling tochnh‘un, and methnd of sample asssy heve bren
aiven by Barad sand Fuquay. .9 Diftusion and meteorcicgical fata
ohtalned i1y tha test series have been summaris ‘d by Barsd and Suqgusy

’
]
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From 1960 thy ugh 1888, ssperimemation continued at Hanford
catending the tosting ‘o periods tn which the stmosphers vas neutral and
unstable. Those tests shich collectively ard saliod the Hanford 30 Sertes
acre conducted with creentislly the same eaparimanial techniques as thoae
1 the Green Glow progream. The rollection of diffusion data at the outer-
moat distances » 88 curtaiied 'n the 30 Beries program bocause of manpoway
shortages.

fhe data that wet e obtuined afford the eans fora compr thonsive
analvein directed toward relating diffusion paramaeters to the meteorological
measurements which were made concurrently. At this time, several results
have been obtained whicn suggest 8 profitable api.rosch th the analyeis and
application of experimental diffusion data. The moet vignificant departure
fron. wost of the other experimental studies te that atmospheri> diffuaion
in viewnd an & time-dependont process. Significant improvement in to
nrdering of vati, such ss the paak exposure (time inteagrated concontration),
in evidenced when these values are plotted us a function of & ¢alculsted travel
tine compared to resulte obtained by sonsidering arc distanc ¢ as the (nde-
pradent variable. This concept has boen the barls for turther analysis of the
Hanford Ja's and has led to the develnpmaenrt of & plume groeta mndel ir.
ahich the perameters depend only on metsorciogical varivlles. These rcaults
viee portinent e muny of the applied problems ol tha day. Therefore, the
ohie tives of this paper are:

¢ 1, omake the Hanford Jdata available to other investigatore

& 1oy reaent pertinent diffusion concepts which have been developed
at th.g time
é

to demonstrate how these conceptes 81 @ apphied in predicting ciffusion.
the Date
(N the 56 fleld tests \ha' were succossfully completed in the Creen
o and Hanford 30 Series Livgrams, 44 were sslected for the anglysis.
Pwenty tests were rejccted primarily becsusce the lateral dimernsions of the

0012503
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mean plume were not sulitotently contalied within the iii?_lﬁih. grid,
Nejeciing these tests simiinatdd the Becelbity M Ektrapolating dute so that
the finu: results are hot atfecied by Judkmanth of thil kind. 7uh of the
twunty tests were dut aside for 1itoF WS &b hdspendeit Verifiokion of pre-
diction methods.

Tables 1.4, 1.9, and ). $ cuirmsaries dome of the metovrologieal
and diffusion data of the 48 testa that comp-lab the ratlibie dila,

Table 1.1 liata the test run number, dats of the rdd aid ihe times
denoting the beginning and termination of the retedss. The Richardson'-
numhar calculsted from wind and temperstur -ouilirethiiitd Hedr th-
source ia alsc glven. These adlculstiond werd mads by & Method buge.:1.
by Lettgu't 3 using data collacted g the 7 winu) 80 1t 1evali of the Hunte
the meun wind spred (mps), the computed standird devidtion (deg) of the wind
direction dictribution for the emission pariod, ind the prodict oy {rad m/ae).
The sveed and diy setion daty which &pply to the 7 R tevel ¥#akb takeh 7hom
strip churt re :wrds. Tha atandard devidiiol, %, wid G6imputid Trol its
statistica) definition using 20 suc dirsction kvsrayed ok the siiliiioh period.

Table 1.2 givar the values of the peak Sxpuadis, K, for stk run
and each xre on the Hanford grid. Expodurs tj oiteh delied wb LAS tmhe-
(ntegrated concentration with rnits of § dec/m®. THe peak sapodufe 1d the
largeat oxposure value on the arc and, therafors, defined the tonteriine ol
the mu o plume. The total mass of sinc suitide, &y, relonnad foi sach
tegt In alen glven.

‘1he data presented tn Tabls 1.8 are the standird deviation of the
cregnwind exposure distribution, o_(ni). This dtatsstic, Wwhich e & measuro
of the tateral spreas 3f the plume, had besn catcutated with the basic are
exposure data and ia summarized for ssch run and are detihce.

001260y
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Trevel Tiine

For this Wirlyals, the diffualol Wi condldered (o depind on tne
thne of pluiie travel, Valdes of the pedh expostired Wid standard deviniions
of the obgarsed distiibutions were plotted agdinat e rather thed datance.
The travet tirnie concept 1 not dew. MRy of the ciikisical studies of atmo-
spheric ditfusion have 16d o nwdels with timb ib the ihdepandent varisbte.
sutton, - 4 1n hia Wook, reviewad the works ol 8. 1. 1 aylor and
O.F.T. Roborts, which are exdmples of this approach. These modete
were derived from Laigrahglan considerationd. There is thus a problem
introduced th detining the travel time for experiments with meksarements
made tn & fxed rafereince frame. 4 this study, t wos determined aiply by
d viding the distunce &t which the simple wias obtalned by the maan wind
speed at the source st tho hatght of release, %/ 1.

The av,. ndence of ditfusion on stability s more marked when the
Jata 81 plotted againgt time than whoh the data are plotted againit distance.
Hoth time snd distuincs relstionships Have bean investigsted.

Peak exposure values which have bean normalized for the wind speed
and source strength stratily well in terms of metesrological parameters by
using the timae concept. Much of the order i8 lost when these data are
plotted againgt iravel dighance making it difficult to evituate the effects of
meteorological vartations. The diferehces that cad resdlt trom these two
approaches are emphasized with an example. Duts from thiree of the runs
are plotted against distance tn Figure 1.1 and against the calculuted travel
time In Figure 1. 2. Depresented on the ordinutes is the normalized peak
" XpPOBUER, upn/et im 2. Hecouse the m9li significant difference in the runs
Is the stability of the stmosphere assoclzidd v ith them, !t {8 essential tha
this effect be evident tn the snalysis I useful prediction models are to be
derived. The relattonships showt Ih Figure 1.1 do hot order with stabtlity.
Contrary to sccepted fundamentdls the exposure data for the very stable run
arc loss at all distances than those for the slightiy stuble run. Furthermore,
at 200 and 3200 m, the stable data v below thosr assoclated with instabiitty.
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In contrait, Figure 1.8 dhowd the diise dete Bloited ae ¥ huntiion of the
trovel tiind. For shy giveh travel ine, the very stable curve y.elds o

nigher aiposurs vatue thal thak of the allghtty dtable cuive, Wihich in turn

te nigher then that of the vhstable tervd. Thedt datd S ore dolecied froni the
sumple 6 demonistrate ks dramakically ub poedibie the diterancas ih the

time and Alstancs concapts. Dt moe cased, ihie sttects wie not go pronounced
a8 showi, but sre atil) evidemt, wnd thers ls ho doubt that the stability depen-
dence can begt Uo tdentifizg fur all of the datd ¢hoen trave! tume is tuken an the

independent vartable.

FICURE 1.1

Noimalized Peak Exposure, EDUIQ.

Versus Disgtance for Three
Diftuston Tepts with Differing

Conditions of Atmospheric Stabllity
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FIGURE 3.3

Normalized e ak iﬁgmuur&. r:pmu‘.

Versus Time for Three
PAffusion Tepty with Diltering

Conditions of Atmospheric Stability
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Lateral Growin, o

Taglor'! 3)  dertinied the mean turbatent sddy sni gy us the signin-
cait metearologicdl parsmeter detertiithing Waperaion 1k the stiosphere.
Assuming thot the suttocorrelation st eddy idicha dacreastd eapuitentially
with time, Tayice xhowed that the sarianes of the dilfusing matier wae
exp:rennet an

M- A J\:h'”". (1)

The disiribution varian-e 18 >3, t 18 the travel lime, sitd A and o are
parameters that determmine the snape of the sutocorralaticn tunetion.
For ) eral growth, the ratlo A7z '3 squivalient to téick the medn eddy
chergy. 1 o3 The ecatustion of ;’1 @ould thug permit the sotution of
Equation 1. A problem arises, though, in thst ;"3 19 8 Ldgrdngion
atatistic wheress the meteorologie sl measurementa were made ot fixed
locations. 1t thug was necessory Lo approgimete V'3 wiin the wind date
which were svailable.

The square of *the product of madn @ind speed and the stindard
deviation of the wind direction distribution, Vy0i2, upproxbmates the
quantity ¢ T This can be shown by sssuming that the vddy Nuctudtion st
any tinstant normal 0 the wean How {8

v cutan e {2
The component of the wind speed in the direction of the mean Now is u,
and 4 is the angular deviation of the direction from the mesn &l Wy

irstant  in this reference system, U and Vare 2010 Une can substitute

Y for the tan 2 without serious error for devidtions from the mean up to
3')1)

Replacing o with 3« u' and squaring the dquation produces

v.z LY u. . u"’ w3 {3y
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M eatormistug thh Sbobags vas & ¥ Ls g 16 sumpibation aee 1o
$8u’ 1 40bp beuiiids i’ val Rave bzl poditrtd Wil igatied Valte.
tgsoitisg o' 0 Batig iiall WUl Feapel t 37, the avirigh 1b ktven
prokimadty ly 0

et T W

BAubtion 3 shoe ¢ thal the parainbir of inthrast for dotermining

o, L 7,8, ol o4 Wioks. Th5 poauits shhaiisd th voip aring the iéo param-
'.xan uainy tho sapirimantal data 10ave no doutd that o i 18 suplrior to
op U8 8§ bredeeior. B Figach 1.9, the ran § /oy 10 plotted sgainet the trave!
time. Ptgure 1.4 Bhoid the rello ay 10,8 de Panction of the iravel time.

"
5(&16
s >
* 0.0 .
$ o o0 :.o ‘.l. ¢ ’
i .". ,.’ .
# e S,
AT N T
! ‘5%‘ "4',. ’ ¢ 6, . ]
¢ ~ ‘aai,ig&f';a‘..',“g *
’ ...;‘ .
. s. *‘;'t:f‘,“‘.iu‘ .
. R U [ S NSS! IR SN BE U
“.M vg 4 [ 4 ot
tune to
_ . pouNRid
Ratio of Plume Siandard b ;mgu,w' Asiimuth Sendard Bivistion,
Q,IQ. areud Timd

0012611



Y H¥% -81748

Py e e
3 LNE
4 '] » v, nd »
F‘ e w84l
® Q" [y
l' .
|, .
-
T M
] s .,
o b - e o
2 1'.. H
Y “."b k [ ]
L- ..?,'..“0.
S P
. e
) K ‘..‘:'ﬁ ; ...
4 .l . 3 ‘. ;
‘; LAY ‘0
Re . 2.‘*‘2.,' ¢
' '.n. .
Y P K B
. Ve
{ Lo b
- ..".:‘o [
"
4 -'a?
} ]
2
" — xixxnl i X :ixix;l S S S S
1 Tt ‘.,‘
'v are he
BIUURE §.4

Ratto of Plume Sanderd Hevintion to the Product Wwind Spped
Tines Wind Az’lmuz‘h :smmﬁm.nmn. oylap'. Versus Time
The scatter of the data in Figure 1.3 i Beeh Blghificiintly reduced in
Figure 1.4 by simply scrountiig for ihe imeds wikd spead. The dats
points dre further tdentified sccording to the dtrioaphieric stability as
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ieaaiisd by the Richaredon'd Humber. The Laishds 4re iheiuded in the
Ngurud, The sttect of stablilty 48 laterdl growth of tha plumae eppedrs to
ke amall.

That Taylor's modsl wub dppropridte foF Pipredinting the eipert-
merte datd wdb thietally sugges 8 150 the Feauits ahiowin in Fgure 1.8
The o. deis i the plot 4rs fram ohty thode Fuitd 1k which the crosawird
expozurs distribution wab buil-shaped. THG Fuiid which are not used are
{dentifiod i Yable 3.8 by ta). The dute wers subdivided lhio groups
spacifiid by Lateivats of 3,0 and aviraged. The data poliite th Figure 1.3
are, thererors, the dverage o, vilise IoF the Intervat 61 9,0 shown. The
Nied diawh through the datd fave 4 s1sps neak Whity st il t aid appear
to epproath u alops of one-Hall #t 1arge values vt t. Theae are the limiting
vatues for Equatioh 11).

L 4 BRA L] IT“"II’

t ¢ -brt1
1y

b Ml
youRe 4.8
 Standiry Devistioh of Plufa Width
TR Mcmh o’? Travet Time and Wlhd?lrubmiy
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The sclutich of Equatiod i1} ts BHOWN 18 Pigar 1.8 otiere the perun:-
otors A wnd & have boen detbrnitied fhoist She saperiiental dats. A rough
estiimate of A wad Feadily ~bratned by ioleing the squatich ut targe t where
the condtaitt knd PApoREkIA tebind dFS LA FRLEIVG 18 the firet term.

The ratld A/:‘té.m was theh ubed 13 stirride @, Froim thede rough esti-
niates, §jastinents word made to obedib & iﬁ“ fit to the test dats by trial
¢nd error sttemptd, Which repusted ln the foii+etng retutions:
Ai84333.8 0
A . (s}

' ¢

t‘\

ne L

.
.
.
. b
. > |
. .

7

‘ \
4
.
-

n' ;
2 - !

el

| Stw’“’;’ M"%ﬁ'a QW& 'ﬁmﬁmw

as & Function of Trivet

0012614



i. 44 H-81148

Exposuss
The travel Linia depindencs of the pudk SXpsdurs Korimatisad Lo the

source streigth dnd the $1id pesd 1 4w (i FIRUES 1. 7. THe sxperi-
mentdl ditd have dgaih baeh divided thio groupd Which Have bush joiitly
ez==t0ad by the kicki-dasi's nuniber; R); whd the S1id Vartabitity, 4,3,
The solid 1ies sre thd dvekags sxpodursa for the groups. The hatched
dreds deliine the tiinits dhd tisclude aii the data Troin whieh the dvbrages
wore deklved. The tnteirvala of Ri wtd ) that apply i8 theds atrvud die
noted,
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Sikatiheation of sxposurs dati iR 16FMD of MaBility PAFARGIEFS 1b o
common procodure 1n the analydid b experimentil dakd: AlRSUEH the
tdeniifcation »f the stabiiity siect Rad 164 t8 the v aiopment of unetul pre-
diction schonied, the Fangs of sxpoBuFed; LRIGH AFS SBOSHIEH foF i fived
stabliity vaizgdby, Lb biil quite lurgs: THID FaRge Had BeeR Feddod by
torthor wv-atificution of the dita with the PRRAMWEF 650: Thud, 1A & fiven
stabtiity Eateoiy; the Wide Ahd HuFFOW BIUESS Rave BUsR depariisd. This
sttent 18 avidoht 14 the stabie suFved 1B PIGUFS §.9. THE dVeruged iad
Wit which die alowh Webe dertved HFOm dabd SBIAIAGH 1B ¥ery Bable
stmosphores: The it would neceddarily B Much Larger 1f Ki was the
oty criterion foF sthatincation; This eifeet 1b svident alss IR the uRstable
curves.

Prodiction

The hesis IoF prodicting sipoaurs distFibutiohd Bave Besh predenied.
One can calculuts o, trom Equitish (1) 8F dGFmIAS 1t AIFGEtY TF8H
Figures 1.8 6F 1.6 If 30 1 kioWR: THE HoFmallisd poak SApORUFE 1b
obtalied troit FiguFe 1.1 by siucting the cUFve approprlals IoF the valies
of Ridiiddy U, which Have Bebh calsutated: THS SxpSBUFS distFiBulich tor
any travel tinie cdd b FRadity catculated with the 38ditioRa) AdBuUmpBL.3R
that distributiol within the pluiie 18 RoFmal.

th applicd probieims; the dasumption thil croaawind SxBOBUFSS ake
nornisily distributed 1a ofted not valld. Trendd aRd sRilé 18 WiRY diFsctich
duttng the poriod of emiasion will Feault 1h skewed did Multlmadal sapodure
atpibutione dowiwind, A dlimple method for haRdiIRg theds sithationa hai
been successfully tested at Hantord.

When treids srd shifts 1h wiRd SiFsctioh daFe obisrved iFling the
omisston period, it td Recenadiry to Bubdivide that pEFLYE 2o thai thE
troqueticy diatitbution of the ¥ind oiFsctiond withih edch ihteredl 1 Bell-
shaped. A long rhledi imay thus be condlder vd us thb of MBFE Suckhidive
shorter retbases; each dpjicriidded its dhaps of (A SSUFCE BiFeigth, @ ind
each coittered on 10 Hbah wikd sirection; ¥ Buectud the IKteFval aFe choden
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#o that the wikd dintFibution 1B Beli:ahapeds LAUF 18 FedBoRabIY ddduraice
that asBuiilig the Feiulling sxpoiurs Sstpibution 18 BE HoFMal 13 villd. Wik
cdh calbulits gl W), AR R wush LALGFV) ARd LHG BABSEUFY diatFibubivh
for edch 1o detoFmined From the graphi LRt Rave Besh preashind. THe tinal
Feutift 13 ohtalied By SUMMIKE the thdividual auiutiohs fok the Rteivala. The
coipoaile 1 the sxpoitire diatrBution Which Feiulted FFol the delud! Folbase.
hitn diatibution may take dhy dhaps sven thslph B Wild F3FBied By dUmRilhg
cutved Which weke ROk,
tidspoidoit Vorlhiedblon

Figures 1:8, §;9, did 1. 10 show predicied sxpodire diatkibulioha ok
a stoble Fulk wHich Wi il vavd th dovbtopihy the Hethuds. The exjpostie s
roproaeitod ol the srdindty. The dzlhuth 1 pivel ol the abiasidea; the zeis
value woiveted (o He neak the coiter of the dlitributioh; The alid ke vui:
boetd the vhabrved datd. The ddahvd iBb 18 1Re predictsd datFibutivy that
wad e ived dhioligh the auiiiitig oF Blie Rokbidl cUFved. The shilisioi
periud ISk thid il wad 8 1/2 Wi, Utk ioHger thah dhy of the teiis Uaed Lu
deblve Fpitres 1.8 ok 1. 1. Culatdebing Wi somiplexitien; the predictiohe
of the positiohs dhd Hiaghitudes of the Hagor peiki aFs; 1Rdesd; SHEBUFdpLE;
pboi Bt o distdiics ot 8 Wl

Figore 1. 11 colipared prodicted did sbiskved valusi of the RoFmalized
oxpoBui-ed for 11 Ul Kot 1Heluded IR develupiig the prediction Bivthods. tThe
eompdrinol wid Bidde 4t 3200 i Hoib the dourte. Gusd VeFIHERtIOH had bovh
obtatiied byen tHoigh maiy of e Fubd W oie chaFdetekl28d by tuimpiox diatii-
buttohs, e clrelod duttiin famu Fepresviiti @ phasied 48 Bih Fui 1 Which 4
tioke quaiitity of cisientat '3 wad Folodivd WodF the grould: Predietivn o
the didtkibution bogad duking the Feibaib dhd Wil cohiplsted sBhoFly dfter e
termination to test the dduptabiiity oF the proceduied for dpplicd problenia.
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Coneluslols
the data dehnitely indicats thal the EFOBBWIRY ViFlaies BF 4 pluike

is Hot & stFaightforwird poweF IIRELISR of (MG (OF distidnes), Bub 13 pro-
portisnal td the sguare of Whe tkivel HIRG fOF ted uB the OFder of i few
huhdred Beconds and proportichal to the HEst powsk 6f LG foF LiREE ok
the order bf thouddnds of Bsconds: 1B addition; tReFe 13 Svery IRdication
that the aturdard deviation of wind diFsctioh; 3y 1b hot 3 paFdm@sF to ude
for dtacissioh of diffuslon Feduits; Father, 1he produst, o3l the Ruler:di
approximation to Lagrangiah crosawind turbalent velosity, 18 18 Be uded.
Theds 1o Fadulti plud the conespt of MUEI0R ki A Line depeRdeH Process;
hot didtance dopendent; yield & methsd foF comparatively precids pre-
dictiohd ot expoiure dstributions trom SoUFced AsAF the §roUAs.

Cotsparlaoh of Rasuits ob ARBGSRHAELS Bk
talcutatlchs troi Biadictioh Modsla -

linui 38& 410 mmma Hﬁi&ﬂ t&hiﬁ '
R x::z* o R

mrf ‘bb& ha fﬂﬁ if

i%i lm tabl) ]
m irs GH Bf- 8 ) &
hrbn&:h i

h b 6 a—s&r o b il 4i
=
gﬁﬁngﬁ' o T»A?fhﬁi\

b predi
maym 3 mu shi oliisFveY
e ek .,&9‘ i
THodb &M‘JA 0 the Haed am if g\b i.hbdi?hﬁib
N e o
) alt 2CCv
deplitioh dl wwm m-augh &tml BR; ur® Bmsnm
it roductioi

th the tast 18 yF; thers Hid Bosh @ largs dmouit of sxpaktinaitil

data obtained troki dittusioh progrima 1h the URited States. The Smphiddie
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has besi oh dtudylig the shviroRHisAAl contimination Feauiting troki 4 con-
tHiuoui Feicdds of Matsrial nedr the ground. THID wppuidrs to Be b togica
4 starting poink ib dnv $1Rce the Fedulls of duch SRPSFIRISHIAtICH BEIE Lo
sdtlafy Many of the demands of the atomis; chemicdl;, dAd Space thdudtiies
while dt the sdims Ume present much tswsk difficuitiol 15 the sxheriivhtal
deslgh requlFiig teia squipmient Ald shpenie thaR atudies with 4 elevated
source.

Major experiishtal programi Which Rive contribuled 18 the
atderstendiitg o7 ditfusioh reduiting hoim iflguu HedF the grouhd include
Brairle Oirde WK "‘nL xebrubka, 18883 1" Gresh Giow Hunfsrd,
washingtoi;, 18s9), L 80 SeFibi (Hanford, Wiilw‘%?ﬂ. {o8b-1883),

Deedit Bredie (Cape Keithudy, Fiorids; 1981-10838)' 5 By Guich
iVaiiderbetg AF Pdrcw Bude, Ealitoriia, 1881 :1864); . 8 atishal

Reactsr Trating Slatioh Seiies LAFES, 1dghs; muzmii“'-“ aid the

FiE-4 Sorie (Bugway, Utah, 19880 W19 Fhe \atad RUMBGF BF bXpermibiis
has reached 340, il of willch withek Hive Bosh documibhted ok aFs Praaehtty
belig prepared vk publicdlion. THEFS 1d Bow the spBoHURIty (o s-dimiie
thesw dutd di i WHolG and to gill IRBIRNE 1HE8 &Ry SIEEGFGRLS that there

iight be betw ek them. 14 dddition, these Foauits cih Be vompared with
those oblained froii predied)ol Modeld Which wke Row Bopulirly smployed

A prishl, differencod M-t be Sapeetsy botweeh Fosuita ut the
virious sited privarily Seesuat SE diNskences (B he bkicbra Uied the
physical charache) igited oF the durtecs. wid the climidtolsgical refimes. The
Mist 1o cotsiderdtivhs Bedk dlrbeity on the depistion of the -loud tivough deg-
sition o material i the duktacs Whitch \t contucty, ~duding iower aiF dosdgen
ihai wuut ! be expocted if depoaitioh »ere Kot beeirking. The complexities of
these titerdctivhg ake Rt Rily bhderatood; ahd; dt the predeit time, the
midels that sttbinpt (o decourt FoF thel: Rive hot hoell sdetudtély subjecied to
testn
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Consstidabicd of Dela broil Majos b 8; Bpsesldl Bougrimd
The dats from the U. 8. diifusion prograild which Feproasiat 4 wide
Fainge of BORPREFIE Btabiiilics WREFS FFOuRD APOUUFSE BUFS rivasiied b
soine cabed to SiBtanced of 40 ti froi thS BOUFEE deNsFvVE RiFtRet Lhveati-
gation 14 Brder thal
}  uatustioh of jiersl efuBich MBa6la cei By Hdds or bod
modeid developed
b Fulure Shperiibnial prograid cal be 8sdias to preaide
deftsitive dale Baded ok tRadbquatisd of pudl ) rogFzais.
tabie 1 § summiarised ‘hoks Held prograind Witk Fedpiet to tracelr
iateria did nature of the terraid Whith aks dacuaded 1h thid papsr.
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Pigures .38 .09, did 1. 14 BuMaFiSs tAe Fesults of theab test
sebies averaged b terind of the Blabilliy wid the hoFiesihta) growth of the
pluite;. The Hormalised pedk sipdpure L plodisd Si o togakithinic scate
{ordiiigte) having uhlte of metere 3 dhd tine of travat i Becouds on he
dbaciasn. 1duntibicativh of tis tedt seties 13 desighidted by letters torre-
spohding 1o thoas glven i Tabte .+, wic cubves adgotiatd » th stud e
conditions dre gilved Wb soiid 1ihes; whcrvad, thode concorita when the
stiodphers wid dnatable dre ddahbd. The nuiber o experimeits e tided
IH wich cuFve 1a given tH pareintheits. THe veiy ddirk Lined ok edch of the
throw Hgured wie the Hanford cuived charsctorising dilfudion it very stable
dnd veby dhatiabis conditions; dhd Bsbvs herl 19 1delitily the Fetative positione
of the curved 1h the asparaie ke, The Hanford curved Have babh turther
deliiedted 8 potnt up the degreed of stability 1. ., very atdlsie i alightly
atable ; ste. ) thua sccountiing ToF a1k cubved oh Figuidé L. 14 &ith the most
stable cohditicia oh the Fight and presiest natability Fepressited by the
daidhed cires ol the bxtremd 1oft. Delihostioi of the curves wad made on the
badta of the atabitity (Richarusoh AUMbBer) diid surtsce wind directich
viFabinty 15,3
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An atteiipt e Beeh made to treat the dita TFom dther altes th the
siine Hanier and thud Fedies the vAFliies condiderdbly. Tiese turves
should bE viewed, howavet, with the kRowledge that all the dvaitable data
woie Hot conalatent: that 19 wheke Richirdsch RUMBard Were dvaitable =
soine aites; Btability Fatio wers avallamis it Gihsrs dRd, alio. the
bararieter o wab wodilable tab the time 8F WHHAR) 8ty for the Huiitord,
NR TS, did Prairie Graid datd. THUS the geReralizationa titeried trom
the Hgurod ahotld be valld, but MoHHeatich Using 4 tohstatent st of dute
for atl abFied might eventuiatly evhance thede reitits. the ddtd presohity
avallabte suppoit this biiﬂiii&i ue?‘mawaﬁ&sm obFiHcation for the RRTS
dsia hids boeh mads by Siade; ' 1Y) Before procesting with the relative
comparischs. two \mportunt festures iiherent Kere require tirther
ampiification.

Firat, it w1l ba nited thit dithliioh Hers 13 ronsiderad (6 Ke
dependent or ins b of bravel, and Hot the distance tiohi th) #durce &
which the vzmpte wis chBlathed, The (rivel dtine, b, was conipired hara
from the ratio of the distance A 1hD nedid Wind dpeed at the relesde hetgr
Thie concrob 18 conzrstont with tHe Badle developineints of ©. 1. Tdayl.r and
iproves stghiiticantly the Intersits £3h sakldcna. A good example ot ihie
polkt cain be Hidde Uy axamikiBg the averige Very dtdble cuirvai 16F Pratrte
sriax and Hantord, Uslhy the dli' aach-coneept, Prairie Ordis ddta thdicate
in ordet of maghitude higher epoibke than itanford st 268 m; yet, if the
rimoe-dopendniicy 18 ddsuimed, the ditterstice i Fedicid 8 a factor of four
with tndicatior - the cubved 4+b convarping s the thavel-tihe incireancs

The sex  d sighiftcant todtlie of this Sutkthinty, which has been
briefty referred to; 13 that 8f cldadtlying the curved with Feqpuct to the
parameter 537, &¢ well 4 BoHie Meddire of the therimat sidbitlily. Here,
3, 8 the standard Jevidtion of the wikd directiona dBaerved sver the period
of emission, and U 1 the hisad Wikd sbesd i1 that psrtod. This ta an
Fulerian patanister which ls ﬁ‘{“,ﬁm to the LafFangieh guanitty v @)1/ 2
Fuquay, Siimpasi. did Hinda,© 0 Y S3ing Haaloird date; have ahown tnar
ihe hortzohital growth, 6, . 8 Broportichal to (& TNP, where p 18 Hear an.ty

0012625



1. 48 HW-88148

toi windll ¢ ahd appronched 174 foF t 1B the victhity of 1800 see - o resuit
aralogous o the thuoketiedl desveiopment by Tayior. The elissiliedtion of
the Hanlsrd curves Proasited hers With Feipuct to 5,0 1a piven 1it thie pajer.
it diffusion 18 EoRald: ved 1o Be Lime-dependent uid tf off us wott as
n sbabitity parameter b Used to clidstly the duti; the expdiure differences
that are obabived Betwaeh toit alted aFe cohdlderubly ibdiced tkoim those
inferied by Sther dialyiks. The agbeciieit shown b Figuies 1.12, 113,
and 1,14 1# ponerdily joud tor dati bron teats obtained nitder diverutlied
conditions wid invoiving ditferehesi 1h experimentid rechiigie. The very
stable cirves it il dites compure Fedionably well da do thy ynatabte, wid
it & fier rondtiltion of datd ca bo achisved by growih fictors suchH ai
te, T, which is @iggeidted Here, the lndicuions ek that the. o empirica!
Hmum sre c3tsietehit; This 1a not tr ldtin that the proble.ns of genoral
dithision froiH §rovnd 2oufcal Reve besit sinpliicahy #dlved; roF this ts
v early nit the cade. Chanhelivd How, For exaiple; wiit yisld résults
which deviate predtly tFoud these dve- \ged cirved; maring it ciedr that
euch problerh sHoild be wialyged With respect to tta pecutiiriied. The
studivy st Vaildenberg clwdrly Jeiiohdtrate thid. Dittusion daia, however,
that are presoiited Here Indicdte tHat tie ditterencei that kilght Be Axpecied
at thesw sitbs dre ol the aveidge lict grest, §ivihg eoiie Hope t8 develop-
ing Models which are Hot Seversly contradicted 8y the experinichtd) duto
presently avaitdbte.
Compaiison ol Rxperimantal Date with Bradictidh Mddets
Pigure §. 18 further dubkdiized the dats 1Kt gisupa that mey be
referved to a8 very stable, moderdtely stelie, quasi-nebtrdl; dhd vhstable.
The ttmits oF vach of these cldddos cokivipohd to the raige 81 the dats from
the snree procedihg Bgures. tHe sther curved givel th Flgure §. i are
the predictions of se. oral of thie Hiodels whith dbe » siiitionly applied ar the
pregent tane, Ul these, the Suilih dithidioh model ts beat knowh. “ramer’s
curee, baded on the Pratiic bk d dats;, Wi she of the Hirat to be doveloped
trom ground source exporifioitdl datd; disd 13 of thteFost particutarts in the
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stediciicis of ditiiAioR 1A Sabl6 Smopsss: Reitatly, Pasguil ki
pradsatsd § byl P prodictich DaBsd 88 B BURIBAFY of GxpeFimatal

daks dhd deslgned 167 Feady Bppiladiiel (65 thoas dealing with »ppiied
probismp. T60 of hib urved chaFastoFiBtic of aiabie 2id uetabis colidition 8
ars ihowin. Piakily; (he HinbiFe SUFED 040 Gaisulaied 5ol a inodsl bded

o Hintord foF Bevbral s6ard Bl aiisiptd 40 aceount for the dapintici of the
cload bivught absdl by 8sposiiiea oa th suifacs: OBVIBURIY, thede Hopré-
dent ciily $4i6 of the Bodeld predsitly avaliabis. JHE$ Biodels coinpiré
peabonibiy G0l Wit LHGRE d tROFO 1 RO WHA)OF dHEFORES th tho bapodutd
volibh oF sHort tFavel-t1Eed:

@ty -
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Figurs 1. 18 showd excellent aprosment betwssn the predictions of
Suttoh ahd Hanford 1OF ground FeleiBsd SuFing AoutFal and Rt #lka-
iphered: Thid id quile appropriats S1ReE tRE misFd madsl IoF omb AT
conditiond 1b SikieR'd madsl With A. &: Sh.uberlaln's modificatise 11+ 19
ts gceount foF depodition nd i Hanlord iARbvatis tu SXIeRd thE Fodultd s
the ukstable cude:

it 1# 18 the predictim of ground §oures diMusion iR Sirbie aioe
tat fdvge diiferences botwssn the modsls; the predictiohd Feaulting Hrom
thers, whd the bxporhinohtal diky Seeuk,

the Models gmeratiy yisld prodictions of sxpodure Righet thak
tHusk which ure vhaorved during atable dtimsiphoric conditions. WiF
aiy thavel:time, 1H6re i, &t ledkdt; 4k oFder of Ragnitude ditisrenes
be:woeh vxpodures ohesrved #hd caleulated. This dikereniis appidrs
to result primarily feohi the Rorigohtal growih of the plums; 38 thak the
twd bxpokliiehtal rores 18 Figdred 1. 18 FepFeaehl BaF 3% plumies
fhigh vxpsaures) a4 Wide plumiee (.4 eipoidrsd): Dilusiss modsls
yioh) predictishi #Hieh moks civecly dppivximate the Righor valuss:
ettb - dgrbenichit Be:weo the sbaerved an, pridicted valbes Eab by
vbraiied By uilng Kighor v4iuea of ths wind specd iR the modsl: boF
px3iipie, the Suitbh predictivha agres with (he itable sxperimuntal data
whoh the wikd specd it the height of Feloais id 8 mrise; THeEs is cohtra:
diction th stch Haiipeldtivg. Kowever; ISk the atRIBEBHSFS 13 FaFely
stable whon the Wik apived 1 thia Righ neds the grotRd. Widd dadid foF the
2 i hetght oblatned duriig the Beaiite Graid and RaRIGED taitd dhow thae
spovds of 2-3 10k are bepected 1l Hiddekab 'y Btable aRY very dtible
atinogphores aid #pecitd th Cxcbka BE 4 Hi ek ~ro ijiile ribe

Suimindry aid Udiieluiton-

The a\feronctd betwvibh bbsckved shd nindicted sijoauFred Becoho
vory tmpoitine 4t bracbtotii o beyohd 167 ot THIS vOFFeBjGH-M 13
Alstahces Boyond 10 Wi, which 1 the Fedlon 1R Which gredtoF doh.ainds Ior
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prediction are being mads: Extcapolation of the EFameF, Mios; and
- Paiguill surved yisld an oFder of magnituds dilfereacs at 18° 4s6; wid;
because of their Felative eur alures; thib HLISFEAGE BEGOMSA Freatir 1
the travel-time \neFeREGE; '} 13; IASFSIOFS; IMBoRANL o SXEFEIRE EdFe 1B
Wie extPapolation of 3y dat vi:ich pBlits up IH6 need 1B FEevalIME Waie
models thit aFv gensrally applicanis IBF SSR tFavel:-1imed and determ) s
whither sxtrapsiation sal be justifisd iy 1ight of the sxperimental dulia
prodontly avallable: ‘ine Hanford curve : beultd (RO A Rmisdsl thad sltchipta
bo dxeount foF depoiitioh; Aithuigh the agresment al shokt tFavut:tines
betwouh the Hanford madel oh the R haRd ARY the Erumer hd Pasgill
iodels oh the BEhGF I EBoEs 1HG dIFGFOREES IR EURVILUFE BRARG dBoul GFEst
diffs Fencon Boyoiae 10 kil From the svidedes @ hahd, the Hantord mods
dppeais 10 peodict the sxposures st the laFger diatdnced readoRibly well
althoigh Gxhibiting the sams coldervabive characteriatic of all the other
Hodels:

BotidRde 356 IHEFeINE todry Ror pRodictiond 16 dlétanesd 10 i8
180 i1 hroim thy point of Feleans. 1 mest such dermands; it id dltrach o
to roly oh thoie modeld whick Rave pRwed Fellable foF the BROH Fungs
edlimsted. Howeser, particularly o the stabls cads; it dppears that the
extrapolativh May Aot Be justikied, aRd it 1§ suspstled that BAMBAphEFIE
mechanlimi that are not ully undssratsod must be siudied and their oifsets
dcesihbed fok. The cactot of depletion of the elsud dub to dopuiition s
deeoitod for i iF the eloud weke Bopioted 4 il REIgALIL:  Yet; deposition
I & Bourdary tayer phicion:chol; Jepivting the lower idysri oF by cloud
and, porhaps, ot wteriig the dodage BtFIBULISL dt nigher tovels. X6 muit
Appraiee the dgplicabliity Of the diaperaion model IR Felatioh to the Robaw 6l
the dpptisd probiei 8 Be asived o dray Within the Bouhde sE #slohtifie
kitow i vdgo.
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SRS )
Proid iHe ?' ,

IS
ek

Expsrimiohts Wore rediimed at Hindsid 19 BWermInG WS o Apbruici
of dibhotie LFacer Materidl Feloacd From i blovnied sourew at 86.4 i
Contiubup Feledlos hive Bowh Mads FiAgIRg troim 18 wiR to § hr during
Heutral oF ukitable verticil duadity radionts With wikd speeds Fihglng
from absthil 4 18 19 widee: A Sdmpled ak 1.8 B dbove the urtdbo wole
bakins dlshp B sied oh 2% InteFvalis GRIGRAIRG Bvok MOFs thin 1300 of
aziinuth contorod bl b+ MesFSIogY t8wsk.  THe ~F& dldtaicud Weke §bY;
400, dU9, 406, sbb, 80O, 86O, 1308, aRd 18D M Firdh: the sbukee.

turing 11183; Lo dbctind doFled 8 - svate:) dbured thali;
comipriaed b} roicdibe;, &ip coldibts.  oF thid difhusioh §Fid; shd
the datd dbb bLIKE Feducol Mol didivile shityili of the sigght bait
tnati of the Hirdt dok v (1084) providy e dbticipated db woll ib dome
nhbkpected Frauits; st d Hore detalied study - these teeti i contiiulhg.

For the bight toats, 1ho standard deviation of the croaswlid dii-
thibutton of e Pluie, o, di dolekihinbd From the SUFfac® Hiddilti-esivhte
of exposaiv 1a BhOWR 1H "»‘mun- .18 4 o bulictioh  didtdite, R, Excbpl
for the three widuel pidiies. the dild dgive woll . th tHE result ibldined
troiy Rround solbee ddtd of Hahkikd, The averdge "hb-’nb'b\”mt'r?" 5’5 pow bk
functish Fogreinibh Roris. e Fepoited th 1080 o, - © 38 X .82, “id o,
Fenutts obis.ned foi duyibine Foleased from 4 ghound sudikel duekling the
10 Sekies progirai; Suth vompard Woil @it § theae Fesutta.

Following (46 1bdd ob Stinpsol, 7 dguse  diitd 1 BAB b thiotr abhatyate
aned oi gantgation of dinision duba 26 8 Fasction of Laike Fatlier thai distahce,
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Figuie 117 oho#8 8, i 2 hinictioa of Lraval Lo datermiBed o the _
isuFes heght wind spogik. ThoBS dald 8how A dshinity depaadeacs oh a1,
ubed ab ah atiAAS Y V'3, WREFS 6 ib tBa BtandiFd deviation 8f wi
deractich Hdecdatiohs b Fadland: THeY aFe i sxcsiiht agFstnsal with
ground dohFes 8 ditd SlmUAFY sikiyied: Vaiues of 5T AFS MG th
Takie i § aloAg WilA 854Fes Roight WiRd spesdd ahd bulk Richardean
numbers foF Gich of the Sight tests. The & VEFBU tik® SuFves demch-
stiate #1deF plurnbs with (ncFeRIAg 8T ad wxpected oA 6. 1. Taglarh
the~vy of dibfudion By contihusus oy eRemts:

1000 [ - e e

p

- — i —————— it §

o Y e S ey et :»'1-L-—~~»~~--~-- B s SIS U s Gt St
<o 2. § 56 Wi
N Time éoson

[oon g iy .

— FiouRE .4

™o

Standard Deviatioh of Ei&‘o‘iit’md apoBuFs Diptributichs
Vorius Travel Tie for Bleve dFce Re161l oo
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523?* *‘5 2_3'3&*;33'- EP&& u&t:’u-ww,
io 2 0.88 4.8 l. 48
i 8,18 o8 (T
is : 838 13.8 i.40
i4 - 936 1.8 i.08
i8 : 9,84 5.8 i. 44
16 < 9.61 8.4 P48
it - 0.8 8.9 B bl
i8 - b 88 8.4 {01

A Biot of the Horiilieed pedk sxposure, B, G/, 3d d Rinchioh of
biie i Figre 1. 18 Wi fouid to BrgdRide the datd very wéit. Boyshd the
Makiha; thede cubved stibrdcs 3 RAFFOW Fange; aRd the Lihited ddta th
this F-gioh Mxeme;’a e BeEredde of Sxpoalre with thise ti propottivudl to
about 172 %t ()°2- 8. This decreaie With distdnced 1b toby drdbls o
Fesults trom Hinford undtable groind Source touts: It té indicated thal
besond dbout § iR trdvel Hile oteF FEISARS; gFutnd 3oures diMfuiioh diig
intght be dsvd to edtinmate the BUFfacs SXpoaUre fvom o 88,4 i rolease it
ungtable tohditiohs @i FeddbRdbic dcciFucy:

The miximuin vathe 3t tHe dxtal oF pedk eapbsure Surved th Figuie 1. 18
{6 showh to tohdistontly decroadl 14 value db the M nidi ondre o Yonger
brave! times. This iiight be expected trok the o ol the Blvdrtate noiima!
model,; M}i&:ﬁ gives at tho petht of Haxibidi expoiure at the Bubrarb,
3, + WA, and ealimidtos for 4 38:4 i Félenis, LTI UM LR to°?
',fii/oiy); where ile i-mb*.‘léi/é J: 18 udUr 34 coHatAnt feb A1l tideet tmes in
glven teai. Thius the valie aly { ‘“'Q’ﬁm Wwodld be i spbete | o decrense aa i
occur-red it 1otiger trave! Hiied wheh dy 1bEOHIHE iaFger.
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The biviri«é BoFMal Mods) Al88 pFedicts Ak thS poidt b the surtics
whers Lhe cFoaWwiRd IALSEFaIed SAPOSUFS FOuYes § Makimum, & 3 B; and
the constint valus téihi& s 0:87 218°%; Howaever PiguFe 1. 19
siows the GXFIBEAAl AR ok VALUSH G0CFaABIAG conLELNLY B the
RAXIMUE beEuFs &b MEFSAbIngly 10AGEF tFavel tilted. K 6B B8 B4R 1A
Fable 1: 8 that &1} GxpeFimualal valuss dsviis fFom tis bivaFiale oHad
value of .87 % 10°® by ioes than & tactor of 3. Mowtwor. the SFganssd
soviatiodd tR&ICated 1R PGurs 1:18 suggest o phvsical mechadsiB; riths-
bian Btatisticad veFiaiion; ad the eSS of the dsviatioad. it shourd Bs
mentioned thit A°: Ratised crodawing mtegratsd sxposured plotied di 1
rihetion of diataned lacksd the d8§Fss of oFfaniEatioh S8R th MjuFrs 1.19.
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ZARLEL.L
 CUMBAHISON OF MEASRED AND COMBUTEY EXPOAURE VALUES

| ‘t‘ib tb‘iiaw to,)Eih %2, 8/ “? nkh
S s e g U i

8 us T EETEY sttaw L5518
i 6 s.exiod ok 8.8 tiki?’iiitﬂ’
9 ¥ iseftr’ # 8.8 iiiirgitiia

i ¥ i6.5%16> 8  0.80 b b3 suxied
is 1o kst 138 8.4 N A T U
is itg uoiswi i85 0.34 4.8x18°d 385108

i i i18.8%i69 §3 638 s.dxiod 6118
i i3 .1 10°% 198 0.85 4.68xis® 3.8416°d

Usti ¢ the heljght of Felodss s oh Wbiinate of 8, i the timé whet
ClE U/ Fached @ Mdkiibum; shd takiRy EoFFeapohding valiusd of 8, troi
Pigare 119, th Fabio 15 /3,) was Ealedlatod for Sach teat 3nd b Nited
ih Tabie 1.8. Thess mu& beré magx daed b the BivaFiaté ~ArRal
oxpression (B aiw s 44 xip°8 ia‘l to Setimats tne ndrmalized
peak exposiiies :Mu m ﬂbu 1.6 3icB With RMeau: 30 MaxIRum RoFialitod
poak exposisve. AN, the H-eddured ¢alded dre witha a factoF of 3 of the
edtiiidtes; But the (oits tial wore Modl WidSly 8v6F: dhd nder: BitiRuted
wete the samb orire that deviatdd indst L the crosdwing Lhtegratad etposure
estimate.

Sirtace 1sopisths of baposuie Waks diawi 165 the tedtd aiialesud thus
tar. These provide & dataitod view of the diffusich petterh at the suttace troim
which more sccurath vatirmates of the diffubioh parameters calt be ibtdlhed.
The toatures of the axial and crosswind distF18utions bf exposut s discudsed
above can be deterimined more compltely #ith i dehse sdtmpling of the
~ igopleth patterns then with the rathei #idely spared fio1d hoaduremaents used
tn the ficst shalysein.
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Pluns foF fetiry teatd 1861UdS MoFs danas feld aampling. An
sdditional thies arch will B added »WRiA the predsnt grid ahd a itmited
arc at $300 i, which hid boeh Hasd b @ 5% t6hLd But has yreided e
definitive Fesuits; Witl be sxtendsd. A SaMpisr, MEaBUFINg tRtaitareous
concentFatiohi at & polit; Ras besh tisd th & RuMbEF of the mod: recent
olavited source tedtd: its ude Hai Besh limited pritarily t+ (astRident
operdtioral checks, Bul; 1h the eomIAg yoar, 1t snould Be fully ihtegroted
tito the diffusion teéting progrim. Plidd uib 8188 Bung fBrinilated for
serphing Prom i alrebaft. Such RisdidFementa alisuld provids o new
dintenilon 8 underatending tha diHUBloH froi blevited soubt s relvases.

Procipitatlon Scavifiginf Procosams - R. J Engelidin

Ratit acaveisging officiviicies mvadured inliig 'mf putfide
?ammp die jresentad THose sre compatible gitl ,i'q‘e,ilf\ ¥
low pattess thought td ek}t ab .mhn'injd&dpq.v This sftic)eicies
are comblied with Hanford raindrop spectra tc yield washou
cobfficients in tight rains.

it previcus subinisstons of this repsit, & Hethod wes described
Ior measuring precipitation scavenging efficinicies th the ditdoors.
Detal's of the method, dhd of the curreit dcavenging receaich ahd Fesults;
may be taund tn Reterence 11, 14).

The experimohtal Hethod, Briefly, cohsistas of the reisdab of a
fluorescent paiticuldte tracer lito the stimosphote, the ddimpliRg of its
concentiation tin the ati using épocial Niterd; ahd ‘Ke sdinpling of it
concantration ir ralncrops that have tatlen thicugh the plumy. The
ramdrop samplers ate desciribed th References (1. 143 and (3.18). The
tr-sampling syrrem possesses an  anisckinetic sampling error which (s
significant for st loast rhe larger particulates.

Wing sunnel work produzed s prelliiliaty evatuatioh of this
anigokinetic error, .14 and thersby alowod doterminations of scavenging
efficioncles. The scavenging efficiohey ts defiiied as the proportion of
material in the path of & ralndirop that is collbcted sid retained  12ince “he
proportisn contacting the drop ts calted the target eiticiency, and the
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propoitioh of theae sticking 1a caliad the Funehtion cf codlesconce Htiiciency,
the dcavenglng effictency 1b the prodkict of the twg. )

Andiyais of the variabiss tivolved 10 the scavenging procesis pro-
durbd severil dinwnilonieai pakdmuter.; WHIER sre exphcied to drtermine
tho target efficieiey. ok dial) particled; the dnet Lajortunt of these
i timpactioh pariiieter: Botl pi-vdicted taiget efficiencivs ahd meanuvred
collected bitlciEREinn aib colveBtiohilly coFretgied to this paramater, whih
in the abscidsa th Figire 1. 30. THe ihipaction parsineter,

k oty ) do

is & relationghip of the viscosity of the aik; the Fatle of the rathdrop vetocits
and radiua, and the product of the sqiare of the patticie ridius with the
particie deristty.

in Figure 1,20, &8 Curved $ pad 8, are glveh Langsuipe 008 117
prediztions for potential sid vidcous Hows. These curvad Fepresent the
theoretica) Hinits of target vificiencied fo. amatl particies did uncharged
raihdrops.

Al30 bhtered are the Hiiiford maesddureimahis us Curves 3, 4, and 4.
These hibadurements were made i the Sttdosis #ith 2iht sulfide particuiate
tracets.

For comparison, MeCully et al's , '8 feaulis foi dtie sultide
tracors 2330 and 2210 sre aiso glven &8 Cufves | and 1. McCully attributed
the difference h these curves to a differehce in & ettabllity of the two tracers.
Theso dats were taken in natural rain, ahd reprasent some #sit of average
over drop size. McCully's dats could be interpreted ss showing 1 rapid
tnerease of efficiency tn the vikinity on X < 10, There a~e viry few 10
pa.tictes in Tracer 2210, snd brtor is more likely in thia region.

RBecyuse each drop sizr has a single vulus of termingl velocity, and
the air viscogity is relstively constant. {t {8 pogsthle to plot the efficienc,
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sitiUiE 1.40
Scavenging Bfficivctes fob Zike Suthar Versus K

va 3 function of the parsmeter, 623, r8 i3 doke th Figure 3. 41, iza;h of the
ofitroney versas drop dlaimeter carves s tdbelled Gith 3 1 dive 8 $%2 th unite
of milerons squared, granis per cublc ceitiimater.

Thi efficivheies for dirop sizes of 8. 99 »itd 1. 38 it dese diFectly
reasur o in tao field teats.  Eftictencies (o other drop sites s ivre deter-
nuned o comparison of the ~ollections of dilferent siged dimps from severa!

othier tegty

Ihe taborniory meastrementa of Kinger snd 'Cobb“' 19 are ahoun aw

the caxhed, pegked curve in Clgure 1.2, Thbtr exoeriments erre corducted

Asth water droplets of 13 L dimmmeter, or l:: - 32, Langmuir's prediction for

a7 42 3ppoars as a3 dashed curve for compariron.  Also jlotted are te

200 . .
with gmiall » aterdrops t.dlin,

through cloues f mothiviene biue particles, with :2: « 49 und T8,

megdurrments b Walton dnd Woaolecoek "
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THe predoniliiait Teatires bt ithe Bie ddil1de Bedvenging ictencics
gre
b the higher eificibhcies for the 0. 8 M damesr diop
3 keliciencied gresier thai 1.0 $1th gl divipe For pdHicibd tabger
tigh 83 o
b A vl thckeane th HEElchcs @ith particle site 0 the gebiei 3t
s glon of 40 G diamibted
8 A minin-din s edbich ney for ab? paiticie siged & ith drop wiziee of
dhpivt B 8 it dianidder
P gutbasr pirogbnes that of ab Ibstubee cdbt he sdepintely rxplained
with the o lasmteal tieiodl Linpdction Bf b i diried ob e teadirg Side of the
drops  t dddibecn o w 3ke elfeces ahd Mlectiostatic w4 g wliationd! forcee
3% foltows

Phie fhow gheodl 4 aphore 3t cors amat Resnold s rombers hos ons g
thir, tonb dars fasar, and cloged o b downstiedim gide ! be eftectivity

2 ), . . )
b2 A» ‘he Resnad’s numbaes incieases, ety the

withou 3 wake
Loundsr s t3ser *hte onn  ang 3 1ing sortex forme (8 Athe wake  With tared o
ihereasen tn the Reste b 4 aun ber, the cortax gaing 0 s13e and s
Foerda = sortinets ts he ing utaobicbd to the 4ske more rantdis than
can 400 e and ihe co tex bregbs off Dens e o8t te nd 1e cartted o

st e g

Phow s gt o a2 v et ds re s h the rai.ing) s 2 adees gt
SN, aperrtan 0yt o 4t ahen 1L comicery fce ) o - vy !
1t gt e 3oy thept aites thite 4 3b e vnex YL T O T T A A U Y I Y
iw ot tex s e 't b heed Yo the rogp a1t fab e B e len P e g
triste rtte o T ctteetiogy ot e grteton oy U0 cr et er g e wtdde )
drage Vo tgoger drops he ortexr may be shed botor o the v ictvs
bipget oo the e pthimp St ant b particies Have less chastar o cotte
Wil e sottex te A ahed part.olow therein (Al with yowpeet 0o e e
it ogre e g ted tos ard the dron by electr satatie fore-e Yhe -0 Sa—_—l

Ve s ter ot e per g arttc e i fasored
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The hoiibeF of particieh subjected 1o c8l1EctioH 1B 1HEF VB8 Whin
ihe Faliidiop cakises ih ~sctieil Ghargs; Aihce al) pareicied are thi
subjected 1o h wttFaes1ve rorce Fegardian of 1he fis1d ud. Bveh vory eak
charged miy be iffociivh B SrawiRg LAO the Wike 1hods paiticios thai have
nitrowly midied the drop.

The 1.8 sfficteicy cbiasrvad by MeCully iay be that efficlency that
can be oblalied with theriid) wid wdke effuctd codpled with the « esk ploctrical
chargi-e that oecur li S4bdral Faihbalis.

it bx ot Hecessdry 9 tebke difftrehces L tracers to expldin these
Fesutls, ince the zpease th elficivhey taaid 1 8 ts obavrved with
Toemeor 320, stloni, dB wii) 8 with 2810 aho 2338 h coimblnation.  UF course
thiig does » ) xctude the poss ity that the rotontine: oTi-leney mae be tens
than 1.0, f.o the tabgit cllicieicy turreapondingly giredter than the observed
effizivheirs.

The wake « fleeh o1 gombhl haow Rrther support ih thal the data By
zine aulflc e agrer weoo that taken «ith dater part -les by Kinter shd
Pobe, st Veamt b the high etlicioncy with thie 0.4 mm dirop.  Then, too, 2
contribution in thi & tke a8 been mathematicslly demonstrated by Pearecey

and NW“ : 22 for amaltter drops, ant detudlly ol werved by Tetford

1 23, 1 29 . 2. (1 269

et 3t Mowins i g Nogamote, Magarves nd Ucbdart,
. b4
and. perhaps  even be Welton and Wooteock .20
L O 2 1) .
Motler's redeareh on larger spheres in aater has shown

Keprar ity e Whe i ding of the wake vorttccw o 9 Heso!d o number of 450
coptesponding Yooy aindrop dameter of 335 e There wan some clevation
of e gomber Yy e Lro gl s by experiments The Reonosld’s number whe oo
cotdd g cerure froen gestunder b abe at 75 am tnferyed froomn phaotogr aphis
"ot Py rd oy pasgeniet o 4 gattiedrep of U 3 oo G 6 i dtameten
Phieme $amedaery §orot ot witt the Yo atton: of the a4 ot ent miinin, m
el eny

Phe offie etic e 3 bipu - 1 28 have beet uned with Hanford @ cndees

L1 B 3
ety g Yoo e e nlale @, i Ve dfietants Tor oy tight g e Ty
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at-e reported below 1h Table 1.7, The wadhoul coutficiobt v dibticular
storm aiid pollitant 18 the proporticn of the 1daterial wasied ou: nek dnit
time.
TABLE 1.2
WASHOUT cOEFPiCIENTS, A,
USINUG VARIDUS SCAVENDING BFFICHZNEIES
IN RAINS OF 0.04 AND B. 88 ami/hi

ao 0.04 righ/kr, ' 0. 88 myn/hr,

' ‘ m{h/ d ucw“ ",.

Efticitney Sourca 12 glem gac*

Langmute i t deib? 1.9 % u:"
Kihzer ghd Cobb, Water 42 2. 23108 v.okto?
Hanford, Zine Sulfide 49 1 $x10°3 .2 ¢ 0"
Manford, Zine Sulfide 49 2.8y 103 $.0¢i0°?

The research conducted »ith 2ine sulfide tie1ted only 8 portion of
the wcavenging problem  The data come from oty a few tests in srtiticial
rain, end it would be well to obtain dats in natural rainfalls using additional
traccra. The. e may be significant changes tn target officiennies withsmall
changes in ¢iectrics) charge, and there may exist diffe, onces in rotention
efficiency 4 vendent upon particle “wattuhility” or upon drop size.  Althsugh
preater accuracy nd proosf of theory may - ome from 'ahorstory messurenent,
meagurement made {n the fleld in natus 5] ratn removes myci doubits ag o the
aptteability ¢f the test resultn to 13ter prediction.

Vemting tn natural rats 1equtres improvement In plume gennsration
techindques. WWth tmproved cqutprient and experimental destgng  dry deponition
oi tryecer on the yyin sampie can be rediced, and errors introduced Hh the

Mminokinetic nampling of the plume In some teste can be rediced or eominated

Particulariy advantageoud would be a portab!s testng svstem, which
coutd be tadben to sited with ratn v know . 1nd eantls ortented with tne wind

ditecting
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The scavenfing powsr of shvy AppSAFS 16 Havh BeeR overidoked in
the litarature;, shd thid Msy BE & S6Fious SmisiloR. THe meddurements
ot eff:tencies fof the vaFiety of IRdioidual cFytiln dhodld;, perhapd, be
proceded by mousurbiohts of the buik washout cosfficioht, A, fo: varlous
grow classificsticie ahd precipitdtich rates.

Atmosphetlc T-scei Teciidlogy - P. W “'chold aid M. P, Scogilng
The Rinsti technique fof déniy of ngh imd um Vos

ot alirborna Nuoredcen ti-lcbi- conttiu hl

resultd, Recent recoil i wore 'A.i' ethan ﬁh

counts thede it 1989, 1‘ possibiiity Hcllz {n or
with trichlororthaie a8 the catrrier foF particul acers
durihg genardtion {8 promiding. large “Nb ‘;bmtnlon
rates woyld be noagible. Teats discloas that the effects of
extreino heat and cf solai redlstion on huorbuem Tracoer
2210 wesre negtigible.  Fleld models of the gine sulfide

resl tinte samptor disclose an improvement of approximately
four tn 2ensitivity over the prototype model. Rost lis from
two field expe-ime it4 tnvolving tracers other thy, the
standard 2210 are prosonted.

Agnay and tenirol of Routine Fleld Samptes

This was the {Hth congecutive yoat in which the “Rankin Counter”
provided n vimple, relflable and accu oo assaying procedure for thousands
of tulk fictd samples »f the Huorescont atrborne tracer used by Hanford's
Atmoxphieric Phywicw Opegation.  This gutornated 1agsaying dovice permits
the examitnation of more than 300 aatliples per man day.

Pertodie checks of the stabtiity of this counter continge. Recontly,
20 {1lte 4 which had heen counted (1 routtine fashion tin 1939 were recounted
The miean value of the 20 recounts wan 100 8% of the 1989 comrt (A the
20 Lltery rerounted, 1O were vithin the atandard deviation computed {n

1959 for recomd s of the wame filtey
Generation Technt e

Stont uxers of the Thaope xcen partic ddate treer technlague hae

clatmad wucceds tn theiy cfforts to fiaperse *me powders in dey fo; e Howaewoe
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Huriford expeFienced condlderable difieuity A ouvraling ik dgglomerate-
tioo thacer at & conBlstent §AcFatICR Fils by the ot #RBAFd” dby genersting
technlqubs. Ad 4 conBegumntcs, the Haford techRiqus had sinployed o wm
generating pitcodite dlincd the 1983 Rartp.

Biletly, the generating techitqus which 8o1ved the dry powder
probleims esitallh the suspunsioh of the NuoFedceit particies in s targe
container of watbF, whd subssguent reguiaked dEpsisad ol the sloimired
perticle tracer 8lui by by imcand of o cohveitings! shalicticide sproying
apparatus.

It is cesumbed that thess tiny ester opletd evapoi ate to lesve
individual tracer paitictes suspended tit the stmospher ;. To assist in this

evaporation, hot gnses ‘rom a combustion chamber are mixed with the water
droplets at releas..

Hawever, to some degree, thers will to inadequate soapordtion in
the cases of & high retutive humidity of the ar, $ release of larger water
droplets, and 8 high release rates of » ater. "t The seriousnees of thie
problem (2 difflcult to determine and will depend upon the type of tield test
conduct=d. 7o provide more versatilit- and range of srie operation,
slurries other than with water are constdered. The sonlvent, trichlorocthane
1 1-1, has the dealrable chars:t~ristice of high dersts 114 vapor pressure
which are teqiired for good evaporation ~.:d high release rates  Yet it is
nonflam: ioble md do.es not appear to sffert tracer fluorescence., Com-

putations and tegte gshow that it can e safe.y usced tn fleld programs Tests
are continutg

The hot ganes into which the stom - 2ed generstion slurry (s Injected
3 the inmtant of generation »3ach ahout 300 £ jiithough no contecture on
the 1 oemtble cffe | of the heat on the '0rescent propert s of the nigment
tas heen rateed in crint, tnvestigators have verhally questioned the tec inique
Ar u consegquence 1 tent »as derived to evaliaste the heating effet

Nty oatainlens wteer digcs »ore fabricate?. Thege disce had dimenr. nn

wiuch th ot when tnmerted ¢+ the Pank'n courter, a face of the dine wan 1n the
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Foutlite ~Bunting poRitich. Beverdl dropi 61 4 diluts water $udpansion ol
Tracer 4310 wers pidced i hve of the ik discd and allowsd 1o dry st
room temperatife. THE Bixth dide Wil cetalnea ab a blank. Bach dsc
was counted five timed 1R the Rankin eodhteF to dstermineg \is expocted
count Fite. The didcs werd theh itrongly hedted ih d laboratory dveti wnd
cecointed, i is cutitngd in Tekte 1.8, The dixth dise wab Hosted exactly
us discs A, B, ©, diid 13, but the codht Fate FEmatied at the Background
rate of U to 8 counts/min,

For ¢ ase In comparizon, the postheatlng counts 1 Table 1.8 have
been normaliied with the prehesting count rate Welhg considered 10U,
Bach percentage ti the table is the ves: it »l seceral Rankii counts.

T'he results can Ye conaldercd as two separate tests. in the lirst
test procedure, heating of Biscs A through D to 00 F for 4 min gave no
deleterlous effect 198. 7% of preheat count rate compsred to 98, 8% for the
unheated control). Subsequent heatings to 1100 F snd "80C F . d redute
the Rankin count by about 20%. However, theue temperatur-s and durations

wore significantly greater than thoge to which the tracer would be exposed
in routine generation.

The secot.d Lost involved Dize E. the previous control, which was
neated to about 1800 F for approximately 20 <ec The heating resulted in
no decreaxe from the previous control counts  This, agats, was 2 much

more severs tregtiment than wou'd be experienced in routine nheld procedure

I'he resuits of thes tedts would stronugly indicate that ne logs of
miaxg due to tracer heating fu-ing generation would he tn-ftcated by the
Nankin counting method

l'l!’!ejg’tﬂgf :itx_l_.-: Racdiation on l’j‘!ut,r'crcem I'racer

Althouph the generation and ansay pro-edires gmed (i e Hanford
Figor e <cent (racer tochngque are untgque, the uge of cartous {lunr seront
¢ Lesoulatex tn o tnvestigatls s of atmopphertc motions s not. Some doubs
B ARN!

. . t
hax beon cant on the use of such techniques by Eggleton and Thau owon

et othoers (X of the chtef crt bems W boen that the po toeg Gt v ek T
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to 1oub toslderahis HUoFEBcERES de they dFé Siposd t8 dnldf radistion
dutiig tHeiF ai-90Fab Dight: AR SXPIFHEEA Wis d4E1FHED O test this
hypothesid fo. Tracer 3319 and the Rankia husrescent partielé counter.

Fitlerd W ors Bstectsd brom a HBld Fih 1A #Rich the trdcer
generation; 5.4 Bampling sRd MNEF Piekup dll occuFFEd duktig hours of
darkntdd. THE HiteFs ¢ oFt StoFed inBIde 44 opiague bok dhtil they were
sssuyed oi the Rankih codhter. Bubseguitly, the Miters wers sxposed to
bright suhlight did Fecounted several Hindd. Table 1.8 Lidicetes the solar
exposure ttie dnd thy chanje 1h countd shhar two extetded perlods of bright
solaf Faditioh: Fob bash ih comipis isoh, the postradiatioh counts have
been norinallfed with the prersdidtion count fate considered as 100%. Esch
perceitage 15 tha Fesult of thiee Rankin counts.

1AM A

YL EXTREWE BEAY ON TAACES (2N THE Bars

“"3 - ri!. e
e A Pos B g ¢ g D MusA D D2k
[Y 2R

e ahnd Trent Bedse enen Peit PR »

LT 7 ST
(N g a b b & Y ivh o1 146 &% s éee OF [ SR AN [ 2N 8

heso A B C ant D vaddod s, 40 5 1oy qytners oo, b
thae K wé toate

¥ seonurbs XA . . Lot Ve, .oee Sate - »t

ame A K ( gnd?d D roatsis LIV P o, apnosnimpls § - .»
Ihoe ¥ ard dagied

Nos.npia AN ) 1 4 “ % o » [N M
-
e-o B R 1\ ot lidoglod b 1B I .. seprcomepn , 4 8
Cner 0 Nogtai st | B R P S M L -t ]
Woi mta - kI Y “. e A}
TAB »

AP e ar V o UM AN mAlCATRN I IR A T m g 5 N (8 AN iyt
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(n thee basis of this evidece, bié miy cohclude that the Rar zin
counting technigue does Hot indicate 1esd tracke sfter okiosure of the
filters to sunlight. There I8 even & suggedtioh that & Blightly greatetr meas
18 indicated by the 1 ecount of Niters shoirtly after exposure to suntitht. But
the mixture of positive and hegative chatiges after Hitore were stored impites
that the filters eventually returs to thelr presuniight counts.  With the know)-
vdge thut the Rankin countiig syst~th te congidered undei control wlicn the
drift about 8 standard counting rate s 3%, then tha preceding conjectures
can heat be replacel by the ststement that the e:fect of sunlight on the count
rate of Tracer 2210 is negligible. Since the calibration of the Rankin
cointer ignearly linear when relating mavs to coum rite, the same state.
ment can be made for indicated mass.

Real Time Sampler

The prototype of a dovice capable of monitoring concentrution of
fluorescent plgment on a2 real time scale has been reported. (1. 30) Three
field modeln of this sampler were fabricated tn 1983 Altlioneh the process
of calibration o these devices was wtil: underwsy at year's end, it appears
that the detection Yimit of the i dd mode! (g8 appro fmately 4 x 20" glms- -

8 conceatration 1/8% of thet estimated possibie with the prototype rindel

Although not enough data have been amansed {rom use of \hege
samplers to reoort in the form of 3 study, 'hey save been operated succeds -
milly during five field diffusion experiments  Table 1. 10 presents the pereent
of ttme the ratio of 7 nxtantux.ecous’’ concentration (C) to the me.n concen-
tration (UV caualled o excoeded a2 glven value during o fteld release of
tracer from an elecation of 200t The dota were collected at *wo dirtasices
(R0 and 100 m) from the <ouree. and near the maxisum C for each
diutance. The data are presented as an xample of the type of informat on that
ran he gencrated atth the atd of these devioss A mitnttmum of Jdata specifying
the cea! time Hintory of cotcentr stten ~ena’ting from a coutiruoasly rmitting

Garoe are poroevently auvat! ablte tn the annse's of Pfuxton netearologs
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TABL.£1.00
peitcEnt OF TIME £/ BgUALS OR EXCERDS THE INBICATED RALIU
Bsreant 8L TiME

Ratlg A1 1600 i

0 1600 {00.0

{ is. 8 23,0

2 19.9 i4.2

3 8.3 i0. 4

S 5.3 B 3
{0 2.4 A
20 0.14 .32
30 0.039 0. 033
34.8 0 (Pesk C) 0. 041
40 ] 0.022
£ 0 0. 058
58. 9 0 0 (5> eak)

Multitrscer Technigue

Proygress toward field capabllity with a duzl astmospheric tr acer
sywtem sas minimal in 1983, The emphasis of effort in the other problem
arcas, the uncovering of new probleins on the way to complets 1leld capabl ity
with 8 dual system, and the plain fact that development snd demonatration of
wucn a aystem x a formidavle task, all contributed to the slow nace.

Pi.mary effort in new tracer development during 1183 was devoted ‘o
investigation of the differentiution nf two Nuores:cent pigmen‘s {n the convention::
Rankin counter. Differontiation was sttenipted by puls: height Problemsy in
sengitivity jrowe due to vartation in pulse height from a gi~en pigment from run
te run. To a smaller degree, pulse height seer-s to depend on flow rate through
the sampling filter and/or distan~e from the tracer sour:e. Success of thin tyvge

of multitracer technigue depenas to a constderable extent on betng able to rerate
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thes® pulés height vaFiaticns {9 A messurable paramets: asd thus presict
thewi. Thik woFrk 15 tontinding:

Deapits 'h6 obviodd limitatisnd of the tochitique; AR experinibit vis
citFlad ot 1 which w6 RuoFescent tFacsrs (3216 and 2367) were eimitied
at diffsrent times IoF separate 181d eollsction. TraceF 3267 wad emitted
from & ground i§vel Eourcs; the 4310 wid anitted IF6M 4 aoufed it ah
elevatioh of 200 it By asiaylng the HiterA Aspdritely on the Rankin counter,
tho thue sreal distFibutioh of Sach tracef could be sacortathed. tThe Rankin
zouwntd thomi the individual Hsld FRS Wers then combihed and reseparated
by the pulsé helght whatyald Lechhidue, The fesults are ahown it Flgures . 22
and 1,23, léoprethd were dhawi Lo bgud® Raitkiin couht ratées.

L I A
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eszs comﬁumﬁw.

m a“w ﬂﬂgz}/ ﬂfi‘

FloURk i. 43

Computed and Acwn Phatribution of 'ﬁ-i&:bi» 2310

The computed »teal dmilb&ibh for Trucer 3287 in id leecpuﬁu
sgreement with the artual WatFibublch; HoweveF, LhdP @ e poafar
agrecment I computed vareud dctuil diatPliation c:# Trecob 8218 RAi sould
t+ antictpated, the AFbal of Mikimlisd dliegseelint LB g, did BBRUF WhHare
there 18 » sighiticant Mads 61 Sne tit&» (358%; 1n thli lnats i) Soupled wiin
minimel maad o the siner (42400); " Wok Feaoes 8310, @ susohdiry Mkl it
count rates higher th:ih §000 bbﬁﬁtl)ﬁiiﬂ iuh m&mmd [ !ﬁ KF“ iH ﬂﬂbh RT
tact, thers was ho 'f'rdcbr 3%18
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113! Roredde g
Oh July is. 188, lz REBFb

routine generation ks of (e § , FHETS
this releads hiad oihies i}hmﬁﬁ BpekimEBliL ¢ }
wee of & iiiilinal arBUAL Fob pY/PSAREY A MAAGRNHE B0TINH ¥
the air sdriplen faken W Foutine Hrl Mty bhud
useful purpsss InéoraF il tFaber Loehselogy fa &a&smw Hhey p&mam
an opportunity foF & fﬂﬁfﬁ appFulial ol the wiﬂ?ﬁﬁﬂamt} of ] i“&oui h‘acm
- techedque with the “’“W"ﬁ ﬁﬁdhﬁbiﬂ thli iSeBhique:’ .

The peak b*pbiﬁqw* of i‘h pBi&x%& & thi fodf- m&ms iﬁﬂpiw
distances wers ifi biemi%ﬂ if{ibﬁigﬂi *lm péik ﬁB&ilﬁ‘“ babariehesd
with Tracer 3210 vhdey i‘*» “9p dloapHers gunditiohz:  Al#8, on tha Busis
ol i method for fdrbeﬁi‘ o aponirel deFlved Iroh B ﬁibhi fium-uebm
tm.cm dna, (.31 5 i wui...;a}minww diatFibaliohi of Sxpdnbire ibs'
the 113 experimbit Wi madv. - ke 1,44 E!%i for 306 fﬂ. ohibrvsd
unid predicted cxposire for the 149 ASuFied of 113! Gimltio: iﬁbbh&éﬁi
18 reusoftzbly good. Agraoinbht betwEh | P ¥ whd %Bit?"'&d W
cotisiderdhly icas sauim:s&f} at 330 &, p v o&n %1 ] fﬂ&u}bi !s)
However, the qudntily of 1*3% coducied on i w Nampir af the 8309 p
distance was upprdnchlhh the detection 1imif by the G\ﬂlplbi'i ﬁi%ﬂ 1“33
it should bo kept 11 mind thit the dotted 1iné td & pr hﬁcﬂdﬂ. wind; i ol A
Urdoubtedly, voes fict rébrbient the ¥aast diatribuioh of DuBredcont traver
that would have been observed had it truy; Bern sriltivd.
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RADIOLOGIC AL PHYSICS

Hadicactivity in A :  in 41@’63‘ . 1, B, Pslmer, W. C. Hanson;
. 1. Griffin, gnd D. M. hbmu

During the du iner of t“& peuple it tive villiges
above the arcth Jrele in A ku wire !ﬁ“luﬂd for
radiosctivity with 4 tnni & whole body couites.
‘The adull people ﬁ! the ,in br v!ll% Ansktuvuk
Pass showed thc ighest weh s Ca’?' burden. 6a»
nanocuries. This u an ineroasd of J‘y 80% over
the sunimer hefors. THe Maximnm n found wis
1.24 microcurios.

et

Mesaurementd with a po) .(bte whole body tounter during the
summer of im‘ -'mwa that Eakimod 1 northert Alaska hed seeumulated
morle fatioud Ca'37 17 thutr bodied thar peupic in the kest bf bié United
states. (31 Iriese high xmu résulted primarily trom tna foésd chitn
lichen-to-cariboa-to-mai. 3 3 Lichaha coialh mors Citd? iBed moal
food chiln components bacdudo thetk 1ong iilatime parmits &W& ficti.
mulaticn. New measurements ridds during the sumiiel of %sas hiow
continued high snd gemully ineresdd sccuraulations of bn the
in- ~eanes were piobably assoclated with hew lalldut Pesulting h-'&rh
redumption of weapon testing in 1781,

Table 2.1 compares redulis dblalned durthg 1083 snd 1983, The
same counter wid used both yedrs; during 1083 the counter wis also
calibrated for Cs'37 in children 14 through 14 yr) 85 more ydung peopte
were measured. Measurements were made st fort Yukon trad well as
&t the villages vigited in 1983,

‘The adult Exkimou 118 y# and older) dt Anskiuvuk F use showed
lyariy a 50% incresse in dversage body burden of ?‘u 131 cvef 1062,
Everyonc counted botly yesrs Bad Increased with the incressecs ranging
from 8 to 113%. The a\ srage percent tncrrase was fedd thad that shown
by people couiited at Richland, Washingtoh who tontained un sverage uf
8 nanocuries in 1962 and {2 naticcuries th 1088, The focd chiths controlitng

* Binlogy Laboratory, Hanford Lahoratories
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3.9 HW-8i74¢

the €' ?7 in the people of Washifigion are; of course, thuch different than
those for the Eskiindé. R ik Froi Addkiuviik Piss had the highest amount
of Ca'37 round: 1. 234 milerseurion.

TAbLE 3

co!3? 1N BEHUMANENT RSXIMO RESIDEITS
OF ALASKAN t:sktﬁb.w.mcms. nanocuries

Ilverﬂb for Aveuge for
. | Children
13 Ir anc dldor Masimum $to 14 yr
1083 i963 1963 1963 _i983
Anaktuvuk Pass 431 828 790 1240 2117
Kotzebue 138 i40 si8 134 4
Barrow 83 80 188 111 19
Point Hope 17 30 i10 -8 i
Fort tukont $4 i81 13

The Internationdi Coniiittee on ﬁndioluﬁ‘bul Protectich retstimends
thdt the maxiiium permissibie bodv br.rdea of cs'3? bo et at 3. 0 thicio-
curles for individuald in the pop»x.»wh af 1akge who af® ot expoged th the
course of thetr ucbupqtloﬁ No Fetbiiiendation Sud thade cohcerting
average levels of cs!?? oy groupd Such 48 the Aldskai Eekimod.

Cs iy was ulln LTS I ‘ﬁ the tikiinoe t4.9) i the 10 Baskimos
containlig lhe most s’ 7. the Ci ‘34 Ca 13 sctivity ratio oecréessed from
(.vi? {p 1962 to 0. 0087 in 1083; the yetual amouint of os? 134 decreased by
22%. These figures indicste that th.e compoaition ¢! the fillout was clianging,
presumably due to the arrival of new matecial frof tests that startied tn 1961,
" the new material contained tic Ca*I? nud if the Eakimos wera in equilib-
r.um with the old fallout, the amounts of Cul“ it the Eskimos would hrve
decreased by 28%, noarly the percentuge observed. The fact that C‘n‘u
picked up on as «ir filter st Richiund, Washington in Janvary, 1983, with a
€3’ M:c8!37 retio of 0. 018 may tidivats that the fatiout th Alasks and in
Washington came from difterent teuts.
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3.3 HW - 817 44

The change in the Cn"s‘:t.‘aw' ratio indica’es tha: the increases
found at Ansktuvik Pyssé were aesocidted with new fallout maverial. It
is Improbable thai any significant part of the iereases was due lo mm e
caribou being eaten. Carihou 1s s prircipal item in thelr diet end it is
relatively avillable at all times of the year secauze of siorage of
carcasses in pirmalrost pite.  Furthierrore, these people counted
indfzated tha) they hed eaten about the same rmount of « ariboy in
1962-63 as in 1051-84. The laige Incredse In the cs!3’ tn the people at
Point Hops redulted largely 1rom & puor harvedt of caribod th 1962 and a
good oné hit 1083. The people at Kotzebue were counted about 3 mo later
than in 1962. Since the.r diel tohitaihs less caribou meat in the summer,
they had a chance to eliminate soma of the cs!3? ther contained; earlier
counting might have ghown a sighificant increase.

Urine simples obtained during the winter of )96 43 ihrough the
U.S. Public Health Service hospita! st Foit Yukon were counted for Cs'3?
The results thdicated an aversge body burden ol anout 130 nanocukiss.
This was of purticular Intersst Bécaude the sintk meat 1h ihelr diet came
from ircoge, which Uidicated snother todd chialn of Intevest. For these
reasons the Athdpsscin fridiand at Fort ¥ akoh were counted in 1083. A
period of approxituately 4 iho, niotiths th whick there was Jittle cariboc or
moose meat in their diet, Is presumed (o be the cause of the ditfereiice
between the 34 nunocuries nbserved by counting and the 120 by orinalvsis.

_l}c know ledgements

——— -

We thank Kasume Kasugl of the t!. 8. Public Health Service for use
of the hospital facilities at Kotzebue and Barrow and M. 5. Brewer,
Director of the Arctic Regearch Labordtory, for invaluable support in
transporting equipment at Barrow and Anaktuvuk Pass and the use of the
iaboratory fucilities.
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Humap Uplghe st eatd? frons Roindees Mot - H: B, Putmer

the
Cs' "7’1 t;ik?ﬂgn E&lgl:%ib }B?lgaim:shﬁ?érbgou
of the Ci rot the muf

Sins e Lipmideu whd Aliikah nistives Ravié wsguired High ho&y

burdens of Ea'37 fioki sdithg FeiAdsaR; GAFLB g, GBd hissns paald-1:3- 0
it le desirabie {6 Risy what thastise of the Eal37 iR the meet they wat 1s
taken up by thels Bu&fgl Thié piper Feportd domy iﬁbu@zbhﬂihﬁtl ol uptake
and of the loid of £al37 trom the Biedt diFlag booRklig, THe siudy wii Hiade
with reliidesr maiut brrhhub& it kotssbun, Aldikd that ~ohtained about
1.3 hanocuilen of Cald7 por poind of Huat.

the €137 Sohtent of the ient wad HeIUFad Wit the dhddow
shieid wholé body bountsr befors sid atter the covklig. The 158 of bs”’
tromi the méait depended ok the Hainor B} cooklng. Bolling of Foind steake
removed dbout 80% of ths nan?uy ﬁmuhg ot Steake 1A aluiBiRUM Femoved
30 i s0%. Meyer et ai. '3-9) fuchd .:ﬂ  1Gunes 1or €213 A best.
Studies at the bmw-my ol T eReu»88 oHowed thit i Bolithg maat the
percentags of Gl psnisved varled Witk ths surfuse expoaad dnd thut Y0%
couid be Feticosd ﬂ-am groihd Bas. Appdiestly Eikimos i (s juice
that contaiil the Cal37 16at trom tho ekt 1R vuurv SOUKIHE 86 thidt the 1osaes
are Hot elective 11 Fedudihg theld Body Bubdehd. The Fesula indicats How
thelF body burdens might be Fedussd dighiftantly by ot using the jutoed.

Five padph ate two iedld sach of the ssokaed Hikat atter it had been
measured tor Col37. Al oibrdl ﬁiﬁ-b coitected trom the male Bubjects
tor 4 dayw and ineasuied tor €337, The lptdk ~ wai ths ratlo of the amount
retaliied ih the body (the dittercnes butw oshl the Intake ahd ths sxveus over
u normal excreticd patterh) to the thtake. THE dubjstta Fecslvid whois body
counts betore and 4 ddys wier bating the taest. The ametit vetarned was
determined this way for ths tetiile sibjec:. Olierwiis, the Whots body
counts were used just t3 contirhs the amdunt Bg uptakh; -y pediilis die given
in Tuble 2.2. They show that ioat of the Ca337 s (ke _._c wad retatned by
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the body. Thei bolakd vl bF Col3? 1R e aFs DliaF oo thons
obtatned for Ca*?7 i btheF C?pii of furd: ﬁs vili6h iré higher than
lhowe obtainsd by Naveraceh;' T Rowbeas, il b'iiiﬂiﬁ“i biasd on
measuremanty takei 37 dayd rathes thid 4 ddyd $iéb Ligeativa.

131 §
m
1 4,98 (rou:ead fnm) 8.46
8. 18 troasted mout)  8.41
8. 30 rudated imsit) g q:
8. 40 ti:gg!m;‘n N
8. 47 (Foudted et -

o G N
.y mmmoR

U.rmllxls -

THe to-¢ hﬂ&ﬁ ol tﬁi*f
.xci»mg m c Ublie ,"&
ingestion an bicrmdﬂ
ilow lln?lt::mtmt bl& i ? '
:2% fu?:‘mmd mﬂuwéﬁ wi-i ’&m
Last yoar the exidtence ot & good borl-elitiod vetwbi.. 1hE retlo of

the cs!d7 to the k4O pxcrnod tn SHE ubinb i;) ?“m cakimSs ard thiitk

whote body burdeti of Ca?7 wail reported. '3 8 F48 eorrsldtion u hok
good enough to peimit rellable satimieiion 8f thé Boty burded trolB Urlie
measutements for & slugle thdivididl. Howaver, UFLEES HEUBUFSMbItd
should be u gosd way of determiiithg the osFige Burded of & 1aFge gioup

of peopte. This pdpet dlacusivs thé probabie ridiohd foF the 88FFelatich

and describes turther tests of the correlation; MedddFeimen 8 By ufthatyatia
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(h throe Alsikdn vitlighd; and Hieastiboiments ii Kichiind, Waahingioo
that show w elmildi esbielation Bi-abiﬁi} Rktiti 1A the Poat 81 the
Unitad States.

Although obiéim dAd B'&mﬂldﬁi 13) Sﬁbfﬂi&ihi iiﬁimﬂ tﬁb“tlﬁ
metlhout;n by tRe body 18 Blinliah Shly &p 18 & certain Bolit, Kudch
ot ab. 3% fouid that oot ; k6 polidulim, daxppsard ripidiy troim
the bloodstrauni Krd deelmulated 1R thé #oM Linue of the Bsdy with the
bulk of 1t going to the HiuSia Llibie. RHVE (1B kAl depoittion; the
metabolle Biritlirity sebiid to bisd. THe B8Yy Rl & Sertith r&il&u
capucity which te dreetly propBHishit 16 the Rudete maad. it the
potadului capdeity 1§ sxbosded By the intury o BE64E potuddium 18 tRe
body; this axcead potasdiun (i sxersted withlh & Pow ﬁbhu ﬁamu-
#thce mont o the Botaadluin 14 thy Body 1B excHihfeabls; i)
ingested potanniui #iil sxexiAgs With the sotrdalum IR ths sell mih
Coslut 18 pi-esent (i the diet uid tha Body {8 oily tFace tﬁwt‘h&’ Pﬁd ita
deposition i tHe Body La diifershl Proms potanats. Retmas ' 130 showed
that cestum acoumulates L proforeed (8 Botdadium ik MuUssis ums,. ind
that i rats up is 3/ ob the intFasiudodiay Botddslum ciR bs Fepidosd by
cestum, Orice the cedliini kas boek dapoiited within the maiels Hisus
ceifd 1t vaiy nmnm Festrta sRcHAREE witB the bther aikal) mstaia.
Mraz i utt (2. 13} giuggeated thit WHe shiy Wiy SUAlIUM 16 Felendsd HFOM
Eldsus 8 thiough catabolisim. ﬂisoﬁw{i to sithancs celliii sxehstioh iiuve
met with very 1tite nucebu tRé vory slow reibdas of cedlumm trom
tiseu 10 contiiaiad by the relatively long siotogieal Halt-lite ub ubsut
100 days compared t5 dbout 38 dayi fob potasditing
Bince the cemlut Li thE mudets Hasue Sxchanyes vory dlokly and the
potusmium sichanged yults rapldly; the Eobretatich B&Nbdigﬂb Fablo f
coslutit and potasaluinl 15 the irihe (3 ths body burden of Cyd3? mitigh be due
to conutant dally ligeatioh did ext+elion of potiddium togethisr iR mm.
hatloti of cealiiti proportiod to (he dhidtit (B the body Futhek Nun
stmitaiity 14 the iBstaboliam o the 18 siomentd: Tajior ot il iound
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2.1 HW  B1746

that the average daily urinary excretion of potassium was 2.2 + 0. % q.
‘Twenty-tour hour nrinc sam, »s collected from a subject at Hanford for
10 days gave an average of 3.3 ¢ 0.9 g of potassium per day. Nearly
congtant ingestion of potassium ls to be expected in view of the nearly
congtant polassium content of Hur main foods. Tho potassium - ~tent f
most meats, vegetables, fruils, and cereals does not vary bv more than
2:15) e daily urinary excretion of Ca'37 for an indi-
vidual {6 a congtant fraction of th: total body burden. (2.9, 2.14, 2.18)
However, this conatant fractior {(which is related to the biologics' half-
life) 18 not the same for each individual, so the urinalysis methud ta not
a generally useful method for estimating indtvidual body burdens of Cnl”.
The average he.dy burden of a group of people can be determined by
measuring urine samples or a pooled sample {iot the group and using
the potagaium conten’ t¢ eliminate the neced tor 24 hr urine samoles.

o factor of two,

Five additiona. urine samples were collected from Eskimos
during the summer of 1983, The results are shown together with the

19452 vegults in Figure 2.1, The new results show the same correlation
ag the old

R e

&t s B g B, - B < o - St dtdibtnns wtbymce ssdrgred

FIGURE 3.4
Correlation of Urinalysis and Whole Body Counting
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28 HW #1746

'he Alaskan whole body counting stutlies in the summer of 1162
were made in northern Alaska sbove the Arctic Circle  The bods
bhuardens of t'u," in the more southern srea were not Xnown PDuring the
wonter of 102-8% urine samples were collected from the Uy, 1t.UNr HWepetth
Service hootilals at Foit Yukon, Tanana, and Bethel  From the ("'l “'H
ratios tn the arine samples, the average body burden of the people 1o the e
areas was found to be 118, 40, and 63 nanocuries for the regions !
Fort Yakon, Tanana, and Bethel, A check on one of these results wax
made later when g whe te body counter was taken to Fort Yukon  The
average burden determiined in aaly, M3 was 34 nanocuries  However,
the people had not heen cating caribou meat gince Febrvary  and aboat
1 mo clapsed between the urinalysls and the whole body counts {about two
biologieal half-liver) daring wwhi'oh the burdens could be expected toa decrcase
te thas tevel

The International Committee on Radiologicrl Proftection recommends
that the maximum permiasible body burden of Cl'" be net ot 3 0 micro-
curied for individualg in the populstion at large who are not exposed in the
couis¢ of thelr occupaiion  No recommendation was made concerning

average levels of (fﬂn’ for groups suc  » the Qleskan Mekimos

Aq a tesgt of the uringdvais method [or groups of people ot a dif -
ferent race and living habite v d havin,, low tevel body burdens of (‘s”’
Cibot 1O nanocuriea), combuned urine samples from 450 people liviag in
Hichband, Waaningtor  were megsured and gave a value of §1 93 nanocu: .o«
for the average bol, tarden The samples were collected in three groups
of 1570 people each the viiues from the groups were 11 7, 1! 3. and
TEO% o ur e e wverags burden of €0 Richland 1 onle megsured 4t

the Honford whole body counter at the same time was 12 % nanocur es

7

.. 117
these tesults show that the average Ca burden can be estimaicd
Frong the combined urine samples from a group of people  This method
'
shodld 1o d uge in determining the amount of C8°7 7 In populations which are

not negr 4 wheie body counting facility  The estimates can be ob alned
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~vithout any Incoavenience {0 the people in the gru e, since the sampies
can bhe easlly obtained from hospitals, schools, or universities

A Sulntitlation Coumer for Jg Yjyg Detection of Plutonium - B. 1. Griffin

at:d W . Roeach

A scintiligtion counter was constricted for In viw

study of plutonium deposited in the lung. The counter

detects the X rays and gammo rays {rom plutonium'’s

uranium and americlum daughters The nensitivity s

in the range 10 ‘o 100 nanocuries

Studies wero reported lust year of scintillation counters for use In
the Jeiection of the X-rays emitted foilowing the decay of plutonium 2.1
It was concluded the It ig pogsible t. diild a la, ge counter guitable for
it vivo detection of plutonium depoxited deed in the body, particularly in
the lungs. This paper degcribes such a counier that was duilt and some nf
it « wsracteristice. The counter is nut yet in its final form, work is atill

Leing done on reduction of ite background

Th counter conaists of fcur 6 by © b 12 In. boxes suspended to
permit horizontal and vertical movement and ration about g horigontal
axig. Each box containg 13 EMI/US-9514-8 photomultiplier tubes. On
each tabe ta a NatfTi) geintillutor 1 mm thick by 1.1% {n. (n dameter.
The geintillators are cleaved cristals mounted or quartt and covered with
.00t in. aleininum foil.  In addition, each gcintiligior (e fastened to the
phatotubie and covered with a layer of rubber cut from the finger of a
suppean’'s glove.  Each box ts ccvered with a thin 'ayer of Mylar for

rac oo thn and with black paper to prevent light from reaching the photo-
betoo Rlesnetic ghtelding (s pro  ded by two l3yers of 0 01 (n. Co-Nettic A

£
i L

P esnh phictotube The anodes of the 52 phototubes are connected.
Biophantt e to each tube 18 Individually adjustable. The counter 18 houge!
Croa goocral purpose, 490 thick, lead shie'd  An angle tron framework
Thy 3 by 10 U suppores the celling and doors {3 by 4 ft opening). The roof
fg Lald oi 20 gage mild sheet steel bolted to the franie  This shield ia Yarge
cne s to permit counting of people
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2. 10 HW.- 81744

Nolse {rom the durk cui rent {in photomultiplier tubes and radio-
activity in surrounding objects are important gources of background in
X-rav scintitlation counting. lLast year's report deacribes the basis for
the cholee of the low notge, high gein EM1/U8-9514 -8 phototabe and of the
muteriale gurrounding the scintillator. It also describes the use of a
Thoracus filter as aliner for o lead shield. Che present shield is lined
with 0025 in. of cadmiam plus, on the inner surface, 0.01 In. of copper
It was predictaed that the completed counter would have a background
counting ri*e in the X-ray channels l=gg than 1.3 counts/inin per tube. The
measured background in the empty phieid in 1 § courts/m': per tube or a
total of 36 counts/min.

When phartoms made of sugar or water arc counted, the background
s higher b2cause radlation {s scattered into the counter. The increase ia
only about 5% Peopie are both zources and scatierers of radiation. They
increase the background between 80 and . W%

The sensitivity of the counter, the minimum detcctable amount of
plutenium that cun be detected, depends on the position of the plutonium in the
tung, the (solonie composition of the pluton’um and the time since the Irst
removal of the daughter products, and the choice of the channels used on
239 nd pu340

‘5 1 beta emittesr with 13 yr half- life that lends
24

the multichanne! analyeer. Hoth Pu lead to the cniission of

At
drssifte b Xerava l’uz'

’ ' t?%:

STNR T The deray of Am produces 27 and 8. kev gammo 1ays and

the 1 N-rayas of neptunium, the latter have enecgies similar tothoge of tt e

239 240

nraniom daophters of Py and Pu There IR aix0o an todine egcape

pesk fropy the 80 kev gamma ray al 27 Kev {n the pulss height soectrur of
b seintitiators . The presence of thege radiations helps in the detectior

I the platosfum because they may a8 auch o8 double the number of X-

wid garniaa rays per alpha particle emitted. They make inte: pretation
Giflealt, however, hecadse one cannot infer the alpha particlie rate from the

S-oand pranima ray counts anleas he knows the sotopic compoiition {seldom

thee enne In heatth physics applicatte )
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To get some idea of the counter gensitivity gonie L'utonium placed
in the ', cavity of a Remab phantomn w as counted.  The body of the
phantom voe, (ftled with distilled wator and the lung cavity w.th enipped
sterofoam  The misimum detectable amount w33 then estimated with
the formu’a

MDA - (k/S) (b/t); (n

where b {8 the background counting rate, t is the counting time, S i rhe
couriting rate per unit activity, and k is a statistical factor conhservatively
tuken to be 3 (see Nicholson 3 ‘B) for a more rigerous discuesion of
such probiema). Values of bQ /'Y for different renges of pulse height were
compared on the multichanne! analyzer. Figure 2.2 shows the back-
pround spectrum. It |8 not obvious what gelection of channels will mini-
mize the minimuin dotectahle amount. The bes® cholce wan the pulse
Feoght range 13 6 to 668 4 kev (Channele 17 to 83 at 0 8 kev per channel).
It was found that 8 - 0. 23 counte/nanocurie-min for these channels for
piutonium recently separated f-om its daugiters but o unknown tsotopic
composition. ‘The barkgrourd was 330 counts/min for in empty couin er;
' the worst case It might be 2. 8 timen this for a man in the counter. For
20 min counting time, Equation (1) gives MDA ¢« 70 nanocuries. For an
vl pltorum source, the atnimum detectable amount wag 8 nanccuries
Hedhier of thege results 13 more thon indicative becau. ¢ of the lack of
ks tedze of the isowpie compoglitinn Actually, of course, the real
prottem st presoent g that Equation (1) does not apoly becguse the
ettiviety g onot Hmited by statistics on background but by variations in

cgronnd from one individual to the next
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Background Counting Rate of Pmunnm Scintillation Coustar

vintpation of 3 12 Vig - H. £. Palmer

pergson to pergon.,

. 001 in.

PO e
o A -

t due to bretasatrehlung.

A transmiesion proportiongl sounter and a Naf(11)
mimnmor operated in coincidence for detection of

% bata rays emitted from the head iv better for
m vivo messuremernts than o brerasstrahlong counter.
The Background s lower and (s much less vartable from
Relatively littls shivlding ia required.

Saveral reports heve deseribed the determination of P” in the
son body by dete~tion of bren estrahlung.
t;:ﬁ’@:%?ﬁi?ﬁ&r&f’i?unﬂ counter 18 8 § 1/3 In. diamster by $ iam thick NallT1)
shick «luminum window. Body burdens us
23 200 nunocuries can be detected with It. A typical spectrum obtaincd
iz oo Me.»r placed at the head of & subject containing about | micro-

{0 of P2 13 gliown In Curve A of Figure 3.3. Some of this spectrum,

An abrotber that shsorbe beta
3 but doea not signtficantly abaorb the brémegtrahiung produces
o pleced bitween the counter and the subjer's hegd. Curve i
2 breosstrahlung spectrum. Curve C, the difference batweaen
cees A end 13, i the gpecirum due to beta rays emitted from the gurface

0012bb9
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FIGURK 3.3
Bremsstrahiung Counter Spactva

the head. The areas under Curves B and C are nearly squal, that ias,
about the same number of ccunts are obtained from bata pérticles s
trom bremostrahlung. This tndicated that couwnting of only the beta
particles ghould be tnvestigated. U the backgraund could be reduced
suificiently, tt e minimum detectable amount of P” mistn be seen lower
thenfor brumsgstrahlung counting.

Counting of beta rays emitted through the skin may not work for
Gilier ure beta ray emitiers which are metabolized differently than
phozphorus.  Al'hough phogphorus, like calcium (8 associated « ith bone
arowth, it {8 also an egsential component of all cells. The blood con-
boing soveral different compounds of prosphorus. #uch of the P” in the
Livty is cireniated In the blood stream and reaches the surface of the body
Za leetope sach a8 Sr% which rapldly deposits inh bor.e probably would
st enadt niony beta rays from the surface of the body.

Te redisce the background during the detection of betz rays a
teonmtanion type proportional counter was placed in front of the

3

hromastrahilung counter,  Thin proportional counter was 1 by 8 by 8 ta.

0012610
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was divided by ground wire {nto s ..uall counters, cach having a cross
300 (ton of 1 i::ch? and a leagth oo 8 0. The thin w.ndows were 0. 008 in
AMylor. The counter was operated as a fluw counter using 0% ~rgon 107
methane.,  The six anodea were connected trgethe.: and in coir 2idence with
the Nal geintittator., Coincident pulaes in the Nx]l were pulse-h . ght
analvzed. Inglde a good lead shicld a large #hare of the background {1 the
brsmsstrahlvag counter alone (8 due to re.atively high energy gamma rays
that scatter 30 ag to leave oniv a little enacgy in the seintiilator The

col o dence requirement climinates this had of background. Bete rays
fro e skir can go through the propottional coustter with little trouble
Jied are counted nearly as well as before,

The background »f this coincidence counter, fcr 40 to 1070 key
pulies in the Nal, was 12 counta/min when operated in the Hanfora tron
room with & phantom head made of sugar. With the coliicidence circult
turned off it was !50 counts/mtn. Typically. the coincidence rate was
200 counts/min when counting s subject contatning on'y norma! amounts
of %:w and Csw?. A vressed wood beta shsorLer placed between the head
2ied the counter reduced the rate to 18 counts/min. This (ndicntes that
normal heta background from the head is about 3 counts/inin, probably
fiom K”w beta rays. The other 3 counts/min are probably Aue to Cori.ton
recoil electrons produced by gamma rays emitted from the body. The
bLrekground due to higher than normal gamma radiation in a subject can be
determined with the beta ray absc -ber over the countur. All nurmal

13

subjecty counted 80 far have had about the same beta ray rate, 4t 2

rocnialmin,

The counter was calibrated with flve subjects containing i nown
giannig of pi? The average counting ate &t the side of t1¢ head is
LG cout per 20 min per ngrocurie of p3< 1t the Lody. Tue runge of
et was 2 150 for the flve aubjects. Figare 2.4 shows the counts obtalned
b two of the subjects who were studied for meve ~al weeke, one of th - subjects

0012671
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32
was reinjected after 28 Jayvs. Their effective half-li% for | was 10
daya. ‘This agrees with previous results obtained with th- hremmstrohiung

counter at higher activity ltevels »f },32.

RN
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FICURE 3.4
Retention of Low Level Burdens of Ps’

The detection limit for the counter (8 about 40 or 30 nanocuries
of P77 al the 93% confidence level. This I8 much better than for the
bremssatrahlung counter because tive backpround {8 lower and shows

32

rauch Yoas oarfation from peraon to person.

The cotncidence countsr has a higher counting rate over the
hend than over any other body extremity. (it is not used over the .crs.
Boecatuse organd such as the liver concentrare potential Inlcrfering
frotones such as ?,np',“ Anc.cher advantage of using an ex*remity guch
oo the head is that only that extremity and the counter need ne shie.ded:
todran room is not needed. The counting rate with the heas and counter
Shaelded with Tead 2 in. taick (total weight 1000 ') wa~ the same a8 in
the fvan 1onm Such small and lighte elght shielding requirements mahe
tfeasble to 1o ta such o counter 1o the Hanford Mobile Whote Body

Countey faecilie,

0012612
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One reason for developing a sensitive, i vivo counter for l"” CNE
to measure people who 3t Columbla River tish. Whitefigh contain (he’2 22)
ot 1992 and during e fatl often reach 2 nanccuries/g, wet welg!'lf’ et
A petwon eating 1/2 b of such whiteflsh and absorbing 73% of the PJ"
coald acquire a body burden of 350 nanocuries. Two subjects ate /4 1L
v of whit fish caught tn the Cotumbia River during December, 1083
Ater allewing 1 day for absorption of the }’32, the sibjects were measurcd
w1 the colncidenc o counter and show ed body burdeng of 10 and 110

(SO SATERTE BN AL T

Achnowledgements

32
The peopte w 11 kno o body burdens of P

Frsves sty of Oregor. Medical School und by Swedigh Hospltal

were provided by the

S u}:,g:f'y5~'§Li___',\.‘!taxle-l.&udy rousar - LR Palmer
137

avinnes AR A Al

, 24 4 .

New caltbrations for Na© o | , and U were made
The axgerepancy i measurementy of potagsium losses of
hidney PAtients was resolved.  Differential scanning reasults
far Celtd2 are presented.

Previous reportshave desc: thed the development and calibration

(2.23, 2 24)

S shadow ghitetd whoie body counter, This paper describes

Sirther atiseles of interest

24

The counter was caltbrated tor Na g that {t ~ould he vsed to

Aternune roatron sdode (i the event of a criticality accident. The result

Cas D voards min/nanocurie. 1t was also catibrated Tor l’ 52 in the

erond H frasion products are reteased {voa criticality acctdent, the
3

[T
¥ ¥

2 , 1
! cotiity i the alr o may be many tHmes that of in the hocrs

mmedt ety following . When the thyroid is stationary and contered under

)

e scr it arar of the counter, the sengltivity (s 112 counts/min/nanocurie

A new polyethylene phantom body was oM alned and tested for use in
b tion ver ko When 1t was ftlled with KCI sotution and counted in the
dotow Sbeeld) 1 gave 30994 counts/ min per g of potassium. The calibration
Pthe cagnter s HOSO2 courtg/min/g. However, when a known amount of

0012613
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537 wae placed in the phantorh. it gave 20% more counts than the
ca'ibration would indicate. This renews our conviction that the use of
phantoms for calibration ts not justified.

In & cooperative study with Swedish Hoapital, Cs!” calthration

factors were obtained for people of different body sizes. There se~ms
t be a linear relationship between the waight:height ratioc and th cali-
bration factor for ratios In the range 0.9 to 2.0 Ib/in.

The counting of pattents bofore and after treatment with an
artificial kidney was reported last year. (3. 24) Mengurements showed
a typleal decreasy (n potassium of {8 g in & treautment. The analyuts
of the potasglum lost to the artifictal kidney solution showed oniy one
half this amount. The difference |8 probably due to the lost potassium
having a countlng catibration ditferent from most of the potassium in
the bodv  The cell muss of the body has a definite potassium capacity.
When the hody content exce~ds this capacity, the exceas (s excretad
cyeept in the cage of kidney tallure when it remaina in the extracellular
fiiid  The potassiut in the extracellular fluld is probubly distribut~d
differectly and therefore counted with g different efficlency than that {3
the mugele celts. A potassium molution placed in the podition of the
heart tn a pliantom had o counting efficlency about twice that for the
normal potasgian in the body.

The use of the whs Jow ghield counter (n differential scanning
to study tumor tocatization and potassinm distribution was described
bt yenr, (2.24) A study of the distribution of Csl“ in subjects fur 8
dasd following ingestion was made ueing just the natural cotlimation of the
diictow shteld counter.  Flgure 2.8 shows how the counting rates vailed
S th time at four different positions along the body. These counts have
been carrected for radicactive decay and the amount excreted trom the

'
Lody  After ingestion, the ¢t12

activity decreased in the abdomen and
cpper eheat arean and increased in the region of the legs. 1t appears thut

an eaquiltbriam distribution was nhot reached unit! about 8 days after ingestion.

0012674
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§ Bubject !
ﬁ Subject 2

80

101 %

Uppear

---%""

Redative Counting Raze

Days A or Ingeation

FICURE 2.3

Changes (n Distribution of ce'd?
sreiuent of Urmtumfﬁru Particie Mh&tgﬂon
lan Bavshter Caumm‘_ R. W. Perkins,~
"k Patnier, and 8. O. Stuart ?

+ 'Phig puper {s presented on page 3. 08
£ Rudintosieal Chemistry
? olosy Laboratory
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» Macrimingtion in bast Neusron Bosimetry - 1. 1. Nichols
AR et v

R

xiw’ €., Hoegeh

e S

Most of the light etiorgy libersted by neutrons in ar

orgunic scintiitator can be detected and distinguished

from that produced by gumma raye, byt the ratio of th»

Mght eniftted to the ntutron doge 18 pot independent of

neutron enorgy. %ethods of correcting for this are

digcugged.

Lagt year's report (2.25) figc iumed the sturt of studies »f the
goatication of putse shape discrimindtion to fast Heutron dosimetry. It
win found later that He trong from the Tld, n! redction trom carbon contomi-
Hatlon of the Van de Craa’f system were distnting the neutroit apectsu be'ng
ur 4. After reduction of the contamination, many of the pulse height spectra
were reineasured.  Figure 2 8 shows the results. ¥ach gpectrum (s of the
coniiitg due to 1 mred of neutrons. The spectra were ob'g'ned with a8 1/2 in
Alammcter by .02 i thick stilbene crystal hiounted on an RTCA 7288 photo -
tultiptler using space charge effects tor the prise shape discrimingtion. the
otthut of the shape clecoll gated a multichanne! snalyser that analyzed tnenr
pulses from an cariier dynode of the phototube. The shape clrouit ¢as
sdivgtea so that the rejection ration toy (‘n” gamma rays was dpproimatels
tist to 1. Under thege condittons the shape circult will not pass recoh
proton pulges for protons of less than approximately 0.8 Moy

It the tdeud case of perfect Hnearlty between the energy of the
rocott partfelen and the reaulting light and pertect discrinitnation between
viotonn and electrong without rejection ol any protons, the rate of light
endaion would he proportional to the seutron dose rate. It n were the
cannting tate of Channel |, this vould bhe prasorttona! to

|| "Int )

e tdeal conditifons do not hold  Light eniltted (8 not proportional to
coergy abaorbed, and recoll protons betow some cnergy are not recordsd
seavertheless 't wad computed and 18 shown tn Pigure 2.7 1t is ressonal!
el opendent of energy dhove 2.9 Moy,
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1,. the "lnategratest Light Uutpat, "
of the Pulse Shaps Latscriminsior Syntem

The tow sensitivity 3 lo# energy must be compenasted for If
otae shape dlocrimination 18 (o be ussd i Instrumants for theasdrem ants
et neatron dose rate. OF codrsd, It 9Ll ndedr bo possible o comr-
by mygnipulation of the shape cireutt dels for thood snergles ehere tin
szapanse 18 gero. he way of compinssiing doutd be to eeight the pulse
Lelcila difterently. Figure 2.0 ghows ' detined by

by %lﬂ‘ut. (y L

£ 15

L evidonit that this does Increase the response to low energiss. but it
sresuityn 0 8 decveasing reaponise ot high sharg'ss. Atk way of
Clima the talges to Improve the loe energy responde e

o ®
t <1 r n o+ 7 tn (3 ]
€ o gt bl o8 '

Pty oy wdight afl small pulses by the mumber of some higher chanac!,
g eerabaatent to almply counting tho lod enargy pulses snd integraiii

+

Loe tareee cnes, The regult e shown in Figure 3.0 for 1, * 40 for the
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©duta of Flgure 2.8, 1 extends the fat redpoiae down to ubout | Mev. The
cusvea for 1y, i!. and I, th Flguie 9. 8 aré bach normalised ditferently;
ha purpoge I8 just to eumptn theid shapes.

@ince thy regponde cannot b improved whire It 18 zero, it suggests
thot somo other gort of detector with appraciably response only st low
cticrry bd corbinad with !hh pula® dhape discriminailon desice. Thé

gunse of &) by 4 o 1181 suintitlétor moderated with sphortcal
gh.}iymhyimw or boron-lodded polyethyleny shietds was tnvestigited. The
beat regults were obtathed with & 2 in. dikmeter boron-loaded polyethy' et~
gphicre. Flgure 2.9 ghows the response of this device, arbitrarily nurmal-
tzed, and itg combinatiod with l The resulting seniaitivity '# constant to
within about ¢ 17% from at leui lH Mev on up. The ability o réepond
to the low energles 8 tmporumt.

FIGURE 3.8
Stodifted Outputs of the Puise Shape Digerimingtor System

s den, for example, 'Low Energy Fust Neutrons, " on page 3.29.
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Recponse of Patred lon Chaintors us 8 Function of Energy - R. A R Kent

PPatred ton chyinbers, tissuc-equivatont and tissue-

equivalent minus hydrogen wid nitrogen, possess

reaponges a9 functions of enargy for neutrons and photone

ahich make tham sultahle for personnel dosimeters in

plutosiom production facilities

Hoth photon and peutron radiations sre expected tn plutonium
oo edBing planta. 1238 por unshtetded flutonlum, the photon dose
fate conxlderably exceds that from nedtrons and ts due mostty to tow

Qutte tight shiclding, howaver, reaults in neprly equal

"(i"":{‘ tlt’i"“)“ﬁ. . 1’
22 ‘
one

dose 1ates. Under these conditions 8 pair of ton chimbers,
Pisaue-eqatvatent dand one sintttar (n compogition but contalning no
N diogett ar Hittogen, e expected to function satis!actorily and » .
4 peod personne! dosimeter.  This paper reports medsurem..ats of the
vrntyits of suchachamber patr as a fanction of energy made to judge

Ihlke

s gsctalneds i such plants,
The chamvers sere tdentically shaped 368 em® cylinders. Une

cas made ot tHesde-equivelent conducting plastic and tilod with tissue-
coptivater pav the otKer was made of tigub-equivalent plastic but

e wtth a tote (n thick conducting Tellon tiner and filted with CUQ. This
ConAT e tian wae expoeted to provide very nearty equal scattering ti borh
Choamiter scatta Lud gt mage the second chamber retatierly neutvon

R RN ihe “hamhers were v o3d on g me titied Townaend batance
A regdingy given tn Floures 2,38 and 2.t a1 e the balance

t Ty
LR I

e eyt ed din thig elreatt.

4.

f o the neutron meagureraents, the chambers woere exposed
Co ety g equa’ gnd opposite angles with respect 1o the beam of the
At the same time the reutrons were measured with a preciston
Fluxes moeasured with thig counter weré cancertisd to dose rat. o
The difference ‘hoLe chamber rexdings »us taken to etfuitnate

For the photon measure -
2.2,

Voo te oy gt
Ty oveititer
oo gtegtaron
P ettecta of the gamma rays ‘i e peanent
Lt the Chambers wore oxposed ¢ the K-Fluorescent X-Rryv Source.

foonn artEon wid to the free atr chamber caltbration of th gource.
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Filgure 3. 10 shows the results foF Hedtrons. The sensitivity 1s
falrly constant ubove § Mev. The Heutbons th d piotmum plant ure
exsszcted to have ehergias th the Faige 0. 1 t6 10 Mev. For this rdnge,
a sinote calibration cohstait coutd b choaeh that wcutd give bagutte
azourets to gt tedet $18%. The decroude th Bsiditivity o 6% brergies
i= much legs than that Sxkibited by BucieaF thick Hif badges.

S T QQL‘— RN ey }i--~~;

“Yeutran Eneelly, Moy

gFInURE 318
S=hiittvity of Chaniber Ditfarencs to Nestion Bhstgy
0012b82
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Flgure 2. i1 shows the results fob photons. Not shown ara the
results for radium gaimiha Fays; they dre essbiitinlly the damb a8 for the
highiest energy shodi. The decredds Uit Jenditivity wt tow ehergy ts due
to stzorption i the chambser watls. (THe edits wers made thick to

of tuctpled MoaBirEd covers the mald SHEFgIes SRpected th plutoitum
plants, Figure 3: 11 shiowi ho unsapected behavior. Tha decrease i
rezponst gt the very 1o ehergled Would be & ketp ih dtaciiminating
uzatust sothe of the R-rdye fodid nedir plutokium.

r',i’ r—rn [EUS v e i o s ey

‘ Totton - it ea hamt o

- ‘
a '|'lhmw»iw[ul\‘J!ulu! Chambaer Pl

LU A
o &
g -
-
I B
.:‘
g

€ RIntE T St

e }‘“*‘”**‘—fdde-:k b4 LM e ol
) 0,1

Phioton bBnesgs, Mew
plguite 3. 11
Senaltivity of the UChambeis as d | action of Photon Friergy
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k’wumzm thi‘_bxmubb ihioréow 3. Do Puiigher+ 2nd
t.. Nichols T

ot :i‘mm s L 6& ‘?imtﬁii *gﬁ‘f“ tm ms
y ave
; ‘g% 8 bgdt-:n other. Uhe w‘&m» suttered & siall & lﬁtb

m seisitivity. ‘

th proclsto tohg counter 1 o dWice deviloped it Hailoird (.40
to be decutato giid Feprodictble counter foF the Meddurbitient of hast
neation Hiked; Severdl precision loHg counters wers compdied (o
virlly reproducibibity.

The itlowtiig auanum-u Wwoke mmum

AR oot AR E W Linei i3
dhd & ith sdine BFg tibe

we dyoibiot PLE-X apeethied the codiiter deiibted by X, Coubiter H:1

s ouk bttt dt Wanboid ditd clicaen 18 Be the ataiddrd coubter. These
so quantitios dhd the Fabts (IR FIR) shiotld dlf Rave the valie ukilty
v- y b eodiitere nre thuly Peprodictbie 1 18 felt that the edbws
SUahedol) t the best test for reprotdtibitity.

Tabte 2.4 gloes the vutubr of RS, #R), wng tixi o).

e daty for 8.1 (Moo Labidbdtory) and ANL:t [REgotilie NdbioRal
baisse oty ) were obtacied by coripailig them @ the respective 1dbora-

coleg wath 8123, Counber H-3 13 ghothe> sik butit gt dinsford gid dged

SRk the touster must sb shipped sny digtdiics. Tho remidiidor of the

Cotn were obtdatned at Wanford by dikeet toiparisoi with H-1 .

- fockhved Misgiles sid Space Compaiy

0012b8}4
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CUBBARIBON OF wmm BUNT RS

e iié*ég “ak%? W %m Mw o

wis-i 8.83%  G.wbs - O.808 18-44-80 NH3

{2 j.684  O.987  1.8%h 10-44-80 Haitford
§4.2 0. 858 8: 989 6. 893 $-9-83 Haidord
$.4 g:991 0. up8 0. 803 3-9:83 Hahlord
b4 d.584  8.983  B.998 $:9:82 Liveriore
wit.1 9.087  B.880 8989 10-8-83 Mothd Lab.
Euf-f 0084 B.4EE  0.008 13-43 b3 Ak goiite
-3 o.498  O.808  1.8b4 $-13:64 Haiford
-2 i.6bs  O.098 |, bos $-31-89 Haiford

Countor H-8 sriguidily guve tUH-3)588:3) - 8. 804, | wad then
atizntd to Stouhd Labordioky did 8 ArgoRhe miwuﬂ Labsratory foF
cotpabigotis.  Whed the couiter wad Fetubhed t8 Hahlord, the ratio
o tiiskbgned by 0. 8% to 1. 881, To make sure that H-1 Had ot
choiged, W eolitpared H-8 With 1t aBdiR.  Counter W:4 18 wiother
foaboid cotitesr; bre that Hdd Hot besk oot of the laboFdlofy. The
comdiablsh o H:3 With Ho1 was withil 9; 3% of 8 SaFleE vatde
e lebing that ol Wwds Ulitikely i Rave chdhged. NS Feudbi foi the
choned tis 198 18 RiowR. 1t (8 quite poasibie that the chalige Fesulled
beont disbilisticns prodiced by expoltFe 8 fow tetiperatured duFing
Siieg beiweet \dboirdores.

P Hiat elght vdtues of 137 #4R) i Table 2.8 Have s staidard
Ay mﬁ' 8. 5%, This imedis that the c8eks sike gilte reprodutibib.
T - i §1-3 12, ol coufse; distuiblig becduse It Mouis that . rahges
oo b wbeove sl Breduse the etteet (b Bdd oh the Fesulis for Mb-1 and
; * ta Bob kilowh. 1 the chiiigh stcukred betore 8F dirtng the - »
4o d ﬁrgﬂ siiite, ihb siamnw &bvm BH &buld Bh lnbrwsnd

: RERII th rilddie o¢ “ﬂb pericd Wbi’ ﬁﬂlt’h the ton it

L Gy v N oy
(] lﬁfﬁa.»‘-"r»«?-
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Wegara"

Wb g é,ﬁ’ o bu raa.:ﬁ %“ ““3‘“{ U dhiess

reripe

Rlost heUtFoh sourced of 1Rtereat st m&mﬂa wHode shebgies
are highob than about ¢ Mev. Howsver, tHeis neitrohd dire seatieied
gid slowed dowi betors thiey dre caplured 8o that thers i1t dledyd be
tud bk eibFEY AbulFoid present. 3o neutioh deteciord do nol Feapord
to wéuiroi with GRERgIes teds than Some valie. THe sbhcioncy of the
nictbar thack fiii Badge porachiet doalmbter; 1oF SxAMPIS, dechedaes
W lth deerbdalig ehoigy beiow about 1 Mov ditd 18 60 Below sbout 9.8 Moy
i siudy begah di ai ditemipt (B sdtimdte the Frdction of the heutron dose
it dibferent Heutioh HatFumbhts Hight be Hilasing.

Figures .14 diid 2. 18 §ive dh uppreciaticn of the w?b‘nm They
show the Hux deHBNy spectra catoutated By Ritchie & dl t2 foF d
i1ty odsirdted hedtioh goures, Figure 2. 19 the ORNL critieaiity
sectdbit),  gid 16+ 3 well inoderated doiree, Figure 218 the Vidcd
gectdent). Theae dpectia wors cohderted (o doie apectia. Fob
Floais 2,13, 3% of the doie comed trom Heutrohs w1tk (s thah 8.1 My
enciey, (1% tead thai O 8 Mev, dRd 29% lesi tHan | Mev. For Plgure 8 i3
thio enrresponding Hunibers dre 10, $9; dhd 31%. 1 both cdded; d atgitli-
cunt pibt of the dode comes Trom hedtions of teds than § Mee, dind 1 b
voenired atl neutrons aboye 0.1 Mec, not mut?’éomtd be mtsged.

Fetimbtoet ot d@d and thoh Hankting uBtd A st of hive

dittorent polybtitylene wphersd to mioilerdts 4 L B scintiliator to obiatn
tifortnnttan ghout Heutron spectra A tdeistical device was bullt st
Hotord whd estibrated at boe ditterent ehesgies. The resulis dre shown i
Floare 2084 with the caltbration cubves of Bramibtett & gf, The agreement

R

TP (‘@t!vgb 3uinmer Proleasor # -hb ﬁmfdr& l nbdr:aoﬂw 1969
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b st veiy focd. A good it of LhS GFIRAI GUFvEd WEFS titerpotated.
t tg tett that the lick of upresment WREFS SOMPAFBOAD Sah bo Mids
disties b Uldeatbabls io ks & SiBIAF \BkSFpolMIon: K 15 fett that to
assben the cohtribilion ob the 16w SRSFEY REULFORS FEQUIFeE & dpeciiv-
icick tigd il undibigususiy dipliy iad svaluate the Hox deiiity of
sech tedtvoka tH typledl locatiohid. ARGF coasidsrabis atudy; 1t 1
soistudad that thid e 6 dons With 4 suitable proporionsl counter
epcctionieher. SubH & spactiometsr 13 Row BEIAG bulit:

s G & P

- mi """*"“t"*‘ e .

o T 102 t "

\ t \:‘
Newtiem Brnvrgy. Ves

Lty

u é#f w‘%alkg}!
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L $gsllity - W: €. Kosach; k. L. Swaih,’

+ ki M Nussaseh B
:sﬁ e

(i ¥ mmi ot the Lniversity of Wishingtos Medical achost
la cipaged R Fededrch UBiRg faat Reuticnd: M wid arranged that
tacord's Radivlogiedl Phy#ics group wedld §5curs the compoRents for
iad daBbinible dn epEEUFs fisility thit sAapioyed A RoUtroR jeRsratsr
such i that uded 18 BOULFEA activation aRalysls:. Mindsrd will ales do the
dialinetty gHd ademble the system: WHeB compisted: # will be moved
to ths Universlty 14BortoRy.

Biring the wmms of 1663 thres ARE Radiviogical Phyaics
boltodality stadenti®’ mMads studes prelimbinary 18 the &ilin ot tn§ Heution
caoustibt tdetitty foF this project; THEY uied ths Hakhiors Vil 46 Graatt is
prodieb noutiohe oF thEIF stidy. THS FeBuling REUF3ES had veiy Redily
the g4y sHbFgy that thoas HFoMm the ReutFSR JeRsFtSF FOF thE project witl
koot e tev). THEFS Wid BABFS gamma Fadiation thin the Aeulrol
sk ginh Wikl proddes Besaule the higher sASFEY ViR ds BFucht bsam
; roliced mioFs BUEIGaF Feastisad: The studshts studisd the shisiding

b au»s at E0ME Ruihydrogenveus materials (Coppsr; Beryiilum; e
é-; sty the hiydrogen tH the shisld 1@ what Slowd the Reutrons dor
0 ihby cad bo captured: 1t wis thought that, &t the Righ shekgy (138 ficy)
me Heuteoiid, diFkct eaptro Foactions Hight B8 Hibie eliicicat.
don reustis whikl Hob veFy atedrate, Bk Hisy SeFS Cohelusive th shbwiip
ot einly bydiogenooul Hatertald Rosd RS codildsred.
m studeiits theH MiasuFed the degies 6f GRMMA- Fiy Conturiuiation
1 i;s:: capected. NeutFoRd producs pemma Fiyd wheh caplered ti
dei of the ahietd: THS meadoremonts LRAIEEIED that ol att stipt

e e

A ke AT ok AR s doAimeh SR b e A & i s .

.,,Jéy oF Waﬁﬁmg&&ﬁ jragusts Studeh
i..; sk, 1. 3. Bowsll, wid & L seinty
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m be tiade t8 FeddEs the RUMBGF of GARIRA Fiyd: THe hndl shted
&toh tneluded Hithium stearats 61586 8 the BeutFod target: THE tithiur
eopbiben nedtFoRs 1R competitioh mﬁm RydFogen but doed Aot et
g beyd:  RAtHAGH ehMched 16 LA® would GapluFe @ reaeF propoition
m s 15 HeubFond without gAMMa sHiisaioR; But it was not it that the sdtra
spehso of eAFISHHIGHE Wi Jubtihod BeGanaG SLRSF Feactibad (insiastis
gmw of high GRGFEY RSUFoRA ARY CAPIUFS 6F BiBW REUFOHS LB the
hydidgsn of the body) §ive AR 1FFedusibls MIRMUM a& m'mm Fadkition.

fihatly, the atudeits Medsured the AEUIFGH spavirod uldeF
siditlond Bimar 18 thoas thit wilt skt 1R the SxpoBUF6 fasliny. THey
aj udise Hatght analydts of the acintiiiations Hromi #tilbens t8 §at the
i whuiii: etiitiiiations prodicsd by JiibMa rdyd Wers Féjbcted by
putzo shspe dldcFimination. Pigurs 4. 18 shows the Fedults: Tha
gk m ¢re the pulse Reight dpsctrd. THS ohbFgy specire woild bs
ctiehity dittoront Because of the nontAGUF GREFRY - pUlEs Reight Felatish
tr i ltinig;  the pedki are at 14 Mey. ThE dpstrra contalb 1ewir 16%
cuvepe ibdbichs tHah caleuldtions 1ndicated. THE saiculatichs wers
wizde tor @ ulifori; \RAAIG Mediom. 1R the s4polurs faeility thers i
a binpty tibe froi the RedtFoR BOUFES to the subject. BvideRtly the
fuct thut hidtions cdil procesd dowit thid tubs without scattering shhances
bk buportaicd rotdtlve t8 thoas that dre Beattsred 1A thS durFounding
Sofetiledtioie were drawh up 16F & HeitFoR geRerator which was
UL povclissed by the Undverstty, THE dke cblithed Wid 8 Tekan Nu-~tear,
Lot siel A ehiteld dhd bxiosube tabtihy wEFE d6BigHed; the matsFials
nosdctior (b word obtdined, the nbcensaiy Btructured Wers tabricated;
wiocile? 18 anw Betnp dedembled st Hanford: Flgars 4. 18 th o
2t of wproxtthately what the tactitty with 1ok ke The Heutrop
Skl ok uity ut the bhd of d shietdiig cave; it cah be Folied it o
St cud mptitehanies.  THE subject 1les oh standa that arb alss part
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of thy ehletding. THE stahdd Forl 1R dRd 8ut: THey cuil By Feveried and
interctisiped to chungs the oFientation of the subject: Thié etrdiice to the
cavé 14 cloded by & rolling dooF.

Proflintidry studied Rave besd mads of the dosmetiy. The
newtiohd appdrently will Be producsd B i thin circutiF Fegion of the
tabgol of the peRGFAtor: 1 13 dddumed thit they wiil BE produced squdtty
thraustisut thts dlik aid calculationa aimed it HRAIAG the most promising
way of bxpostiy the subject Hive besh Hade: THEFs li ho problim foF
doded dp ¢ sbout 10 Fad Becauids the 1rFadiated Hidue it be praced ter
phndgh frohi tHe targst t8 sliminate stggificait 1HveFEe sqEdle vaFictichs.
For dazbsd up (0 teh HMEE tHat;, HoweveF; the Bourcs Hust B put c1oer
to tho gubject;, dnd tHeR ditbereil sFiehtations daed to compehiats foF
thverdd squard varlations: Completion of thid work must awdit teats o
tho eulron gensritor to s&e i the neutFsis do £8Mme Hhot & diisFim;
etredlar disk. THIS caniot b6 doas tit the shistd 13 compistsd. ih the
rebanitting, exposuted of thormoluminsioent doB1HSteFs aFs LotRg Made w ity
tha Vit do Cradll to Bave the techilgiue dRdes contFol wheh raquired fo5
ineasubEHibntd 1A the Pactiivy.

| bicUites.18.
Neatron Pulse Height Spectrid thom Sthb-ie Detsctyr
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gﬂ‘:“f&& "::;‘3,:., v SN e : . - ~; ‘; ] .i “‘
S ‘t: ?%‘mww k L “ e ‘

s pajicr sw BH Hedau Mg of 4k unymblidic

e s, m’w%‘?ﬁ t‘% Ot v

b Feapoias (8 cuhtiniod rotuests for (RS FRIdHBH dBoul Bhidll
piatioi ahtetds; Hanbords Radiologiedi Bhyilca group 18 gaihiciing
copbitinbhitdl ddtd i the ahielding propeiatei bF ~ohiiok Materiili.

s ailibetiiviity dbe ade dil the hoed ghd vpiituiity sFlde. The tiiha.

ti s oic of puaradfi, colic+ote BEERE; ditd wobd Wel~ Hibasuied 13 plscide
tatoiar abion tveded W Ine dedigi oF the tisiieal Frieabeh hieling Rk the
Ustvibatty of Washtiglol.

Fhe Vanl de Grdddt provided 14, 8 Mev saeutioia fron the T, 1
vegetton ditd 4.8 Mbv Bedtioid tron the DBlY; 1) Fedetioh. A proeidlih
tahip rodistt ricadtbed the dectiuii that jich 1rated the shivid,  the
coutits obitd Hod Werd divided by i tbgrdied bedin st reit (8 Fuliipainite
tor eheesgin i Vb de Gkddbt vulpt

B b Pt et oF cariretiehts thiv Shioids Were aboudt 4 H* Wit
wth 40 U dbe Gl bbb sied ik tOUIMEE UR B teiteF Hide o this
eatl, The shidtds @it dood (Bougldd HE) did parathin.  Figiee 317
gl s thb Chalginlasion tuieti oF 13,8 My Heatkoli.  Addibsial wosi
sbobe b geceind Wik taeptt thie Fodibd the KEUtoR tFabdin i tol fuk B
bk ned ol barpd, dliteed tilekiibiaed  Fuk (heRibsaee of Goud gkt i
thor B e e vatio of the codbitiig Fates 9t ubd W ithcot the shitetid
R LN TR 1T mz abtedi ih eii).  Fok diiike tibie 16 ciis of
s il twad 1B 2. 034 NG afsiidibiit doeFeuibd dbmorption i taege
Yo tcren wiid dar to neution tHal eere sedttebod atoand the slite)d i
covrst

B thie wees il set of medguieiiite pabattio divd code el brieks
e vned asd e s terapd wag iidde (8 Foilicl the didouiit o Rbiciding
poetead e Pige @ 2 182 whow Hie Lidtigsilaion suicvis foi 4.8 .l

L L T M s W Kps A A A (a B I R i b e e

Uittwerstty of Woslitiigton graduite studbii
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Fdit NeutFols TFaisiagiol
and 14,3 Ribe ubulFuie for olis eroan dvctivbigl ered of tie disteld.
flpdie 3. L shoni the truiRinidiioh fir 160 tRIERIGRIGN of BEicki
e of pavatfhi plotted dgs did the 1RveFEs of the Rk gechivhal dres ol
e shiletd, Wi bhe duynputle fokie of e torved ub Pigike .18
st e wbbiptied by Bie Fadlo, Hroim Piglire 3 18b; Gf the Textiupotitew
comiting Fite b ik tiviebel dked W What ot the uibs ugm.u, e
Gess it lon wibasin bniciite, e eaiile BERe 108 Lsd iy
IR L I ¥ O TR T "“if,“"m il culitFRte BEICRS, Peupbctivils,
g e g B3 g M. b b ik of b
P4 Stey nestionn th parattii, (i dgebbingi & Hth tHE pERelous Feault
oyt etors,
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thoh Libs 6 gpt#d - B ¥ Feming |

th ialf=fo of B34 vesmrted hust yoas -8 gquired esrruciton
tor the predence of 88°° 1A the saraple: ANGF Subheisal Hiws 16+ Fadio-
sctivs ducdy, the Porcentage sciivily of tBe L3nger lived 88'%0 was lurge
eisigh 8 U6 iEAIUFEY by counting methods. ThE corFsciioh did hoi
cheiiie the Walt-1ife fFom the BFigindl valus o1 86. 30 & 8. 81 duys.
the Heab ABlilies - B M. FiomiRg akd B. O. Alired

‘g%g?égﬁ%'é‘m‘i‘t%&?‘f Sfﬁ%“s‘ﬁsﬁ%&“u‘%%‘%@ Fiher.

th 1083 Myerd wid Pleming deaeribed (3 3% g hsar wupiifisr thai
pelelit bl tdbd 18 tHEFedBe the senattivity of calorimetsrs. THey dhowdd
thib aiuptihication o8 podsible bul Had not sehieved succsdaful §lable
aperution.  Thie pdper desciibed a G tsFmiRdtish of the thazimidm gain
thut 1t appedrs poistbie to dchieve With stdbis speFatioh.

Figuie 2 *1 dhowa the gdind doteriilhed ai @ hoishiaz kE Hhe
gnptied voltdge 1o ditforent values of the SeHsd FedtBtahcy; K‘; What
wgs sckiglly Medsubed woirs the thermisior currohts with aid ¥i1thsikt a
kezting eott operdting 1it the calorimeter. The gulhs w6rs doteF nined
o Mlozd Haes” tatich ds 1k vacudin tibb clreuli dhdlva's A 180 -~tual
o enretonis were misdd with deribd redlslors to contitn. (e ko vdits.
Vi stosper the il cubve , the more difficatt tt 13 to .eti- dlin o Btakce
coln twhen d galt evbeo dobs not exhibit 8 maxinium, lhe thstabiitty
vt b n ran away bohdetor.  Thie mattniuin stable gimpiitte alion
coieged wis 3099 with a (0 ohini serles resistor.

I zrothar experiment tho Hodt amplitier wid plicad th diy tce t~
tahe aduantyne of - wre wensitive thetmidlor oprration dt tover tempera-
Vo The reeuits were stmilar to those shown in Figura 2. 19
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18 ii ERTEE
Applisd veltage

icliiie 3 18
Heat AmpIHIGF CRAFUCIOFIBIED

Tt Bosxiils PEBSE &mwmamﬁ** B. M. Memiag
5 BpecthE pousE of 2197 108430 4 . 6667 ¥/

Mbcn hiﬁ» fa lrﬁ'ﬂ ﬁsm“ﬂ% &

Heldhively large Quantiied of Brald? becaine dvaitabls by
o sbotod trom Hanford wastes. Advaintige wid taken of this opportunity
s razhb gH dEEUFES caiSFI et SteFthinatioh of the pow ek proddced por
Gt innss by Fadlodotive decdy, the pecibic power. wAd of the Had-1ife.

Tan Hde):sHdently proparsd Biipied wers subpicd by Hantvid's

itodt Laboretory. Bach Wil Bomthals 180 curies. THey Weke i the
s of PhigOg.  Rach Bpotiimel Had oth prépu-ed By ioading the vxtde 15t

***ﬂ goitdiner which wad £6disd; decomtaminated, add placed th o
oy e tluinthuin cohbatber GHICH Wis Welcet shit.
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A Fidiotion cuisrmater 3-89 wag ussd foF the msabuFemEis.
éé wity operated LBsthgFbally. FERIUFMUEG of the SMEF balh wad ket
sabait to witht 1071 €. THE eﬂsﬁaﬁgm calibrited lectFicaily
wsé i 8 Hosting e8il 1A m Biub o1 tis P Sdil 6oFFectiond were
bzl for the noRiiReaFity of the wsa-mmag ﬂm eomparing the tali:
bistihg powss $ith the power Hrolh ths PR

The totil powsre foF the tW0 BamPIes B eFs U. 434 and .. $79 w.
Plotding By the dimpis welght ARS SOFFEEting IOF the Fas L4Etive docay
ethob the dadipled #eFs PrepiFed §ive IOF the Bp8ei’.c powiers B. 831
sid U, 248 @/ g with sk udcsrtiinty of 8. 8687 ih b i cB63.

Tie satipies Have how deciyed IoF i Foximately | yF ind ars
betig Founitdddred (8 provide & detSFiilnitioR of the - af-iifs. Pratimi:

hity Yatd t6F 3HE Samiple gtoé & valus of 3. 88 ¥F.

s mwihmuam& w. i - W. E: Hoeach

e a m%‘ au.ass bfﬁi '%‘
nmn bb &
% » hi'm %

No snatter Hod sidil d deléctaF af Emm&m iB iHade it séeis
therke dwdyd combe 4 LMe wHen Sis Wished t8 uds it A & radiation feld
that 18 dinalier thad 10 13, Tepiedliy the Astd 18 4 beaty emerging éi-ens

& twle th d shield. This pager §Ives « muthod for making such a
s briibit,

Vi .20 shows tho profile of & tHatFumBRE:. The rddtdtton is
Collet peinohdicular to the X-Y plaie. The Feading of the thé tdsient,
1tz die to contiibublons from esch part of the detector  RicH conts-
Litlon ts proportiondl to the (terdity of the radistion st that part; tlx, )
1 tte congtait of proportionatity, ehieh may bs diftereit hor sdch part
of thie tnsbruinent, 18 donoted by GlE; 3); then

o ) uix o itk o) d dy. 1T

' %

p"' hitb megits exposube, kerma, oi lsbnibed) dose for
ittt lum conditions.
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Fii6 iAstpument 1B caltbrated i & brodd BEAE Bl Wil thtshaity,
{; i which the d6as Fale ta X,. Tho Foading of the ANFIENRL 1) Hads
td eifiad %y ) |
£ agf ] 6 g de @ {3
The ponirion of a Budih 6f Fadialion 16 Bpsctied by pving ihe
edsrdinates; G, y'); of < particulaF poink iR the Bedmk: THE Feadiag of
tia st uinght dSpAUD 6. WHEFS tha BEaEB BtFikes it

Wit 3 ] Gty i 3 #:99) a &: (4

Vhod the reddingd irs intogratsd over the valuel of (21, ') foF Which
they die tot 2889,

[ jate s ae w5 s [ fole s d @[ ity v o . )

The titegral on the Fight Eui be Bopirited Becaidds the Hiat b X, /i,
beoaitas of Bjuation {8), nd the sotond 18 the aVerdgs IAteHEItY 1R thi-

soain; ¥, Hied te gFed of dhis Baam, A: Now; Xy (F/ig) 1B the averags
disb rate; R 1 the beditt; 80

£ < W74 [[ Rt ¢ &b &y, sy
Tho iedaurbrioit of the dwerdgh dose Futd 18 Muds By

prepdriig gtttable graphs o0 ¢ -eddings of tha thateuineht 1i d plane
prepridicatsr to e Bowm, inteffating thed& Feadiigs. wid dividing
tiic tntepial by the ared of the Bedis: 12 the dFss of the basi s
chitnodn, ait that cdi be ostathsd tiofs Ryudtion (8) 18 the product of
1o werbspe dose rate and the areu: this may be a1} the trdormation
the exzerimerter really neads,
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s W, € Huraan, B 1 Gl @b W €. Rotach

""g&:mm:lsi in Alaskis Eubiifod; " BEISHES; vol: 144, pp. B4:B8:
1483.

% €. Hinaoh; H: B Patwes; ahd 8. L. GFiffin, To be publishey
wn $isaith BRydies: |

i, # Paimer and #: W Parking: "€ k=184 1 Aluskin Bakiimos
aiid 1 Plise,  SEIBKES; vab: 143; pp: 88:67. 1B8S:

K. Lides VEubtn:i3? Rupdnd (B E«ediah Laplanderd aid

Roingaer; * Abti tailugiEd; voi: B8, by 339-348. 1981

6. 4 g6k, §: Forreher, i b € Beti. " ifects of Thie
Eookihig Mothoda ois Eyrdis : 194 Eotent of Beef tFom Brilty Bostd
Segri: ¢ ool Tatuaiogy, w3, 18 pp: 116:113. 1983.

- ABE, Agftcitioral RugwiFch Laboratory. sayiigiduel Biogreas
Ropoit, dity & . Bichiabas dl; 1883, ORO-804. @ 8i. 961

Y. daverster. “AH Bxpartiental Sudy o Holidn uptake of €197
proni Mogt,? presentad st Seiond Northorn Moetiig oh Radioactive
Fosd Chatna; Helwibkt, ABFl -8, i969. B

i, &, Patior, W, U Hanso, nd B. L Giifttn, “tatS? Ubthary
fxcreotoh by Alagkan pakiinos;  Miilokd Rudlolojjical Scieiichs

B rgm th wind Devblopiiohit Ajiua) Rbpo ¢ for 1982, Hw - 17809,

Jnuary 1983,

R, Rosoft, 8; H:. Coti, i H: Spencer. " Celuim-137 Motabotism i
sisn,” Radiation Reaearch; vol. io, pp. Bds-834. 1983

B. it Scribter, J: M. Buinell; wid A, L. Skinior, Jytlabug lor the
Courae b Fluid sl Piectiolste Balance, Uil erulty of Washington
sovnot of alpdictne. 198O,
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RABIDLOGICAL CdiMlisTRY
Brodasi '&ﬂ&:& Aathuida
wzmm:wzmmmmmm uikid Rty Spbciioim m

RV Poirklis e —

A mummmm “'lﬁ" ray lub&mmm- systein
his Beeh dev Hét ua b sincidetice umm 13
decdy chardctefistic ni hammcugo alohg ith anti- ‘_

omc!dmrb .mmm‘ o provide eitrepicly high senslijv- °

, tnd gelectivit ts application i e m«m ukembit
u! tedctor effubht watek. lgtlowt, and lmmam Sarhles
{8 digcussed.

In the norvial application of garnma ray specticihibtrs & dingle
detector views 3 redlogetive source. THe diount of brergy which bach
gaiing rav loses In the detbetor s recorded by the apectromiter which
nrovides an enei gy 1og8, or g mma mergy spectram of thesd interactiony.
Ganuna rass ablitch loge toss han their (18} nergy in the detrcter are, of
corge, recorded tn the less than full energsy portion (Compton continuun;!
of the gamma energy spectrum  In the quantitative moeasurement of ridio.
noctidos tn 3 complex radior getide noxture, the Csmpton events drastically
reduce both the nrect Don atd sensitivity of the meassrement of mas. radio-
nneltdes Much of thitz Compton i‘mr'r’h'rrnrc- can be remocved by anti -

M
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cebeno e capeer et e d 1oy *he conte e nee counting rate of the

¢

St e e ow o ot o citergten Thew te ("mzfxr Is rtoutinedy g1t te th
iy e rvsgurerent 0y e o avaonnte of (o Q("m_ an ! ('n' SRR L
sttt wtreanin, b ever O melectivity ix tadtet und ot ix

R R R S O L N I T I T P B KPR TR PO Y IL N LA R LI T T

e et gy i nter fet et oo

Cent s aniahtht e o et Senmean gt ot e hespbe gty e

LI A B L ERE A R DR B P B T PSR NS N S R R RS T SRPS EENPE PR T SR

0012705



$.3 HW- 81146
chictiombtey practicdl. The spsctiomutey syBtem UBsd 1A RIS dtudy was o
tuctosr Dutd 4008 charhel andlyser ussd th @ 84 by 64 charAs! jrouping
arvangrineit 1 conjiRetion with two, eatiestncldencs shietdéd; 1. thick by
8 tn. dtametes, NalitTl) detectors (PIgUFs 8.1). THE analyesr uiit 18 dupplled
with g OptikoR uhtt which peFimits & veFy Fapld Feadout of the entiFré meinocy.

) = Nillt » Anticoincidence
= Shield

- gample Locstion

K‘ Xalt !y Principal Detectors
$° Thick : 8 Diameter

bure Nab Creatar
tigh ipe

17 wolotube s

90LZ100

a
\

FICURE 3.}

S 1 Pt okt A

Detector Sygten: tor Mulsdiraenstonal Gamimie Rasy Npectrameter
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A Tilly papef tape Foidodt 18 UR6d &b & rGadoul FoF coMpdter calculdtion.
The sample to be meddired 18 adnddiched Botw ot the 8 1A, didheter detec
ora. The sigidls Hom the tes detsctors ars 16d tB the aEparats analcg-to-
digital convertors of the didiyter toF SHerfy dhalysis dnd trom thete (o the
memory storsge dntt. Wheh & itﬁiis pHotol 1hteFact« with oas of i~+ detec-
tory, t o event ‘s storFed oR SitheF the X oF the ¥ axis of the Hiens . When
teo photons are smitted Sintditdnvouety, edch intersctihg With & sepatate
deteetor, the eveit 18 8'oFed ih sh shergy-ehergy plané dt o polit anlguely
chiaracterigtic of the tée energies. The spectid in Flpures 2. ¢, 3.9, and
1.4 tuatiate the mdhiier of sturage. With s detection dgsiein of this type
the entque decdy chafbacterisiic of in.ing radishuctides are Feddily resoloable
thas perm:tting a far groater sensiti.ily tor detectioh aid direet measure-
st of muny minor radiodctive constitudnts.

In addittn » to the tisch grester selertivity vroeicsd by this multi-
dimenstonal analysis, 8 much Ibwer hackground (100 to. 1000 totd lower) is
abtalined,

it ty difftcult to present in three dimenglons, 3 pictorial {Hustration
A the applleations; however, the measurement of Cu“ th Hanfosrd reictor
cfltent water provides a reasonable sxample. In Figare 3.9 the normat
wrertram of effluent water tg ~ompared @ith the multidimenslons! spectrs.
Ity evtdont that where (‘u‘u cannot be measured frot the normal 2 s trum

(ot eadily meassured from the multidimenstons! spectram.  Thue other
4 ‘78 72 140 48 80 %121

L ]
vrocnttien? peaky nre oo to NaT 0, A l.a Se o, U
carnot e precidely measured direct!y from the rormal garnma

. O
gt 5!."‘l{’
s oine e of efgent water bat are readily moeasured frovo the maltt-

Prrrre oo o) wpeett oy An“' to riecasared from ivg U 88 and 9 88 Moy praton
Copacy te ll;s'z c onteaared from tty O B4 oand 2 20 2 31 Mev cnseade

voneudared from tta 1 B0 ant ) 488 or CO1S Moy canenaoc heggre 1Y)

0
rorrcaunted from theae srme neaks a3fter the excess 40 he l.a" b

T
SRS T T wotrreasared frocs ts O 8083 and 68 Me ¢ a8C ade ‘k‘"‘

. 0o
petre e e st ) BG2 and 4 HEY Mey cascode Fogure 380 and U e,

R

YT ot N o ame gede Phe measugrer-ont of mu~n of e nato: o
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sttty i 88l mmﬂyww B siultidimensiobiil

£ The Th39? serics bask €l bt dirsstly mediurad
s 2,64 ma ey eaBEads 8F TI®°° (Higusrs 3.8). Fho uraRiUm sortes
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The measurement of fallout redionuclides {8 « very practical apph
cation of multidimensicnal spectromet In alr tilter samples containing
fallout material collected during the pas. 2 yr it has been poagible to muakwy
diract measurements of Nuz?', MnM. (2060, YHB, Zr«NhM, Rulm, ('Hl”,
(‘hl"”, and Ce‘“ from a gingle spectrum. " A'l of the radionuclides excoept
M“M‘ 96 137

2, Nbh"", and Cs are meanured with little or no Compton inter-
ference by ucing the coincidenc ¢ counting rate of the cascade photons.  An
additional very practical application ig {n the analyais of bloasmysy urine
samples. ‘The direct incasurement of the short and long lved radionaclides
his been made by this (echnique and ie discussed in this report. " A
problem In multidimensio,al meavurements is that some of the single gammau
rays whlch interact with one »f the crystals are backscattereu and al:sorbe
inthe secondcrystnl thus producing a signal from each detector. These
eventy are stored i the energy- energy plane ¢f the memory as coincidence
events und may interfere in the imeasurement of otier radionuclides of
intereat. To minimize t'ils Interference, lead absorbers are used which
cover all of the area between the crystalm except where the sample ia placed.
In practice a 8 3/8 {u. vlumeter by | in. thick lead abaorbur with a center
hole the size of the sample (1 or 2 in. diameter) {4 used. Thia reduces back
gratter from monogamma emitters auch as an and K‘O by 10 to 100 times
in « arious regions and also reduces the backgroiund curnting rate. With a
polnt gource sample in the 1 in. thick lead absorher and 1 In, center hole
(heveled at 459 out to the flat surfuces from the iniddle of the cer’ »r hole) the
88 and Co80 are reduced to 0.7 and 0.3 (colncidence
peak) relative to a goometry with no lead absorber and the crysatals touching the
source. The hackground reductions which are proivided by various thicknesa~g
of lrad absorhers as well as by the anticoincidence shielding of the annulus are
shown in Figures 3.8 ard 3.8, Fligure 3.8 presents backjgrounds for a diagonal
of the enerygy plane glving the coincidence background as a function of equal

energles on each axis. Figure 3.9 presonte the background for constant encrgy

counting efficiency of Zn

on one uxvis (N5 Mev) but as a function of energy on the second axia.

* Ses "Fallout Studies, "' page 3. 81,

¢+ See "Bloasaay Measurements by Multidimenaional Gamma kay Spectromotry, '

page 3,12,
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Although a main advantage of multidimensional analysis ln gamma
ray spectromotry g thut it permits the direct meagurement of many radio-
nuec hides which would otherwise requive chenijeal separations, it alse pro-
vides a generally greater sonsitivity in the measuremont of all radionuetide
mistures,  As an example the (nciease (n gensativity provided for the meas -
urement of the cascade gamma emlitters C‘um and 804“ and the monogamma
emters (,'u":” and an'"' in the presence of |05 digintegrations/mio of
‘\1024 has been calewlated and are socopded in 'Fible 3.1, The values compare
gensitivitios for meagnurements vy a sangle 4 In, thick by @ tn, diamcter
crvatal with that for the multidimensiondl systom,

TABLE 3,)

SENSITIVITY IMPROYVEMENT WITH MULTIDIMENSIONAL ANALY SIS
FOR MEASUREMENTS IN THE PRESENCE ODF

{0b digintegrations/min of Na2t

1adionuclide Sensitivity Iimprovement baoctor
cu 4
ge 40 4
[
cet3T 3
7n% 3

The present detector ayston.  althoughl excollent tor multidimunsiona’
analysis, (8 not optimum for all sample typed, tr ull wources o be andlyzed
were of near point source dimengions, s much lower Compton region on the
N and Y axis und in the encrgy-encrgy plone could be obtained by extending
the anticoincidence shield butween Lue two principal detectors and by mini-
mizing the Internal crystal cladding,

1ggnuay M““““'_"""_‘:fff“f’ hy Direct Counting on quM}ﬁ:ltﬂlycﬁii?)_gnllf)uul
Gumma_Ray Spectromoeter - R, W, Perting

Biloassay medsurenients of urine yamples from residents
of Richland, Washlngton, by multidimensional gninma ruy
spectrometric counting techniques have shown the presence
ol several of the reactor effluent wate: and fallout
radionuvlides,

0012716
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‘The direct measurernent of naturul or artiticial rdionuchides in
cither whole o ashed bioassay samples has had Himited application because
of both tne relutively large amoun.g nf natural K40 which are prmu-nt and
thelr overall low radinactivity lovely, ‘The normal presonce of K‘ with
ity <haracteristic high energy gumma radiation (1 47 Mev) drastically
limits sensitivitiee for the direct gamma rey spectrometyic measure-
ment of other trace radlonuclides.  The decay of most radionuclides
involves the emisslon of two or more photons (n cuscade, and the coin-
cidence nicasurement of the charactes istic photon energles of n given
radionuclide provides a uniqu: indication of sts preseace as well as a
meagure of ite nbundanc.  or the study of trace radionuclides in bloassay
sumples, on ultra low background multidimensional gamma ray :‘swctro-
mater system has boen deviged.

'Thig counting ¢ stem is described in detail elgewhore in the
4
report,

Sample prepacations involve evdporating the sample to dry saits
and pressing them Into a flat, standard goomietiic arrangeinent for count-
ing. In prellminary studics it hu bet-n po-plbla to medsure the con-

22 24 65 v LN 1317
centrations of Na N gc it (u Us Ca™"", and

232 (froni the ’H" doughtor). 'l‘ho radllmuc“dcu Nu“ Sc'm Co M
(‘uM. and Zn“"’ are pregent in reactor effluent water and are directly
avaitable to people through drinking watet and indirectly through foods
irrigoted with this water, The radionuclides Nn”. Cl"“, and Clw? are
presont in fallout, Na2? 19 produced by cosmic ray spallation of argon as
well w8 in naclear detonations. .,.,_332 {r of course, u natural cadionuclide
and ig taken into the budy in foods. Studies are presently underway which
will rolate ohyervaa levels of these radionuclides In bloacsay samples to

levely tn vartous foods, water, and body terdeas.

‘

—— -~ orrp

S W I O GRIPSs. M AP W 48 g O

+ See "M_ltidimenr nal Gamima Ray Jpectrometry, " page 3.1,
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Pack, ~ound Reduction in Garnms Ray 8§ ectrometry - R, V/, Perkins

Bickgmund veducticn of up to ohe order of magnitude

has been obtgined by a combination of snticoincidence

shielding and light pipe shielding of the crystal from its

phototubes,

The major obstacle in the measureinent of trace amounts of racc-
nuclides such aa those found in environmentsl meterials (s the natu.a!
background counting rate of the detector. During the past year un elaborate
three-crystal detector system was obtained for multidinienaional gamma-
ray spectromtry studios and this detector system was made avallable for
thes¢ background studies. The norma) b‘ncitground counting rate seen by a
Nal(T}) detector comes from '

é  Natural radioactivity in the erystal

¢  Radios~tivity in its crystal cladding and {.4 photomultiplies

¢  Fxternal gamma radiation and coamic rays.
The three-detector aystem was obtain.d from the Harshaw Chamicai
Company and han beer: described in detal! with 11lustrations. ‘ﬂ.dre 3.10
shows four bsckyround measurements {dide with a 8 i, digmeter and
§ tn. thick Nal(T1) detector. A.l 9. thé measdrements were made in & 4 in.
thick 1ead shield. Thi iz ..:ve 18 the background from the normal crystal.
The nex* curve down (s the backgrourid obtained with the pure Nal light pipe
beiween the crystal and {ts phototube and represents about a 20 to 50%.
hackground reduction. The bottonti two curves are background medsure-
ments of this ciystal pluc.d inside the snulus and with a second 8 in.
diameter by 4 in. thick crysal above it as shown in Figure 3.10. It !s
evident that the background & reduced simply by the Nal ghlelding in this
arrangement. When the vutput pulses frora the annulus and tcp crystal are
connected in anticoincidence with the principal detector, a very substantial
and desirabel reduction is nttained ranging from e factor of 5 to 10 except at
the K40 peak. It should be pointed out that the backpround reduction of 20 to
30% obtained by use of the light pipe is extremely important if one {s trying tr

See "Multidimensional {Jammas Ray Spectrometry, " page 3.1.

0012118



3.15 W 31740

b i Lnasinem hacaground reduetion by anticoincidence shielhwng. T
1euetion of the oviginal beckground 18 due to the prwtotube and i3 not

Clecit ey eemoved Ly anticoincidence.
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in a 4 in. lL.ead Shield
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tranium Ore Dust Inhatstion ﬁmﬁ’a - T, M. Beasley

Sensitive radiochemical ibelifigiibs Have been developed
tor the determingtion of vranium ﬁ' thoriui in ret tigsve

{ellowing inhalation of uraidin ore dlﬂ Radiochemical

ylelds from spiked sampled shog good recoveries (> 94%)

for bothi uraniur arid thoriul w1l s2cellent decontamination

from other uranium daughters. Pnlnnlmry resdults from

exposed rits !ndiclte a mignificent retention of thorium

versds urahinm b the Pt Jungs.

In conjunctioii wiih Hanford's Bislogy Li&ta’ibtj. d stady is betng
made of the tissue distribution of uraniuim snd s daughter products fol-
lowing inhalstion of urantim ots. Hecent reviiiois ih the recommended
Maximum Perrmissibte Conceatiatioh bi dir U‘l"b ) for !iﬂhlum ore
have led to a value shout 1/ that of the forther ﬂmlt ;‘“ value is
due in mge par® to the u:tgnmmt of a low nim, fop Thes
it 2 10"} interocuries/emd), a dadghler product og U’”. Ay sh Liltial
part of the study, thorium:uran'um vatios w.re desirod {0 detet Hilné which,

if either, is preferertially solubilitcd ind -ransported from the luag.

Direct determitiaiion of the urstiiih snd &Hbﬂgm fmm of shimal
tigsues uging large dreg lphd ray lpe&i'ohidcﬁ is complitated
by the preserice of Raé22% th the vraiiith decdy seried. PG 3.11 shows
an alpha enetgy lpbéﬁ'mﬁ of $40 Bilcrogritia of the Uraiiicm ore vied for
the inhalation study. (3.4 giire uFwitiith codid be gusntitatively ddérmtned
from the 4. 183 Mev slphd eneshgy peak, b5 distiiction betw et Th??

Ra 226 is pursible from the gpectrum. - Radicrhemical protadutres rre
nezessary, therefore, to separate uranium, radiumi, and thorium from one
another and from oiher members of the uranium decay series.

A -cview of the radiochemistry of uranium ¢nd thnriu i 3.6, 3.9
suggested that tlie uranivt, could best Le isolated trom the thorium and
radium by l'quid-1quid extraction of the vtdhium by tetidry sthines from
an HTI media. 3-8 Uranium 18 quintitadvely extracted ints the aimine
(> 58%) while thot jum diid 1 adium reliiid in the aqueoud phase. Thorum ia
then isolated from the radiuim by d ldithanosh Nudtide precipilation and
2-thenoyltrifluroacetone extrdcticd after the iiethsd of Perkine aid

00121720



.17 TR RE D

Nalnwarf. (3.9 Finally, radium can be determined by scenditive gamntact
FPCCLPOMATIC measure 1ens ¢ fol'owing attalninent of secular eqi ibriam W b
its daughte.” products, the latter requiring ubout 38 davs.

I5130, 1,682 + 4.615 Viev
54 v234, 4,103 ¢ 4,717 Muv
Rs$28, 3.717 + 4.589 Mev
3.2
"
.2 I
o g I d
3 .4 ?i
- . b “ . R .
E §:‘, Pol10; 5,301 Mev
- >y, 4
3 > o
g Ra222; 5,487 Xev
é 1.8 -
é i bod1®; 8,992 dev
3 1.2 b '
-
i o218, 1,385 Mev
0.8 pr— \ o !\’;;‘
- 7.680 Mev
0.4 —
"~ &
0 i l ] [ | ] . ‘ ' 1
o 26 40 80 8u 160 120 140

Channel Number

FIGURE 3,81

Aiph, Ereres Specirum of «J0 Micrograms of Finely Grourd Urantom Ore
as Measured in a Frisch urid Chamber
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Experimental

Lshing uf the * ssue samples 18 accomplished ustag 3 Tracerlat
i.on Temperature Asker {(LTA-500). In the agher, {onmized and stomic
Gxvgen pioduced by a bigh f1equency electromagnetic field 12 used as the
axidant Sample temperytures during the ashing rrocedure are below
30 C O rhus minimizing the formation of refractory cumpounds of urantum
ind thorium.  Dissolutien of the resulting ash is with 6M HNO,

Recovery and reprodud.bility of the precedures used for deter.n.ning

A 21
the uraniam and the "unt content of the tigsues we. e teated using U

‘,?_‘5 aid Th»l'az’H tracers. Uraniur: is separeted from k2 thorium and
radiirn by liquid-liqu.d extract.on using the long « hatn ertiary amine
“Alunine- 118”7 digsolved in xylene. The uranium i{s ex'racted from a

TM HCE 20l 1on »ith v rqual volume paition of a 20% golation ol amine
s0d stripped from the organic solution with two equal volume portions of
0. 1M FINO, . and the back extractant is evaporated to dryness under . heat
tamp  The 1. stdue 18 dissolved in a 20.1 yglacial acetic acid»!!i.u.3 {conc.)
solunion and p'atedon a l 1/2 in stainless steel planchet “or to'al alpha
counting or for alpha energy analysis ustng Frisc? Grid Chomber cournring
Averuge uran:um recoverieg of 98. 2% are obtained using the tracers

ment.oned above. Re. overies of macroqrantities of uranium 19 10 $4 mg)
are al o quantitative,

Thorium 8 recovered from the TMHCI solution by coprecip.rario”
ne lantharun {luoride. e fluoride pre~.pitare i+ transferredto a amal!
beaker and taken to dryness under a heat lamp in *he p. “sences of concen’rared
HCIO, Thorium s purifiea by tiquid-liqu'd extraction using 2 *henoy!-
rritluroacecone in xylene by methods nrevious!y described. 3.9 Aver . ge
fhoriam virlds through the procedure are 74%, a vatue whicli )s \n gond
agre: mant with the findings of other \nvestigatois »eing a similiar thorium

procedure. ts. 10) Figures 3.12 .ud 3.13 show alpha energy specira of “he

r e e — . ——

Tricaprylamine, General Mills Comnpany, Kankakee. lllirois
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i1t% «hd HkdB By SFUOMUFE wlyslN Bl A Eampuriach of salibretion
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wud seeomiinhed by ailuting 10 ratareiithi of the 1R nnb, Aciution wiih

4 il of waiek &id intFoducing 10 MisFetiers of @by} phoapRits alohg with
300 microiitere of e seintillator; ‘YRS MBikiFe Wih SHUAR YoF 3 miB, und
eeritrlriged; the Uppor BFgeite pHads Wi driwi BB Wilh & BIEFoplpsite did
thiwid &r‘mf{mes to 8 quakts vial foF eBlinithg LM | JpdFatud PFaslBlaly L7
deatibed, ' Tiid procodure wid Fupaied iwlse 1 Foiovs alt the P,
Fivo) ubxa mmnan took placs af thib ABid tobtentFition (M 8); Assut 8%

of the BT wad reimsved dnd sointed aREF the DFEE Sheaotion whd BO% ote
the secuhd.

pild? Wiiiaas
Eatrattish 8¢ promethium fHSE UrIRG Wi ubtompilined by wot:
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(HOEMB). 1i prictive, & daimple S8RtdlAug 380 ) vl UFIHG 1A 4k Erinineyer
flask & i tredtid With 40 i) of conesntratvd HNOg dihd the Bolitich bolied to
near drynedd. Beverdl krsko lesasF ddiitiond of concehiFaied HND; were
necessary to decoloride the Pesldib: THY Featiltail wel:dah Fedldue hu
completely disactved With & Hitniim (aBsit §8 M) of dituts HRL,
tranateried (o 4 38 Mi vorumotFic Huak. & diluts §oiution uf Rurﬁi wid added
to chaiige the pH to 4: 4. A 1% dolutioR ob HDEND 18 48 1iquid asintitistor was
ubsd oy aoivelt satFacion of the pRombtRium: THFSS SxtFactions; two ol isv
miteroliterd and bAs of 160 MICFBIILFN, Fosbvared ik Lsual 3% Bf tho Fedio-
{sotops adeeb the UFiRG bFodliment. EBieh Lmn (BS WiMuFie Hadk waas shaken

0012726



MQ | Hiv-B1148

tor 4 inlii did tiied GoRLFIIEVE FuG UppER SARIBLL phab ik draMH bif ¥ i
o michopibetio AQ LuRaferked it & JuaFul DAmple VIl uad JUbiWflent
ectiactlohs WeFH cOMBIBEE (R th vik:, TRE Bidlh WHFS Lheh ¢ooled fo} $§ min
n the auFk and GBuniud 1b  11gu1d Simtilinlion do! elSRuE,

Discuddsd =~

Reaultd of Bal 8T waiFasiion frum vaiying HNOGy Soukehiviticsd are
showii (A Tible 3:3; 1t is epparans that Feasnnakly peliblo pll edsirst vua
necridary 16 dbsoiRpIlan condistuntly Righ BSivird IFAGHIGR pirtoFHincs.
Tho etfecti or SOURNiG Fite tBsR dddition 8F ITDRHP i the 1gitd delniiliater
demunatFatsd thai Up 18 $0% iy K (olaraied vithstd Sipiibieait toad 1
efticleiiey. ]

A compuFLich 6F Uhe apsEilis astivity b ths Bt aslutten saicuriied
(o tissd speetiomistite hulksfili datic 4 ® dspropbHicHal cokting, e
liqutd sciiitiliglion souhting aFe bresehie 1 Table 3:3; The igFetoient
betwont the i apectrometsr wid ng iguiy veiblillalich Rethods 1
oxcutieht. THE 4l -propoHishil sudnter FebUiLE 45 106 By about 3%
probabiy du 16 iRsSmpIsts EorFeciion foF NARpLS aold- abasrplish; The
Hquld seiptiliahion teehalgus provided i SIS precide Busclid
standdidisdilon.

Honulls webe vhialded codcering the BE6UFdEY dRd proclison of the
method tor sveratt P’ $7 exirsctich whd souhilag stticishcy foF the Blodssdy
proceduie. Tabit 3.4 illustFaten thesh Podultd Diich Wby Bbisined Hroh

urthe camplos apthed with 38; 800 disibisgrationa) anq Bim' 47,

The standaid devistion ¥ as giVSH fob sien 10 milh codit, Mackground
samples of procesded iFlhs wabs touhisd foF 88 MIR 1Rd are B0 shown,
For & 10 inlh datiplé couht, the ssRBibivity of the msthod vid 4 & 19°8 iicho-
curles & the 00% cohtidehice Level: IR sl of aumple prepardiioh, shoH
time for andlyald; uhd vory Bigh &b "lzuu stficlendy; thid LochRIGUS compires
Livorably with btlier methods foF P witydl.

0012121



B ¥ 7 | Hw-8i148
" X A
I8 # 8.3
4.4 1838 6. 68
.8 i3 8.4
1.8 bibo 8. 88
3.4 “; 560 }.o
3.4 i8; 360 3."
4.8 $i.008 i.1
8 as Bacsisive Bragipitanon

ExPEHIMENFAL COUNFING yikLb
AFTER PROCRSSING URINE .

Saripla  Not Coditte/ mi hﬁ“’ H& H“ ﬁmi t?t
1 14, 500 4 50 id6iceo
3 44, 408 & {0 “ 98408
3 $4. 100 4 sb ¥ i8.340¢
4 15; 660 & 80 (T 1.6 ¢ 6.8
8 34,160 4 48 7] i8.440.4

0012728



i the stftusat conceplFabich o <ev SRl FiiBiNell 64 1H8iR B
aiction uf watsr from (a6 Apuliaas HIVEP 3 LB alumbia Rives- Lk
brsitilhe Witk buaed BF D6 ChAFICLEFLBILE Hisu paitera ol tha Bpargad River
Ghich diftred digathedstiy FROm Bay JNEE W ,
oi iho pruat BALILFILY butweud B0 DRSS B8 LBE B i Gl
widl the Fadisrasiope GohcablFillon BMLGHL . 38 BB Ve Hams @
guiitiiativaly Pelide Uiide obasvaishk @tlisudh Bayesh ai scalisred
sainplud of lpokane RIVEF Wilsk did iho¥
cvrtatil mgieFtila Wi aieted B 1R & URSLFOUI;
Baring the Nt & 6 o 1062, shipish WoRs kel Foutiiely £roB
ihe Cotimbia Hizor i Hunlord abd @ LAUS pilid Bl which 1s iocelea o8 he
spokains Hivet ubout 28 Hil Hrod Lt bioul, Thid pApeF #-GaFiBed the Fasillis
trot sndiydia of theay duiipisd wid 1R impligitions drawh Mol thede diti:
All dashipiss wers fitered throagh tared i GRBFRAG TILOFD WitD @B
oftectiv poFs slsé bf 480 MllBLEroll; aad 16 amounk 8F Rliskabls Bitehut

PrEs—————— - P en——

Bives sutt GoncontFaiiond. -39 H vid WigR i tha idﬂaiimsm

T T e o Boloky A ewtws

00121729

o P el

B -

e SR (B

4
!
j




Hw-81148

mw\mm ihé
LK JA8 Al Fossior eoolipd. The Fuasiat

" vy _Ilmmteumwma

, f" ,_smm w«iu

mima f.anaemmm maadam‘ W Mﬂlsm AFNGRIE; Urahluin;
hmm&mm.ﬁ&Luﬁﬁhiﬁwdﬂi“ﬂﬂﬂﬁ¢ﬁmﬂmﬂkiﬁﬁmmwhmbt
thie eiomebidtl CORGEBFALIGRA ¢40 1adS by SOMPAFiEcE 6f the SouBling -uiis
of the SAMPIS With a8 aiiqudl af WAs. mwa m &ﬂii m gepirated
by the Naibie prOEESS B thE damplE: 1o

All pasii Spectrid mms sm mm mm A m &himi ﬂuﬁ»
equipped with & 8 by 3 18; Nal(Ti) dsiscisr; A jiBma-janima sslhcidancs

soitht ek with u!g 8 Bf i iR Nm;:g: aﬁmiii Wil md &a» am&xw mm
andiyitd &b €U,

Ths How &mssﬂuiaakmmsm i963 (ﬂimi w ahawmb
htgh degrss of How Fegulation by thu vaFicds dami oA L6 HVeF. THE Fegulation
of Eoiirabia River How L8 Gvideasid in Figurs 3; 10 which Feprasiis ths frartica
of the how past Griad Esdise Dam MpRiahsd Ly e Miver. The feie-
tishat How eurve Bhowd 1ittls BF Bo BLmiIAFUY (8 (BY chahge A Fadisarienis
eoné etk Fid 1o 1B the shHiusnt fFEm the KB HeactoF; Figure 3:48; whick shewed
& hiarked iEFeals 16 1ide Rareh, 1063. Thb luck oF BubliiHy Wil ssise:
Whit SuFprisihg ab good soFFeialion SHAISE LAWEE BN (W0 BiShsvréthtita
Ui previos yeiFd. Oab explasalisa id thal the BIY8 How period ol tbe Bpbiane
River salbiided 5V6F dppFodliaisly 3 M8 GuFing 1063, Whils 16 pravinus yuure
debttiité puakd Seeurhed diFlng which Lime the NBBKIRG RIVEF furribhed i Biuen
ds 30% ot thé How through BFaRd Coules B, Ady IRHUARES 6F tha Spokans
River oH tha conéentFalids oF Fodctor aifiusel Fadioiuleldss Wist Fedult from the
lthodictisd 8 the FulBliciops parsal Maisrlald 18 the wiler oF s Eolubibia
River: A plol of ihs arasals mmﬂm o m wam Revif 6oFFecizd for

0012730



3.27

L = i ! 1

] L'

FIGURE 3. 14
PFlow Curve of the Sgokane River, 1933

r

)

e - 'S > a " _j

FICURE .18

HW-817486

Coulee Dam L ‘scharge Purnished b; Spokane River, 1983
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Radiosrsenic Concantration in V.- Reactor Effiuent Water, 1983
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the dilution of this st eam by the Columbia is presented in Figure 3 17
1t can be seen *hat excellent correlation ex a'e hetween this curve and
the chenge in reactor effluent radioarsenic concentration. The highest
contribution of arsenic from the Spokane occurred on March i?, and *the
corregponding peak radioarsenic value orcurred approximately 12 dayve
later This time leg is considered to be representative of the transit
*{me of water from the mouth of the Spokane River to Hanford There
1= 130 an (ndication that an initial peak in the inert arsenic (rve vhich
oc.urre {1 on February 10 resu’ted in an increas~ {n radioars. e on
March 7 The difference in transit tiines is attributed to manv factors
including rivere flow, relative water temperatures of the Spokane an
Columbia Rivers, the regulation of river [low by the various darms, and
th, - level of the reservol, from wbich water was taken from lake Roosevelt

for passage through . ~and Coulee Dam.

'he manganese lanrthanum, and uranium dala revealed a cor-
responging simtlarity between the salt contribution from the Spokane
River and the radioactive daughter concentration in reactor effituent. In
adaition, {t appeared that @ significant fraction of the radioginc resulted
from introduction of zinc by the Spokane River, which was not observed

in previous yvears.
f

-

| x
! \'/\\
i~ \
["\/ N

T rmm—

FIGURE .17
Columbia River Araenic Concentration Furnished hy the Spokane River

0012732



| AL 120 TR AR X

The Effect of Filter Flow Rate on Reactor affiuent Radioactivity

wo b Silker and €. W, Thamuas

During the tnitial period of operation o o Manford water tre oo ent
-y

pilot plant the treated o ater was Filtered at 3 rate of 4 3 gom 17 F 0 1oy

\rea Two monthe later 2 second t{lter wa:, peraled shich nereritts |
filtering at « rate of ¢ ghm "'.! The fi'tered aatyr wax asedd to coal o
reactor praocess tuhes, one aluminarn and the oftner 2ircor o e !l
cyvaluztion of the efféect ey 2o cate on the concenteatiaon of o

nuclides in the tube offluents

A comparigon of the concentr (fions f s.over al radion: rdes at fhoee

two flow rates 18 pregented 0 7 b o 15

t '\_I':Nl' kI

RATIOS OF RADIONUCLIDE CONCENTRATIONS

AT HICHER FILTER FLOW RATE TO THAL AT LOW FILTER FLOW RATE

i

Lirconium Tube Alumi um Tube Average Ratio
v, 2 n 81 0 & B 63
AP [ 25 BRE 120
T8
As 2 40 t 4o 210
249
; T 1 20 1 4%
f'."%r 0 K1 fl 20 0 Th
., KS
7n 3 1 20 t 2
40
L bor 160 tos
K4
LY LA ~On 7 tn
, 32 -
¢ I 90 2 30 2 00

TUth the exception of '\I324 anod ('!"” tiiee higher concentrations of !
radic s staopes aceur ced gt the higher fow o ate Freatmera of the woter
hefore pasaage through the lter was the Same Airing each measure
aoent periordl The increase tn aclivity could therefore he attributed

iolely to the rate of flaow through the filter 1t was cond luded that the
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of the tiss paFiicied undeF inGFaansd naagmns PFSABUFS; Which Feaulied
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et R S
The butidup o l-az!wnuwbb conesRtFaticiis 1 the stHusht From Rew
zivcobtuiil did dluitndi procedd tubes that weFs c881sd with deicAised
water tH & Hailord Pedctolr Wid Meditrsd IR stidiss on ths Mechaniims
and kiieties of radiohucttde productish: 3t was determined that sply
#inialt suiodiits o} the Fadiohueiided WeFs producsd oA the wurfacs of the
zirconldti tube, ndicatiig that the aluminum tubs and fuel siement
wurtdces weore responsible or the production of the Fidicdetive miateriati
found tn the ethucht water; This prodiction, 1h gensral; Feauited from
4 soirption - desoiption Fedction of cosldnt 1Hpuritied dis the aguiesus dlumiium
corrosion product Hiit did the redutiant Sxpoaire to the Feuctor asttron Rz
during thig redldetice PeFlod. Sokis doFptioh BIL6E WeFE dvailable it the time
of tnitial exposuts of the atliminum surfaces 3 the coolant. The sumber of
uiten incredses with tite dus t8 rowih 1A the thicknRedd nd porsdity of the
corrosion product Him: tThe Butldup of the coslant GoREshtFitioh BF Fais:
(sotopes could b dedtibed Mithematisally by the fliowiRg squatich:
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e att-e M s ptt-eY d -0t

where the first term {8 the rddiosctive buildup of the atoms sorbed on the
initially available surfuce and the setond term reftacts the co‘mzbunon
resulting from the increased porodity with & buing the porosity grow’h
factor

The constants 4. b, and # wars sviluated by laust squar-e fit of
the Na24 data trom the firat tust charge 1 the tuminum tube. A value
ot 0,00987 day ° was determined for 8, which corbespondd to a reaction
half-144e of 70 days. The function 8 was daterminsd to H9 charsctoristic
of the syatem. By holding 8 constant and determining valves of ¢ and b
for the other radioisotopes by least squarss sstimation, axcetlemt agree
ment between calnulated and obsoerved cunteintritions was obtained for
short half-1ife isotopas. A lepz pracise fit was obtainee for the longer-
Hyod inotopes of P32 gnd zn®%, which ts probably due to the e.clusion
of certain controlling parametors from the mathematical modet. fol-
lowing each fuel recharge, the efftuent Nu3? concontration rather
rapidly attained a new level which was signiticantly lower than had baen
attained during the previous charge. ‘The coistasits a and b for tho
Na2? bulldup during each fuel charge wers avaluatad by the method of least
squares, and are presented in Table 3.8,

TABLE S.8
SODIUM EQUILIBRIUM CONSITANIS
Aluminum Tube Zirconium Tuba
a b 8 h
Flrat Charge 2.48 32.23 2.03 10. 88
Seeond Charge 4. 10, 3t 1.90 9.18
Third Charge 4.7% 5.18
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For those calcutations the tinie wad ussumaed to start at sero follow-
ing each recharge of the tubus. This ssdumption Joes ot sive constant
values for "'u" for succesdtod fust LHUFgeE tn 4o aluminum tube. ‘This
constant reftects the initld) surlace gros trom whick the diffuston of Na
covtd oeerr, and tiHcairs that the Him on the tube wurface increased in Ity
c apacity to turtish Na2? to the effinent water by a tactor of 2 during the
perind of nperation with the tirst fust cHurge. This Increased capacity was
immedatately svailable for the production of Nu" during the accond charge.
The tube fitm surface apparently had sttained maximum capacliy during th e
first period of operdtion, as &'’ remained relatively constamt for the second
and tulrd fuel charges. The inertness of the girconium tube was snown by
the constancy of ''n'' tor both fuel charges. The only gluminum svrfaces
avallable for Nn“ production in this tube were the fuel rienient jackoets,
whost surface had been treated by autoclaving. ‘I'he fact that 'a'" remained
‘he same for both periods of operntion showed that the same initinl surfuce
area was proeonted by both tuel charges. representing uniform preconditioning
of the fuel eloments.

24

The decreased an" concentrations ln the eofftuent from succesnlive

fuel charges probably resulted from gome factor which influenced the
oftoctive production capacity of the alumnium corrosion tim. ‘This may be
due to a thinner film, a less porous film, or a fHim with less sorptive
capacity and was manifested in a decreasing value of 'b" in all subsecquent
fuel charges from both tubes.

Some changes in concentratior of the other radiotsotopes during
aubaequent fuel charges were observed; h-weover, they were small when
compared with the godtum behavior, The activation products in the 2lrconinm
tuhe effluent reverted to the tevels measured during the initial tuel charge.
I'rom the data (t wan dotermined that production on the fue! element surface
was responsibhle for most of the radioisotelve. The notable oxception was
‘/.n“5 where about 00% was derived from the tube wa!! ‘Thia indicated a
tmarked difference in either the source or deposition cha-~acteristic of zine.
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The coneuntFd iai o IS ¥ariond Fadioniclidss 18 the WHUSA: trom
ihe §tresRllM aystae doppad 1B ¥eFy 10N ¥RIUss; BhswiRg IBS Feldtive
inedpdbility of & §1FCoHIUR BUFFRES Of ABIIRG GXRSF B A WG I FutEAtISh and
iriadigtion of paFeht Liotopsh BF 3B i PRiBiuky BOUFSS of detiviled piroht
(scioped vid EGFIBHIGE OF B1BaIHB: B WAD anuinad thsl RG FadOIBStSLER th
thé etfiiioht 170 th SIFEGALIM SYMER rEINIGY FFom IFradiation 8f costunt
paiitied 6AY LA EontFibUtiGA 1SR thll BUUFES WBUIY it i il Lubr wid
rueh eorniblaatlohd tented; Fhe entFibubion \ & the AluMIBNM toel eladding
durtace eAd the alumibui tdBe SUFFRES could 1heh B wWiludled troi tha reapec.
tve offtubht soRENHFIISR FFOM thE §1PcORIUM 1B IR dlumIAdin t1dd et wid
aluiiiiuR Hibb w1th §17E0RIUR 61ad fusl: TROSS FBINBAFIGRE AFS preashied 1n

tTibie 2.8,
B RBBLE e 55 ES BF_HABIGS @ikfl"|i|"

Water.  Fudl tde- — . 3uldl  Fust Cligding
). 3

Na?d 8. b} b b33 .38  0.98
AT 5. s b, 39 813 3.8 @80
PR TR 8. 84 .56 U3
ey b, b4 8. 11 5. 68 8.48 833
p32 o, 68 i. 43 b; 88 PAT) 1.48
ni®3 6. b3 K1) v.03  1.83 i, 40
Mn38 0. 0} 8. 43 8, b8 6 id 8. 68
Rp23? b0 8 ib 8. by .36 0.0
ta'? 4. ¥i 8. 14 813 8.43  4.38
zi%% 8. b4 8. B8 v. 40 8. 48 UKL

Ucod agrueiuit 13 SesH BEUGH the aurminlioh of the tohtiibutioh
of setivily trond the Hdivididl SUbress and that sbasFvsd Trom the sit dlunstumm
systei, whith repFeisits the tBtsgrition of dll Individial BBUFE#8 Fodetiig as a
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singis asures: Tald would b5 sapuetsd if (RS AINIRIRUM Girtd6ed provide
the ohily Blted avillabls foF the FRERIISE ARE prsdasiion of Fidlonuciides
aind i the tube and Ried slenanl SUFERES FbiAd IRdspERdsntly of uhb
dnother,
- Of the 13016psE MuasiFsd; tRFSE WEFS Piodiosy A squil asunta

o the tubs hd fisl BurtEces; ohe WAl S5HYEH P Kb Vb6, A4 i
wets predominantly formed o the RS siimdhl BuFfess: £3°° Wil 0&8 "
oniv (6iope MeisuFed thil Wb conlPibuled Hrom (he tubs: Porkind *-
to 4 thal IH6F 2106 EORSSRFRLIBRE ¥5r8 8 18 10 Ll RIGHSF 1R ddAiples
et the dlumiRum thap 14 dampied of Kis) lembis Jackss BBek. Previsie
woik By the dithors ® $howsd thal FadisEiRg cohcsntFatioRl I the sHhsm
trom o dew diUmIAUM Procolid tubs FEmAIALE i Righ 16veld dlier FeeRaFgIAG
the tube With how husl slomentd IERLIVE of d parmiRent SoUFes 8f Pidickine.
I wsu contloned that the Bajsr portich of the Fudisastive siRe wild foFmed
by peulich stbivation of sthé tmpBUFitied 1k the dluminiim procsds tibs.
ié oebiuriehcu LH tHe cooling water di SitheF the Feadlt of coFroilon ok
erosion of the tibe Bursss ob HitfudloR of IRG 616 tRFSUEH the AlUIBUM
corroston His.

The thirne Fadiolasiopsd @hods eoisehtFatishi wsgswf' §d
equaity fHoii the b wid fuel slement Surtaces were Ma%; 6%, wid
Np33?. li wad hoted ihat Shiy MAFEIRE AMSURLE 3F theds FawoRuc]ides
were prement Lif the sfttueit hoos the dll s1Feohiti Bydtem; Indicutiiy
negtigible waem‘mw? of thatr Fedpattive barsiid th the cooilng ¢ ster
suppty. Perktin'3 1) modiuremoits showed that the parehi precurisrs
of thest thirbe huciides woibs Preseitt 4 dpproxiinstuly the same conceii-
tration th hoth the iube shd fusl Jicket thbovial. K '8 Butlsved that tHe
nlumsinuits coMiponehts tirhished the souFes of the parsht 1aBtopes which,
after (rradidtion, weis Feibdiod (8 the cosignt By ois of the sdcips
mechanisms pravibiily mentioned. THe cily differeics Bola ek thess

" Sev "The Eilect Deloniésd WaisF on Rescior EFIGeAL Acvtiies, i
i. New ‘tubes dild Now Pusl Chirged; " pigs 3. 38. 1

0012139




3.0 Hw-8i1de

ihive lactopsh BAd the FadicRIAs id Wi 6opiFiBAtioR FFom thE Pis1 surtuces
4 wstl b thS tubs AlUEIRUE:

4 Foiuiniay 13615568 MSHGA & deslied pFISFAAES wwa
prodiction SR the hasl slement; B bast; Wikih the estption of RV -." i
wurs preuil 1A & 31 Fihis TAvoFiag IR6 fas) sloment suptacs: Wi ukd
§188. which wiil by diicusaee LiaF; suRiLiISd vars 130 Gk seuFlloki 1 the
stHluent 10 thE Elranidi NyutSill; (Bkd Biaimising s ““Q:’“‘&i‘? ot “2!
cosl B “m il thelF §SuFes; THS BIkGF 1BuF iBoloped; As ; CtY
wid £at%9; Were prodeat 18 Bignilicant SRGGRLFR MM 1R 1he wiiusR! I
ihe 4li §iF-oRIUM Bytem; HRES the coneludiar that ihe codling Waler wis
the BFLHAFY doUres of thELF PracutboH: Fhe Felbtive Brodastion sh the
c diohuctides wad iBterprated i8 ceflect 4 oiote fivorible B, ol oM B DiF
paruiit suiope Fetertivn oi 1he auFficed of the fush sloment.

The produciion ot M98 ubsiid obyisusly ba wogiied stroagly 18 favor
of the tust eleiein suitace; b 1% Rickot b dvdsd 18 the alukisum dtioy tioi
which the jucketd ke fabrientd, while upbeihicatlond vimit the nigket content
ot the tube Alusinuhi 8 1093 thai 8. 46%. The secukrsce bf M % 14 the
crtident wateF 1o thteFpFetsd db pvidbiEe ol coFrobon ol the el Jueket
matoblal, aAd the Fadiciiekel conksilratica provides @ irert middui-e ot the
inistant sRecUR col FoBioR Fte of the jdckot.

Aie ottt ot § ShcEdFation 8l k’s“ irom the BiFcoRium dystem sisthed
shty 1% of that cbaw: ved th the iotal Fedctor sffidunt; But m&;gm& markedly
upsh tntrodictis., of didintiein components. THE FelBIvE Nad® eohtributioh
wis 3:1 1 tevoF of the tel slenient; r b corrutated wetl with the Fatio of the
rust Heutioh Hux it the two subtased. 3.1 4 oo tackd ke ‘;mim b thie
Hiajor production of Na2d 10 sttributed t8 ihe AL T (R, a b Na®® tdat nediboi
rouction: The redicecdium, which Brobubly diffund through the Rt 1hto the
coolat, would vary 1H eohvelitiitioh W1th the thiek :n of the poFoUs diunitidin
corrouloh Nini. The sbaerved sontFibuticas of Na3® troii the tube dhd tuet
slonigiit suidced wers propoitichdl 18 the fuat RoULGR HUR & thele pothite.
tisrulore; the twd corroaion produtt Lay ki muat be ol ipproximalety the sunm-
thickiess.
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46 WiFis el |
s DLk ,j«% ‘
Yot Av dd/gT wm “t »g.‘.'

mmm Alumbiim wsmm Akd bigher than RoFmAl bokE -
thuliohs of £eabtoF SHfiusil Fadiclioioped Rive Bosh SBBSFVEd Uhed
detohissd WAk 14 UB6H &b & reistor coBlaRl: BUG i LBGAS BBAGVALICHS;

o tesl wus Hidds 18 Bludy the Fedisiiolops eoaiont of ti6 E8FFSAIEH Him

oil iiiitkub) dubtacen: BRIIAl UsvabhiGadioRS Were iade ua NGl pibess
dowumts st O the redeior nedtrol Hik Which Redal idl & FOBS Lo
ribEHmt BN Sl Feapunaible 10F Ay Fudislicloprl salSEiied WiIR 1hs Hiki.
Siow Pl wolld Bot HecEdanFity 86 omBaralls o M ‘AP thé Hik §6ke
Blies Lise Houl kR Hux had Beal kRoWR (0 MEGEL Lt 9°

UHe culatituett of LRteFodt 1k thE Hill #dd (RS 1FoR ukids FOMILE
'8 BUFtacel Both 1A the fluk ahd doWRILFSAIA 0R68; THIS 1FOR 6Xids is
conitdored tb Be the Hialh EoFpich BUHAES WhEFGIH tRE PaFsRt MateHals
of efttueit detivitios webe Hald up, activated; shd ol Felbaid to the
witer. THe woiite of FoH wai the coBlwil Water ahd (s edrbod Btea
piplig used to tradapuit the watsk (8 the Foattor.

Butlitg tedetor Sutdge ol Decsiiuie 29, 1983 dowidtrsdi dunimiee
weke obldined troii tubew 4083, s063, 4488 wid 4338, Tubss 4083 wnd 3064
wekd SUMIRUM did S1FcORIUM, Feapoctively; aHd died dsioBided Water ui
the cootdit; wlies; tubss 4488 whd 4$88 Wore WIUMLAUM MY §1FEORIUR;
tedpactively, but dasd piist plant procesd Saker b the cosidit: The suter
ldyeh ot filitl contailing the hydirodd 1i6E ORI S a8 FeMovEd By phyilcaly
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sripiag the Barfics khd ¥4 Maalysud by Makdard Fulischsmical iathods

foF FidiolNolopes RoFiiilly aaiocitisd Wilh 1s vadsior Shhulal WaisF. tThese
FoBUILD AFS pROGARISE IR Tiubis 3. 4: €8 PRIk 1. 108, dowabiriua
ddiA168 Wors Shlklisd Froid B8 AINRIBIE RS Ullng PrOESE WaleF dd th
\FoR-Fich SulsF HIE wid FSOVEd D WRLARIRG With & GARSS b F BFuBh wid
Husking off wilB waleh: TR6 SubsUHEES SINMIBE 8ulds layer wad loat
diFing Mudlydle; GARBUGLARIIY; valy tho LAGR: #lk Hil MRd 1ho WaleF wors
daidysed: TRANS FeUiR AF prassaied ia Talde 3:10. O PebriaFy 13; 1843,
Tubié 4069 vid HBEBAFREd Mid & dowRBFSIN duBy Wb obldised foF Him
atudy. To FedUES poasiiis (rutatcesiions of FadiolBolopss Hrom fushing sit
the sutst laysk of Ml with $ales; the Him from this dRmy $dd separated
by ikt Uslng 8 Siship Eabiel'a HalF bFuah 18 FOIRSVE the IFSA: FIER BUSF 1ayer,
thell dckiping obf the cRdsHiyihg alubuBum oiids fill. Theas tes Hractiche
woré dHdlyded wid the Fealil drs Pressatsd b Tiubls 3.1,

The 17oH cdlde dipobitiol 1B theds tRFes Bampiad Wid Rot d conttig
oveh the BUMHIES bul Wil £odepoalted withili ihe AlURLAUM Sxide MatFix. This
wau tledrly indieutbd Bibes M bvery cidt 18 HIM traetioh coMtaiRiing 1FoH @ di
compoied wadily of diudiiti 8¥ids. 1R addition; the 1FoR SX1ds dspodition,
whet Sdapended ib Water; wid Highly cotisidal et potanilon of & 38 Hy)
iHdlcwing the efisterics of d toilsidal cBRAlt .. it iRe il (EBlididat 1roh
oaide couid asem} ‘m i IHteHis SHungs coloruticn sbikived 6B the tim. )
The dbsahice 8 Na®® 1h adipies troil Dscemiber 36; 1883, aRd Febiuary 1;
1983, wad qlts iHdicutive of the ~obiiity b thid 168 #1RE6 thedb dumples weie
ot teoved tinsdiitely aish ahikdowh '.‘ﬁm the daimipie 8 Febiudiy 193,
1088, Pved this lditer samipie ahowed Na®® colicehtratiohi whicy wote o
tactor of 10 tower thad expectsd. Colparig the concsntratlons of lastopes
i the 1ron wid diumiius Sx1de trdetioha HFOR ﬂ% 3. i1, gsmm e‘au».‘mmhd.
ey lidieand #6539 0 ui Gii-ties bouRd 49 Wi 2458 598, 64", nd "0
Nu®? wid B2 wers sveilly &mnﬁumﬁwm ths tws inig?; 4 &bt lGk
which &4 expectsd for the mobils Na®® 1od But Aot the B°2. AR dicaitoh of
how tightly Bodid the Fadioidotopsd & 656 (6 the Him Wil suggestsd by coimparing
the uquecis pHdis dnd the Lhol Hin duti Prom Tabls $:16. THeds data showed
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EsbY, cubd; wid BV wer osaely Neld 18 Lhe fiim whils Aa70 wnd 32

eure Hghtly Bound: The algifieast dibtorehesd butwesa tabte 3.0 dnd

Tuble 3. 1) datd 84 Tube 4083 ake probably dié 1o the diltersces th expoaure
titied t8 water the dummied Rad afteF Feactor shutdwd: The date Mo

Tabis 8. 10 would Leh8 i3 ¢6Fily thid SoRElURIcR: 10 geREF, LAG deeumutstod
daid HAIEaISY catiohie Bpecied WoFs 188861y Retd dRd xasctinted with the
surtare fiili While anlohie species wors tightly bouhd dnd didtributed thitsughout

ch& mm
ko
.. T ser ST o ol Nmmm
a&ﬁs 3&8&&& ol Ri m iEEF&m& Eww&am roceis Witet o

AlUiindi Suttaced - D; i: h&BbHiBH ahd R; W, Parkiis

wmﬁaﬁ“m | ﬁ fﬁ:ﬁg
b‘cibr

uab

gdaféﬁi}ﬁ? WM &?st.f&“ry ms nwaw ,ﬁu Feiloh:

R HajoF portioh of the Feitlos sthueht water FidioRuciides 1o
produced by the Heutiod detivatiol of parent stetiants shich have beet
dderibed troht procesd wiler Sits the sirtice of the aluminui process
tibes dnd lud!l elemient juckets. Laboratory wid th- reactor studies have
beei rgde with the dith of redicing sthisht water radicdetivity by mitii-
migliig thi4 ddsotption of parsiit tidterinl. 1 was foudd that several types
of tetatively Hotiddaorbent Hiina colild By forined ol dluthingi suitdces, either
by the tohtinucds dddiiioi of chenitedl udditivee (o the process water, or by
pretreatinent of the dlutithiun surld-es with cettall protective codttngs.
Labstatory sid ti- Fedetor tests Hive diFeddy dsinshatratad that dodivi
siticdty 12 wh elte QM u&abgrwa iHhiBltor wian ddded wb 28 t6 40 pphi ws 310,
{8 prockes wm LaboFulory stidies Hive diab ewswi thit cos m.
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of Grganic liike oW aluminii sfeced tameHvd L Bt (o8 ©), sitried,
process wilef iéﬁuiewiy +edicud adiorplion of ardeble Lrdbets added
o the waker: 819 o predest Stody had eitendsd (46 Iaveutiguioh and
eiss ieludes the effect af fuw typed ob coi Foiloh LIBHBFE, aialdird
sutice pratkesmeat. &i&t ; RO CORNIAED b dddoHpliod Libibliori.
The radichuélides Ad’® and P2, SRICH wbs of conbsrs b redetsr stniant
water Hrom @ Fadiotopicat wm #taidpolil, Wets vied ad ihacess W
detefHiinlng the adiorpiiod Lnhibit-ag Wfect A d tFeidmail 8¢ codtiig.

Proceis Wilse additiyes wers teBted L the 1inshatisy uhasr
stiilated Fesctor bHadiiohy, except HO ehfSit Wil iide (0 EblAIB i E0H-
pituble How Fate SF o tadiition expodurs. OF the dddiived Lesled & class
of pro, tietiby eOrro#I0N LHRIbIGHS eBitlalhikg Shusie tiliing dgentd weté
the Hicet BUCcenhil dhd Fedited dFshic thicer udiohptiol Sa alubiiie i
td HilHgs by tuctors of about 10 (8 29 Wheit 4dsd st colcombuliohd of §80 it
Sodliiif vokdduts rediced phosphorods thicstr ddsoipiiod by about & tittot
of 3.8 wheil désd st 8 coiceiitidticd 88 80 pi.

The costings dnd stitlics proteedbaibil proceddes wbhe evildiied
by expouliiy costed oF protbbstid clubithai todpokd to hot, dtirred; process
witer cohtdinthg tHa radicuetive thaesh s titereet. &F iNG w&w tested,
d Ureu-toriididehiyde Feulh, & Hushoedlbod boith, d -HISHHMLS polysther
restt; 3 polyeater resti; ahd @ 31ICOHE Fadth @ are the HiBel elibbiive diid
reduced dtseiic tracor adsoiptiol by tittors of about 180, 98, 1, 10 snd
15 respectively. Aldmtiui surfacs tredtideiile by wodislig. atectio-
potishing, of chetiicd! conversion codtilig wete govierally ussuce essfut tn
that & motre adsorbert stirlkea to the drsonit trucers was formiod.

An {H-reactar stddy I which pradtedted dhd codicd aldmihihs covpaiis
were exposed (8 redetor efftioht S dlter &t 4 tcdliol dowhsiredin troi the
neutton fMux gohe, showed Ughiticdnl pedicticns i1 the addorptiod Fites tos
several radisiiciides. OF the couttifs teste), the blaick th& ke sid
the giticone :tqtnn weie the most sdccosetyl knd Faduced h i’", '(*r“

203 aind Np?39 by tuctore of gl 4 46 4. Whah thess 2od.od aluiliom
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cuoliohd woFe teated IR Feacter tubes (R tRe BEUIFSR Hux FegioR; B8 Fedue:
toil 1H FadioRuelided adasrptich ¥as achisvsd: THEaS eoatings ars;
cheretobe; Undatiafactsry s adisrpticn 1BRIBIGFY IR the ReutFeA Rux regions.
ilswever; theks materials might e considersd An comtinga foF downdtrsai
piping EFSM A FoastoF oF IR FeciFculation 166pE WheFs the adesFbed Fadis-
hicitdes produce lesal Fatlation problema:  The process walsF additives
ldve Hoi beGH Gvaluated IR tR=Feastor sEpSFIRsALS; buk 1aBSFAISEY Btudies
(dicdte they wauid At bs iussfias t8 mxsm.
sumumwaawm 51864 Faiytes I8
B, SilkeF———— _
g ﬂ.ﬁ** &mﬁﬂ%gs%
em m % }a E??&S ‘bal?%
Mii‘
na F aticH;
An umms Nibb tm!m&al Bmm Fsduces the negative st
hotvistis) of Rutdral esllsidi nd suspenssida te a dsgrye which alluws mutuai
coditildtish: Thid 1s geBsrally aceumplished by the uss of aluminum oF iron
saits, which uboh hydroiyais fuinish postively charged hydrous sxides t6
ieutralizs the SuFtace chary of the 6eiivids and sREesN theim iB the Fedulting
Huczuldht proeipitats:. The Hanford LFeitmest process producss a flse that
ot Bniy Femgued soilda; But dlss sertdin Aigaslved apisnic matsriald; e
zotd polenlidt re-ittigh could ulds Bs decomplished By addition uf Sther
dgenty. suth de bigaite boly meri eoatainRg funetioRal groups st aFe pos:-
ivaly chdkged tipoh hiydiciysis: Poddible et ddvantafed cowd ks glnvd by
the udb ot dtch n polyeisetioiyts; wnd the gathering pow st of the high msiceuisk
welght polymer retild produse d HBFe deRds floe WhiER would 36t:1¥ and Felteve
the todd oi tHe fiiter; this Fesulting 1R IGRESF SUILEF FuRa:
Bedxot trala indisies that 8. 8 ppm 6f Eat: a6 (a citiunie poiyatectitisic
productd by Blick Laiboratories; 1ne:; Galhesviile; Floridy! wis sftective W
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Feducing the mi aamm af FIVSF 68
sbaeFvible soagulationsssurrst ¥s b S8t polaa
Fadiction with alum Fequired the Bk Blblily sxlats
thit srall additions of the paiysisst

foF ismssimm_._

The fsasibility of |
treatment plast under dyamis sammf,,,m BFOGaaAss W8S Svaluaisd
ih theiF ability 18 Feme¥s Fadisastive m:m which Rad ssa addsd
to the Fiaw WleF supply: All sapsriments wa7s carrisd aut ot pii 6.6 and
alum additics was mads M 8 levsl t8 pmm dibia aemm ai ﬂ B¥: Ths
Fesults are prosented (3 Tabls 3:13.

With Aldm : #1
3 346 BeloFs Alum 8.3 3.8 86:8
40 is6 befsre Alum 0.3 (] 86:963
2333 8 | li | “-“
~ Verg SHOF TILeF FUB WIE sm{ mmw ~Vioiy T o
sbAGFYEY;

it appears feadible to Uss thil MateFal 1A sBibl coRGSALFalishd ad
d EShtral dgent for Fediction of the ARFHtIVe BuFt.66 ShaF§s 6B Eolioids;
tte addiiten Mmust B mads at the Same iseMich as the alum for bsasheial
offectd; althsugh # down:stream LR)S6tion miy b6 suitabis.
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m Rdex 8F ms $8Ff8llﬂﬁ aﬁ alunﬂgum mgu sibnism eladding
wad provided by iha, &wmwiunl of N Found in Feactor
coullig water: NiSS Wil formied by2h fmil M}Bﬂ mlbmﬂa uf the Ble sl
dddetive 14 the fusi “f ok ilisy; ba“ bl the gallium IpuFlly milmm

i dluimshuim; aid Na®® wad derived tr-am i fant BovtRs Feastiog Eith
ulumiinum: 10 on)uRELIBA w1tk SLheF Btudies; 1t was jwadlids 18 Esluy Ih&
etiluvhl concobtialion of thesn LEiopes with diifersnl BRFAREEFE 81 thE Fub:

rB#I6E proceds ahd 18 provids n mnnms sarrb!ik&n Imh ws iu:luaj Emws 16H
ot 1he RIUBUHURE EOpONBHIE; | 5

Fok thid teat tws umm bh&ﬁabll m i lwm,fmws ms Wumu
4083 with aluniinum and 8663 with siFeoRiRL: BolR UBEs WEFS liltially
charged with sluminum elad fusl slsmmu 8d cubasquanl fusl Eharges worv
eithisr alubiihum BF &lresBium clad: ° Fhroughuut ke 661 Bolb lubss wire

eabied with deionigtad n;gs ﬂ;b shfiucht um W periodicdl’y sampisd wid
ihie coeetiLationd of Na*Y, Ga™d; aad later 3083 datsi minvd.

Frait tbeds s alies; saleulation oF the E0FFusiub Hais a8 mads by
theiuding appropridi & factors foF the SUFFREE REULLoB HUk: the §8REW I dhivii v)
paroht mdtoridl 11 1B did fus) eladding stock; abd ihy coolant How Fete. it way
aistmicd that the stiluehi concehtration of thesb 130iopss and the Wuminum coi -
FoBlol prodict wai I0 16 suie propsiRicn al the parsit matsFial 1 the Rl e
ealctlaiod eoFrudioh Fale frunl Tube 8863 Fepredented that BEEUFFIRE oA the fuvl
tladding and By SublFacting thid value Hreis iBat measured b Tube 4063 4 ¢y
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pozuibis 1B satimats the sorroaion FaIE BE LhS RIUmIBHM Lube: POF thsds
aleulationa 1t s RSBUEREd Lhs AlUBLRHR Pug), S1Rddlag Waa 8FFoding il
the ¥ame Fale LA both tubes: Fhis aanumpli would a5e8s Jsiifisd vinse
both syalemid weFs UBIRG A SoMmEsA ROUPE ToF sasianl walsk ad Bumnnu

il the sams thermal saam&im

FHe eoFroulon Falsa 8f 146 babe'Rad sl Jaskata sl &sﬂsa the
bikid of ths 1hFes Fadiblasioped aFs BFessalsd in FljFss 3: ll: §:19; and
3.30; comparisch with results from FSRsIBF SOUBGA ea wu
ihow bt the sBFFC 58“ satimalos weFs valld saly toF Ga? m Ki%. it vy
sUFRiEed thil Na salinialed Feflsctod 8856 sapaitlons Whish mb Ehidk:
actiFiatie ok the E8FFOioh filss, Kol BeEsBdarily the ¢BFFGHISR Fils; Whd
thid the abhikmally high soFrodion Fals ealculaied un 1he bas)a 8l this
Hokits (o wai Folited 18 a8 IRCFeaBIRg porosity gﬁ thy eFrosion film
BESVIING @ gFbaler SUFtCY drbi lfggi whisk Na?? could ditfuss: Fhs

Itushe of Filig uawm; uh the iu sau&»mmm m &ulam m ahoihsh
Fepuid; *

At the start of lllb tesi; ms sammn Bm\m ammm Bflmamy
troid the fuel elsment Jasast; how sVsF; WA 3 fow days 1o coRIFIBULIGA.
fromi the lubs Had insreaied 18 8 degrss thal eGual amoURLE webs Rurnlahed
Froi bsth urbsees. This would he sxpected 3inse; (nitlally; the sply
i di Blin surfaes 18 1he sysivin was A the auivsiaved fusl jaskets;
howisveF; ExpONUFE 8 the soolwil Fapidy EFvaled @ EBFRIBLBE Rim 8K iBs hew
amnlmum mﬁ BUFtdL e, ‘Fhe differenes 1R tuBe s8FFo3ioA i3 RoI6Y Bty ook
Gi'? dny Ne®Y indisal e the cirodion Pl Wad goveined by the W v
Blde i PO e dispareit Walek nlg dlitace ared aid shuRgbs 1B Hin
depth aid porosity had Liils lidiuenes U 1he 6FFOBIBR HEchaRism.
| A i Juctish 1 eoFROBIBH Fale Wir sdlculated foiiow g Feplicbiment
of 1he oFiginal tusl lemonte:  Bdch BUFcsdnive FRHaFEe Brovided an
ddilitiohdl Foductioh IR the EBFFBBION Flls of AlumiUR Burfeesd 1B Both the
slubithiii and #ireonium Wibes: The saly sightficait chaigs BUFIRg thess tniv

L e Ly e+ e, #

+ 36w “Th Bifoct of DelonIEvd WalbF oh Roasior LITorm AETWIGS 1. Now
Tubss ind Nes busl Chargos; ” page 3. 38;
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Jacket Eorronish Ratss Baned oa Ni%
(nterviln Lid the conditisning of the tube SuHaes. H Wil thorsioFs concluded
tHat woiie fastoF conceFRIRg the age of the tubs Wad tRBtFamental th coh-
trolliig thy coFFoBioh Fate: ‘1H- maost upplFont changs & 1in tUBY age Wis the
bultdup of thie iUl Forroiion Him ehd the sUHIEs depoiitish ot hydious
iron oxide. Thid spparunt interdependence of the tho metal Surtacve dug-
gested dn electiochsiiteat Fudction Wits »oBBIBlY Feapohdibls foF the corroaton
 ste chidinge: 1 Buch wab the cdae, LRatdHELs of Bevers lseidiEsd eorroaton
might ba attributed to the hisi 168 of ioeiilsd stactroactive dFvdi.
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bunﬁg’.mmw”lm  siFeoHiti ctad fisl charge 1t wud doter-
mined that Ga'3 aid Nu?? were derlved Hroim the dibmiRbm componshts and
not tmpurities 1n the water. THe corrodion Fate of the didhitkui rubie by
this tirie Hid docronsed by dh order of Hiaghituds T-om that sbaerved tom
the start of the test. |

To deteritie ahieihsr the Ga'7 wid Nu?? wore Fetonsed (o the waicr
by dissoliitioh o+ #rostol, sdiiples Sere sidiysed Betore dind diter Hitering
through 3 100 miltitiieroi titer which ®dd capable of Femoving pariicdlaces
in the colloidat region. Pioii theps reauitd preasnted th tuble $ 13 1t wan
qutte appaieit the Fetedae of Nu? wub diauoIutIGH coRtFBIted Bliice oaseniiatly
Ho godiuth wis dBsocidted with particied. THIS dad Hot the tade ok gattiam
white BU {0 104 of the isotope waq dBsotidied with particted: thus 1hdicaring
an erbslon toiitrolted mbchantsti. These daid firthetr conflied the dgsociation
of sodium sctivity with porosity aid the gattiuin setivity @ith the durtace fitm
Dae to the chenited! stinitaitis St gattium thd diubithuin. and the digstnitartry
of sodidin, It a8 comctuded thet the didmibubi 1088 wdd W80 idlily {rom
erowion aid thal estithatiohs of corro#ioh rute Usihg galtluim shiutd piovide &
diroct cortosion nibdsurement, but the corrosion edtimates uilhy Na?d shoutd
reftect the degroe bf porosity or tHickheas ot the 2lubsimumm cofrosion produc
i,

TABLE 3. 43
ASSUCIATION UF £a7? AND Ra¥ With BABTICULATES
‘ 8 sk
‘ it inan
nal? 10 8%

Buring oper oo ion & ith {He g1Fcontum clid chdrge wnd Bdbeequent!s vith
the dluminum clsd charg>. e coirzkntt atiohe wel & Ulrnlhbd to dbtet mine the
merits of dslisg this tkotope i taoddutihy JacRet EoFFoston. THe data (eigurs § 201

TN

tiot the 2iFconlii ~tad tuel thdicated the contortiattoi of Ni%3 troiis the warer
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s about qual to the contrbutioh trom the alumiiuim tubs dhd Both con-
conthatiohd wers 16w snsugh 1o MEabure dhy BigaIHeEIt juckut eorroetlon.
Aﬁu rechakgh of dttimiiium cldd tust N6 eabmw‘ﬁ ebtLtatos buied oh

83 coﬁwdh& favorubly with thoas vaded i a3 1B Tubes 4883 wid stbs.
m ase of NI%S for satimidting Jucket eoFroalol n,p ahigie i ma tube
corroglon did Hot tHisHteFS b Wi the cadé ot ;xa 2 jhd Na3Y.  Ad mvitioned
previosty, the corrosioh ebtiiiaiss, (Foi G’ wﬁm&mwﬁn ot tube
wid jackel MEteridl, WErs Sily poasible Betaude of the &mgaum&y ot the
two tubes Usd tH (W teat Bt How @it (He dsdseintioh of Ni%8 Gtk sity the
jacked cnwdmh it v wmm (0 dkE thede sStiinitions Lh & dLHgte tibe.

8. 08 Rbidibii

g ma gﬂwwr

the réactor cool m »

hall- Fpdctor teats TM %ﬁi
w vaby-

did fiol Hiotlc oqbly m‘ 5§ l

(1]

n:% lmuwnaﬁ wid moat M»bd ?‘J Hd 22.?
3 ng

the Fetattce eorroaion ruiss of tubea dild tiet stemisht Jickets were
catimited (i (86 lig!l- Fedeior (asts desighed to dstermtna the stiee ts ot
§  high dhd 1% didin teed 1h the &dt? ”ugﬂmb piait dHa
& high dhd tow pH rescter coBidht,
In ohe test, the cosidht lor oho sids 81 4 Fedelsr cub LFeated with 18 ppih
Sutn foed while the bihe- gi1de used B Bpit 2t pH 8.8, 3 secoid teat used
B 8 picontant tor ohe side of o prodittion rua tor and 1 0 pH coolgm for
the othor stde. Uomparigoha ol (he Ni“ U4 72 and Ni b&ﬁ&&néhﬂdn
from eath dide of the 183C°0F Wot e uud i» ind:cdtors ol the relatice coi -
towlol und ~toeton ol the atuih:inum sut’dcen  Alihough conditions su-h 28
teactor pover te el |ON redbantption et -Ompostiiol aHd How race dluo
fluencs tebe g28tuers corzentrd .or of vhese 1¢-opes  the eieccs should be
‘e name in bich hdlf of ihe tescrcr dnd anv d.ffereiice hoted should reau
“tong ko ren cevditiohs

00127153
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The Feuitts troi the (66t Compariag Bigh aRd 10w diuhi t66d 1h the
eater troatiant faciiitien tdicaiod thegs 6RMIGAD did Rt Btghithently
change the coFFoBlon oF $PoBIoR 6f e AUBIALM FEAEtoF tubes and Nt
etomibit Jackets:

the Feaults tiom the et compiriig diferent pH coslwnts
bigure $: 41) ihdicated that Feduction of tie pH bt the FEaptor coslunt trom
1.0t 8.8 u&u&:& thé capicity of the fim to NFaLER Na*® 13 the ethiient
watef. The 64?2 reutts hdicsted ah immsdiats F tioh 18 BdFfdes Him
dissciutich sdd srodich @1tk pH 8. 8 coslant: THe NI°° valusd M.kb sbtadlred
oty duFihg the 1atist pust aﬁ thée tedk but if it 1a muﬂm thit N1%3 soncei-
tratiohs ot the contiol drnd 46 coplints wes SimiliF it the BjRRthg of
the tant puriod tab wors a7 wid a3 theus dita (Rdisated & veFy pro-

hounebd ettact of the pH 8. 8 costaht th FedELRE the 60FFORIoR BF thE fust
jacket Histerial.

te as b

’,‘. [ .w._‘
= MR ﬂ “?4 ﬁ B ‘.—‘*r:—:‘-r* .:?":'.‘.‘:::: 'f”
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f%;x S I e e
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6012154



$.8) HW-81748

muoawnmba
Sludiss - K. W. Perking

r 444 4 Gnaiondl e 'd-'Hy
. s o ' ~.. ‘

‘%ziuz“% ) 00 S1oyen 1l &gg 8 ot
Co . g ¢

: ; p is1
on mm{ﬁu iﬁumf‘ the fv» wice of &Eiu- m.ﬂ»
cone :

THe ridionuciids contait of the wtiioaphers Has Bebh tedsured on
s conttndthg baits for the past 3 3¢ aé part ol d commprehehiive study of
tiltout materidtd; THe dbadiuts ahd relative tonceitratichd ars of iterest
in determiliilip the taitout rate and SHIgIR of the Fudicnteiides db weti 1
diermitniig thetk avatiabiltty for uptake by mah. THe thdeihg of sohie of
the tihor rddiohdeiides tH foliout i well ud HisFe proclis Meditrement
of e major Fadichutiides hed Beeh Hade possibie by uae of multidimen-
slodtd!l gaitiiis- Fdy spectiohistiic counttig ethods.

Ati saiipiiig B 39 1 pertoriied GH & contifgdEs Baite by uas of 4
100 cftin vdcuuin puiip which pulis i throujh i 8 Hicrol pore #tge mmmm
titter that 18 bitked Up By o cHitsoql Bed for collsction of gessona 1°°'. The
mmsem?mﬁn Hive beei showh o Be esasiitidily dbsotate for tativut redio-
nactides. AtioF aboist 165 13 huve béen druwh through the Hiters, they
st codnted i i witicBihcidetice shitoldud low batkround coditer to deter-
miie thetr approximate sctivity 1evels. They dre thel coiifollted oi & oty
or setimonttily Kisls, Pressed thio & standiiil gesiivtry of 1/3 td. thick by
! tn. diameter snd coditrd i the mettidiivonsiondl gamma iy apecirometer.
The alr sdamplihg tocut1oh 14 ol the out of & Buliding tmmtmm:y I8 it gigm
5 néé m;;t; otz aégh:;:&. Wﬁw.&m“ ?(’;gun? lvl.tnc’d: ::& | 4"3"
Mcmdod ih Figuib 3. 38, The ruawnw.-nd. ?h" 3. 4 ur Pecbitly rbpnrtcd te
be present on sdihples of grass iear the Burutom Nuclsar Cotter at lspra, thaly

m

—— et o —

* See "AppHedticn of Multidifmenaiodd! Bamimis Ruy Spactioietiy, " puage 4
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3. 83 HW %1748

it was in the torm of (hsotdble pirtictes containing much targer amounts
of ngs-Nb”s and stthough its source wis ot known tt did not come trom
the Nuclestr Center wid presditiibly came Stoi either cuctear bombs or an
uneontrotled retesse troth d nuctent estdblishment.

Becuuse of simulter ati sampling sotuies durting 1982, Y38 coutd o
be dotected except dubing the month of November; Howevar, (t was easily
detectable durtng 1983 ind wis medsured on yamples cotiected during the
tutt catendai yeat. It i tritecesting and signiftednt that dtehough v 414
show & pedk concentration th May thicugh August, its concentintion at the
etid of the year was compurable with that dt the begtnning. v apre-
sumibly tormed durting nucteds testiig by gin i, 2n reactton on 3 B9 4id
since there wore no shove ground detondtions diring pes'3: 23 4y st have
heeon Injected thto the atmosphere duriig 1982 oF belnre. Although the
v"% 1108 d) remervotr in the stmosphere decteused by & tactor of §4 due to
radicactive decay during the yesr. Its concentration th atr followed 3 pattern
aimitar to t?gm’ {90 gy,

The rudtnnucl;dhﬂu” win firgt reported to be pregent tn the atrio -
sptiere by M.quumm' »8) in 1937 who focnd i rath waisr at Rio de Latetr,
I a4 corcontration of 0. 017 diatintegratinas/ min/titer. 1 ta produced
natiuratty by enmmte - ray apatigtion ot grgon tn the atinesphere bt -nay atro
result from the roaction Nnm tn. 2&) Nn” during nucteosr weapons teating
Ity poteontinl valde a8 a tracer of atmoxpberle circatatt o has heen tecoge .2 rd
and recetitly reported nicandaroments for thix puispose by Bhandar: and
It:mu‘ e have whown ztr concentraticas ranging froor §odimincege 4-
tion/ min/ m"r” helow the tropopause to 488 Ateinegrattons/ min/ m"f:‘ ey e
the trapopatsn. Figare 2. 22 shiows that the Nuzz corcotryations I v r were
about 3 tactor of two Wigher during 198 than tn £v=2  Alao *he 1988 valiex
are abour an arder of magnitude hipher thar thoge regorted tor troposphiet ¢
maogsarenonta hefore the 11988 dtomic tests, SR

THe ('u”" zppoars to he produced in nuctear detongtiony matudy by

an n. v reaction on (.'ne but ts dtuo produced directts by fiesion 4 244 'he
00127151
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ratio of Cat 3% t5 €413 14 of pasitcuiaF U OpL 1A LAl e il wid
this rutls 18 presehisd tn Table §:14; THe €#*3% to €8'7" rattn bad Bee
ihout U; CO$ during the pest year: DuriBg tate 1982 and siity 1988 cealumh
radtonuclide dialyied wers pertorimed oh the dust eoliscted by the 1 -go
tHiher gtaws fiters which Hiter the iif ims& ts d liborilory butidiig at
Hanfotd, ﬂif' ,asisﬁsd b‘i"‘ ts €8137 #atis oh ‘Heie fw‘m ih",ﬁ; 818
o v otz 83830 G g e smineant i the €309 18 ca'S
vrtow obimeived bl thoae fiber glads Biters Were 2 to 4 timed Bigher thar
tho e foand Bit Hibitibrade &b HiEere builSEtod hirth - the datie poiiod.

TABLE 3. 14
£l 16 cald! RATIO BuRING 1983: 1088
19K L ... .hBBS .. .
—3t 7% & ¢ Im—
e’ & 100 Ei_ & oo
Month tatd? Maiith eald?
5’82' Uéﬂ '. " e ’3
283 b. b 3; -3
3/89: 0. 20 $- %
e n 8 ¥ 3
S 9 v. 21 .
. ; :
859 b 3 :: 36
112 v 33 g-l" 0. 41
(YR Y I . " .
NN . .18
) » 7. U. ‘
m‘#_ 0 w3 8. A 0‘38
TR 0 Ry 8 0.4
R 0 N2 f"z v.48
“ - T 049
18- B o 4t
11-A 1.t9
-8 v {7
12-A b 894
12.8 0 s4
Enty emat! samples were dvatlable Uxl 34 oglues give only the order o

gt tegede

A and Boxignits approstmare)s rhe tirgt and second balt o cach month
rexpectively
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he Col %4 14 1K & gFealor LEoIople WHURMAAES oA large etimBapheric dual
partielos wHich uire preferentially Reld By 1he hbergiass Hitves “33“ oH
smit! particled chich dF6 @il rembved By the MembBraie filters. -

This aknmdm id i dccord with the mathods of foFmation of the cesluim
ojdbE. 13 & dauighter oF the FiFs gus X157 (3.8 i), While

cel ™ i mm& diFseily Gither by the Feactioh 68133 i v) 6% o wa 4
aiioet Hsaloh Broduet.

~_ THe riddishdciides ﬁﬁ“; £gb0 T 3 4hd dppireRtly most ot
6123 ure foFmed by ReotFen sEtivations of 1he cladding BF SiReF lneH
miatertil g }amﬁs Becadae of their ‘ong Aall: iives all thedé radibhdtitdec
bt bpt ss 80 d) will Be udslil atmosphierie tFaceFd ol BW¥EEa] yedFs.
The rddichtictides +h Tuiodt which dFe coheontisled by BiBlogicdl prochdes
ate Bolnp stidied wid they Move thiough the fosd ehdin o Had.

Phyaicdt did bwamz.bum 8l 1‘ i _deadi Failiul did Ebbbiledl

Stidies 'ﬁm tBﬁhhﬁb& 8% bile fori lm 1B

il 305 e e el

muiibt ¢ I8 predeh ibciﬁ
mdm tr g8 HI, Oredte- m? 204 e - ‘i“i

t;tnte&rrﬁ&t&b mlHB&! o*m..ddbﬁz(‘c .
uutf sigridie r.n !? 1&11:& e Matert stab-ced
of several mites 1:om it pathy 6l i b.buse.

A kinwledge 5t tHe phywicdl did cheiic at 1orims ol .Hi ih the
tmospherie 8 tinporednt th undetit dbdiing tte transpe-+t dRd i iubn)hf z'ﬁb’
porentis! hazard due to its préa~nck. A Fec~itly subtii:ed study of 113

1 Pattout sumimirizes mach of the work & MHanlord 'Hiough mid 1983 whd
potney out that the fractton of l" " i, tHe pdicoud phidse during 1982 v3rted
trom 10 to 90%  Ateo the 113! sabciated 4o particuts @ mateiidl wis
matnly tn the reduced state a8 lodides o posainds !’ with o ghiall Praction
the 107 torm and tii*le or none as lﬁi. Nudies o) gaseous LR LIFRTHOR
sphere showed that legs than LO% waig preseitt ag elcmbotal lodine of HI ane
tigpested that most of the gaseous i” M’ %ﬁ the tnt i 6! organte iodides
It w1s recently revorted that somte of the | 3 i fatlout ie present tn the torin
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of atkst iaiden B39 i, majss somponsal BeLAR o ol Burisg
L4982 Ho iBOvE-§round Momic dsloRaiAS WEFE FeRBHEd " .iﬂd }Hb e et
ot 1131 Feidtive t8 %m FisiioR products iR the AiF WEFs voFy 15W. " The
wagor asures of 113V in the atmodphsre M Hanford 18 presumably from thy
chuiicdl 36parations facilitiss; Rowevor, SOMS My Rive B56A veAtsa from
this HUMEF ﬁmﬁm aloaic tedtd In Nevda: The abasacs of large
amsuvie of 1'%* froin MBHIE t6atd this past yEaF Ris n})ﬁam i B8Fu Eakstul
shsisation of the physical and chemical 10Fm of the 1*2* which 18 Boimally
roterded 1B BRali aimooitd from the chemical separations plants at Hanford.
ﬁmussmsmf# ih Black gud -3 from the Hanford ssparalions plaits
Have shown that the 1*3° Being Felcascd ia at 1sast 99. 9% IR the gassous atats.
This wis sstablished by Hitering the stack §asss through membrais Hiters
{Grinan “f?i 8.3 Bicroni) loiiswed by charesil trapd uhd HiSABUFIHE thelr
respective 1°°° cohteits,
¥6 detériminé the Rature of the guasous V31, several \ruppiag byilpins
#oFb usbd: LiboFalory Budies hid shown (Bat carrisF-fres sismuntal 1
o+ Hi coutd be com: 6tely FembVed trdm 4B «iF BtF6ar by pasking it at
0. % chint throdgh 8 3 R 1ohg by 3 1. Hamete+ Berl saddie packsd eslumin ol
. 3N NaOH: 1h experinisnts #ith this e3lbmi the aiF 1eaving it wad diluted
1:2 with Fook aiF (18 Fedic s the huiidity) ARD the gaass oo pasasd thisugh
a 8 11 ik ta 3 iH. ddinetsr chareodl bed (8 8 14 Hesh) 18 FEMBYE buy
rematiting 15Y. 1 Budies of the Separatione piaat eh-uents i 1 sbasi sod
that the caustie derubber totlvctud betw i 38 aid 50% of the b ; the Fetathder
 betitg Held By the charends. 1H experiniohts ‘ih"ﬂi the charcodl trap Wis plated
apatriin froim tho Exdstie Berubbe uit oF i | 31 4 & Weld ok K6 Ehaiestd thap,
(t wxd thik evidoit that moat of the 1'3Y wad th o ok Sther thh ‘i oF Mt sie
@18 presumdbly preseit ue sh - <gaiie 1bHde: 1H 8 Sbcond experiivibht desijgne d
to further exdiiing the of/oent ganes. & irdp s uBed Whith condisled of 3
4t taiig by § i diamster dllver mesh Bsd (3 % 38 il mesh) fsitbwed by o
4 in. long by ¢ ih. didimeter eamew tw;; Pwmza atadies with this trap
had ghoan thit carFler- tree 'i . dnd Hi iy dbcut 188 microgFams 1)
wbre cotlected with 98 ¢hd 99% slticivfitied @ URGAF HO® Fatus of 280 (o 360 /it

a -

. See " Fallout Siddies, - pige 3.8
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Whoen theds tFaps wEF6 dBsd 6 uswa&iﬂib plink cHiushts t the ahoe
How Fited; approkimatsiy 2 of the 122® wid ns1d By the silver maeah;
dgiin indieating that the 1" was 1B & IoFm other tha 1y 8¢ Hi.

Siniil amouris of the orgaric iodidss Rase Bss- ccilecisy .3 d gus
tFidh conbisting of @ MAGRESILE PeFchISFale dryip , colupin tollowe.’ by d
toluens (oF diethyl GRGF) BEFuBLGF Reld @ -70 -, (ury 1E6 1 dE6tORS)
ScFubbiAg (RS GFFARIE SIULiBAB With duluts .dOH QA Rl Feriove ths 131
sctivity aAd thud cANFmed the aBuR .ion thi 1197 $ad Presabl ua | Fgwite
isdides. This muthod of eolisetis- aid not providé & high specitie o rivity
asiution of the Srganie 1641468 -40 altempts 10 CoRCERLFME thE BF§- A1t apacics
oh & fractionating columR m- « With 1im:ted duceedd: BRd ERFSi 48§Faphilt
Stidics were ROl compietsly dehinitivc Becauis of the very 1o¥ specilie
setisitien atudied. Thess studies uavd SIKGF Biilcoh OF E8- sOWikk EoluMne
aiid the g4sed trot the eclumnd Wors coliseivd atmw».w carFidged that
WbFe changed naFictheatly during the Fu: T96 1°°" activity oR thess car-
iFidged wid YoFy 10W But did thdicals the posaibie preatnes of Beveral dit-
terent organic 1odides. Coniparsd With the riats 61 movediant ol butyl 18d1de
ot th+a s eolumna, aboul Half of the detivity precedsd it sid Buld foiivw ed:
The therindl conductivity output 8l the chromaiogFiaph did Shoo 1hs presehce
of @t Jeast 8 organlc apscied that May oF My Aot B6 asiseiated ¥tk the
FAHOIOHIHG apscied. 4 chiomatographit shaiyded Slaring #ith higher
Bpecilie sritvity Mal. 1) 18 planiied to oblaih deliniie tdehtibleaiiohs of the
Mot orgihit 1Bddes predsht;

Butihg @ period oF dhsve Horinal im eitidiloh Iroi d sEpiiatichs
plait stack; sir sampled wirs coliectod (o determihe of Fapld chuigee did
octlt a8 the Hatebie) Hovsd guay 1Hoi its polit 61 Fetcdde.  Sdmpling «os
peroriied Iroi Wi dirplane by pitlihg siF wf Hﬁ 8 feiibraie MHiter lpoire
site 8 Hiickon) lollowed by 4 chareodd trap. | Suiijiles Wb collected at
200 ts 300 tt by multipte peletimiohs of mt stuck plume at distances ot 1 3
3, 10 ard 28 Hil Prom the sovres. The 133 ol 1he titer and the chorioa! was
iednur &d by 6ﬂnﬁﬁ {odg civezile off Highly dehsitlod §amima Fuy gicctibmets i
oq st pitt ¢ Fhe bracticn il the guascus Biste |18 showh th Tabte 115 1
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ts thie FoBLAG thin  oFy i11H1S ShaRGS LB piiysicl foFm 8Eculd over the

datdiced meudured. The obarrved dctivities o 38 mi oi B/4/83 and 16 i

oh 9)3/83 wers low wid iy Bot FEpFESsEl ARy ChARE 1A phyd:eil fori. The

iagsr chihgs sccurd Betwssh the Black and ths first mile:

plvsicAL bosb G 113! A VARIOUS BIFFANEES FUOM Tilk Bolscy
Sanipied Hrom aiFeralt 9/4/83

Didlahes; Hil Barcoal Probant sd d Gl

8 3 8§
j i3
$ . 8
8 93

i6 3

38 B8 & 16% (&)

(is/es)

] 3 99
i 83
3 83
s 81

I8 88 & 10% (a)

ﬂ Stdidard mwm ai mwm-bmwh

Liveatigation st ihe Nutuis o8 xm (A the Alioaphets »
’ . Ludwick '

ﬂ physicyl il i6 "

¥ 5' c: whd 5!"' :3:“ ﬁiwﬁ“*&u WeF 5 :

£ 5 vu ui i mqw iodihe
np& iw wa #p oot i FO11a¢ mmam

R

‘ 0 tz lihmcr
cu ) b‘lb'ﬁléd Br }lic Fptivh ﬂﬁiﬂiﬂf} '| “ “{:’bm
ﬂf
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iH the edity SumMmeF =t 1883 dbout § sUFie &f i‘;‘ ) Felbdied
uhder controlied coRaItioRs BYEF @ Prepirsd E3UFEE ASdF the NRTS;
idako Priie; fdiho: Samples of siF dRd veRetitise 66 tikia dowhwind
ti r. .6 IFOM NY6 chemicdi gonerators: 11 the GoRerdiord; 1 adisactive
todine aHd CAFFI6F WOFS Oxidized from todids to TFes IdIRG dRY Hushed
sut of & wEak dcid solutisn with AitFogen # @ controlisd Fate.

AlF #uiiplesd WoFe compartmentised 8 eoliset fiFat; particutate
vit hiolecdlar HIteFE; theR Feactive 10AIAS RREEISS 04 3 LR, of BilveF mesh,
aHd the Femaining 108iR6 ih @ 0. 8 1R: depill of activid 6d charesil. S6His
suiscted Sampiers 4156 had & 8 iH. Bsckup chak-8a! B&d 16 tFap further
lodiiie dhd to edtiMats the efficiont; of tRE 0.8 18 bed. Vegbtation dampiea
wers coitected dirsetly ii front o the diF Bamplers: Promi 8.13 0 3.0 fi
of vEgetdtion Wers taken. Thi> dmiountsd t8 Batwseh 78 gnd 488 § st total
crested cheat §rads per sampis. Bdch grass sampis (A the Neid wid
sectl wod 118 3 Pt cohtuthihg the approdimits fraction; 8:38; 8. 31 whid
9. 24 reapeetively. from top (o Bitto. The average rass REIght BveF the
couirse wid 108 12 in.

Tibled 3. 18 and §. 17 1iiustrdts the diF 18dIRS concent Fatiohd whd
vegoldiioh depbiitioh obaerved dubing thid test. Yoegstution Fesutts thdizated
thal SUR ot the totdl sctivity st 1odine depoiited oh grais ~ouid b6 found th
the uppet soction LS tby woight) s $O% in the middie dectioh (M), ehitte
26”% was found in the lowest gruad dactioh (L. ANer mhaking observations
on the eattng hahl  f cows Seek 1deiiticdl §Feas piots. it waa concliuded
that only the npper and iniddie grase s6cticHs wire Belhg ~dtdi aid this shiosld
be cisidered th making iny sdtimate of thetr tikdke. THe backup charcoal
soctiohs weib usbd to ~uliidte lodlhe corrbetiohd to By apptied to those
samolers which did hot Haod thet. The sdihplers were positiched st 4
Atstances treim g-hetatioh point. Saimples | throogh 4 wers locsted 184 f
downwind, % through 8, 329 1t; snd Sattiptes 9 dnd 10 wbit 1ocaied 388 I und
964 tt downwind, respectively. AH betiniste ol 38 % grass cover wus thade lrom
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SbisFvatiohd of the ploi. Betwesn Rows | and 3, 13 MICFoEUFIeH of todine
“id bRlc-dlated 16 B predsnt with 13 interocurisd between 4 dRd 3, wid b .
milbFoeUFiSs Betwesd § and 4. A FedtFictioh to fF6§ How Wi foddd i
Sitipie 8; Aré 1, #Rq Feiultd from this SAmMpIer wers omitied.

The gensration technigas wis toateud 1A the laBdracory #id found to
produce slemantal 16t Jis which wis Bot coilsctsd by MemuFins Ritera.
Thé dlr Samples BRowSa that thers was 30 to SUR of the dzhvily predent da
partlcied. Thic amount did Aot changs digRihcantly with distanes trom the
souFcy. Eipianation of this miy bs that 6Rly & esHath yinoult of the guner-
sted 16413 18 11 @ ¥8Fy Feactive IOFM (8 wtach (o particies; oF there wis 3
tecdl didt 88urc s Botwesn the FonsFaturs dhd the HFat samploF Fow which
ddded o definits amblRt 8f piHicies t6 the AIF 2iFeam with Which the 16dihe
coiid Feuet;

Aboot 13% of the jascods 18ciRs Whith padasd through the menibrdne
Piters wid colisetod db a0 dctive SPSEitd in LG BlIVEF mEBH B6ELIOR White
the remidlilig «id coliscted Bh e chareodl: A oW Falss; 16e 8.3 1A:
crdrendl proved guite sftective 1A LrappiRg 16dinG With BAly 2 (3 SR SEEuping
this Hdi oW Fegion. No wighific#il change 1A the chemi-ul OF physicil foFi
% di Hoted for the 16dine a8 it traveraed the ghid. THis wis IRdicated By no
stphtficdit varistioh Bete oehl isdile samiplor eoimponent Fatios thFSugh the
grid.

Wahtiid Controiisd 1 Helsacs

About 818 cutle 6t i“’ w2d Feteddsd oh & tohirol:sy courBe witkin
- dige motesrolopical grid 4t Hodtord. The todine eds gehierated by
hoating eleiichid) 13dihe. Seven grads plotd werd tultivsted In AH e dt
300 i thom dispersdl porit. Suimiples of this §* @3 4nd othier hdture! v-getation
worb tollbctid an wolt as wif samples ai grodic il dhd bit delbeted towbra
ahove the ground. R specidl mal oridld tedt w.  iias tonducted f8F €d hparison
purposes ol lodint tdsoiption.

Polyethyleie sir #aiipleirs oo iahdiacture d io coltect the todiine av
it travelnd downwind fiurh gomeratioh potit. THoBe silowed cottection of
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ratticied oh & MEmBFaARS fiiteF, 16iiowsd by A §ap to prévent crods-
eahtamination and & 4 iA: $iiver nisdR ~artFidge foF Feactive 1841HE ipetioa.
The stlver compartment Wi deparated trom the 8 iA. activated chireod
soctivh with & EHaFesal FlteF PUPST SanUWICRTd BHWEeR t#8 Fludd Niters
o provent EoRtAMInatoH: The charcoal HItGF paper will esileet Blolt
renialhilhg foFRiS of UBUiRG SX6ept SUER BPSCISS dZ gadsuud orFfanle
totipouR e

Tuble 3: 18 13 4 stmuey of dut cbtiined from 113" assay of gruie
sdinpies tiken from the auven 36 & 7 1t piots. THeas plold Wers Aumbsred
do.4 16H t0 Fight ud BHE 1ouks Sut upsh the course fron FEASTIGA W;
The mast hoFtherly of the plots wers absut 088 deg-e6a. The poak I°°" wii
foiing oh aik #ampled to b6 uBsut 088 degress; condeguently; il plots midded
this peak. THe ditd #6r6 aveFaged and it was f3und that sxastly 3/8 of the
activity wid 8A the upper Rtk of the grada and 1/9 en the lower Radt. Thié
is tH wgFeeiheht with the 1ddhs Pulls dita which iRdicated d Bpread ot
$6:30:30 for Approximately 115 Seciisin: Tile grisd wis very diRIiaF (8 that
th 1ddho Filld sxcept for the ~idiap Raturs of that at 1dahe Falld: 1A girsost
4!l cdeba the gFaid from froRt sectioRs contaned MmoFs 1°°° thaA center 8¢
reat grasd (WP t8 twics 4 much). The isft 51ds 8t any 1RdIvidial grass
plot wad MSFe towird the Kigh acilvity région decounting foF 88m6 16kt -back
therbased detivity: THe 16ht-Back Sampies of 8:-8:-7 aFe Mors ASHNEFly than
the tott-coliter «aipies; probably dctvihting foF unksidlly Bigh activity.

Hosults f groitid wrd vegelation BampIAG from dowhwind i 11
disobredl are tcluded W Tabie $.19. ThE 18dIAS Wad fodid predomtiantly oi
green-type vogetdilon such b green sugebrudh 16iaves uhd greeh 1ve Rusi tan
thistted. Yoty Mitle; If dhy, wds obEerved 64 the grodhd ahd $HeFs 1t wis
tound of suspected to Have beol predbhit; It Wid obecured by 6ther rddis-
isotopes whith Have Boet dccumutiting for sokib tiMe. The guahtity st todine
adsorbed by dagebriih sid Russidi thistls wdd Uit commpz-aBie: However,
the interlering inotopes, which Have BeeR toiteeting bl the sugebirunt, dre
tlmost eitirely wsbit ci b Rudstid thistie samipicd; alNoslig tuch greater
gensitivliy tor 3 stigiyite. This 13 die t8 the tFansient Hatass of the Russian
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thiotte and thelt Felativety rapid growth. THe Fesutts tndicats that senst-
iolty to $200 B ik Bo antictpated Gvel With thi1d Bimdll dettotiy Felease.

18 N $ R
AN E BPUPETION %3 SATC WAL TEELIY YOS 0 i VA
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The bulk of aif sampling datd riasr ground tbvel 18 1ilustirgied tn
Fabla 2.20. Only sumples with signshicant actiolty wora thcluded ehict wese
located in the prevatling dowiwind difection. The shguler locstion and numper
of wiulyses (s glven ond the svordpepercuitof i'3! on cach phase s included
next to the sccumulated phuse distitegration rate for the are. Two types of
samples were utilized on Arc 4 aind the last ~ow may hot be comparghle with
the reat of tha data since the charcod! tiltors were included.

1% is appurent that the particles accumulste iodine as they traverse
downwind from diperssl point. This can be att: Ibuted to the amsoclation of
todire with more particle spectes us it progresses. Pvidently, this process of
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todine ddudiptish or redction @1l particted (3 Kot & very Tust cine of onty

4 certuti diiouiit of the 18dine wui deditabts for this schioi th the tist place
The sthouf: that li gedtitdble midy Fedct more GUiERLY thitlally & tih ro sub.
soqueit roaction sich di wid coserced dubthg thie sarty sdthimet bn.

Another tnteresting point (w that the tota! reactter todine, adsorbing on
particied plus that found on stiver mrgh, charges onty glowly with distane e
rven though the particte species '8 rapidly thors tging. Tho backup ehar sost
Aata inaleats o slow decreszse of rogciive iodnn with distince § may pos-
sthly be that reactive todine to being converted io rtgantc torms not cotlecterd
by charcoal paper. ‘There may he two forms of todires: that which s
coltected and remaing ~onstant with digtoice tn the charcog! titer and thae
shitch reacts oither with stemsgpheric chemicaly or udsarhs to particies. It
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apoe srw that st Whsbs tistdness the FeuetivE 1BHAG FHIER appears oi the
v otish aitt bveitietty cHalS W o BtHeF form @Rd this Feactive
Crae ot ow ] Biecomb lﬂiiﬁh"!bﬂiﬁ. “&‘ﬁ“' fﬂim itk “Wl“ &‘“Qh sere
b oiy bt i 4 W dbibrinine sER1GEY 10dIEE diai=ibuiiohE did Aok tend
e fuen b ity IeStbhtatle bbbkt ‘Ung dRd; A FRct, WEES Btcdblaially
s wbtars. Pkl wad dbine 6910 scr il difobeREes th the Sakpiers
it sonie losabd o iodine 5 an acdibiiilil glads Riter pad present ditectty
o e ot fdee Hter iy hig e cuhiriblited tb the coRhicting tesults.
the data presiited ti Tabte 3,31 U1dibrale the rediils ol anaty o
e tob 83 et v (e ariticiatts propsred durfaces.
TARLe 3. 31
19" Austmirriox Ux Skl bt b AT RiIALS
trgid A Prant i |
o atitegrtioid bt 1t Aria Tested, ti. 2
CtoAeal, 1. 274, #iiY 111, BUY b

\!;i c}td

e B 13, 340 81, 419 3.83 0 TR
C AL 3R, b 33 Byb 18, 43
Pl e Wb, 12 48b R EL 1.9
R Y RN 22, 410 8. B8Y 1. 08
Coareod Brtant B '8, 040 23, 18V % IR
Crore o Nheer 25 340 84
oo e e oa ateh Cthe g axpercnent 8 aw oot bicted, ol b
Pt an e cetn e e Vonttay st psegbte Stlver preked up BB s
e i bt e gt T b ortn of copeer, braxy ek d gp bt e

T b L papert hicked an ot terably e !! & *hap ty,
e e tiond L chigrcoadl wo rte relattvels g gt gt e
PR | s tent y etore dut 3re meceswsats aned P

o vt e tefinitiv e tnfor aation oy the ol greag

N P N P B RN 1 £ AR SRR 14 It aau o9 rravted o -

e . a ot b 0hg ety M Mewert freor thie o et
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Purss loding Relsuns

iodine sampiers identical 18 thoas utilised iR 1Re previcus dikcussion
w6te pouitioRsd at 18 B 1ntsFviis od @ 368 R mstesreiogical lowsF loczted
$ i from the Broek stack and alss of & Lk aboul 1:8 Bl dBd 1A & dilfsreni
dresetion rom Uhe Btack near groudd iseed: Salples wers collpeisd + 9
dus & and eakh Bot wan Fub from 818 16 BF ab @ How Fate of | K mis. The
tos 6F 10dinG distFibutios & oW 4 that sl 5088 Line duFiRg 6RG 8F the Huhs,
the taeck plums Bad Rt the tower Below 116 ft Witk the peak activity at 80 .
tiie coierved sctivily distrivution atong (he tower (as weil a8 the Faet thal
thisé SceuFréd auring b B b Swhpiing add the activity 16vsl wilh Much gredior
than preceding and following rune) 166 18 the conciuning that the isding Sampied
cariv dirsctly from the stack.

Sdtipies taken a3t the othe- Stalion FemLined SeiBiBly coratant in thetr
activity teveld shid 4 belibved (o Fepreatit the generil IDAIRG colited:
tratlon and forim predeit 1h the vietbity of Purexk ét that time. Tils timpotdit
potiit Kete (6 that (il lidins cai Be diBURbY 16 Have Kid prolaBjed contaet
a:th the siimosphete 44 ) 18 not vikeetly 1o the staek.  Hedudild of thede
sampline stdtiodd dce shown i Tebiv §. 29

TAHLY §. 14
PUREX (UUixE pisr RifLTIOR 1% FiklD SAMPLEHS

Stieby

Front oF Charcosl Acrivatid
bittes  bupger  biter  Uhsreoat
Poate Towe: Sumples L 4RY% 1% 485
e ect laatrel
Coentet Surrtprleg | I 187, P 3147

eneral fodined

tye 2 ferncry tn *heve samgerns probably retfcct goome rea! fif-
fererices it phyyica! chemica!l formd of the wndine The grown-} s viplers
cateer ol mtich Max trave’ted i dugh the tmadinhet e or corgiderh!s

tanger tirned artd chigtances thian the *aaer todine  In Correlating the 10t
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of idike fuld 6A 16 VAFISUS AR REFS )
controlled fisld goacraed ales; we FINI R ¥ Aoy

satvd ehareoal section; badis 3ag A Bresl UGk 8 HOBFFREIVG lodiiae Bpecivs
Betking® Nad depicustrated thal the ptack Wdag; Ik coalFasl 16 Lhe iy dis:
periey under fisid coRdilinky; EbIRbS BU flli isait 80% (A i Roliredclive

fokih; probably il Siganle lodine compniade: Fils wauld sxplaia the vory
larigh amount of 1his specios colicetod: WE 10 ING BIFGE plS sampieri:

e IREFEaRe Ih BAHIELS POk Trom 8 18 139 1 aiss Feadily widersisidable
dlheE tHE 168ie 6. )eld IMOFE ahd mwke o Partieles ub Ib assoeliles wilh
dusl FiF 3 greater Lme: The drop i ING FOREIVE ISdinG BRSEIES Wil dlis
duabrved IR EohlFolivd Fld teating: RowSveF. part OF (his BBVEIvE € il boli:
vered 108 8 form collveted by the thareoal FIter Paper; 3 fukt Bol vbasrved
Wik g contraiied Wdine vilialon. Bedeiy; WS GHAE; which #a3 ik
rordaeh otih the abibaphers for o conslderably gk period thal 1 &us-
brotied BRporimbnle, BHEoUnEGHed sthit FEaEtAbiE Bpreivd BF SPupd Wb
alily Wilh cErialR Bimospheric sprcivd SHUNE kiRG el precinded dlghitieat
shait 3blE HIEets h ) sHoH cubiroiled SXPEHniH.

Ul Travkra Uiliiiig tho Plissreaeei. s of Fibikeicsli Sid Fiiciib

Abikslaaliceiate - J; 15 Diideick

RS G e i o
sbid el i3l ] " -~ L
""!}“"ﬁf*"' u::&ﬁ. 4o\ &am&&&ﬂw & tmmw
dithit bkl bt o rcid ki “ﬁ,ﬁ‘ sprchia. wdb takd.
Thiy mmiﬁ;n »ib Al muJM YA FRETHE L T
Wralywis of the fliires bk bidbebiale. Piskesteln aid the
catetum palt of kil Crdsg-tedebt meetfepeice o8
bedtic edd 10 3 mointbindns giul 28 it 28 3 x 1018 gl
foorencbin id 32 107 g o2 Us-aapivin w3s micashi: bd

lm st m&;

IN tiee Chais ood mstc PogEos i it of inaterial ieo usudlly 3 nevedaars
ataledis recptrenient sen 103 ¢ s 3Te auird b glonds adaruedg horis ittusion
phersomtiens, { hemte -0 snd radoa Kiehic 3ty inactioe materiste @ 1th Keteru 11

See Phewical s Uhemical Forng of 1870 froen Fatbout asd Chenis 2’
Prrowenatrng Plasts pige 3 39
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m e ek

itee diatFibulion and aeemaus amm Eﬁ?ﬂﬁfiﬂl&&; Which €4t

be detected with a seasitivily a{ Asu thad % 107 § poF asalydia aré Fare.
Diluticn factors of aboud § % 16°% UM Bﬂﬂlﬂmﬂi tro tFaceF dapeisil
psink 10 sampls eolisction: Bimeliaascus distribuilon of 1wo BUch tFaicers

ih il » SoH 18 sudy clliek sifects sk wind difusion esmpouid the aaalytical
problem ahd FeguiIFe 148 Bush dsscribsd MalsFiala beihg empatible with
e4ch other and capable of briag separalsly salyied in midures: in
addition te theds Fequirsments; Whsre Biuat 8188 be 8 shoH SlmpIs anaiyieel
risthod foF the many fisld sampied al are BEceasiry foF defiRitive resulls.

A [6b Rusresems ahd phospliorésceat Malsrials satiafy Many ol the
ahive rogeiFsritils mf’km Beeh iveatigaled for theiF abllity 18 simulate
dhhuiapheric diffusion Aniiytical techiiguea Rave bret developed bi
this work [OF Silasion, collectin, sBd sabipling of (ko Rusredesil 1baceis
Bibidliaeiudly dispersed W6 Ihe virolineil: The sodidim st of Rusreicein
which hid Beeh dsed in (he pail wid WSS Wilh & B LFdcer, the edlciti 30t
of deetylighicglic 861l (C-aapirin). Theds Wakerals Bave bow tested i o
teld experiticht. The dlalsticdl SatiBE BN Bt ool thbie Wb sliorricrit
trackkid o Baivd uiita thedr dibt--robiced W thE bxcildd il dhd GitiBain
whievhry,

Thee Hetd disperiadl Lchiiigs - b thede Balerd be talla R dradntiting
of x vobibidier bt diisiidid b IRE Lrdb b (0 @ ber Wil grnbradiih BE 3 ke
wpray Hibosigh 3 riizeie  Althumigh ar bty igdbicgtic 3 bl Ha poosd Hdbibescen ¢
progpeitios i obl, wlighl'y wiloble i edier | di Blbeasalrs 0 oliba
wostublic 2ot of thie babe b dited tisd sto Piibbse bibee chabaabtbrindice, Tedln
Cwbioes wdd thigt bhae wpiee ibe Blui bt bote & b tHe ¢ bt 3B cobb ricbing fr
Caletam sl wabiee o he s gt lont waa tabentic 31 c0s thi anpirin.  Alter diupacr wul

Mo bt ord were coltloebed on metes alab Bithiern Lomsmipiintts  the dnatetie gt
vateis wan disetped to Gt rate thirer prentnas AW thle s 3 w1 " v
ot esc ettty be ditrated 1o L priginie e o o) morenalle untie i sted

Toa awitint e st oritpabiond Aot o wigntfic o ¢ reedn Cr o ar b o et s
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¥ib basEved Whi s iy ate MBLFR Whd HBadbuF

preaent, froi tie eolisetion filter Feducsd s E3:MBLFA Ssaditivily 18 absut

$ & 16°7 g poF sample: Agals; th6 pradsz:§ of RoFal EoBEsalFakisad of
Hieorsacels o AL LaleHfeFS wilh 1is alyhd.

The sipsrimental procsduss wid develupsd 80 S4ch tFaceF Wil
scqusatiaily aBalyzed aRes the f,uosEBCERES LRstrumEniation Wi standird-
i£4d foF 1k individual tFacsrs: Fhid wad doas 30 crodd-iiReyF Isterternce
ai 16l a8 Held:filler iRAueRcs could by Mads MIALBAM. Fabls 3.33 indicites
the mass catibraliod and Fange obiainsd fo5 €a-aapiris a8d HUBFEaEHA in the
ipe Arophotofiusrommter: FlUoFescen ¥is 165585 B¥eF Ih6 EBILFG FaRgs while
i Vi 164F FORPORNEG Wid bt #d BEtesA 3 £ 10°° aad 1 % 10°° § of Ci-aspirin.

ANEFULMENTAL EALIBRATION BF FilE BUAL TRACEHS
. Pluokeece . .. Ch:ABplilR

Coh et Fi ks, Plud; egrbiies;  Cobcs ai‘“"“‘ ﬂwzma&-‘s.
gl N T T Y Y /T N 7 S
ixio’® ito, 080 3¢ i8S 383. 666
i 21677 15,60 k108 P14, 1
2.4xi0°8 i8. 166 875107 iy 7ol
TR L 3, 300 i.32i0°? 3. 300
i %107 138 sxib ¥ is0
R L i 48 1.2 xi0? £ 30
s xivt 83 $.9%10" s
Blastk 1) Bl ank 20

Fhe Husi s scenct of (losroseoli was e ddured, and os Hiite 58 § x 18712
g/l could ne divocted In 3 1 cin quabs el co2Zlilng 2 Ml The excitsiton
wavelengtts was set 2t 472 mitlimicrohs siid the cimigsion pesk was vhscrved
it 522 mitimiciong For actual fleld experitmeonisl conditiohs. » seircted
vilve: iterference fliter « 38 .nsertid ib Iront of the multiplies gbvtoteh » of
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the it Fumient 1 ldﬁtlda 7 m ﬂ‘m i | wmmy ugsd 18 %
Fdies £road tFacer wad filler IRAUREY/SFDN ROk FOSPORRS bf tiig fille
seetFFad il 18 mmmlemn wid M‘ ARAF Il 1t Wllﬁiﬁtiﬁslmy Fedesd

?  luFesceBes o éa-uﬂlf!ﬂ (1) Pio datsriniagd:
i %1679 gmi wia measurakle uader 106 pHopEF sonditions; b acitation
wiv-ieagh foF this tFacer was 300 miliimicrons: At this wevelaagh
seseril interfereBeel WoFe 6bBGFVEd: FiUOFECHA Becasms Bomenhat s1citsd
aAd quiaFts exhibited some Huoreacwes: ‘Agaln; A selscied interfsrsucs
filter practically sliminated this adverss sifect: Fhe nermal €a:adpiria
eriladion sceurFed it 430 millimicrons; howsver, the Hiters poaked at 430
mitiimi ‘eﬂm This reduced the scasitivity b F Ea- aspiria dotectioa 8 aboit
$ x10°% o mi; Samples wers first anilyacd for theiF HubFeacein ESRIEAL:
The eslieci:+n filter wis 1badsd with 4 kRowB quantity af water, csually
sbout 8 t6 4 ml, and then a8 wiqguot wis takes I8r aalysis. tws diops 8f
3% NighO, solution were added 18 adjust pH aad sahanee Husredeancs. it
#dd More conveRient 18 Meastre the HuoFeaesin 1B all samples and then
rerdfl the solutions for Ca:aBPiFIB aRilysis. Fiia wis &us lo (hE recediily
redlighing of instrumiental hoRoehromiGterd dRd the cRaRgE i IRIGFIGF&HE e
Piers. Adintionaily, standsrdissting $id Fads Simpler by eompleting sach
indepeident tFatoF aidlydes. Todts woks Mmads o deisFitiiie the sHieEt of
Hime ob sy delay iH Ca-dspibiB MisaBukSlibut ddeeboding NUBFedESR dhatvili.
No sighilic ant chahige i dtandard Ce- &dpiFih Sdmples wad sbEerved afivi o
4 das terval. Alter the luokesc~in ditilysed wiie complted. the lnstru-
et wag sot up for Ua-dspirih analysis whid | diop of BN NaUH was edded to
- udividual sample solutlons. This coneeited the Ca-sspiiii {6 & hobn
highty fluorescen® form. Severat minutbs I3 to 4) abre required lor this
 congersion ttlowing the increasing Hlus: esckitce to giabilitc. A sefles o
knows gsamples was prepared coniaining spproximaisly equal quantities of the
vue tracors sver 3 wide P ange of conconiratusn, The flusrescitice of vach
tr3cer wan measured tn the pregenct of the other gnd no cffec: spon the knoan
dltheation caxs Ghaeived dur o the other tracer's priseiice.  This demonge rat e
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i gm’mu BEgalc 8-
; ﬁ NNH&BFS&-

BroARHES &f - %l;-!m
muiu in lk.. ma{

9 ¥ wf“ T i g16°8 5l
4%16°8 3 i ¥16°0 48

it &l ba A c!m Ca-aapliin wiil a6t inteeieFs With sRalyais of
ﬁ’dﬂf&g #ie6 3 % 16°% ¢/ il showd @ HuSFeBcsAss compAFaBlG i8 6aly
i % lB' g/l undsr thess conditions: A umall eoFvection May b REcEs-
Bity; 1B & I6W% Eaded; foF the preasucs of Husrescsin whsa anaiyzing for
aBpiFiR #lines | ¥ §§°1 )i skhibita whout § % 16°9 /il esmparibie
Ca-adpiFin fitoFsbceped:

1ud ot eFiticel wialstical eritorla ivoived i4 the uas of mote th=
one fluorescehce tFdcer dre the spectial ablotptica aad epibion sxhibited
by the chemicdls. A'though complets Separii n of the Wndividial dpectra 1s not
shaolulely Hicodsdry, it I8 asdiFible ahd affords 4 mtch HoFe Bedditive anilysis
system. Dithercinces 1h the dbdoFptich pectrs of uid thaceirs die th. most ideal
methods of ditterentintion. Obvicusly. if ohe dobs hot wxi'ls ine second tracers.
no Huorescehce #ill be obéeived.

Figur + 8. 28 {llustistve tHe fiibrescEncd abebipiich Bpeclin ot sremcein
s x 10°% gy 814 Ca-aspirtn th 5 16°8 §). TRe Ca-ubpirti bnoetrur Laa two
flunresrence abeorptiol poskse, the ohe at 300 millifnicrohe bethg the most
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otficient. THE oBasrved poik it 418 -~ 1Amicrons i simply the dcattered
excitition iight Sb8srvabis; B/AES thS SHIABISR MORCEHFORBEF Wi S4t at
410 millitimicrons;. FiUOFSEcHA Sxeited SSVEFal SxeitaticR Maxima With the
onio hedr 408 MilliMIEFORS Belng the MmBdt usstil. N8 Signilieast scatter
peik Wi obéerved #iRES the tFacsF 18 SHSELIVE 1h abiorBing ght nedr the
stiitision setting oF 330 millimicrons. ARGF EARsIdEFEtIOA ut tHede dpactis
it 18 appitrent thit Sxeititice of HiBFeEsth it 488 millimicrons Wil not
induc$ HuBFEBEEAEs (h Ea-adpiFiA; dnd Gxcttation of Ca-dipirth st 300
miltichtcrond will 1RdUEs Muorsackin MUBFEaCEAcE to @ Bmall Sxtént.

-

- —

LIS 2
T cmew e s e ———re e s v . S wre——r maeres

C

¢

{

)
L

FICURE 3,23
Fluorsecence Abgortior
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THe RubFeisEREs SMisdbioA ol Muorsatslil id t1UBtraisd 1H Pigure o. 24,
Note the c1686 proximity of the Satitaion SEMtEFee 1Lght dRd the fuorescence.
wheR Higher eoacsntFations of HucFeRERIR AFS mEdbired, the Sedtter poak
disappbiFi; BIREE MOFE 6. -piste aBECFpIBn of the 430 Hillimieron 1ight
takéd place.

iﬁ}ﬁmu,im‘ .

Na.e'e M i~ eong

FICURE 3. 24
Fluorescetin " missicn

he two sections of Figuic 3.25 {Hustrate the emission of these tracery
arid the croae interference of he other under typical anaiysin conditions ane
for tdentical quantitios of tr 2ce mate:ials.  Note the interference of fluorexce!s
o the Ca-asplirin gsoectrum when excited with 300 milinimicron light and the ‘ack
af mnterferencs» of Ca-aspirin in the {luorescein gpectrum when exc dng the 497

nutttisteren light. Transmigssion-type interference filters were uv-d to @ tiee
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ﬁh""m‘ .. oo le e
~

IwWews S L w  oF - -
gl elnage P s

A

FICURE 3.23
Crogs Tracer Interference

“e Huorescein imerference t e Cu-at »nrin spectrum by i crowing the
detection hand.  In addittor  an interfer-nce filter was 2!80 uded « her
analvzing fluorescetn to oliinate scattered excitation light and nanimitze
certain bac<g:ound Hght  This latter, random lght becomex v portant

when smalle, smouantg of *racers are being meaniret, Figure 326
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45 of the#e filters tih eltminsting .ross-intsference.
The result 16 sasentiatly io crogd-liiterterence botwzen thede two Mrpregcent
matarials. Thid makes the Ci- udpirin-fuoresceln tracer system an ides!
system from the girdl;ticdl standpotnt. guite recently, these tracers weres
dignersed to the stmosphere By ptresure getietation of thelr respoctive

ih order to detarinine their sir transport char ucteristics.

- - - A w— — ,_,,1

lustrated the eltbctivent

aqueous solutions

e By

h‘_‘N/*“"“‘ "\__/ ‘[ k e

Ay o - ——— T —— -
a

pIGURE 126
Cgoma v oo Sterference
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TABLE 3.2%

GAMMA RADIATION FROM THE COLUMBIA RIVER
UPSTREAM FROM THF HANFORD REACTURS

Energy, Mey Relatlve ()ountl_p_g_l_i_'itg_(a
0.1 25
0.2 10
0.3 10
0.4 7
05 10
0.8 9
07 13
0.8 18
09 8
1.0 5
1.8 4

2.0 4
3.0 2

(a) Chuerved background on the r.v r divided by that obtulned in a

4 in. thick lead shield
-1 08
The photopeake which were most egslly discernible were tho4e due to Rulm 10( 

08 0%
Zr )’-Nh)b, and radon daughter radioactiv (y.

At locations a few hundred yards below the reactor cool.unt discharge
noints in the river the activity level was, of course, bigh and the most easily
discernible photopeaks were duc to Cl38 (37.3 min) at 2.13 Mev. Mn56 (2.6 hr)
at 0.84 and 1. 3 Mev and Na“ (15 hr) at its 2. 76 Mev peak. Tahle 3. 2K presents
the energy responae « [ the detector relative to hackground as measured at Pasco
and at McNary Dam (39 mt «nd 768 mi respectively downstream frorm the Hanford
reactors).
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TABLE 3,26

. i — .-

GAMMA RADIATION FHROM THE COLUMBIA RIVER

AT PASCO AND McNARY COMPARED WITH THAT ABOVE
THE HANFOLD PROJECT, 7/10/83

boergy, Moev Counting Rauie at ”ﬂ'ce‘f') Counting Rateat McMa T
0.12 10 2
0.25 10 2
0. 8 5 2
0.75 4 1.3
0 8 2
1 5 10 2
9 23 4
A 48

(a) Counting rates t Pasco or M:Nary divided Ly those upstrv-am from the

Hanford Froject

The photopeaks most easily dircernible at McNary D~m were those due to
N2 (at 2. 76 Mev) and zn®3

(1 11 Mev). At Pazco the prominent peaks
werre due to Na“

and (?u“ (0 51 Mev) The counting rate of the 2. 78 Mev
*m“ photopeak at McNary Dam was 400 counts/min (8 times backgiround)
while that due to an at its 1. 11 Mev photopeak was about 100 cnunts/min
From these v cxeurements {t wus evident that the ~ounting rate of the 2 76 Mev
Na peak provided the largest signal to background counting rate and could
cascy be uged in field studies of flow time ard depletion rates: or of disperajon
Subsequent measureraente from an asirplane showea that Nai"4 (2 78 Mev peak)
could be measured reagonalily well it the river at elevations of 100 or 300 ft
The short {2 min) counts whick were made did not permit the identification of
other radionuciice photopeaks.

Alrplane Measureme:,is

The alreraft measurersents were more difficult to interpret becn .se 1t
waa not poseible to determine the fraction of the counting rate which was du.e to
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the areplane ‘Twenty nmunnte megsurements vere taken ot 3000, D00 nnn
and 12,000 ft and the relative countiveg rates o these Tovels as oo functioe ol

chergy are recorded i table 3027
TARL 13 27

RELATIVE COUNTING RATES
AS SEEN BY A0 4/0in  BY 440 THICK v N

CRYSTAL AS A FUNCTION OF ENERGY AND ALTITCDE, 70763

Retative Counting Rates (eom per 20 kes Channel

Eneryy :i:_gq_g n 1, 000 1t HOO0 1t 12, 000 1
0 1430 1080 1340 1500
(0 750 540 G0 RGO
0 n 220 1) ‘ 230 300
076 150 120 150 1150
I oo 55 0 45 a6 0
2 U0 13.0 12 e 27
1 oo 2 N 54 T IR
4 00 ' N Lo hon 1N

G Radiation at thewe energrog would rosult maandy from cormie ravs

04 1 (k
PN A a1 Mo

(1 78 Meo) For these

Thee mast promvent photopoeaks woere those G |

2t 214

(7% Mev) and the radon daughter 18
meaurements e vt wum located an the rear baggage compartnient o! the
arreralt. I was posithoned Twe doon, 172 in above the Ooor and wan shaeldeg
on 4 sditdes oy with 2 .0 of lead At these elevations the conte hution from the
ground would bhe neghigible, howoeyver, the conteibution feom the rplane ot
porsibly he vegponsible for o significamt jartion of the conmttng rate These
meagurements indicate that (t would be possible to make doeect neasareiments ot
radionuclides at the “natural” fatllout levels. {t would eaquire o constderablc
amount of caltbration work (collecting samples and making measnremoents 0 e
same time)but could be o very valuable tool in permitting a Jirect studs of the

fallout concentration and composition under various meteorologicn! conditions

0012184



Prelinaingry easurements of the ~Adsorption of Reacton _LH‘-N-'H'

o
Water l{.unnnuchdc B by ( nlumh a River Wa!m I'.nn( lc ‘o

e s - U, P
s ST

1., Lo, Hurmphy ove and 1. W. Perking

Eapertments wece conducte ) to ncasure the oversth ratend of

1 24 L 2n 1!
b soration of reactor efftueat water adionue cdes {\Mn N i (9
1 N [ 0 . \ .
(' ". ﬁc" " /n " and l.:uH Y by Caolumbia Haver water narticies Conditions

were controtled 1o simulate an nearly af pogsible actual rver conditions
fconstant temperature, rate of nuxing  a@ge f reactor efffuom water cte )
Fhe reactor effluent water was (ltercd through 4 membrane filtey to remave
Cadtonae s den alveady agsoctated with particles These panged from 020 "
fort \'.'12.3 te, 42" fory |..'*.‘4“,

Inatial abgorption of solutue reactor cfftaent water radionuchdes onto
Columbirg Hwver water l’.‘il'“l'll'h i ranid  arche Lrest manute of contaet,
absorption raaged from 0 2% for .'\'.'.2' to 1" oy |.;‘]4“ ‘Chig absorption s
20 00 407 of that occurring in 1500 nu s he changea which occur after the
st mitnute show a goner sl inereas: with tieae bat are much glower atd
probhably nore comalex, hemmy alfeofod B over temperature. miceroorganism

oot et ol

Sedient Studies, Larticle 3ige Scparation of Bottom Sedin.onty Liom
U)c“ .M‘\'N_.y'x 4!!«};»;»(-'.'\'“\3- of the C‘_AQHMWQ_" 0. L., Nelgon and
Lo, Humphrevs

.

A wel gieving parts Do RE2Ing e mique wad dsod to
gtz Lottom nedimen< from the McNary "am regervait
Phe vadiantic lidde Come it of the size fractions are reported
The quant oy of tadionue hides gorbod from reactor efffuent on Colambas
River sedimoents has been shown to vary ad a funchion of narticle size IR
However proeviously used procedures emploving elutriation and sed mentatyon
dig not give shar o geparation of the partaclo gizes. A wet gievane techagque

wax found thy microgcope examination) 1o give o much cleaner particie gize

\Jnl rz mtml by Hu- l)lv(ultm nl Hmluav iha, Mwht lm-
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srparatiun then the fopmey methods. The sleve sizes used were 74 62, 44,
18, and 20 rilcrons. Screen sites of 10 dnd 6 £ 2 microns were also obtained
but difticulties were encount ered i trying 16 flow water through them, even
using u vacuum. ‘Fhe sleven were used individually t-gther Nm:su_’;’nen for
more offective separation, as reporod by other investigators. ™™

Other Improvements wore alse made ian the pariicle size separation
groccdure. Washing was done mosily with 08% methyl alec.iol (o avold
ehution and hydrolysis of nuclides by the wash water. An efficient clectric
mixer was used to attempt 4n svparate aof) sgglomerates. .iso, since a
separation of the €10 micron fraction was « ~#irad, a . tpeated centrifuging-
jecantation me'hod was ured for the finer particle sizes.

Theve particle s'ze separation techniques were used for sediment
samples taken from the MuNary Reservoir a December, 1083, The fractions
were analyzed with a gamma spectrometer pnd 8 in. well crystal for \'toﬂo.
7" 8eY und ©r®' The datn are given in Table 2. 28.

TABLE 3.28
PARTICLE SIZE DISTRIBUTION
OF RADIONUCLIDE CONCENTRATION IN COLUMBIA RIVER SEDIMENT

- —— - .

Sample Radioactivity, distintegrations/min/g
Size haage Wesght " g 48 85 s
Jmierons Fracuon % Co | Sc 2 Ll
> 62 Yand (& Organic) 3.8 240 211 7834 3374
18 - 42 Coarse silt 10.8 157 138 3283 1487
20 - 38 Meodium silt  28. 0 140 104 31148 2130
5 - 20 Fine silt 41.0 11e 104 3018 3257

1 -8 Coarse siii 10 8 231 1000 6324 18,600

0.2 -1 Fine clay 1. 4 198 1300 7128 20,720

Thesu results are averages of data frem two slicer of the top 3 in. of
bottom sediment core. In addition to relatively Higher redlonuclide concen-
tration in the finer particle sizod it taii he sdon that the larger particle sizes
also contaln higher nuclide concenirdtiond than the intermediate sizes. This is

001271660
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prububly due to sorptinn by the +gunie material which would be found
primarily (v the coarsect trdction. Orguiie material wss not separated
from the samples hefore particle #ize saparstion., An utterpt vay made
to sepcrate the orgahle Traction with *ho denaily iﬂﬂi'p’nﬁ technique using
bromoethanc) but it was found that, sveh with repested extractions, only a
small part of the organic could be depardii:d dua 1o it partially decomg rsed
condition in deposited dediments.

Fven though the largest particle #1568 tontdine a relctively large
conceantration of Huclides, the tota: quantity 1 this thaction 18 low due to

the low weight of the fraction, This eiit be #des in ‘Table 3,29 where the
percent of the tota! of eah radionuciide is shown for 8dch particle sise.

TABLE 3. 49
PERCENT OF ﬁﬁb‘:gﬂ' NUCLIDES
IN EACH TOTAL PARTICLE 81ZF FRACTION,
COLUNMBLA RIVER atmmm

Particle 8ize,

microns Frdctioh _sg_” 248 in“f ___C_gf_ !
> 82 Sand (& O, genic) 8.9 3.8 1.1 3.4
38 - 63 Coarae silt i1.8 4.9 0.4 5.3
20 - $8 Medium silt 21,8 10,4 2.4 i3.8
520 Fine stll 83.9 28.8 $2.% $7.1
1 -8 Coarse clay 15,8 34.8 11,4 34.8
0.2-1 Fine clay 6.8 5.1 9.1 19,9

The total contsnt of radionuciides 19 low in the (o coarsest sise
fractions ato spread over the finer h'uttont with u rbllmnly greater Lude
particle . ancentrotion in the cases of C#®! and 8ot
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Se l‘u)fm ‘udies: Jgolitid jkita M al
Coluaiea itive: P'pr} cled. - L. . Himphreys

—— - - N 4. -1

A denaty-gradient methot! had Beelt 3pplied to the
gcparation o’; organic ma o:rml !r&h Cdnp ded Coluibia
River particles, Extem determinied by

“chlorophyll A ractjgns dgﬂ es in the
adsorption of Cosa’ Anég" écm 5 ;SS onto inorganic

and organic material were de'armmed vy gamima ray

spectroscopy.

Previous studies 3.7, 3.34 have indic ited a difference in the
radionac lide spectrim on organic and inorginic portions of the river sed: -
ments. To provide better lepdrltlod ol thu fractions fof analysis. a density
gradiont techni yue 3.35 was applled for tha 130'aticn of organic material
held in suspension In the McNary Reservynir.

Summary
Chicrophyll A" exiract.uns -3 (ndicate separation of 75% of the
living organ.sms from the matrix. The orgaiic portion sepsrated lad A 1o
10% (by weight' of the iunpbnded dedinients dempled in the lill of the year.
The spectite activity of €o® O i this orginie imaterial wis higher than that in
lie lnorumc fraction. The othet ruéibxib&bp“ medduked lZn“ !c“, and
‘), howevel, were more contentrted i the ihorgaiic traction. Application
of the dens.., gradient techniqué io samples tiked with & plank ob net lyreater
than 30 microns) indicete these sampled dre sasentially all orgaiile,
The method employed for these deparativig I8 an applitation of the
gradient -density technique devecloped by Lummers. (3.43 The two liquids
used are water and 2-bromoethsio: (reagent grade; density iv 1.17 g/c m’).
The co!tmns are prepared by pouritig 20 ml of the heavier ligaid into a
50 m! conlcal centrifuge tube. The sainple i¢ their dtirred in 20 ml of water
and carefully lsvered over the bromoethahol. This forms a shurp densl'y
gradient at the junction, with the upper ldver containing the sample. The wube 13
theti centrifuged for 30 tnin. After centrifuging, the loir sones referred o by
Lammers are observed; that 1s, in tha bottom of the tube dre particles heavier

—— a—

2 Not tunded “v “he Dividion of Biology and Medicins
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than 1.77 g/em? then & cledr Nquid 1dyer; then the junction of the two
layers, which has thoee particiad of dendity greater than 1.0 but legs than
1.17 g/em?; aind fingily, the cledr witer Inyet. The best separation was
obtained by decantiing the top thr»e sohesd frout the heavy eoll. The suver-
nate im then diluted with water {0 decredis the dendity and the sam;le
contrifuged to iscldte the iightesr (orgallic) poriton of the sample. S.u 'les
taken with & plankioh Het Fridined dt the thtertece ldensity less than
1.171 glem'sl und weie (Hus orgdmc. Thil iy redsonsble, since inorganic
particles of that size hdve 8 high settling rite in warer and would be part o/
the "bed l10dd” except in high current.
Saniples thdd tak separdted by thid technique are suspended sed:

ments obtained frodi thie river water by pressure filtering (3.37) through
a membrarie filter (pore size is 300 millintic roris). The satiples were
collected from surface water in the McNiary Reservoir. It was felt that
organic matcrial whith stayed with the inorganiic traction lcentriluged
down through the bromoethariil layer) :dld be of two types: organie
material entrained i or attached (o idopguliic material, so that the combined
density (s grester itait 1.7 g/cm?; oF didibms which have a large silica
shell and thus a density greuter than the bromoethdnol. To ostiriste the
amount of organie ﬁuigﬂa! in esch 1hace.on sn extraction was made for

"chiorophyl) A", ih this procedire, the sithpies which have been
kept cool and “ar4 and dre used dr .. Ol o possible aitor sampiing sre
contacted with 90% atatorie and 10% water. Aller sufficient {ime has elupsed
for complete extraction, spectrophotomeiiric analysis of the acetone sclution
labsorbance at 865 X) is applied (o measure the ""chlorophyl! A" conternt

which is proportional to the live organic content. Results from this ana!yeis
are given in Table 3 29,

TABLE 3.39
sPECTROPHUTOM ETRIC ANALYSIS
Un.’b}i_djﬂbd Sahipie Separated Samples
A lguot Incrganic Organic
Sample Weight, m 9.3 13.1 8.2
Absorbaiice, 863 0. 034 0.013 0.226

00127879



These dats show that 75% of the "chiorophyll A" cont dniig material is
taolated by onie separstion step. Siice didoms have silica shells, it is
quite reasonable 16 expect soine of this imigterial t0 have a density greater
than bromoethenol, Other orginic materials zmruu., etc, ) would be
expectedio separate more cd’mpi“'oi} ‘“!r Sinip’es were s alyzed on a
high-sensitivity gamma ray spectrotneter D4 b tour &, -
nuctides, The results are given in Table 3. 30 es Haimegrations per minute

per gram of sample.
TABLE 3.30
DISTRIBUTION UF RADIONUCLIDES #ROM COLUMFIA RIVER

SUSPENDED SEDIMENT BETWEEN ORGANA_AND INORCANIC FRACTIONS
Activity, disintegrations/min/g

af kWt ot
Inorganic Fraction 250 2379 2310 .100
Organic Fraction 410 90 860 22. 800
Originul Sample 320 2230 5140 56, 100

The sp « iz sctivity of the Co‘w 16 hitgher in the Srgiie traction than
the inorganic. 3-34) rpe other radionuciicrs Meusaied have higher
activity !n the fine inorganic particles.

Columbia River MxﬁmﬁW‘ - R. W. Perkina

The fate of radionuclides wl.ich are introdu ed
into the Columbtia River tn resctor offluent water is
of continving interest. élct is prisently under way
in cooperation with the U 8. enjog:cal Syrvey to .mﬂc
the Columbia River transport of these rddioﬂucnden, ludlnl
their adsorption, zedimentgtion, tpans!ocgtion and wptake b
inorganic and srganic deﬁrtmo hig section iicludes & brier
description of the more mér viefvations of the stu
whereas the woirk on #v itle Bis® shilysis and the
initial changes which oceudr cﬂ m tbdu‘ln. reactor cfftuent
water to the Columbig Ricer aie tovered separately.

* Not funded by the Division of Biology ahd Medictie

0012790
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The reacinr effluest water which 1§ relurned to the Colwmbia River
Jfter having vassed once through & reacior contslns riany different 7odto-
nuctides Most of these sre p’rc&u:'ed | 54 (h.ﬂ peactions on the purent
‘materials in the water and sre ruthc - M-ﬂiiﬂ. The fission producis are
normally prasent fin mach lower concenti wious than the (n,v ) products. 1he
ove abandant long-lived radionuciides sre a3 1243 days) and Cr>' (27 daye)
and are *'.e most eultg traced in river water end on suspended sedimen’s.
The radinmuclides Sc‘ , | 80, lbi“ and the fissiot products ngs-‘lb%,
R :‘03'106. celd! gre present in lesser amcunts.

The fissi7a products in tne river are due to both fallout snd reac’or
operation, During the past year the fission prodacts 2r? x> have teen
mensured in Columbis River water roir pbove the {ianford reactors (near
Priest Rapids Dam), in Snake River water just before it citers the Columbis
Hiver (near lce Harbar Dam), end b Cc 'ofitbis River wates Lo’ w both the
ceactors snd the Mke River infloeid (gt McNary Dam). These dats are
summarized in Table 3. 31 and Lidicate s comparsble jevel of these radic-
seildes st the three lovstions. The Columbia River witer above the
eurtor ares 1a lower in Zr?5-Nb?D then & MeRary Dam: kowever, ihe
Snake River ig at sbout the sime leve! &8 ihe Coluinbls st McRary Dom. B
would therefore appedr that dering ihis period of time u large portioe of *he
flzsion products in the Columbla cemh? trodi fallowt. The concentratioas of i:*
tong-lived {1, v } - j roduced radionuclides which are introduced by reacior
operations have not been precisely asgured above the reactors and in the
Snabe Liver: however, indications are that by compariscn they are negligible.
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measurements indicated that the radiosctivity content was distributed in
approximately equal amounts between the hesd and the chest region.
Particle size analysis of straospheric dust by electron microscofy showed a
ccunt median diameter of 0.6 u and masp median da.ndter of 9.7 ufor the
particle range that could be seer. (greater than 0.01 u). Asouming that the
dust retair ed on inhalation was of the same particle gize an that in the air,
approximutely 0. 8 mg of dusi would be deposited in the body during the

30 n exposure.

Plans have been made to make a carsful study of uranium ore
inhalatio: rates in a mine in the southwestern part of Colorado. In these
areas the radon ~orcenti-ations sre orders of magnitude higher and the
. elationship betweern dust concentrations, particle sise, an | depoeition
location in the body can be megaured inuch more precisely.

Qf‘.‘lﬁl‘,‘.#’ﬂﬂ %*MW"'““"'““'
ofthal ™"t} Ratio - 0. E, erison end R. W. Perkins
e .

Radiogctive tiacers are g vaefyl tool in Mrol?tfﬁ
studies. The usefuiness of the radivtodine | and 1
have been demonstrated in underground water flow rate
measurements.

Normal reactor effluent water disposal st Hanford involves hold-
ing the eff'uent water in reterition bashis for 1 to 4 hr before its discharge
1o the river. In addition to the normgl basing, other large secondary
basins are availabls for vae where the radionctivity levet of the effiucnt
exceeds ostablishea iim.ts. There secondary busing are simply large pits
and it 1s intsnded that their wr'er will reach the rive” by seepage through
sever u hundrad feet of earth. In estimating the decontamination which
srepage from these basing to the river woild provide 1t is essential to
know the vhderground flow rates from thege locations.

The feasibility of measuring thess flow tiiies by use of the normz!
concentroticns of !”t and '133 in effluent water has beon demonstrated.
Hadiodine in a particularly useful tracer wince it s not significantly adsorbed
on percolating through the soil (3.41) and ite arrival represents the leading
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cdpe of the radioastivity . Some of the norma’ effluent water hasging throagh
Whior aaler 18 passod before digeharge in the river leak safficintis th
<nrtngs have forme ' dlong the bank of the river A commparison of the o
05 to "he l::”!'ll nr) ratio at the retention basin and at these aprings
anm orovicded a moasure of the flew time.  The normal concentration of (Hi
oeffinent water 18 about eight times that of 1'3' and bty gre »nf sulfficient
corentration 80 “hat gtandard low level radiociiemical vlus gamma specton
coetrie techniques rovide an accurate meagurement of the 1'"'” at concet
teat.ons to lese than 17 ol its Hriginal concentra’.on.  These lev s cover the

toone intervals of concern (vp to 1 wk) and are ve:y useful

Ihe radioiodine '8 separatea from the samples by a standard (¢ 1

catraction and Agl pracipitation {o'lowed by gamma oy st s Ctrometrtc

1314 113 R . :
measarement of the ! and 1 “, From the disintegration rates thus

, 13 131
determined, the flow tune is taken directiy froa a curve of | ! RUSE
versus time (Figure 3.33)  The travel 'ime is the time difference betacen

the radioiod,re ratios at the bosin and in the svrings

This techn'que might also be apolicable in other Pydrciogical studies

duch a1 grournd water movement from we!lls, rives flow rates or water hff rqion

rates
T
k]
}
-‘f .
H
) LI
- ves v b dmg Tease
- T e A cir b ater
. T S -
M ] . ] ]
Age Dwye

FIGURE 1,33

A I'vpical Groundawater Ss:we Time Determination
by Use of the {! Sl Ratios
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&-ectm!cgg'tv Determination of &llwﬂw Cosnat Ity -

W. D. Felix

A method for the calculation of equilibrium constsms
and specific dbeorptivities irnm gpectrophotometric
data is preacrted for g gennral comples for. system,
D* + A~ « DA. Calculations are made ‘rom experi-
mentally determined gbeorbances of soluiions at s number
of different coticentrations of Lhe mongbeorbing ton, D

Eq\'mibrh-m constants for dissocimion resctions of type

peen o k-0 (] "
foc?
sre nften determined spestrophotometrically when UC énd € exhibit
absorption spectra in an accessible regio. The bsorbanice st aity given
wavelengih i3 s.mvoly given as the il.eur combinativa of the shsorbances
of the individual species present

Ace (C')*cdclUC) (2)

where the spectrophoto netric cell is assumed to b+ 1 cm. To determitne
the equilibrium constsnt from spectrophotometric duta. it hus heretstors
been necessary to know at least one of the sbsorptivivies, €. %ty dif-
ficult to getermine the ubsorptivities if the tidividy, * specite o the
contributing species overlap snd if i 2 impoesib e (0 i8clate at least one
of the shsorting spec.ee from the cther. This I8 normal.y the case whern
considering the absorption spectra of the equtlibriumn states of & genera’
polyvalent system:

DA*D +D A

. ’ -2 ¢}
D, A *D" + D, A

DA"""‘ .D' N A'"
However calculation of absorptivities for bot% sbsorbing species rad
the equiiibrium conatant systemn preseit may readily be made by ( omputer

0012803



3108 H-81148

tecrityubi (FBH tbe kiowisdge ob the Ema of thé dolution &t & number
of ditterunt B* EHEsALFRIIGAS mﬁmm B* 4668 abacFl ii the Bame ipaciral
regioh 1l Bhoi A e BBA}
Conalder d commoR sids; thut 8F ah Acid-bads IRHEHcF dyiton,

W A% 6 HA
whets A” muy b6 o polyvaient anioa; Fhe predancs of W dnd ealy tws
uhmbmf' agaﬁm i ghiFantoed By the preasne ol un 1acaBEMtIS BBIAL 1h the
spoctFi; 8- 980 Fhen it diy wave 1eAGR 6168w ts the LEGAbEMIS BoiRt; & et
of eqildtioni IRay e writion for & sertes b phtie:

ﬁi T “i;’i b Ea ﬁm‘ ot & -+ B): )

The toitow g relatidnshipd ke Heceldsry

By s HA 4 A (8
o WL m 4 ,%} ) 5
whett
Ky HEy .
- ')
A fven : (HAY & =T {
Substituting Equatioh (1) tito Equdtioh (43 dRd FeaFFURRE, W6 Ravs
A‘H‘ cey - RCB 5 ‘Nﬂ“tbb . ﬂ‘k : (8
{.et w : (A- k “Ibﬂ
A‘h‘ . W c, + iHANtEB . Ak‘ . {9}

The ihree uitkiowhs W aid R; thdy 86 tound tFom thig et 5¢ B
cquatiohs by the muw aﬂmi SGUdFsd (R thre6 dibisRBlChAl Bpacs: The
method wds progrdiitied tor the 1BM 1888 sompuleF.
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Appiieatish ¢ Methys R3d

(Hhiy method; b ullined ubsve, wih applise to the data of Ramsiio,
ot 8l .92, 4id the reauits WeFs Gompared With the FedGla FF6H other
standaFd techniguad of SuisFMIRIAYE SGuttikblum SORMIRLE: Spécied predint
(# sotitichd 6F Hethy! Fed o FElEted by 1W8 SqulliBHUM conBlants; & und

Q.
’ 6T MM

. os-w-vwv

TN

g é

e (g0 ) M°]
2 N

Resulls éhe compared ds follows,

&y Muthod
tedtedtated at & » 818) mmmas
4.31 21673 i8xipd Sisbct FONBLsH B FIE
3.9 sotibility
8.0 Sols &Rl bl Pkt

Absorbdiic valies weke Hot Fojsobied Eloae shiugh io the lisabestie polht
to allow edtediution of the byutibFum eshitint ot the Gy Bydtem.
Applicdiion of the Meihad to TroissilA-0
Tiopeollin-0 18 expocted 16 Uhdergs the RlBWiHR »equbite of
reactions

Uil

ll {
He G§i§ @ St
i N‘ il .
1 i3y

@ i ﬁ@% sty
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Thé o5der of iokthatian Of tad SHUS wid PAFe PsSksiG FFOUPM had Bk bis
dilbHaied; Uaag iAo Jaliowiag uctaien

CR T Y TITRY

CRT R Y T

Boi'a) i piotei:)
ths redilts 35 (rOpeaili-0 458 FOROFISE 185 B FARES OF WavElongtia which
Br akots the LasebO#tiS pokik IBF Gash SQUIIRFIUR syMsm.
e e e i

R
6 .ol ol 4 b8 JUs |a . .
dis “ o . 'R R IEERT 2.0 doun  )ew
s eds v LM . L
i - . “ (N R N 108 A s
s . . - . .- .. 10 e e
PTY ot y. 838 8.5 e e o ,o. 3.8 s 13
“‘ «F iR B.aoe . . .. i2. 8 L“i 2630
o . .t .- .- .- 1300 Bisd 20
400 id bu»  3ow

A Hiy B v6an 170 the coiumh of px valdeh GRHEF Ky WEF W
Feliively Wido FURGS of Waveisagtha Visd tho variatioh of thé pR's about the
méih R ¥l appears to B6 FuAdsm: Thub; over thE # aVEIRGR Fange vk,
thé detarmination of ihe squiliBFium 68RBtaus U65H RO ABGRF 13 B dependui
o WiveiShth uasd:

Rediits for g aBd Ky with Foapost 13 doviabioh froi the Mewi pk
valied iF6 Jood.  Nesulid loF K, AF9 Rt ab §Bod M IoF K, and Ky dus 1 part,
peripd; io ioAle stFeagh ﬂmgmu; i 15 kiowh that u?s uBdBFBARES of 4
solutich L4 dupsadaat A the 1oRic BFERGE &b Wall al o the pH: Comtrst of the
pH BveF the Fungs foF which Ky 6quilibFium GSAMIIAS Meld FoguiFed high ueid
cancalitFatiohs; Bush that the idsal 6BRMLISAS OF AR 190is BtFsngth of 8. | ssuid
Hot B6 et AlBS the sHfect of waacsliation of HED wrder tow pH conditichs was noi
conhdiderad;

This Method his thud besR SRSWR 18 BS i GHective; SoRveRINHL; did
Fapld dpproach (0 the astFmIAMIOR of Squilibrium sonBtants aad abiorptivitice.
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Adisiig to the @iFactivensed of the Risthed 18 the general svalliBilily vt
Atpital Eomputers with WRIGH the (6@oul SalouiMions of determiRiAL 1A
which sight aigiicant RuPes Hudt BS FOLRIRSY LB GLFEURIVIRIA.

L,
‘“ ,‘a (1]
hd bk ﬂub% id.

Chivride 1088 cal reaet With hydroiyl Fadicdis prodiced by the
radiolyeis o water to 1oFM chityrids BBRS vid the Fedetioh:

o &1 = ol Bl i)

It aetd sviutioha; thid Fesctith HFoessd 1B Bubh 5“»’&( A‘iw :imn-
cantly utter the Fadidtion thethiatky of the iwsm;‘- . 3.48, 8.
howevsr, {H hediradl did baste wotulis i“a'd v“ HEE Hid buol FYpuHed
to tiidicate that Redestoh (1) sisubp, ! LI LI Hahy bislogic.:
systebin, chiokide loh /8 rreasnit 1D substantias sksuitd; foF Sxamply. th
hutigh plasihia it dppeatd of o Sortbebiution up 6. LM, 11 19 (Rus of tuA:
siderable ronceid 3 deteFiine Bhether Reaciloh (1) procesds 0 & iarge
oxtbhb diring FFudiatich ob lstirdl, dgiecus; chioride vlutichd; and, i as,
how the Fepiacemeit B) Hydioay! tadicdls 8y chiorine diters the dMcuit did
iype of daniage.

in the proasit woirk, the ehtect of Heaction 1) duriig the (Fiadietion
of néutral s5lutiohs Wi sbakived i the Bilowing Maider. Viriuis dotutes
were wituwed (8 coitipete with the dys, bribjlduciine, 1o the Fadivdls
tormed L irkadidied dquesua soiution, did the retative Pale colatuite for dhe
competing redctiona webe svdlidiod By tHe Hethod dvac ribad previsialy. 13. 4
Bianot, thisdres, did diliite Lol woke thoash ad Fepiodbiitdtive aotites tu
compete with the dye, wid earh 36iulioh Lrkadidled coRtdIned DAY B thee Loui
solutes st ¥ coltehtratioh o 8 & 19°3M did sFioHiaticiny st o EsHewhtabioi of
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T saummm pals bt was s
S0 % 10°°00; - whils i oIRarS ) w26 ASMBGE 18 & 10]) With SitheF Nacl or
NiydOy: 18 al) Gaset 1hé BRiticas NOFS 1A Witk wF.
Fals 3: 34 Mhoks 1o "rolaiiy Fib svddtuala” GhMRIRSY abdiiminy

thi the Load Doluls aad dye compate anly JoF hydrayl Fadlsals; in the
predenss of Sodium sulfale, whisk sSuld B8l B5 S4p3isd 10 IaieFRoIs & Rew
Fadical BpOSISS LALS tha dyatem; 1he FEIBINS FllG soRMD AFS VPO
mastaily adistiapiahalls I thasy SElMRGY i v45y 16w 16816 atFahii.
Thid ABSSRSS 8f A6 JORiS lﬁ ﬁnﬂ 5 d5aies thal Bae 8f the Foaetinta A the
SOMBMILoR 16 URERRFSO ARY B1BES tRS dy5 aRtalaly LD chiFged; the
Pl o8- producsd Feastant Musi Bk URSRAFGS-=GVIdSRES; again; thut hydrouyt
Fadedd 16 this Feactive apscisd; 1o ths preaeacs of 8. 183 NAEL, Ruwiever,
the appareRt FOlatlvs Fise conutants ie suly Hrom BRE:- Mt 1~ thrvb: GuiFtera

ab Lir§e; dombd FeAction \i »bvioudly Eiuding & »rdibtFibutioh of proditis,
m kaactied (1) id ¢he ‘Bgiedl poadibility.
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ai‘ it
a
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if shisF@s Mo ars iRUSSd FSIARLE; LhS Viluss BBWA i

Tabié 3. 34 for daiutioRn i B; iD) Na€l D50 Faally ) comBaalis 6é the raté
conblaiid [oF FSAstIORD of 1ho d¥5 MRl 1add DOl U0 Wiih BLB hiydraiys and
aiomis ShiBFe® FAlSNS; AliNough (RO SadS FulbLiBRBRIP Botwow the
redblioh-PHE E3RMRRS LVGIVed AY US QIS compliealsd; B appeAF that,
oiHes Hé Gifeet o GiuBFids 16R3 18 18 AlLOW MoFS dys 15 8668:u8AS I »
§iveh dbisunt of (Fradiation; siiiSFiRS AlGIRA Btsw MBFS PFUSFERGS L
radeting With thy &6 (hin @ bydrouyl Fulbdle: Thie a0l8etiviResd of he
chioHiié Mom s8uld; wi uodrss; U0 8F fFOMl LIBRSIARES 1B dBLEFMIHIAG tHE
mdjoF FORRtIGR FOUISE 1 IFFadIAiSd Bloiogianl Ayuiem):

The itest 8§ Tempuraluss on RaAchl-Eanilslig REASISE

1A Trradiain Alupsal Joiuliom - D; B: KAlk#dr

L6ty of 1Bl Gip RGP RB1UGN WEFS fouRd i
S
s S T

bithid wle=! pinge;
Ab Fepsites previsuaty; 3:80) ig peldive Fate conatints;
ROk : sulatel . -
. | R{OH ¢ 6 loglaueine)
for sidl) Molatutsd duth a8 gyciRs, slaRiRs; sthansi, aRd tyFodihs
(neredae with Jocreuaing tomporatire. This behivior Hdd now bévh fouhd
to be showb by d w:der vikidty of S51ULSM; Ksup&s ;fcs contants weke
agsin mennured by tho dys-compatition method, 37! wad ine dite aFs
collecied In Figure 3.£3. As cdil Bs 3664 frdim thid Hgure, the Feiutisiianip,

k T
2 tesnntunty 371y - ByV/HY
i
wherd ky o kIOH + asiute)
ky » kUOH & SrisN) diieine)
i:i, L“ « cOFPOBpORAIRE detivition shekgied
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by abbut 304, TemperatuFs vaFiation dhse ol wieF 48 §Redt ¥ controt bver
the couFas of Fadiadion -1ndicsd +oastiohe &b doeb, 105 SXAMpIS; dddition of
other Fadical-capliktiig FEagonts 10 the yysteti; RBWEVSF; 1t provides & hurther
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thé 1560 Fadisald SFRAY b (ke Fadiaiyaid OF WMGF R Liitiaed o luis
Gl 19°9 536; Ean-FAAM pROMIIMA FoRuliing VO FOASLiGRS BE theas
prURAFy FRdlGSiD Cib aolule Meissulet SUAR M WA dy88; Esuld Have
much 1sager lifeliRes: Postirradiabion GlaacklRy Sould Febult broi the
dmcHEMIoR; dipraportianalin oF hydiaiyeid of thass BHMRLE Fidicais;
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the reacticid of hydrogea parcaide With SHISELINGIAL Mad tropiutli-b
o uké 161w ed SBISFUMGLFANILY by AIGWARG Who dyad 10 LSASA b Wi presuass
of exseid hydrogan psronlds of MMYAIEE Fragd: Uades I1R6AS GoRMLISRS; the
reskctiond aFé bieuds FLidl SFESF A0 DRSNS I8 FLGuFd 3:30. By viFyiay the
tiitiel GOHGGRLFALIGN OF FERSLARIS; the FRAGLIGR FOLAD WOFS JOUAY 1B b6 Hiret

ordeF in dy6 akd IR Ryl BM’ : aamfnm 18RS &ith A 566684 8FdbF
Fide condtapt of 3 & 10°° 16rd Moie® Ase"" o 0 € akdl i 3 1 oF
amames;g wid 3 & 10°9 iers wols) aas°d &t 60 & and pll & id for
tropesiii-0;
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DukiRg the iFradiitiiBh of Bgusous Bolutiohi of shianie sotites.
hydiogeh beroxids Ls 16FH60 & ith 8 yisld of 3. 84 iHoleculsd por 100 ev.
Usting thie yisld, uppsk limdi 1oF the cOBEGRIFM 6N BT HydioRu peroxide
i the dyé aciutiohs immediately aNGF 1FFRMEtlon Weke CiliEUiated und thes-
retickl sUFved; SROWA 1R FGurs §.3%; ¥ o6 preparsd (6 deacHBE the dmount
of dy& Blsuching whHich c8uld b6 attFibuesd t8 Fiactish With hydiogeh peioside.
As cifl be doeh froth thix Bgurs; the detidl poalitradiation Bledehithg is
preceediig mitch mioke Fupldiy: The necesdiby tolinliaion redched (e thai the
ronctioh ot Fidictioh gebsFated hyditugen pokoxide wilh orioglaucine oF
tropuotii- O &dithior Bs the prithary redctioh 1edding (& the Biad hing of e dyes.
Mechanisims propoied to dotbuit tor the posticFadiatibh Bledchihg ettoet must
{Heketore thelude Shdthe of evehitd th Which & Bydrogel perotide-dye redciton
doen ot beconis the Fute coltFoiling dlep: Such tedctich dieps mav ~oldde
the ditierigdtiol wid dispropoiioition of dye radicils; the redctton of oiganic
peroxidrg spawned thom the dys HiSIsculen; oF the i sdetlon of dyc molecdios
witi rédie 2! produeta of tne dys decoipositiocn.
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Sk e mc&w a& mb amwm stteet of sdisihg ;Mw« opti-
mitsfle sapsctitichd hive AFIGR thid LpFOVEd ViFietiés of vegetubies wnd
gFukd coutd BE sbluinsd by isFaaiiation of surFeBlly dvillisle sesds. One
tapedimes o progreis 1B t68tiRg 16F ~deh LIBpFovEmMEnts Hid Bosh the ois
i gertination ability of 56648 ad the Fuliaticn 4586 1§ theFEscad (0 snbisiice
the probablitty foF mutations. K 1d coBesivable that s66di éB8uid be chbmi-
cully protected thois the forinar typs of Fadiabion ddimage whilé stitt Betiy
subjected t0 the tutagetic ¢ b o IFFeBlmioh: Tesling Stk i podstbiruy
s iot only of practical ihiportuice bit dlss ob dsFé JeeFdd LBkaFeRt Slice
sebds ark convenint 1absrutory modetd (4 Whild (8 et PRotactir§ Hdiuires
uhder cotiditiohis which Hiust Be condlderss i My oiher Bistogicdl dyiteiis.

Seadi of the Fadtih plint; Kaphinud dutivia; geriiiate edeily wid
rapidly dnder liborstory eonditiohs ahd ¢sFs Uded to “‘t ,{ﬁ‘h ac ilvetens
of the potent, hydicoxyl rddical stavibjer; $Floy.. veing; 3:99) 4 4 énmnm
protective apent. Sumples wers d0aRed In HSeF aitiiied Watér oy wh
squecus 1% eotution of sriogtaictne 165 Lo ur; wid thee the W eteés contelit of
the seede »as sdjusted to stther 1. 4 or 30. 1% by storing theth dt rovth tem-
petature in wtmosBHered coitrolled to Halntain watés vapor ﬁmwm of
efthei 0.8 or 17. 8 ihiih Hy i o toesl predadre of 180 mith H§. €o6°° guming
radiation was used {3 rFudiste the seede. ANt mamm. the secds wera
pliced (i grotps ~t ted oi biotter paper sBdked ith 10° & BOtEEE um
gitberetiaisls- 82 ) ynd atored 1 covbred;, Praiatic petit didkag. The Humber
uf seeds thit germifisted diter 17 diys wad recorded, it Rivlilg bevh estab-
Ished that sesd which did uot germinste th 4 ddys wois Hot dkely io ever
gerititiiate uhder the dbove codditions. THE Psdutts expreasssd us the variation
of thé ractich geriminsted di & fulctich of dode dre showh i3 Figuie 3. 35.
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was estimated to bo 1.8 % N'.! by cosiparidon & ith 4 standsrd solution
of the frew redica), diphvngipicirythydrdsyt, th baisene. No electron spin
ragonance sighsl was obiatned troim the sotulion st pH 13. 0 nor eas any
aignal obtatned L the presence of dideoieed okegon. EBthano! reacts with
hydroxy! radical sbout Hfty timbs 88 tudt 48 with hydrogen stoms: and as
predicted, its presence st s concontration of 1.4 2 10° g_ increased the
stationary-state concemtration of p-nitromitiine radical to 8. 2 % N'ag.

From the spectrum shown In Pigure 3. 40, one can gain some ides
of the structure of the radicsl The dominamt festure 1 the set of triplets
separated by 13,3 gauss (ndicating that the wipatred slectron 19 tlosely
associzted with 8 nucleus of spin t - § which eoutd spliit the absorption tine
into 21 1 - 8 tines. This nucteus seame to be the nitrogen stom in the
itro group sincd an unpatred electron on the sming sitrogen eould also
show gtrong coupling with the smino hydrogens ehich 1s not evident in the
gpectrum. The free radical genorated by slactrotytic reduction of
p-nitroanitine glves o very simitar spoctirum which was tdentified hoth by

polarographic snalysis and by theoretical synthesis of the hyperfine, electron
sphin resonunce gpectrum as: .

" WUy T

mi,

_J -

As the temperature of the flowirg solutton was lowbred, the concen-
tration of radicats measured (n the electron spin resonance col! increased
i3 shown in Figure 3,41 i1 the flow « 3s stopped suddenly sid thy magnetic
fiold was kept constant st sn olectron spin regonancd gbheortion pegk, the
docrease 1n tadizal concentrating csi1d ba folloeed uv 8 function of time:
e g . ueo Figure 3.42 At presnt, the sguious sample cavity 18 not ther -
mostatic 8o that curves st temperasiures otheir tign near rooe temper sture
are only of qualitative Interest. At 20 €, However, the dats shown tn Figore t 41
wore ontstned, Indiceting that the radicals wbrd dsappoaring ois 8 resction that
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avagture gy Sagiives

ftroan 3 x 10

-

P P T

3.111 Hw-81740

Pomgpoor we, ¢

pFILL RE 3. 48

Varlatign in the Steady - Sate £3R Signal Amptitude

M p-nitrodniline as o Functton of Temperature

e Mg W pgt e , TR

sl Rt 3.48

ecas of LS Signat Amplitude trom Reudy - Ratr Vatue

in 1rradinted p-nitrosnit-ne Sotution

0012821

EE

o LI b Y



H-01748

‘ L
weill Snsctrd of ig-3 M, NN &%ﬁﬂmm daniine hediochioride

A,
EAGT) - ‘

. A dbbtiing oif for § MitHSe Hiior expodurd tn gir wilt
wigfng?& mﬁ‘ma»'&."&'fw#

24
£

{8

et 49

trthia) anet . -um dub to dir ckidelioe aRteP ash Rad basis purged @tith

qstotion troth BB eitor thorough purgs otth Katier

0w il Bbel

0012822
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i fizet order in radical concentraticn rethar than second order. Thus,
rather than dimerization of radicals, & pseudd fret ordet radction with
some ublquitous solute appears to remove radicals trom the sotution  The
Identity of this solute I8 undecided: dissolved oxygen cannot be excluded
from conslderstion umil 8 more gas-tight system ia constructed.

In sddition to p-nitroaniline, sgubous sotutions of N, N-dimeths!-
pheaytene-diamine were trradisted tis the How system. Free radics
products from the electrotytic nxidstion of this compound have been
reported tn the litersture, 3.34) snd aven sir oxidstion 18 sulficient to torm
a pink-cotored solution of the radical cation in scid solution, e.g.

' NH _ AT
J 3 Nuz
‘\’J vel - g
4 a
/ PAAAY
Hyt CH, MO UHg |
M1 M ey )

hiring irradiation of 8 zo"m sotution of DRIPPE. HECL, no signal wax
obtatned.  Presumably the reducing sctivity of the hvdrogen stoms more tha,
counterbulanced the oxidizging sctivity of the hydroxy! i adicats. It was suns
pected that addition of oxygen to the (rradigted sotution would remose
hy dtogen gretr.y by the regetion-

H o 1)2 : !l()z'

a0 that 3 net oxtdation to IMPEEY cotld tabe viace  Such g possibiiit. 1.
compiteated, twwever, Sy the hehgelor nf the PRI radirgt eith oxvger
Figure 3. 44 shows that thig radi=3l, prepared hy sl oxtdatior eambnes (0.
some  ay with dicantved oxygen to gl e & structur. whose Plertron wute rex..
nance xognal (8 much more fiattened out Thue, while oxygen may (it esent
reduction of DMLY readicals during trradistion, it rapl ity reacts with thev
radicals to give s new type of radical ohoss slactron spin resonsnce signat
Atticatt to distinguish trom the nolge. Compounds. other than oxygen, which
react getoctively with hydrogen stoms are thus being srught 88 sdditiven to text

thege (deay
0012823
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!w'!ectmn Pgramagnotic Rossilincs Lile SHaps - W . Felix

A linear ipproxlmd {ﬁlﬁ::ﬁbﬁﬁﬁ::& ‘?m .:t:“c &2«:‘
e

lnrmum:‘{:m:: ts ‘uii?h b
argrisgn regonan -
imamm s applied to signal cbﬁbrdi m’ﬁf
A difticult probtem that the EPR speciroscopist must meet ts that of
obtatntng absolute values of the lhié.'i-r(b& ?ﬁb intensitien The general

probiem has been odtlined elgawhiere The specific problens of tnterest
ta that of determinihg the EPR Hne shape.

The shupe of the EPR tine yivtde informdtion on the types of nter -
actions of the virlous resohdhce ceitérs. A Lorentzian shupe, for example.
i indicative of an Hotogeneously hroadened resshdince e swhose width ts
inversely proportiond! to the spin-sp'h relixation time, ’f,. M de“ 33
determines it 8 Hne (8 Lorentziun by compering relative line positions of
the expertmbntal Hne sgainzt the (ded! shipe at selected Intervaly. tioners'ls
however, the line shape 18 netther truty {.orentzian nor Gaussian

The Caussian form may be written
¢ 'cocxp[h'co)zlﬂ"i 1

whoere c, is the peak height st % . the midpoint of 8 symmetricat peak
ty an oxper!mmuny dbtertrmed parameter, urinoe to the dygiom  The
drrivative curve

%‘ T [’ h ‘\1 M
= e eupy- s ) 'R7 -
~ © I n
cydmtbhity wymmetric ceximy and min na, thus,
2 . r LA | ’ l
4% f 2 a2 2 o
=20 ¢ joxp  -{~-3'°/B° | llo! —pp——
d”' I .\ - v T;’ l “
whosies
9"V2‘Bm“-‘!o’ 12
where Tnax is the value of 7 @t the maximuam or mintmum
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For the Lorentsian torm
. 1)
¢l s
whore U in & constant. Then

2 9-a)

& '} %

# e[| =

A (o) 0- C
"Ft—)

d’
iy setting ——‘7 0 we have

do )
112 ‘
‘ . o-0, | e-a_
o +-% a&{__ﬁ‘ :-s[m_ﬁ
C c C
Nolving for T and discarding the imaginary cuse,

(‘-iﬁhmu-an’ t4)

For conventence, the notation i now simplitied. tet f'(x} - { 000

A e W, o xanda - Thiax - % Hence
2 ?
e glix) 1 s g o X /22 I8
for the o vgatan ard
2
X 33 B | -I/(t~ "‘) . {a;
Y ;“,‘Y
ter thie L ore forms. Now the derivative curve s written 3s a
cear comt o of the Gausslan and Lorentzian torms.
') o r g+ « t'tx, (b}

where r oand 8 are the degres of Usunsignese or Lorentzianees, respective!s

An experimental curve wnd the titted Cuuxgian, torentziun, and
combinntion curves ure shown (n Flgure 3 42 for DPI'H absocbed on radiah

0012825
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3.138 HW-#1174K

seeds. The corresponding tibutar arrsy, Table 3.38, presents s comparis o
of the catcdlated curve with the sxpertthental carve at selected points stong
the curves. As may be seen, the experimaental curve ts fitted exactly by the
Hnear combingtion of the Czussisn and the Lorentsisn formae on the teft leg

ot the derivative EPR curve. Tha expertmaiital curve ts not symmetricat,
hetice the tit on the right side ts poor. Thus one must add hatl of the moment
catealated by Hiting the curow to the teft teg to hatt of the moment catculxted
by titting the combingtion curve to the right teg. Uhe may wtso derive a non-
symmetrical form for the entird cuive. The latter method would mean tntr. -
dicing correction terms such that the Osusstan form becomes 3. 38)

Y Y e 2
¢+ boo B9 18
that ts, the maximum no longer occurs at 0, but is disptaced to
.2
9, * Noo!tnﬂ.

The Lnrentzian form need aieo be simitsriy corrected. n practice it in
canler to gdd the moments of esch individunl teg.

The significance of the method may now be ~ongtdered. Lo !’ !x!
be the experimentatly determiried signat, 1. e., the tiret derivative :ignat
The number of sping which give rise to this stgna! 's proportiona! to
!'iw\dxz. Andrew 13.93, 3.57 has potnted out that a graphicei doterminattion
of the first moment of the experimental regonance signa! {a equal to the
dooahle integral

;o [ ot tody

The pupoeriniercal ftrat mor-ent thus nbtattied graphicatly, by 3 momen’
lanes or hy trntegration of Fauation 7)) {8 compare 4 to the tirst mo-nent of 5
srandyrd to cbtstn the spin concentration,

0012827
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An_Eltect uf Polyble Tere
Alligator Red fivcd Cells - V. B!
Ait (kb gh of mm&mi_qt | h:gia,& rod blood cetls

tottowing {7 radigtioh ke cbeerved i aoiticha contatiiihg

an i oplc polyrlbctroiste.

Allfpatof red blooe tetts, @hies didet go hemolysld diter sbeoibing
ettt fent dowe of (iiging redistioh, posdvas s negutive olectiokinetic
iface potbitisl.  Ralkodit Kee exdmiliied the degroe ot protéction aftorded
berpean red colti dgsihat v udi gt i# - triduced Henblysts By various agriits aiid
Conctuded ihst the best pintective ajgentd wEke the siticieit thee radic
vavompirs. The teststuiice of Fed cotld diithet radistioh daniige may siso
e tafluencbd by the sdifdct piotent al of the cel).  Ab atteiipt to diedsure

Lote il tacitce &an imade by ddidgtineht of the el w31l potehtidl by dddition

A potve tectiolytbs

¥ ailtgaior Blosd, selécted becduse ol its stability
dituted 11000 ih isctohtc suling solutioh. To sie
Cimple wan sdded t ppm of 3 cattonle i\ﬂyb’bﬂﬂﬂﬁb: to the aecohd was
aded 11 ppim of 1 antontc potveleetroly & shid the third sample was
rreated  Dhe ssmples wire divided, c i - el beibg (Ftadidied i a Uo
facilits to 3 tutd) dbyorbed dose of abot 2% WS rads, white the Femutnder
3 control 1o ditermint ‘he degree of Herolysis h unitsradiated

saobitity of the red cells i tioth tractions
guuree. and the

ket

seeintut hemolysis, whtd

v oot used g
camples  The plectiophiretic
by ed ahett L8 i atter the exposutre b the cobalt

ix trree st

it nre presented in Cable $0 49
TAnLL 131
ELECTROPHORETIC JUBILITY UF REL BLUUE CELLS

Rlood plus Rigod pius
Catinhic Antonic

Untreated Blood  Polyilectiolyte  Polysiectrolyte

Mobility, utbr." e" 1
Samnte o meedm et e e T
iy sedir ed t 20 Y OB -1 90

teradiated uo .0 98 .1 80
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Red call Hemolysts »di i GUdursd vidually \h & Heroeytometer cot),
and the degres of hatiolyild Wb Me4hiirsd by comparibon of the i1 rudiuted
snd whtFFadiatd dimiplod: Leds tRai 3% of the Fod eoild th the uiirradidted
samptes WEFs ReMolyRed afte - Biiting 16F 8 hif & FEOM tefipeFatirs; thy
degieb of hotBivild of the irradikiSd SROABINE 15 Prodented 1A Pigure 3. 48,
it t8 evident that the daimple contaiRinj the dRichie Polyeisctroins wdi
protectsd diinst Fadidtion- 1hdUesd HEmolyilh of the F&d c8lla. 791 exper!-
meitt did Hot defiHe WHEtHEE thid proteetion Wid dud6 t8 HMAIREHLAES of the
surface potential of the 784 celti; oF i the dRICHIE PBiyEIEELFatyts LAt
dcted 48 & IF6E Fithed) Be&vinghF thud providing pirotectish of the +ed teits
by competitioh t8F ti:e Padiation -thdiesd tF66 Fadicils. THe Sample contatn-
tng catichic polystectiolyts wis Hemolsd od to & 16886F Hegres thih the
uiitreated sariple dRd Wiy Fefloct & dogh oo ot protection attorded by this sgent.

En
s
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;
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A 210, biv Neparan

i S S
. ' ‘ ’

3

Moure After 1rradistion

FiIGURE 3. 48

The Pitect of Polyelectroly o Addition oh the Herrolya's of Red Blood Uelly
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CH=MiCAL BPLUERTS TRCHNOLOGY

Soil Chemistry, Coeoclistitsice
Syinthests o & Clisioga! - 'ite. Like r;.umso“- VL L. Ames, It

Pottions of the W gh-sitice — ¢ or relutively low
temperat, rb tegiod of pevera) bise cutioh syatems mm
invost!| ztf n-lgg the utudv 8 riinoptilelite-like phps
w3d synthoy i ed e dits pu rtin téb the synttesis o the
cnnoptilbn b-like phine dre presen

Stairting materisle used 'n the hydrotherraal syntheses included
Davizon Sitica Gel, sittcie scid, LIOW, NaOH, ROH. drted ANOU,. and
sitica dnd alumike gels coprecipitsted Prom fiiived sulutions of sodium
motasiticgte wid sodlum slumintete. The Dacison Silics Uel, herveafter
referred to as sitics gel. @as supptied for use 38 & drying agent in 14 to
17 menh size. Cohsequently, the {4 to 48 moeh gel wus batt-milted to
pans through a - 323 mesh sieve before use.

The constitusits were sdded th the destired mole ratios and
*hworoughty mived 11 4 blet:der. The inixed starting materis! wis placed
tn a9 m!, sllver-lined, Mortv-type resctor snd ritsded to the desired
temoerature i 8 furidce. The tedctor was timinsdidtely quenc ied tn
cold water upon remocdl thormn the turndce. The pH of the reieining
water aotuble contents wis deterritned dt 23 €. Reddings highet than ph 10
wore of Hitle (ntereat and were recorded as merely greater than 10
Iruntuble finat products were washed o th distilled wseter, air-dried. and
cxamined by X--ay ditfraction and with the petrographic microscope.

Table 4.1 saummarizes the hydrotherma! experiments used to define the
~nnditinng of formation of the clinoptitotite - ke phase tn the system Heht,
abmina-witicg water. Three starting mixtures wore ased with simi!ar
renalts 3lthough reaction rates were not comparable  The sitica ge!-dries

ntumag-z.um mixture was the slowest to react. Compositions containing

‘mppnr(bd tn part by the tMvision of Blotogy ard Medicine
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sitics-to- slumihe rettce a8 high a6 18 gtelded the eitiioptiiolite-like phase
wilh the sitice goi-diled AHORI ;- LIUH tarttig mixturs. Note th Table 4.t
that the Higl pH of the watsr Boluble cotents of the rodctor te generatly
indtcgtive of the dbgros of the tedction that Has scturted: 1o If the LIOH
has Feacted, tithildim cutions e @ Feiibved tioi the squitibrtem sototion and
the oH ts towered.

TeRy et
Lade Aes MO8 TUN 1Y )
PO THE M X AT RI O o TR U FIERA AFT WESA MI N L SATER TTEVEY

L U4 RN | i
m;"v,i\gv.-gn fomgepgince ¢ Teoumyy o AL V1 | B X gk LIL N M
Lo ¥ O [ (31" ] e, se. hy . gt - S
[ R AR 1000 ] € Vgl L 2et 4% RS pheds .
} (AN N f: « o * § Mg i Ae LB phess .
&)y e (1] o + 0 toinghriet s | B0 phats L3R
[N N (. :: ’ U iuan@hed NP0 i pRete ty
(AR D] [ tod ] Gout® & prvd o .
Foorg s D ad At BN [T 2O ) e X ] ) ¢ ‘gt d W0 shade (3N}
€ 0 el M b 4, AR (L AENE ]  oed Lot ’ 1 e S -89 52 (&4
[ A B | 0 DTN [ o e ] T G & (L
L] TN »e ) 00 ] [ VY TIT ST eesN .
i R et - Ju ’ N IO T T ALY O
g Prus et o .
(I RN M ] [ o0 Y 4 ' LE Y] L 2 Y
4 LY e - . Vo ocemglew L85 82 chaws
FAS IR 2R A ]
Rody, \welngs 08 ' B ae)
B oo Lua N «.ur' x..AP 'tn 'Y [ I o Tl ) PR re e
TRl e et A L N ron e + e et b
R ") w‘r: \.-n, ..‘u' -’n- » PO T e Tan . C e e e e e e
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(Rber cxperirents &tk curloun «tarting prixtares pnd ot oo
cre twted tn Pabte 420 Starttng sttt sodtam or potasiton-contatitng
cttemy, to clinoptitoltt, ke phagen were gsnthestzed 4 raduers oot
oo denite natetme, quartz, oand chabinte  Figar 4D wne < noedeni
vt anitebme e atsty gvnthesized trom the stttes get drted ;\HUIH,{ i O
start ng noixtdre Several hvdrothermia! exportrnents a tth mixed b
St thoe materiale constgting of siltcy get. dricd AH(”HT FoOW aneg Nt
victded onty mordenite  The ctinoptilottte Hbe phare aax rot stable n

atern contatning both titdtom and sodtam The morden‘ts oo oxtals xan

thoogty ety

the ahove Hthiam and sodt 100 contatntopg gt exhiihited on

Cronnt growth habte of radta! clusters ax shown (e Fiogre 402 P

+

estitabite Hbhe phage ix o ghe vt pipare 409
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FIGUYE 4.1

oy ———————

Mordentte (bladed crystzie) and Analctmc lepheroids)
sy from the starting com m;mcm B Si0y Alylly Nag0d 8. SH_U)silica
ot dvred RO . and NatH e used 3 ﬂns?Unc maler!a!l 5 293 U
v 2 davm final n'” of the ow-n“hrlum golution was ° 8 =t 28 O}

FICURE 4.2
oo tertte roan unuseal crvstal habee (radinttng groupai
et Troen the Atart ey compositton 1N8SH0) n() \::..,() ' 1.,() LAY E NS
eyt atedt aluniiig and Mlics gels 'fii " and Q.n”ﬂ Acrs qe™

tartereg o coatey gl gt P840 e Y d:ns; LTI § GH aa% 8 st P8
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Ficuitk 4.3
Seisthietis;, Cliloptigbine- ke Phase
(Wrowas front the wbaiting estpositioi 8310, A1t Lighh- 8. shi b
Stticy gel, dirled muuns. siid AUk - iiéhaw ¢ uded i suitig materiile
at 288 U tob 8 duvs.  Find! p of the equilibiivin solutics v 7.4 3t 35t )

Some Sttt Eguilibris with Atkatl Medal Ugllis b L, Aibes,

Uation exch thge quitibrid furk botural ghotitis terlonile,
cHnoptilolite  ditd philtpsite) sid thi l}‘f‘ Plic zvollt~g
U inde AW-3580 AW. 408, AW.30U, 135X, 4A s Nobton
Zeolond in the gvstenis sodiuni-cosium, (etasnsioan -sodinm
and pot aiamecoesium qre priesented glong itk derived
thermodvngende katg, Gibba free-energioes and cothatploes
Cor the varioas exchange roactions woere relativets gmia?!!,
Reasction eathalpies dimitnished an o9 gizen of the tao
exchgigtng cattons gpproached one anether,  The pnesdsnianie
At P G to e ueful o wevers! canem for mterpretato f
soeviite cqut! hrtg but preved v be caogt s ataable abien aned
o arrelatiog with other propegtics of the geo!tto exchange
LEIC I S SRR

Napfeorted tnopart by the e oo of Bioap and Modiotne
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Fhe clincpiiiciite ussd ia this study Wad sbtaiasd fram two diftérsat
boeations: Hecior, Culliorcla; sad Juhl Bay; Greged: tRpuriies inciudsd
guans; feidspas uammgu sscoadery halite; =4 small amsuits of
moatmoRioRits ga8 caleHs (B jo § #% caicis 1A ooiseiod Malsrial).
conbsquently; the Hecisr elin-ptiislite &as contacisd 1OF § 4F «iih 16%
HNOg t5 FeBove EAIiS 0Rd oleF asid-aoiuble coblamiAaLs Befor s HoFinil
catich-bading procsdurs:

ﬁsWeWi&i#tan the Besp Erssk Tolf of
the Johs Day Formatiea; %% Sregen. The Oregoa clinsptiloiie wis
Fsiatively f¢86 of IMpUFiies Gheapt IOF MRSF AmOUALS bf plagisciass wd
dhaltered glass: The average Orsjoa cllnoptilerite purily was 884 oF
§F6at6F: s sbown by the 1.0 Meq/ j capacity in Tuble 4.3. P of the
Oregon Elinoptilolite was contdcisd with 10% HNO; ts determins the shieet
of scid tFeatnishl oA Eatich GXERAAGE propiFtied.

FABLE A3
2EOLITE PROP BT B8
e EBALG, Boks THLID BUEU caiy
HectoF Clinoptilolite 8-18 5:18 i¢ cligoptiioiite 4.1
Orégisd Clinopitioiite §-18 3 i Elinoptilolite 4.6
Nevadd Brivrite ] 5.6 is Bribiite 4. 3
Nevads Phillipéite ] 5-i3 4 yiitipiice 7.8
( tinie)

TARW io 30 A 3.9
t4R 2.4 20 33 Patijistte 3.9
AW.-300 9-10 28 . Mordehtts 1.8
AW- {00 8-? 13 2 Bilohite 1.0
AW-5560 4-9 18 i C.isbigsite 2.2
2eolon {0 . 2 Mo dennite 1.9
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1he srionite and phillipsite 486d IR this study weFs from
Pine Valley, Revada; and averiped DOR BF grealer IR puFily.

Several Bynthetic seolites wers obalaed 48 1/18 in. diamstss,
soditiii-badod pellets from the Linde Eompany of Tondwindd. Nee York.
tihciuded were 13X, JARW, AW-300, AW:-400;, and AW 580. s Nokivi
Coiipany of Worcoiter; Massdchusctis; supplicd 178 10, ; odidm:Biid
Zesioh peliots: Table 4.3 glves domie of the pertinent propertive of the
zeoiites Udvd IR thid Btudy.

Zeolites Uied 1H the rgiliBFIUD sxPeFiHrilE WoFE Blibd With
sdtirdted, Fodfeit:grade chloFide sulubions of the desiFed raolwid. Zesittes
slieddy based with sudiubi were Febsded with RaCl S810LBR (4 BE¥Erd) COH-
bactibip dtepa (Amied. 1083). The 2tulites Beke thutudghly washed #i0h
distiited watvr wHich #ad teated fiF chlsHdo 164 with AENU; dsiitivh. A
Pisdl tout foF EHIBFBE 100 Wak colidiut: 68 oH the dialiiled @ ster uiter 3
dayd of butdet @It the dbslite. A Regdtive thloFide trat @di IHdeative Ul
miintitiaiit N3Ol IHeIUBIBH.

Catliin bxehaiigh bajdciilon webe detbriihed by d dodble trdeihg
technliub, WEghed, sudiim-baacd 260116 BAMPIEE L) poly ethibhe bl ew
were conbdetetd @ith 4 wstibion colitaining 0. 1RG5 plus 9. 18 R4 jitie
Col M ek b dideriie CERIGI Feoval. €l -bakbd 2eiiiea,
corrected Fok thie widium - vedlibht @elght dlieientisl, dere (heh bdildeted
with 1 wotutton containing 0 ENUSU plas U 1N NG plos &L‘fi to detesmiine
wodtum renwenl onto the s 2eolites. Told) zedtiie caghicits pertiinest
to the wtuds of cestum, wodiagm o potasdinrng bguilibetum senbemn wan
Bsanted to be the $um of cosium pras sodiom loading A Wigher capocits
coutd have been obbatine d i some it en i cogeac it ion were deterasined

with satalled dize o diflerent s alence cafiors o

At Peast 2 diavs of comtagat in o controlled temperasture shaking boath
scte altowed to axare cquitibriom betseen ool ite and sodution  Piph we . 1f

22 o 14e .
tetrvtty Ng ared U were gded to vy ace the ecurilibe tum wolation  Loigrion
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ta-46oiite Fation WEFs adjusted i8 yisla statistically Feliabis eil38 g Na?
eowiing Fates iR the SquiliBFiun oiuticn: 2861H68 Wers BFifinally based
with the wiFaced cation in the systam: Wor ésampls; IR ke sydtem
potaddium:sodidm-Nad%; the zeclites wers originilly poladsiui:-Bassd:

THe imsunt of tFa:ed catiok Femoved 170IR the SGIlILFILIR kslution
%is ddddimed 10 Fepressat the amowit of tFacsd calioh OB \RG E8dlits: EBight
to iwelve points #6rv deteFmingd A sach iAotheFM by varying the ritios of
contacting cationg: The squilibridm solulich »is held coRstant a{ i % Brrori
IHtFodied by 2661I4IE Bait iRc1uBiBh probalss WeFs 1825 than 1% ¥
detormination of squilibrium Felationships A the ysdium-cssium ayi&m i
4 totdl soiutiob Aormality of 8. 1 resulied in sasentiaily IhG Eain6 squilibFia
dtter #olution act.sity corrections;, corfiFming that salt inelas16h was Hot 3
hiaioF probier.

Bocatide the equllibrium Soluticd wad 11 il el ABcEIBA: 16 dotér-
mink mesh dctivitied of the twe mt& _?uly the Fatibé of catlons were
varisd 66 that Glusckinl's equgtion 193 souid 84 used 18 detsFRIAE medh
actisdtibs. Figure 4.4 18 4 graph oF the Mean dctivity costficisnts of NaCi,
KUY, dhid CaCl used 10 this study Note that concshtFation I3 sxpreassd i+
molality rdthet thad Rormality. AR 6rrofF of betweon ¢ dHd 3% Was intFe diced
In the worst possibie taib st & mblality of BRE-toF-uie of the Bslts (CRCY by
direct applicdtion of molel sctivity cosfficients Condeguently, the molal
activiy coefficienis were dirbrtly spplied o3 cgulliBrium solutinyg cohcbtitrations.
The use of medn sctivity coelficicits to correct bguiiibrivm sstubion cation
~ conceutrations is & Hirst step in the determihatish of o Fivirngl ther modynamic
equilibrium constant tor the resction. i 13 atso hﬂ:uuty to determine
activity cacfficients for the cations on the seolite 8 for exairpls gioen
ths reaction for the seolite phillipsite toF which the equitibrium dais sre
shoen tn Flgure 4.5, Ry s Mogsiiin “ M e * Keglution the mass
action quotient uncorrected for so'ution dctivit‘es ie (%, (.)Nkzﬂﬂl.). "he
fra  .oxt of potagstium on the g~olite ﬂ{z! is equsl to one minus the fraction of

i
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o Racl, K€l uﬂ‘gmwfﬂfa% ConeentFation

Nq‘ (Fraction of Sodium onthe Zéelited)

Ns, {Praction of Sodiuih it the Bguilibriuim Solution)

FiCURE 4.5
28 C isctheim for the Reaction ‘ lh - N with ronoc linic
Phitlipsite (Totsl ~quilibirldsh 873, zlbn .ormd.ﬂy iﬁ co t st one!

Na; * traction of ~odium nn the zeolite
Na s traction - . sodiuin in the equitibrium eolution

0012844
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sodiuin o tné £601ite tiu‘); The noFmaiity of potadsiuii ih tha equitib-
Flui solut:0R (K,) squils ohe miRud the noFmatity At ssdiuih th the
SquitibFib (Niy), Beeauds the totdl Rormality of the sgultibitum solction
id & colstant 6i8.

PiguFs 4.8 1 & g aph 6f Sodiui and potassidin activity costticients
on the $66lits computed from Piipare 4.8, The sctivity coeltict~nts may be
dded t6 cOMPULS 1h averigs - shichdl theFmsdydmic equilibrivin constant K.
The zeoiits wad tiGiated di @ soi1d Sslutioh of Bodiurm -£e0lite dhd potasstum -
zeciits: and tHe MoHoIGiiE esid-memberd; pule sodiui -zodtite and potasntiu:-
teotite, GEre aBBUMSEd to liave attivity coetficieits equal to uhity.

,Jo_3¥ 08 of _.Qﬁ_-z_‘é_.ﬁ 03 62 6 o

*oi;// ‘“@ .
os — ~
Y T b,

[ 4 b3
0 0! 02 0% 04 09 08 OT 08 O% 0
LT

FICURE 4.8
Acttvities of Sndium on the Zeotite | N3
the Zeolite "R ) versus Sodic: 1 on the 2 7c0lite anz' and
Potagsium on fthe Zeoltte Il'{z) fo,r Philii{paite

0012645
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The sguilibrtum conatdit ditd aF8 bumir~ 1Fi£64 oh ‘ﬂbis ;. 4. The
exchangs réactich 18 1dentified dibng With the - pErdire. Table 4.9
give i the deFived theimiodenifhic ditd.

14802 4.
2ok bt it SN Bat A
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stk REAEtoN - L. L. Aes Ir.

i oit typ§ of cheiteal Feactt
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S “*:m* Srosas b e,

et i B o e
dt‘t 2{8' 2 :l’df the m-b-

study db typic
ypb rub tbﬁhhmg ph\bb 1A the .3?

A tdes iz bd model of tHe varicus procedses durihg the alteration
of a spherical jaiticte of gypsum crystul to barite by Bal'l, solution ts
showi tht Figure 4.1, The ;ﬂilum s Qdm'blb to c'nt'h'e extont in the altering
solutioh wnd coi tributes Cs®° dnd sh ions. Ba?" and C1° 1008 diftuse
o the gypsth- wrttc interfacisl aru between the (ot surd-growing barite
crystals. 1ab B.~ z and @U‘Q ih solut.on excecd the activity product for
barite st 10 ond s of the grow ihg harite c. vstals snd barite {8 precipitated.
The Ca?’ tons rilituse through the solutinn between the barite crystale and
sut {nto the cc itucting solution. Plectrostatic neutrality is maintstned dirtng
Ca?’ dittugior by CI lon

ELGURL 1

An It dbrzed Mo de! G the Reptacem ot f Copnum by Burite
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THud thi replaceiioht Fosction skiBsntiatly corsists of & very
capld, "iFFeversiBle’ chomical reactind thit te diffulioh controlied
assurining that tHe mode! for the Fedctioh LB CoFEect. A thtbrtare inoves
through the gypsiti particie, separatiig & reglon consisting of a1l BasO,
frem @ regiv e‘aa"im?i of alt Casty- 34 0. A sedrch of the terature
sho vod thet Craik'Y 7 hids sotved thii type of problem lth o “steady -
state apg roktiation. ” I the gypsi-m pifticie is spharical whd tmimersed
in 8 Bally golintioh of constait composttion, then

3 ‘%E IR W PTLE TN ] 1)
wherw 1+ a Bu2* diffuiion coctticient ti co/aee

t - e since diffusion began in sec

s  the gypsuin sphere radiug in cm

9 - the 1wui-Yer of (.’az‘ sites per dinlt volume of gypsum
in m't-c:g.'::m3
Gy the numbe: of an' cations per unit volume of solution

in mo:q‘lc:m3
r - the radiag of the remaining sphore of gypsuin after

(4]
regetion time ¢

‘The apparstus shown in Figure 4 8 was used to détermine 1) In BEquation 1))
and G obtafn the actuat kinetice «f replacrement of gyr um by barite. The

gvpsum sample wad kopt in a BaCl, solutien of c.astant composition by

133 tracer count wag the same hefore and uiter contact
tng tue vamnle Ag the Hn, 31 tracer count gloaly tncreased or the alter

2ux-1ring that the Ba

g gypain bed the hed activity was continucus'y monitored and recorder
he requlting recording wan a smooth ~arve. excent for 2 20 5% buckground
tlecruation that eventunl)y tevetled off tndicat' ng complete roplacentent !
pyosatn by bacite  AMany gepsum dgpheres (100 mg) were used to attan

131
ceade cable Ba counting » e

0012848
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FICURE 4.8

Experimentgl Apparatus Used to Obtain the Kinclics of the
Replacement of GQypsum by Barite and the Time Required
for Complete teplacement of Oypsun by Rarite

Figure 4.9 shows the rate of replacement of 0. 78t ' 3¢ mm
gyps. spheres by barite  The experimeontal replacement rate {8 =ty
faster than the model, perhaps because th» crushing necessary to produce
the ,vusum spheres 'eads 1o ‘-acturing and increased gypsum surface aren
I any case, the agres:nent batween »xperimental and mode® ~trves in

good It is gaumed. therefore, thizt the node! is eggenti:lly carrect

0012849
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(B&d; 100 i g 8,76 ts 1.0 ugc B, \ s m*"emfzm
tertiperaiyre, 38 C; uilod q‘iﬁ 13 S &h

13.47 mkq

Ci *I&mg df upsum. um .. Bﬁ 9 cm. i b 02 treq

Ba2*/cin3)

Sarie Zeolite Eqdlllbﬂa #iih Alksilne 2aith Bl Cattohe - 1., L.

Taotherins for the zeoltiés Linds i ype A, hatural erionite.
phillipsite; and cumpm‘ ot in the b)itbmc sod’uin -ationtium,
sodium-calclim, snd ptrontiiii-caleiuih pré pr&nbh&w ThHermo -
dyi imic data derived :roth the dbbve taotherme tndicated that
reaction mihnlpibs are cery dmgll tiam 28 U ke T0 L. An inverane
relationship »as noted hetw een 810, I:ug‘m ratios wnd divalent
cotton select vitles. The shove data piotted 3s g Ke versus cotren
B on the zeclite were adequately dee '1ibed by Barres and Meter's
case wherr d.n!kc aies nst equal @ constant.

z

The clino, *ilolite use ‘n this glirdy was obtained {rom Hector,

Californts, and sveraged 80 ‘o 90% clinoptilolite.
quartz, feldapa:,

hieporitios tnelodesd

unaltered plars, geco, dary hialite, and small amounts of

montmoritlenite ana caleste (0 to 3%  aleiic). The Hector clinopttiolite »ax

0012850
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4.18 HW-81746

pretreuted by contacting for § hr with ﬂ’% by volume HNO,4 to remove
calcite and scid-soluble contdminantd before hortnal cation-basing
procedure.

The erionite and piillipsite used in this study were from Pine Vulley,
Nevada, and everaged 90% or greater in purity as estimated from thin-
section examinations and X-ray diffraction patterrs. The erionite and
phillipsit® were not, of conrse, acid tredted.

Seve gl gyhthetic zeolltes were obtained as 1/16 in. diameter,
sodium-baged pellets from the I.inde Compeny of Tonawanda, New York.
Included were 4AXW (Type A), 13X, AW-400, and AW-500. The
Norton Company of Worcester, Massachusetts, supplied 178 1n. sodium-
based Zeolor pelluty. Table 4.8 gives dome of ihe pertinent properties
of the zeolites used n this study.

TABLE 4.8
ZEOLITE PROP ER1ILS
| ~ Wit% W% 4,0, Structural Cspacity,
Zeoollte . 8i0,:A1,0, Binder 38C Type meq/g
Hector Tlinoptilolite 8#-10 8-'5 12 Clinoptilelite 1.7
Nevada Erionite 6 5310 13 Erionite 3.2
Nevada Phillipsite 4 8-18 14 Phitlipsite 2.3
(Mcnocllinic)
4AXW 2 10 30 A 3.9
13X 2 1 20 25 Faujasite 3.8
AW-400 617 28 12 Erionite 2.0
AW-500 4-6 25 18 Chabazite 2.2
Zeolon 10 e 12 Mordenite 1.9

Zeolltes usad in the eguilibridm sxperimerts were based with gaturated,
reagent-grade chinride soluticis of the dedibed citions. Zeolites already based
with sodium were tebased with N&Cl sulution i1 deveral contdcting steps. sret,
and CuCl2 golutions were used to buie the zeolites when required. The zeolites

0012851



4.11 HW.8:746

vere thoroughly washed with distilled water which was tested for chloridr
lon with AgNO., solution. A lina) test for chioride lon was conducted on (he
distilled water siter 3 dagd of contast with the saul.te.

Cation excha g‘o capacities ware originally determined by 8 double
tracing technlque. (4.5) Welghed, sodiuni-Based ¥eolits samnles In
polyethylene botiles ware contacted with & solution containing 0. IN TsC)
plug 0, IN NaCl plus Cs' ™ tracer (o dbtetitiine ceatutn removal. Cesium-
based reolites, corrected for the sodliim-céeium welght differential, were
then contactad with 3 solutioh containing 0. iN CL 2 plus 2. IN NaC) plus
Na22 to deter:mine godiuis removal unts the gime teolites. Bv iracing
the sodium-strontium exchu’sy e resctioh from both directions
(2Na22 v8r, . @3wgdd . sgr o and grB

reolile zeolite coalution sofutfon +
ZNAz'enHt’e ¥ Srsﬁz“m. L "‘lolvﬂo‘h"’, it was shown that the above
capacity determinatiing, c.i.g sniiin dnd degium, als - were valid for the
sodium-strontium reactis s, and that aguilibrium was attained. The
thirteenth anionic site of T,5c A (4.4 wds ignored becguse no exchange
~ould be expecied 5n the sbove site by divalent cdtions.

Aolution

Al least 2 days of contact time in ah oscillating, controlled-
temperatuse baii: were aliowed to aspurt equilibrium between zeolite and
solution. Higl specific sctivity Na®? nd Q'r” were used to trace the
equilibrium solution, Soluti n-to-geolite ratios were adjusted to yieid
statistically rellable Sr” and Nn” counting rates in the equilibrium
solution, Zeolites originally wore baseu v ‘th the uniraced cation in the
system. For example, in the system cr.ictum-sodium-Na23, the zoolites
were originally calcium-based. The gmount ot traced ¢cation removed from
the equilibrium solution wae assumad to represent tae amount of traced
cution on the geolite. Eight to twelve polite were determined on each isotherm
by varying the ratios of tontsrting cdtiohs. The equilibrium solution was held
at & constant given total rormdiity. A deterniination of equilibriuni relation-
ships in the scdlum-stromtium systemn at & total solution norsnality of 0.1 and
1.0 resulted in casentially the wime mass action relationships, conlirming
that salt inclusion was nol a major problom.
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Figu-~ 4, 10 #hows the mosh activity coeffictents of Nal'l, Cac'l,,
and Sr(rlg used i1 this qiuo!y. odce.tration i8 expressed in normtity
rather than molality, An gcetptably-small error was introduced by direct
applicasion of molal activity coefticients, '

(X )

. | S . o
e 4L— g rx} Iy | Y [ 4 .4 [ )
Souan

FIGURE 4,10

Mean Activity Coclficients Used in the Computations
of This Paper

The use of mean activity coetficients to correet equilibrism solution
cutlon concentratinng is a second step in the detvrmination of o rationa)
thermodynamic equilibrivm constart for the regition. Por example, given
the exchunge resction. 28a_, .\ .+ Kb # N » N4 the

solution sotution’
uncorrected mass action quotient g

zvolite

3 4 12 2 Iy )2
Sty potite’ Nagotution’” | . BrMba V™ Gy K, WBrghNa )™ UNa)™
[XN 2 ) . ‘ .« z f ..
NS, eotite’ U yorution’ N Y oler S (Na )(8r ) (sr

0012853



4. 19 HW  BL746

The genetal cquetion for the tnitial cule ultation from a given isoherm

(A,‘)"M”n)’m
Mags aetion quotienf @ ——=sweesiog o~ where
(5 PP

“' "“

Ay nN . concentration of cations & and B in equivatents per ter
r\z, B, equivalent fractions of cation A and L on the zeolite

g Nyt the number of cutions of A and B represented in the
choemical couation for 'Xe exchange reaction of A and B,

Because the cation concentrations in the equilibrium solution were relativels
bigh, it way necessary to determine meds) activities of the two cations,

Saltg with a common anion were used so that  simplitted Glueckaal's
cquation 7 coubld be employed o determine dgetivity ratios in the mixed
cation solutions,  ‘To show i w Glucchaul's edquation was used to copute
activitios in mixed solutiong  the exampie of sodivm -stronthvim will salfice,

’ 2 y -
.ot us assum: that N' - N Xz ﬁrz cand YO L, a e mmon
anson By definition the miean activivy conafictient i described 1

f (‘ “-) _ .Y
v \f J EY e )

+ -
whore v the nunsher of edions ad v i the number of antons,

o Y n';”z-t('\:n‘f and 132 arx, v D VX))
| N3 2 x4y

Congolidating.

‘x‘\') l x v
1IN A1/2 c2 ey
. i/ 4 g .13
r‘x:ﬂ) lix, v X, ! x.ﬁr]
X, ¥ | L x,v
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Gluee aul's equation for two salté with o cokithon arion te

| v %5 [k, x,Y_ X
et [5] o 3 [ o N g 2

(2)
where r(ilz) s & mean activity coefficiefit of NaC) in the presence of 3rC1,
2

r(ﬁz'{‘ - 8 mean activ'ty coefficient of Sr(::2 in the presence of NaCl

(XY a mean activity coofficient of NaCl
(XY + & mean activity coefticlent of SrCi,
! s the tots} lonic strength
X, : moles per liter of Nd
X, moles per liter of 8¢
R,  tEbg e, o g1
Y] eet
K,’ 1/2 ﬂ'nzy(x' - ﬁa) ht‘ « 937" with

x, - tle lonic charge of Naor 1,
xy * the lonic charge of 8r or 3, and
y - the lonic cha:ent i or §,

Substituting Equation (1) into (3). wo ottain
4 ‘°¢:o'(§;¥:)‘ $ loay '{:’5{3‘
, 4X ¥ K
« 4 logyp! X,y -Tri(k‘ ?o.w 'X,Y - Kq 108y f*ﬁt - ;-:!l-_rrr‘
i sx.(v,,, ¥ . v Ky
-3] "‘ﬂ-—-—k' Qx'k‘*x" ‘
o9 7 (Ri ' - Ryloryy =N
0012655
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with K+ 8, Ky 0/2, Kg o 1/2, R, * §, k, s 8/8, k, s 1/3andl ¢
X, + 3%,
Consolidating,
2
'\ BX, 2X, . 9/2X, 3/4X
U e '*"'“i '"Rlofxly '1 3 -.--—-x:l()glofx'lv
X, ! ; } ] P
A el B
(1" 43

letting ¢ ¢ xl/x.‘. we nbtaln

2
(N
| vz | A Y - X,¥) 1/4ir-2) ,
;*x-“- CTTT \3 Iogwf 17 -9/4 k)ﬁ‘of 2 - W (X ). 3)
2

The thermodynamic dats derived from the experimental {sotherms
atre given in Table 4.7, Computed Na-8Sr resulis were obtained by
multiplying the :lle - ('n‘K by the L‘u’ - Srgk. All riher K values were
derived from expirimental data. Agrebment between experimental and
computod K vilues is good.

TAMED 4 )

PHIE AL DY VA DAY A

(LY P ST Y T CPN L RY IS T YR TRy L (Y TR

Wl € s s m acdordribba s ve Fheogy vepivantd G ine bearet 100 e a, wuny )
3 o

e . L UCET Uo7 S .
I 4, Ca, Va, s, e, ' 8, Na, - N, :*..,' LS l-!"'. My J\-" \c'
FANW Ry y O s 00 1 joh 1000 Ll
(Y B [ 3 b e § [ 1LY < o0
AW 4 "oy uoh U g o I L] LR oo
AW bty 01 L } 3 Jan L R¥ L L [ ¢ Wb 1.
FASITRY [N ] (LAY [ 2% *h} [ arEY § ”ne Ton Y U
[ I DECRY [N F] [ [ 38025 ] L I ) . 100 I L
Ph eate [IRT Y] 0 ARy L Y 0w s Hwe L 4 L
Yeomite [ 1 (RS ] o 14 0 Tua [ 0. T U
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1.3 ' o ogKe
Barver and Meler (+.3) have propoged inree cases of %é' -
witere Bz b the fraction of cation B onh the seulite in the exchande reaction,
A s, B, Au' The condition of d Be may be assessed (rom o
lr'hll uf H, voersis [u.‘\ R(.’ 'r :’h; hc ¢ 0. ‘Cu'.‘,b T.Vpe { "' ".‘Eure 4. 11 is
tvoieal, and KN Ke, U ? ) Ki‘ is eongtant hut not zero, Curve Type 2 is
z
representative, and tog K- 1;2(1«»,; K 1 v log K(‘o) « log Ke - oy - z“z)_

where K"x 18 the vatlue of K¢ when Rz - 1,0, Ke 0 is the value of k¢ when

, ., . divgRK ¢ . . S aerg
H/' 0. and a constunt, lfm‘——- is not c;zuntant, Curve Type 3 of
Fogure 4. 10 may result, and log K tog Ke -( CIB diogKe,

'3
J

¢ co

ng: SQ =maman

FIGURE 4. 1)
Some Typical Curves thul g‘my Result When l'o‘f Ke |8 Plotied
Versus Fraction of Uation B oM the Zeolltée m,t
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None of the plota of logKe verits B, égni‘neé during the presont
study ylelded constént 6r serb valuse fof &L with few exce tious.
The thermodynamic equilibrium constunts o’fm'nod from the isotherms
given in this paper are ligted in Takiv 4. 8.

TABLE 4.0
A Comparison of the K Obtained {rom Barrer and Motost's Equation,

B .
log K * log K¢, - J-R ¥ diog K&, wid an Average log K Obtained
ol

by Determiltilng {5, andf, Values st Saveral Points on ths log Ke
z r 4

Versus B, Curve lLog values are rouiided to three places. }
"ch

Zeolite ( Kcn'sz dloglii Log K e_!_ _B:_{.g:'k' fm:_
Na - 8¢
Clinoptilolite - 0.809 - b.120 + 0,089 - 0.110
Phillipsite - 0.291 - 1,350 - 0. 989 - 0,980
Erionite - 0.1 - 0,880 - 0.408 - 0.100
Ca - 8r
Clinoptilolite - 0.420 - 0309 + 0.08 + 0.049
Phillipsite C=+ - 0.880
Erionite Cs - 0.80817
La- Na
Clinoptilolite - 0,803 - 0.998 - 0.103 - 0.08Y
Phillipeite - 0.408 - 1.188 - 0.181 0.188
Erionite - 0.841 - 0.810 + 0011 + 0.021
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Soi Physics

Electrical Andlog Biilation . £ vgs Hinford Orouud- Witer Flow
dypem— 3. R. Riythohd

Equipment, techds e(hbtll were testid to
evaluite thc zmwm of grdﬁﬁd-g hb flow glmulation by
a large eiectilesl @i model. Redistance test networks
wers constructed {0 valuats gad ‘mblz methcds, components,
and thwrdle%enndldbrmoni wn ompars analog digital

techniques erationg] exporiente with the test models

allowed peslugtion of cost, rotnpohent nppuedbmty, add

assembly tiine involved in constpucting u fuls scale p‘o ect

analog. Aithough desigh snd cotistru lon of a large {10, 000

to 14, 000 l sde) project angiog ia fensible, numerjea golution

of the grouid- (utbr ow system by digital computer techniques

appears more tleible and loai costly.

A practical way to evaludte complex flow systems 18 by elesitical
analog simulation. Such mothods, which ttilize the similurity between
saturated grouid witer Now and electrical turtent flow, are tapable of
simulating extreme romplexitias in both geometrica! »>pe ¢nd coriductance
variation. Sotl pertnsability is shalogoud to electrical .adi~ivity and the
fluld potential 18 a driving force equivilent to voltdge ir the slecisic)
system. The electiicel aysiemn tht 18 the moct cutvasiient anaiog for general
use consists of 4 resistor rietwork with tepresenititive voltages applt.é ot e
various boundaties. Each netwdrk reslitor repreientd the reciprocal perme-
ability of the discrete #nil volume ocedpying that position. The voitsge at
sach resistor juncticn corresponds (o the Hydreuwin: hiid st that polnt in the soil.

Two teat anglog networks Wore cohstructed: 884 iode, three-dimension:!
net with three rectéhguluriy cohilebted §rid sises; wnid dnl 81 node. three-dimen-
sions!, single grid dise ust. Wumeriedl (dgia) computer) dolutiong tor node
voltages were obtdied foi cofparisohl purpodes. The large analog wes fabri-
cated to evaluate construction coste, dasmibly imethades end techniques,
harcware, und componente. WISPHBIoH Wwis uldo detred ofi electrics: noise
problems and accuracy and ,r:uislo of @iilog stinuletton. The smaller mode!
was denigned to delihbate Huesh soupilay sebois ehicountered ifi tke large model
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and to evaluate errors associated with stimula’ing a continuam with 4
discrete network.

One percent toleranre, 1/3 & prociston, metal-film resistors wose
used in the networks. Values ranged from 10 kilohms to THT Xiichmsy.  "he
resistors were in 20-hole tapér-pin blocks (10 pins n a side with & common
and 2 cc mon), witn cas i bloek representing a netrvork node.  The taper
pin blocks were moumed on x stet! frame by rods that passcd through boicos
in each end ot the blocke. Figure 4. 12 showy block and resistor configuraton
of a portion of the network, The taper pin technique provided reliable,
removably teriminals.

5

) | ) '”j;i&iiﬁi.ii
Topsr Pih Bideki und Restaicr Contiguration

0012860
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Node vottuge Feadout wGuipMmERl SeBbialed of s Biiel volidister.
800-point SroaBar Seaner, Bighil PRBIEP; Paply liPy punth; aid 4
storays wnd contiel vk, ‘PR BPSLEM Rl Bre SARABLLHY 81 FUAHIAG vollage,
voltage ratic; 6F FuBlitunbs; Ljging Fald was (hies ABUGH OF Recohd. A
practaion consbast veitage poweF Bupply Wad ubed to bupply patsatial is the
network, Vigubu 413 ahowh the FERasUR Sipment My 1hS B83:BBds ansiug.

-

0015 ;abi:ms.- tuit Modet ResibtaRes MBAIS] wnd Reddout Dyitein
b |
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ﬁmtﬁ'ﬁ iﬁiﬁﬁﬁ: dil JRIFY BERR .jl'rﬂ Mﬁi tiBS sonbgning.
Scanhing and FURESE wm ighanen Dl aGtFiy ad il Gouipohaits
eppeiied Fotiahts ARd bhomsd ) sk | 555 W9 81 pEaller Funtbtiice
§ride ad)ucen 19 GEFIALR BBULGAFIER gl BARIFOR 15 Bive iREFIRIGY detis)
and assurasy; MikiBos peliaHil SFRORN oF Absul 10% aceursed al

bounddries Where QLFGFIRs diad PUGIARMASD jFiBs WHRS FECAARuIAFY boupted.
Theas srrore Gid b6 Fedused oF Silluiddiud By MBS sphisiioMad Esupling
muthods (tetFajoRal soupling &&:); ‘Bil tho Bewark Selifh #Rd coratiiction
problachi aheeuntsssd With Bush tochBiGIAD BroRARLY pressids theiF Ui ii
very lubgs Actwerke, Thursiors; 8 MRELK vompPOmIAS EFI b Micwld ve
aelectsd 16 Bimplily the netwesk:  VoNuge SFFSHd BLPbULANIN 18 FAainieF
vamdtion and eohtingum imalatioh by 3 WacFsis RUHBSFK A58 Bagligibie

toni the ordap of 8. 83%). AR AG BSiNS piokup; 2B Sipseis problef with
targe networkd; Wb iboui 8 My poak 8 peik. YRid aBiadl ANSFRatIAG

voltage pressitd R8 preblem tus 18 s tRrge msausa sasimt& bl o} tha
reddout Byatem;

Nodé rsadoul 156 BEaRRES sammas bm mm \Bmin A6V6R 180-
conductos cabled aBd coRReciOFN: Eabi® sonRusiich maketp i8aK toB Mask
time, tonadlderitg mikeup tims aad the KIGH coit f 180 eaaductsr plugs
and recepticten; Rard Wiking of BBdS +3 ddbul #1FSH dirastly LRlU the Ecabher
{8 reconimended.

The cost of ihs 883 hode hatwdrk; thelddiRg compoRuats; Feadoiit
system und cohstiibtion tims, wae dpproximaisly 344, 000 Witk the reddout
system acoounting for §38; 800, A 18; 680 Acds sxpundublé anlsy and
assoclatod reddout ind duiilary Squipmend wotlly soat abiut 180, 600, baned
on test andiog extripolition. #Flow syites s810A16R by 83t sompiter
methods {# expectud i3 provide the ddke UifsFbistion ai tedd 688t and with
greater Nexibiiity,
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AT, A AP W T

HV-di1is

Projuct: MARY of thang ey wﬂm i Wi wfsm mmus
poteitiald: BSIRE of the welld tap aquiferi of Buiictunl Boid diioFaRes 8
cruit oW patisrhd WHiEh By Suilt i SPFSRNSUR 8F iReOMpIME in&ammuﬁ
ois the atatue 6f contaminalion i the Jioun. waisF:; 1 Wil dalFabll; thakltee
i+ odity thesé welld 18 pekmill Feprodsatitive BAmpLing of LAy §rOURY walsh
ufid to obtaih 1he potahtial MeidFerashld BRISH are Breasd 4l 1updl dati 1K tbe
proghain to E3RaFIC & BaRemaicdl Modal ol s Hanford AW FojlEe. Much
modHeatioR Feguired tha the kydriulis poteniial diatFibalion within the ¢iBtig
be ohl; atghity 1ead this oF 6ol 13 the BotsBlinl naturally praésel 18 tha
cofteapondify toFlitions outdids the weth ‘Fhis potsatial distributish w1l
iH8drs that gFound Wi ok SateFing chtd LoaviRp teé Well &b ARy BoiRt b Fepre:
netalive of thil 1h the ddjacet I0Fmaticn Frgardisdd ot ths BUBBLr of dquilters
- penetiated by tha & sil,

The mcihiod 1hitiaily Used 18 Sqtsiiss (R BydFaulis Resd withis o deap
wall Wi 1o dedl & HimbBek 8 plusoimeter WBSH 188146 the cailhg di asiented
intervild: 17 thit case; the cABiAg Wid HI10d witB Said in 'he €0ReN Whebs the
pledomiver tubud wars paroraisd; ind ths SAAIRG a6ctiohd BHPEEH tubod Wke
cetneni-Niled; 18 thik DaARsF; dtedh i6 the BEaisd-6H dquilere Wis provided,
arid tutldbie dimpivd dnd BSsd MulbuFsmeatd of ths §rouRY waLEF ¥ oie sblulked,
eliice the dovement 8f ground wHeF Up 85 HBlA the sasing Wid Feitiicied By the
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wwm iﬁsliﬁﬂl R PR 4 iﬁ s Folahively 10ng
watalieioR L & Wil Qﬂl m somplate inatit-
tatiof 18 & Wil whed mm , j GoMAR: A bedlr wnd
poidibiy BoFe Fellihls lalhed o 1B #Nion saty BaRd 1o
uied 18 Sl 1ho pLesomMAFY IR 1o §) | » shRoAD 6F thid histhod
v eveldiiad by sotving X B6FN8 of 1 RS Bluliing both
& dand-Hiliod wall wid GRS 19 Waled b wnm WEFS pradsal.

The Mmm it pibiica 18 B mtmu S35 A0Rd Wb Gontuuied
fo5 two n&: g‘ BouAdiFY senuition’ BAlasied &8 ikpul 18 tHS EbEIpUler
wum- WW%WWIHMN"WWM%-
asitailve f thy hydrelopionl soniil) 28 Mascuplersd 1B BELID diilsd al
Hunford: THF6s 63808 WEFS Fub 88 the 1Ml 1080 ~ompulal; NMAR dhe Hrat
out of bouRdiry coditicen; The Hrat sase dstsrmiisd L polsatil dis:
{FIbutisB (n th8 il With 86 well presast: Fhse8 St provided & Mandard
foi comipiFigon of the Feuulis f7em thB BaBuRa- st Lad tha samenivd:-well
cuned: THE §650Rd Sads Bsived IF Lis polatinl dislriSuiiag 1 4 &l hijsd
stitirely with sand: 1 th tRiFd vaa®: Lo Waddls luilt of thS GidiRg ¥is
Hiled with coment ind ths Wpsy Akd 105 WEFS Hilsd with sand;
Figure 4. 14 1i @ graphical Feproasalation b iREES £5000 MiowiRg the
pateucdai VAFARES 1B the BaRdud sRd SSMGRAES WS1H FFOR 1hS aisulaied true
poisiitiat atiGFA: The Fosulld bEow Lhal tho pliRLRAES hsid diaFibutian
th dahe-Hijed welld is within 0. 869 & of 1hs Lris pét ddlkibition sxiating
iH the furmaion vutiide .46 well: The poisulidl disFiBution WHBIR the Wil
eom&:lnlh& thie coiterted 35ction varied from the trus valUs In the formation by
0.9 R, ,

The secold dst of boukdury s9n&IHSRE Wid Ehodsh 16 Buplicits swme o
the tore extreine hydrologicil conditiohd SREBEMNFEE IR & 1ew 82 thy dewp
weile dt Haiilo:d. ‘THEGS Ciabss Wabe 851ved UBIRg thadl RoRdItIshSE. Ths Heal
cabe wad boF the Raturally-8eeurpiig poteRlial Slatribuline (6 %6il preasit).
The sstond dhd thiFd E4bsd wers dulved Io5 tho paRd-fillsd w61l did the comented
sell Fespbctively. THE vikiahosd detsrmIASY J6F thide boundiry soiditishe aie
conipared 1B PIguFs 3. 18; THe Fedulid sgain ahow thit poluntial dlatkibutisns in
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< oiti fliiod With BaRd elodd 49 ii slﬁms m i+b Boadulial veiuaa 1 the
formiktion b aF6 (hodw U (RS WIA Wl ARG SomiRieq Buciumid. in thie
cuis; hoenvel; 1hE vAFILAEE TRO Mhw IFUB vitlus id about 8.3 K for Both
the dand and (he coment Bl bhs m IR RS well: Thia rikgy dittorence
decuFbad Lt thE Bl BROFS Lk spBr A8 IOWEH uliy IMVAriEED SR1B. The
wveFige ViFianst (o tBi s60and Baded b prutably sioker 18 0.05 K.

A GUSUIAIIUE WAY bikie %5 OBLOPRAING IhS al16 of Béad tosa 1n an
unotatructed pipy 8 Ukl Rpad 168 IR A BiBe Rlisa eith asnd: Boasuiiin's
squatioh foF nad 1odk ib B9 PiBY 388 BAFuy's agiation fov Rbud load 1h &
pipé filed With Sand WEr6 Squalsd 18 BBLaln ke Filiod 107 hiad 1ckd and

veloeity.
duggs o

vy wid ) dedtghae ik »i&ny i w 1683 iR 1B BpeR pips; dnd

V4 ind h m the veloeity any has 186Y 10 thS Dahd:-Hiled pips. The
duhuer 3& the Bl 1B & AAG Lelbiksio popmiGabIIMY K, (B8 WMacoatty u;
tho apselfic weight ¥; wid tns 1ol oF the pips £. Pro Eduatiua (1),

‘ ’ ’

byt

thoi :.r. é !&h : is)

The ledd toid b 4id the iae of the BREN PIps dnd Whs pise Hiled «ith

zand 1b &. 4 2 iﬂ ? stitilir PilllD foF 4R GBER BiBe o= 1 A BIpE Hiiled wiin
coiraht 1a 8.4 8 16‘ Theds Fiich thdisais that sand aloRs 1s extreniety
eltctive ik diddipaling Moet &8 the Bo3d SIISFORESS (R & wal). Soiss How of
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water naturally takes pldce balé ~oi thi Kiguiléps within ¢ formation. Sand
more nearly duplicates the avtusl conditicits pressit i1 the formation becanae
iv does not restrict the Now ad completely & dod: cememt. Accordingly,

and in most cised gives more dccurate redilts t.an dows cement.

This étudy detrichatritesd thet u bihik of ples smster tubes tratalled in
s well caning, uding sénd alohe to desipale the hyo .o e A diffrrence
between aguiters, #ill provide & reltubls sitdoture .r obtalr  represantative
samples of the ground wster dand tor obtis dctur ¢ weurements cf the

potantisl amﬂwm withiis the formatioia. -+ 10)
. R, £Iymoi\d

Wolls iiamedigt udmmt o uqma vmu aamoul

dites wary loj o Qia mm: ummwton

ddormmb the pehotr w# omm 9. Mormmon

presanted to zm cohtasi nrwn v itede and migration

%meb ®! peveral iypic mmm Coﬁ 1o are

shown to j1thitrate changod i cn :t tioh ag three waste

diaposdl facilitive that Kave bhm operaticidl histories.

Dapth of penatration and extemt of tuteral spread of rudionuclides
benesth a wdste diepusal tucility 4epoind upon the volume did type of werte
dlacharged and the physicat and chentical churarteriatics of the ¢arth material
beneath the site. Each facility reyuited thidvidual atudy to svaluste the diep:-
sition of radionuciines in the subsolld. Uaimmna-seintiiisticn logging of wells
near disposal tucilities (s heiptul in datestnining the degree of vertizal and
horisontal contaminant spread during disposal and in ~valuating coitinued
soll drainage and radioaclive decay afxer disposal has terminsied. Scin-
tillation logging has only limiteduse, however, alfter the entire soil column
hag hecomia highly contaminated.

Equpmanit aid Techniques

Thred oiftersit scintiitastioh probe aystems have boen used for 10 yr for
well logging. The oresent system té o third generution evolution trom earller-
developed aruipmaent. The wystein consiste of 4 4 In diumeter and 13.8 In long
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probe, armored wire \ine, wnd surface Wolatiig and electronic equipment.
The prosent sydtem nad grester dchattivity and stability than the earlier
aquipment, und more -ofined holdting whd #sersding methods sre used. The
equlpmbm hig & lower detection timit of 8 i 9" microcuries/em? in water
Ru'C . mh 1195) and ubiout 0. 60! mi/nt (Re39®) n atr; maxtmum detection
Umit ‘g gbout 180 mr/Hr (Rn

Discussion

The vertica! migration of radiohuciides bensath Hatiford waste
disposal sites vars e fiom thin sones dirbdetly unas: the facility to areas
where the sntire doi) column is contaminged. H-risontal sproad varies
from a few fedt from the edge of the crib, tranch, or cavern to seversl
hundred feet from the disposal site. The concentration of rudictectopes in
the go!! varies from barely detectable 1o bayond the maximuni®inge of
the scintillation probe. Adequate, monitoring-well coverage sglits around
the mujor digpodal sites to delinagte tairly securatoly the vertical extant
of subsurface contamination.

Three didposs) sites wore doloatad (o (Hiudtrate "typleal’ findings
for three different operstions) conditsond. Figure 4.18 shaws scintiilation
logs of Well Wii-83 for 1983, 1988, end 1083. Thia woll monitors 4
crib aite which recaived 4.8 % 107 titord and 1 8, BOD curied of miixed tiasion
product wastes from August 1048 to Juty 1081, The 1959 log shows a
narrow gone of gruas contamination from gbout 18 to 38 it below ground
surface. The lugs for 1938 gnd 1089 ghow almost exactly th? same con-
taminated sone. The vone from 35 to 18 it appears slightly contuminat ed.
This lng le iypical of that for a disposal tacility which received relatively
low - &ctivity 1ensity wastes and one which has been out of gervice for a long
time. Very little downward migration of contarination nccurred aftet the
facility had been out of s« rvice tor several years. This supporis the belief
that much of the flow beaeath & crib 1 ulider unssturated flow conditions where
subsequent drainage would be slow.
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MOURE 4.10

Probe Regults tn Well In9-Wi1-83

Figure 4. 17 shows scintillation loge of Well £13-8 for 1088, 1953,
1959, and 1983, Woll ©13.6 monitors & site with #ix eribs that received
4 x 10 titers and 8.2 x 10 grons beta cut les of waste trom Junuary 1956,
to L -cember 1987, Three mornthe after the initiul digpoasl, redionuclides
l:ad penetrated to a depth of gbout 80 1. Four monthe alter site use was
digcontinded, contamination hdad mecved to 170 i, Radion: ~lides migrated
downward an additionr' 18 ft the fotlowing year. Four years later, b 1063,
ye contaminamta hud resched 4 totdl depth of about 210 ft.  The effect of
radioactive decay i apparent on the tust trace. Dty extrapolation indleatcs
contamingtion migration to 328 ft heneath ground surtuce by 1966, Tnis log
{8 typical of that for u site which Hus been out of gervice for n moderate
length of time gnd Kas recolved medium volumed of relativels high activits
density, Wigh-salt waste.
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I

Probe Resully 18 Well 200-£13-86

Figure 4. 18 shows selitiltation ings of Well £26-3 tor 1218 (three
fogs) 1959 and 1963, This well monitors part of k crib that hos received
about 7.6 x 10% Viters and about 4500 gross bota curtea of tunk furm
condensate waste from Mav 1988, to preaent. 7THe well wag logged on
Aprid 1938, bhofore site ude for buckground information. €% May 27, 1958,
I wk after dishosal started, contamination was present to a depth of 105 1t
Radivisotpoes (Ru) had migr.ted to about 120 1t by June 1938, and the
entire soil cotamn beneath the crith was contamingted by June 1959, Both
thve votume and quaatity of radioactive matesial discharged to the crib
were greatly refuced (n tate 1952, gnd the tatest log (Moy 1963) reflects
thig reduction. These prove results are tvpleal for o site that receives
large volumes of tow tevel waste and 18 still 10 service.,
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£
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Fiotiie 1 1]
Probe Results th Well 499. £30-8

Future Investigution

Logging of project walls sdjscent to disposul sites will be con-
tinued. Determination of {sotopte camposition of the contamindnts will be
attempted by use of & multichaniel putse height andlyser. inforinstion
gainerd from these fleld studies shovld be of conbiderabtle vilue In linking
the results of Jaboratory tests, which use confined voll rolumnsg to evaluate
the uptake of specific radionuciides, with the observed waste flow patterns
typleal of the true fleld sltuation.
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Soll Pargeterg Neosssary for Soluties of Partially Saturated
Flow Probum L. 0. King '

'ﬂu solution of pt bumi ieL ving How through partially-

saturdted porous m etuired & kiowledge of the three
interrelated soil lnm bn- %bb eiipablliity, capillary pressure.
and rhoditare co t g co d that the reiptionships

may be expres obd as m cuﬁu Momurb content as a function
ut cﬂpmir Niuﬂ $h hg:h abiticy us 4 tunction of capillary
presaurs. b:c reimio lu shown to atise from the
basic nquition describing thi
‘The general equition deacribing the flow of a liguid through n

stabl . Jrous material which I8 partiaily saturated with the liquid is

‘-‘- . dv{-‘igud 0) . )
X u

where 8 is the motisture conten: expregsed on n bultk valume basis,

t 15 time. k {8 the pertaeability = expressed in length- squared dimensions,

u is the viscosity of the liquid, and ¢ 1s the p.tentia!. The potential may
be wrliten "

¢ sp+opge, (2)

where p (o the liquiu pressure, pis e density of the ligqud, g is the
accelpration of gravity, snd ¢ ig the ve tical space roor? - ate,

it in assumcd that the 1iquid wets the s0i14 and that the nonw etting
fluio occupying the romsining port volume has a pressure wiiich ts constant
and untforn. throughout the system. R {8 conveniant to introduce the

capillary prassure, Pe: defined as the difference in pressures hetween the
nonw etting fluid and the wetting fiuid.

Pe ° Prw ~ Py '3

¢ Sometimes called intringic permedbility

“* The potential g sometimes writies p/og + & wmch {8 sn expression of
energy per unit waight; wheress, Equotion (2) e ;un the potent{al
as energy per unit volume. The only dmnmcc n the two expressions
ts in units tnvolved Uie potedtial {s physically the same.
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Thus, for an alr-water-aoll aystem the éﬁthﬁibrh»iuﬁ {# squal to the
negative of the water pressurs. For soite partiaty ddturathd with water,
the water prossure I8 actually a negative vilun (the air prediure taken as
a datum). wo that the capillary predsure has i positice value,

Introducing the capillary pressurd ints Lquation 13) and writing
Feuation (1) in Cartesian coordinates gives

qoalrae) sl el su

‘The three sof! paramaters, §, K, ti\dp , are retdted. For
honogonesus media the relaticidhips may be bxprolhhd TR Np ) and
k tp dtv., acurveof Sud a function of p_ and & rerve of k ad & ?uncuon
of p,. These two relitionshipa are nesded ;or the solution of boundary
v nm- problems tnyolving partidily sdturdied poroud mbdin. 1t miy appoar
that only one retéttonsiip, & « & ip ), 8 nebded tor dtoady Now dlrce the
teft mide of Eqaution (4) 18 then Mrn wnd the solution of the rudulting
equation glves p, a8 a funztion of space. Howeover, the practivil interest
usually tleg In tm distribution of motsturs cohtent. Chck iNe sotution

giving the distribution of P 18 obtained, the cupve 8 e o!pc? i3 neaded to
obtain the digtribution of Q

For trangient flow, either #or p iy be made the dependent vartable
in Fguation (4). 4.1 for P the dipondont viriable, the left aide of

Fquation (4) {8 wyitten
38 ) g?‘
L1 313(: ' %)

For 4 the dependent vartable,

TP " TS T
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and Equdtion (4) Becosimui

Hed i by AWl g

where D 18 the ditfuatvity Wi Hiniction o7 § ) YR By

b 8 . 3 w . (ﬂ
From )‘qulhonl ), (83, 17), aRd () i¢ L apparsit that Both ouives,
5+ Olpg) arid k « kip ) dre nweded for twe B81utisH bl o trunaieit How

problem regdFdisas ar the chotce of depentnit viFlabls. Fukthermore,
the siope of the & « Blp.) cirve Huat B deterbiied.

the tect "ﬂ* ﬂ:immi wxiitd 1B the b hintetions; m,, ndl klp,),
(4 weil know; W: Fhe theoEy 67 Muisr wad Metter 1)) ghows
that the tunctiohs depeid upon the cepillary prasiure Ristory But Ay
invariant to monotonie Hine-scale datoFIBRS of that Ritory. From this
theoty thers ary two Riatories which give URIGES tuRctiohd. They ars
dratnage of Hguid rioim compistely satdrdted Materiat ahd 1MBIBILGR of
tquid by diy materiat. There are, of EBUFBY; & Multitide of poidibie
scanning curved Between these tvo higis cuFves.

Measurerient of Soll Pyremeterd by Puriliit 5] Bilubalsd Nmi -

.. G. King e
um’t\’&?&';ﬁfx”& mgi ﬁ'ﬁ!f g& gtbibti
parameters: pbr{nh m{ kol

o

(] ]
LT
isture conte ] .
Sii’mé’ ’im gﬂcb?lbﬁi \mt rb ‘Rdii 5 ??:ii mm tm:
iB

ferent degroes of Wo n, -bnb
gamina rays trom ad '

cElle i fm: §z. ‘FS‘
SR T i any. p M&

the equilibriug wis b-h&v ﬁﬁﬁﬁ
disposdl tecitities.
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THy elatichaRipd Belwesd he WFES Paridtly-sakurated How sott
pardisterd; permeabiity; Sapilliry prabiire; dnd Hivisture contoiit, for
both tmbibitwh WA dPAIBAGY 0k BOSdSd MD LUl dili 18 soipiter pioghur
which wiil valiats the How-paiierad BeASALN Wiste didpoaal tacititen wnd
tenking taik3 ke tranaisnt:How -profFAR fob the latier cdie Has yt to be
develaped).

The baidld o> the ﬂe\;am Btisd of MWisdairehieht ta o t‘nbuo;«
enioh obusrved by child 9 19 U capluinsd by Bsuit wnd Coiey. 1419 4,
1048, Chiidd obBerved that ab Higuid Howsd dsniwakd ab 4 steudy rute
thiongh & long vorticdl columh of Bartidity-3aturdted; uniformly packed
porous Wdterial; the capillaby predBUFe dH8 Moldturs cohteht Weike dehizibly
colgtunt bouk o todiderable fenth bf the colimin. FoF this Fegioh of the
eotuinn the poteltial gradisnt 18 die oily W gruvily aad L conitant. Heier,
thr poritiedbliity cul be calcdidted i} mbddiremicits of the suthow Faté die
mdue, 1 Hethods of medaliFig the cuplildby predidure 18d Mol ure coliteut
are dvdiiable; then the relutionahipe Betwaeh tve thebe Bakdimbters tun be
detorimiied 8h the Sdms sampls.

The hivadurement B MOLMUES ESRESHE 18 Hade By d gaiba- Fiy
abaskptioh sechingus (Pgure 4. 19).  Bh this method; the doib saniple 1
placed bet-wobit the duuice of puliia Fidiidioh aid the detector probe. thc
count »ate Fhcelved ab the Brobe cill B cobrelated 1 the Hblature contoiit
of tHe ddiple }nn dFier the sample 148 uwﬁms coulit Fute). Porguii
and Gairdier W 18 Gid oihoks s Ui E3037 b 3 aoULES oF gubitis
radiation, tn this cais ah Am3S BoUFes 19 uaed 18 SHAIN BIBFE wotirate
results toir the dealrable ol Digs Labsub 3 14, 130, Alas; the 1ow paisin-
rdy enokgy (0. 08 Mov) of A3 perdiiti 1he Uas of 8 FElEVELY High Hux witn
onty minlmui shieiding.

The capliliry prodiure iy msuﬁsf,?un tendisimetor (Figuie 4 19
ke thoue deicribed by Beott whd EoFey'Y 18 Gavepl that u Figid puisus
porcelil tdteFidl 18 Udsd inateid of & Rexibis porous plastic.

[ st s e e o

¢ Sk "S5l PaFdstvEs Nocudiky ok BB1UNGH ot Burtidlly Satirdted Fow
broblems; " page 4. 87,
0012815
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knmuu ;. u

Sehvialiv umua t kmwam FuF sdvusuiiig Soil ﬁim-mmm;.

is thﬂ '

A diil vollinm &A&ﬁ& Bk ldF i m» mw deirFibsd By vk,
Higlhals; ditd REsVES Wi BUbk G UBlR UkiBs e HRPPiBULGE
it rial SR e voluiml:  Fhe coltim; cldbged ikl 1RE packer,
ottty vibFatod while o Bedslkebd e s S o Relledt Poiteti
of wobt i W FIeR troi Wi botlob 1 the G ob the coniisid.  The Sibiiiton
it es FepbFFleGbn of aoll pai s sl Wit 174 . ob e suibice,

dhe iednir el stisd dy be oulithid 23 wles: The b s
of di-y idbeFI PG (HE Rioll<botibiii paickir 18 aitseed G 0N &b Hedid
wiitl) wtendy dowhwadld riow 18 bubabtishivd,  Hidi W6 cdpitidlry Bréisare,
iiolntibs volttit; diel peiiibabiing bt ddvemied:  the culildire piissure
ab which the Nt +3 aHuR G s Sek 1R SUIURH 13 Fediiesd; BlEdly ow 1w
st ang sblalhiby; and the giaiee megsiremed dbd dade. Phua, e o
Cabvin; B al b uidk hw{,i dkE Mwmmml WiE BB B o R e bR

.

L RBed "~n.n t'm asmmi RN-NB&H hn- Ranumm H Aty Rbibutid Flow

b iobivhig, & pdit .31,
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o whviay- laie MEARMFORUBIS B vOFISNS yRlie W § & The wethod for
makibg drgindge nu;mo id 1S DAIRD GiSuph 1S MASF:m 1B thnlutly
stUFatEd UNGEF VAEWMH i 808 $loady mils SoRdItioN 1B pFoduced
trord GRother By R LBEFRAAS; FMBSF tiall  Sersads; of ing capliliry
mmuu & msn ths ham ﬂml m M

e »ifd

~x~"!'mw ‘Erw ‘.; I

SRR

ﬂ V‘J‘z 3’ i "' ‘ .$ 4 brh‘:sm
1 ~ ."»uv

Ad ihiytienl soluilol of wiy Bmm»-wumbd Bod pobivii
neceidiidied SoBEFIPHGA of ihe FelutioRBhipd Bal ool the Boil Pramsterd
by Wiatheiniiicdl SquMlioha: £veB With aueh Sgualichi. WegFaiten b the
purtiel differsntial squation descFIbIRg LKe How Ry B8 ViFHudlly impousisly;
Hedes; UUMSFIER] 88iUloR Muthods APS UaNAILY UBSY. Eqatisad Feliding
the 4ol paFumetors will groatly slmpiby (R6 Randiing b 1l daild dhd the
prograininiig I8F E8mputsr nimericdl solutions:

sehieuashor and Eorey 09 gad deait wnd Eorey W 1805pmmm.
wialod the cubve” R & & tB) by the squation

ko g bbby ti

whebe py did H dke cohstantd Por d FIveR 8611 did capiliary Bradiure

history, b, |d the eupiliaiy BrodduFs; dhd k; 10 1A Felalive permsablitly
delthed ub the Feblo of the peFsability at m %tum&e it tohiidered

to the perieabllity ut compleis JatuFatioh. GardRsk udsd the sguitiovn

B
k . ma b {4)
wherbd 8, b, did B dFb coRati

e e s s S o+ 4 S o gt WO e+ 3= ot Ak . b S VT, i s s ¢

%ee "%l Bumum h»muy foF BlUtISH o} Bnmﬂb Satoraied Fiow
Probicins, © page 4. 81,
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he darald 10 600 gupy G jor drainage of sis MM SR troin
compiets DuldFitioE; \BSFS Ml SEM A HRUS; i CRENIIRM dibMuitta),
capillirs praddurs Baloss 40Y SSAMMFSLION IDRA ReRes ROHASARIIHY Feditiion)
twked place: PURAGE IRGFAMMS OF SADLEAFY RIS GRadbd 3 JFaidiat i
© theh moFe Fipld dsesaase of BOFESIRIINY, WBlil the suive approAGHGS o
siFalghi '106 68 B ogarithais pist: T daid oF Pigise 4. 50 B that
timbiBition EuFvd AV & BLRHEF Shaph: Fhe phaioiibod of ceasiin
perinsiBlity I6F & FRJe 84 GagLHAFY proabiFud Sii k6 G806F 6 b 225108
that the cupve had @ plalems’;

Rauatiss (1) 13 & sirdight 14 &8 W ‘ i EBmpiately
igiored 1hG SIBLGA5E BF A pllleau. Fie dais ™ °% Wlﬁu 6144 abite
doviaiion fion Equatisn (1) foF values 8f st barmbibilily Hroil 1. 9 i8
0.1, Recsnt Fodultd of Sanks dhd Bowsrd Y% ¥ Bhok the wboel Fangs (o
be quilé linporidnt foF LFuABIGRE piRtiaHY-aaluFaled HoW probilima during
imistbibion. RQuatioh (4) 466D GGNCHIBS & BlMsa) URY ARFUUEREN the Btralght
tine dbymplotically 105 1arge caplllary preSBNFes.

‘The squatioh bropsasd Rere 16
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sssh [t fup® s b
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history.  The purdmeter B, b B8ine relerenss euplliary predbare whd 1a
hot gtven PiHibk SIHILiEHES HoHS.
Poguie 4. 40 dhodd Rquatisi (3) Bl tu experimebta) LmbiBIGH datd.
These dutd #obs misabiFed by the long-colums Lsthod. ** The imbibiion
curves Have d Platosi for BoiG MaloHAlD: BiRce BFUREES SuFved Have i
similar ships; they cih Be Hited sgualty well. PLgurs 4. 36 ahowi that;
" Sen "8l PAFUMWVFS NocO0UAF) ToF BTGIGA OF PAFIANY SvGralsd
Fice Probibdia; " pajs 4. 39,
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Flgures 4.3} aimd 4. 33 dhow Egushisl () 1Aied 10 Supsrimental

dats. Note the:
Niﬁ!.‘[l‘i] )
“b =3

keuidtion (8) glosd & Fatishal way of dstsFmIRIAG the Fesidual aluFation;

8. Figurod 4:41 dnd 4. 34 Show thes HOBE cidFved A8 Rive 4 platsiu foF
soitis mdteriald. quihioy (8} el Ht dida which GHRGF sxRIBIb BF fack a

- deftiitte miuu Tie deilatichs foF 8. B Numbsr § 8aRd BRWGsA 8 9. 0

— e i S

+ 86§ "3 Bmmmu Muim 1oF iaiutwna of Barially mumba m«»
Probisiis; " page 4. 81.

0012380



PO 21

-

N
',' * ‘ -'
Y. , 'rx [} =
¥ f i
' X} '.h i’

4 s simiene wate
e 60 DELARG AR

0012361



L4 - 81 10

mmmmwmm‘cﬁmMumm B8l Gopalibli
mmsmmmmum . Fhe 0 SaliiFalioa dala

weFs MOBNIFRG 80 B GioreRl SaiaplY; Ml 1N DAIRIRD FOY L0ciaiS ° $ad
ot dded: mmwu W mmm i/ s
{oF 48/ llil mﬁ (Faksiw; partially:

muma pﬁma. Fius; s mma GibioF satia i
oiad Gbed for MUMSHAN dald 16 svaldad by uas &F Rquatiea ().

The paramsiers o; » B b % & §; nd W858 ShoBER With the
Ard of @ RORLAGAS Badd HUIAE progFam; “NBLLY, Y i Hanford:
mmmmwmmwumummm
ot ms mam ot m mmm

2 -u*ﬂ

mm lBB Lm i ! 1*
.}ﬁL tﬂ “
amais V ol satial Y"v 4: Jm

The Accurals mmm uf GrouRd:eaieF fiow S¥BEMd FEQiliea
um:us msaiﬁg m:mimm ] ?f periRsaliliiy wmm mman
out the Fefich: A camiplets t Wm
svaliabis trom sarlier work: "?% 26 basie maw mm um
it the steady ground:-wares potehtiiis aFs kbR thicughsut the Fegilch ot
tvtoresl, dRd permeakiniits drs hibwi AiSAG 986 IFFSGUlAF BuFfiEs Whith
interaoctid Sootry dtheim tube 1H the How Sytei, tAGH d URIGUS PEFMG-
ability digiFibutioh sverywhors il the Bydtsi cil By SBlathed: Modstats
progreis Has Besh imade 1 BV ertoiing the computatish piobish aFlilng
troi the potehtidl diatributich Being & tdbolar wai oF dda FalhGF thah &

gf-&am W o W' *"’4 "}l t “?
’ »e

s i ot

» Sov "MedsursHieid oF 8511 baramiters IoF r..miiy Seluratss Fiow, ¥
pige 4. 39,

s 858 “Boll Bardmuerd Necsddary foF dolution of Bartlatly Saturuied Flow
b robesiiii; ¥ puge 4 $9.

0012882




HEW-481'e48

®$00

a[1e§ ANReuad0JARY 49f HariPgL)

'
Hed

£J1{Iguada g 938(
,@&,umsﬁ_om py®

TErIUATIY

4

£882100

ﬁﬂmws BuieiS313¢) 494 R+INBAY

. - ——————

e B e At X oo ol .
(Y] .”.. ARV SRNTE RYTULEE A4
i ;”&.;v. .:.:w.




HW-811ds

ioh wﬂe
¥dals How 10 grouad GaleF. MIRES WNSY mm ths Rdividual wm of
Huld How: bilsgratina along thess pahs d6ARG the travti bime which 1
t&u 8& &::s w;mﬂm Hs6dsd for sEcuFMGly dsaseaing the poleatial Fadiv:
ledi Basdrd.

Sukiiidry uf Mackground Ba
Botehlial Bqpalions: ,
div (R rad ) 4 8 i
R div (gradg) $ Jrad R - grado ¢ §; , {3
shobb,
R i3 the hydraulic conduetivily oF spalial
diatFibution of psrmeability
¢ + & 4610 the hpdrablic poivhtidi vb
potehteal fusted i6H
€ 1o the prousurs hoid
¢ 19 the slsvatiog hedd.
vl Bithe:
Algig tiss path 8F & 1luid PaFIELS ths cuRyselivily
dekivative 8f i palh NAstISE; §; 18 865; 1 6. :

B Wgridg - irad 3 0. (4

0012884



i;fiil HW -l 4

siutisn of kwm ) m:l lsﬁmu W LASgFaIE 6F INE st
o diifereitiai el

h_.ﬁs lt% Eﬂ ]

Havllig the wnnwan . . |
TREINY i3}
Bl y: 4) 5 b; (i

it oHa () dRg (6) BkG U THG BASGHED BLFERM FURFIWH Palk 10
e UG FaEELIUHE uf the F Wid § Bubbicts BOURE PEECIEEY LR BiFbdin:
tivbs, i illustiaisd i Pigure 4. 44
Betiniin of the velsedy veeb#: & 13 .;
¢ Rolgkad kX grad pb i3
RHLFE C1d o Beaiak PaFdineler of Bpadbs; 368 s be sbidotiicd:

ket

. Mi;
b Butheis

MhUiki

e e e
00128865



m#““" o @

Bguatien (8 s the 46 3 postmuitipiies taes
mmmm%ﬁm im ShiEA 18 60 o Buiiglisr; 8
R6¥ MHSFRMIVE appOaFD: Hathes thak Using anusmm
§ toiiowsd by mesting bouRdary soudiiions ma.mmmmm
¢al b6 iaciudad by Judisiousiy sslssting & aid uplng Sas of the iadepsadent
integFals; aay £ 3 o; 6 oposlly o o 20634 IalsgFal; 6. lipes compirag
Rquations (1) aad (8); 2 judicious salection of A Ib thil Fecipsscal of the
perdiGability distiibation; K mi-%‘

As (7

mmmmu«mqw'm EiagFal; 6 must ks
(s6 piges s8-41; Bsiuksv)

8 a#‘# o ) 16}

~ The substisution of & from Bqualios (D) 18IS <) §ivad ab ths vaiotity;
o frdh' Equatich (164

~ 2 4 igrad & lgrad 6) 1))
= = athg Bbaaiian mmm e

Qlf" Qiﬁ

oF & by : 41085 : 8, it



w AT
oD satFasied 16 s uﬁm Fall :

o ?

.
.
[ ]

. 4

-, .;nﬁhy 4{7" A SHNEEPLE , un‘Yw
b

f\(f 1

\T3LY 4 »| ‘ e '
MIY !’r-'l ) \ ; ‘ﬁﬁ“l
H Ay '-:' m ny G\t .
240 ’H \
ﬂ"e 55’\ i | Hlﬁ

Nb’f

msatmmsmummm lakis;
85 Fe86FvolFd 1 of iRlSFoNt 18 thd iGF M8y of BsvFal Foasuas.
A sirfacs walsr tady My dorivs most 8f Mo AT HFOM Jround SalsF
BouFEed 1B 85HRS IABlAREES: 18 Sikerd; Whe SMSF 608 s dimost
totally compoasd of water Foim th6 BUFFASS Body. THEas (w6 coaditicas
(3F @ viFisly 6f moditiealicns) Bay SEial W the SAINS FOEI0R M diMfsFeat
titied, depSrding 6a tha atiye of ths BUM eSS Uad §rouRS waiske. The
changing slovadion of the su+facs wale» IBAY E0USS SRARHES IR §Fround
«MoF Glality and guandity seadiabls foF dBS &is 16 oW 6F culfics:. Ok,
coiversely; the Hucliatioie w0y G0UBS SARLIAF chaRes 1A the suFfics
wiloF characterinticn trom giduad s8I SiBshAF§S:

Knowisdys of g wid Sator SECRARGS With var¥iay Mags surfacs
water caA 1684 (8 bader 380 MoFe sHiCISAl USS; GBABGFVALIONR; ARd eohtryl
of tioth §round and SuFtacs Wil vkl

0012881



4.84 Hw . 81140

Pigurs 4. 38 dhows o vertical ool Bbctioh b di sguiter and adjacent
river; b 18 thoe aguiber thickibsd. THS Bads Now 1d ghodhd Watet that flows
to the river b LHItIA) ®B6r tabib ehd HOOF Btage. if the PFiver tevel rises
by & disiénch by, the @utor Labiv P800 b ib the thho# of river water and u
time ¢ rises by & Holght of h & & dibtaied Bdck trom the Flodi. Therefore,
we soo that & sthbdin Huctusiioh may prodics targe vartations tn magnitude
and direction of ground eater foe .

Bank stordge, ‘He getibrat tori udbd for the riebr datdr diored In
the aquiter dibtig Hood stuy. (s dettnbd ed Water, bolh Fleer and ground,
that (s stordd th the sons aboos buse How Slage. Thia 13 depicted st tood
stage by the crosshutched done th Pigurs 4. 48, Al 106 stage, thia water
{8 contiibuted to the Flobd th ddditioh b2 the "exchanged’ robr Weter in the
tase flow gohe.

FioURe 4. 38

Aguiter wid River Croes seciton
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Baiik slorags did froulld aid PIVEF-SMSF SRERIDYS Hidy Bo duatusted
samiempirieitly Hroil W6ti aid Fivss RyArGEFAPNd Wh6PS dubhieioit coitro!
exists. Didtases of Hosr GG PORSIFRLIGA WRIS thE AISF bal Bombtimoes
ba doterintied by Bell Salbr toiiporalirt SHUdied Shek Hesr dnd ground
water tainpbralured dNGF diithewitty. Bakk Norags My atds be
svatustod by Jbb of tho Iolishihg qustiohs.

hitig » 1 - Bla) 1

wherb W oo oatbh tabib rid al dibtaRed & droth Hebr
o e ¢ Blisch PIVoF Beagé oas Palaéd 4
datdhed B,

Blas ts the orFoF Maiction obt (RVTST) aoistiimed catisd ihe
probability lntegral. glown by:

L
Blab - ag®r T a-tilyy
(2]

2+ Rb/S - 1/8

R > Costbicivit of periieabitity
b+ Rydifer thickness

8 « Cobtitoieit ob dtoiape

T Ry

ikh b

F -- V— {3
whore v « Total ooluib of Fieb @ alor th iKe sguites at

tiime t.

The sguiter coutticienta ob traaBiiBsibility (o7 porMedbliity ind
aquiter thirRib#s) and stordle Htst B8 RHGOH. Aguifer tFalinilistbitity,
the gbitity of the poroud imbdia 10 thraidmit WateF, cul BE UBLGHHIHYE by
numplng tests, thdob thats. did dolt-wgide Hiuctdation (BebFvation. The
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1stter Hiothod 1B paricularly adepied 166 W Slitis

itethods doveiopsd by Wesrkss and mwﬁm ’:\b koeo!d- 30
mjb&&iﬂ. Wiﬂ“W“WNW“SﬂMM& The
voluiih avatlabis 105 SaieF (FARMLADION I SAII6Y GHEOLING puisdiiy or,

tor @stbr tibie coRdtioND; thé RuMmSFIoAY SQUIVAIERE Misbage ccaificiani.
the cobttictint of MOFAGS 16 d6HNEY Ab UhS voluiiis ob & eisk Pitbased trom
stobdze trot | KT of aquifer wheh 6 Rydrdidie Rodd 14 rodiasd 1 . The
stobesd costhieiont R b6 GeteriiRgd HFOM Puiiplig todid. Blective
porosity cah diso BS SEterEIASY IFOM A FELBLICABNIE 8 o HIR) ehere S

1o the EHectivs pORUBIY (65 MOFAGE coSHNELRE) ¥ the dviragd grouns

water obtocity; @ the tolat Quaniily of Hos (RFoUGR croad Séctioi A, and !

i8 & tothiporatdb coFrection factor uded BHSH the Daler teiipbrsturs vartes
tromi 80 . 13 dae o Heilcrd V bab SBialiied tronm trachi Lodtd weing
radicactivd (60t0pES; @ $ad & MbdduPOd sidodiit of costing @ster discharged
to the giound, dAd A Wb deterintiod by toipeidturs Mbdddrbitionts. 8 can
vaty tioit duout 8. 08 to 8. § dnder weter taBis conditicns.

To Sodluste thi Buitk BErdge W HVEF S0 0k vhchaligh thivughout
tird entdrd Hun'obd Project it ts N-ot Jocbedaiy b . nhaidby the geo-
hydiolople changes elilch scedr sioig Hild Bbctiod ob the Plesr. Bludies
Yavh etiowil that thete urs tor detinct FERIORS Ghich AMVF dijkintcuntly
in aquitst chidFactoFiatics ahd should, (ROFSICFS; GO Sedtdaesd indiorduntty
Piguie 4.0 shows the Feach ol tile Cotisibla Rives Prom Richitgiid t~
Pilbat fRap.de, @lth croed sectirad depiohing (kb major gbolugie changer in
tha zonb wheete bank stordge cocurs. THi MgUrd shoed the +6o i~tative
prsitions of the Hlesr stage @hich dubiisba RO bank sloruge toink. The tower
stann émg‘;rmm(:d by 4 sotid tine) 16 Bubod G s dedingh Hirlitlinum How
et of 50, UEO 1Y see whiIIY the upper stagé (s umuubg by the dashed tine)
te bazed oit o avebdge tiakituis foe ~uld of BbY, 888 K¥/eec. the geology
! particalar thterost U thid ddcuddion 18 Hhited (o the rocks through ehich
o pround dater poreointd o thbnd (00 SN 6616 Slegbe. THé dubdiviainon
oo reglohs LB tidi-sotly bdd6d ol the jeulogic chalges ohich ars choon th
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FiBURE 4. 36
Regloha! Bavlogie THalges In Bairk Slorage Zone

this dlagidam. Within Region | the rocks gré premminimtly siinds and
grovels of the plactofiuviatile deposit. Thase rather coarse materials
range ln slve {.on boulders, sevarsl toet ii- diemetsr. to fine sand, onty
4 tew thousondihg of sn inch in diambter. A gradusd) facies chahge ocecurs
totween Reglon | ang Reglon tf eithii the glaztofidelstite dapoatt. The
waoimt of it graduatly (hereases from Region § to Reglon 11, tn sdditton
o the tieresgod amount of siit i the gldtiofiaciatite deyosit, sbuimente
St the Ringold Formation dre presomt th the 100 es portion of this sone.
thede materials urk prodommiidintly imads Up of cotientsd sand and grivel.
4 change algn ocrure botwobhi Reglona if wid th. THe Ruigord beds uhder-
'slig the glacioNuviatile depoait th Regioh HE are «itt aiid clae 8166 Bodimenis
patier thao the cemented matorial tound i Region 18, The athount of sitt

00128491
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in the glactotiuvisiily depostt dimintshos th Region 111 to thet more tike
Reglon 1; howaver, the Sdnde ahd graveld shoéd moire svidence of sorting
Reglon 1V, balig th:e furthest doendireath, Shoes the greatest amount of
sorting. Al of the sediments th Regioh v are glacioNuviatite tn origin.

The biitk stordge ditd Fieer water dtchange was determined In euch
of these four raglons. Poi exampls, Pigure 4.27 shows the river and well
hydrogruphs which were used to cateutats the transmissibility for Reglon |
These Hydrogriphs dramaiticatly polnt cut the degree to which the ground
water tdble Nuctustes tn respolise to the change tn river stage. Sufftctent
tnformation wal obldihed trom these data to calculate the transminsibility
tor this reglon by the Rowe method, and by the time lag and stage-ratio
methods of Ferris. Simitar date are avoitable and were used for atl of the
four reglone.
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Figure 4.28 1s & map of the Hanford Project showing the (ntand
boundary of the ground witer fluctuation and the portion of the zone,
delinedted by temperature survey, baltevdd to be direct river water
recharge. Bayond the 1imit of the hachured line runntng rough!s paralle!
to the river, therd 18 no svidence of eater tahte fluctustion that can bhe
sttributed to the stage changed of the Columbly River The enclosed
tatble tn Figure 4. 28 shows thae squifer charactertstics of each of the four
regions and those values used to detearming the total bank storage
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FICURE 4.28
Intand Boundary of Ground Water b .uctuation
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A gesphyaical sulasis anuﬁ“ 4y 500 6 Aplstsd did flaa)
Festiils -6 bEiRg sviiuatsd 0 dWsrAlEs the waram ol uwnls
imethods at Hanfsrd i8 detsrming (ks joological ard govis

eorditicna petiRGl 18 the dispoaal of Fadioactive mm ts 8

teehnlqued, dilit oblaiRablS: sesuiacy of the dala; and iks to8l aad
apeud 6f the oplimum; Protueion:typs SUFvsy BeFs dusiFsd

The Study dilfeFed cFoH ROFBAS SSIOAIE S¥aludtion sUES IR thil the
depthi to fealurea of Intereat Fangyd 17om abdut 166 18 1088 R: Thal i a8je
ites hutweoh depthi | B8 -Mally sxpiored ih CAGIAGSFHEF ssishile studiss wnd
ric4® subuiebd 1R BulFolGUm SxpioFatien: MoFeuvsF, coRBIdSFabiS geniog:
ical daty wars dvdilabis te SRick the selamic data eould be Fetatsd. iHehes,
i survby aldo Bought 1o dsisrming if BelAMIE MHRSds couid exishd and
#upptedient SxiBHA§ §eoio; i IRISFMMIGE bbluiasd From W61i8. Geophiydical
Servich, the. of Daitid, Tokas, Wid 6hoash 18 psHOFR he | Mo He'd Budy
Becdust of thelF Fédésreh OFishlatiia aRd adviesd dald Brot«aBing and
eoattustion MtRSHS.
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three prificipdl #1tbd wory sbtoctsd SNEFs the comiblhalions of
< testest conditioh HAHEFSd appreciZhly, WREFS 10Euity datisied geologica!
rientton wes svattdbie; shd whers the shafiFaltcn did $xthdibn of ithat
11 by ned mEthods wers Aighly desirside.
tn refloctioh Bhiooling; ~oitingsdd proliitiig providsd decurate doptie
Lottt wheen coupied eith adveiesd compate: tockiigues. Work proceedcd
Cte with predibiiied shot Botka, aithough condiderdbie diitithg Wi tequiied
e oth to bdpatt wed difteutt to diterEilne SHER 1t das Leas theh 808 It No
oot Hode Genbath the upiebmiost Mok eore (UsHELHIAbIE @ith techitgues that
ot he teted th the tHmy svatiably, Bocdube 3 iR thiti hature of the tows
o the numetoud thtbrhiods that provided d Hignty complak tagering problen:

ftetrac st incthods decdrately dotorimined the depih to the suitace of

v Dinestd Porvigtion diid the basdit. Compuater processing of datd &us it
e ary. Suriach shoottng with ottt et -grede dmmonbim iitrate proved

Gy ostenate witd I edimtidted the need Gl thoch dritting dnd the use of
voore eypensive oxploglors.  Separdte be-ds within the Kingotd »orimntion
Cere noted tn the ditlting of "He” holes, and thets propprties were deter-
ot by hwe'l b 3g and by uphole shooting. They could not be dif-
Foiontiaied ny rot attion ghooting, howboer. because of thelr 1aek of
Loterrite exvent and often thin nature  Varistibns in basaslt celocities trom

tro te-qlte gppedired to correlgte wp) with the differeit (ines elich torm the
ol gurface

ucellont poarformance and data ebre obtained by rotary dritiing methods
S boesing comblined with grab samples permitted erce'lont determintations
Cocta boundartes and indicated the practicabliity and desirabitity of ase of
vodr i ing e place o0 cable-tool dritling tn some (nstances

Yo aingle method of explorstion appoars sdequatvly definitive and
reenl, howecer, for ohtatning the geohydrological information that
' eqpertonre hae indicated to he deslrable A combined program of
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rotdry eritting, wilh theell 1ogking. for "tie" Roivs. shd Febiaction setaniic
profiting sppedrs to be the Beae combiRstioh of techigues.

The sblstiiie Fesdits poriilited the tdeitidication of maitei ials hat
coldently dro rowoirked RIHgotd Poriidtion dedinivnts thtermibediste th
prophrcen betwoen the 1H-place Ringld sediinohiv shd the 1ater glacio-
Mugiatite sedimeite. THat (dbitificatini I8 imporiam th redoiving the
roceiit grological histoty of the ared did In delinesitng oid totumbia
Rivotr chahneld tin the Ringold Poriistion sirfoce that readily transmit
grouitd waters. The lbabst kitowhn poliit cit the 1ocs! baseit suitece was
detected. This struttiral ideniiticstion Has u beas trig oit the posstble
moventett of agute products g deplh i contined sguifers  The anparent
Miterentiation of tso basgh Hoes, o the basis of the seismit wave
velocittes, confirmed and validated privious inteiprotattons. The dif-
ferentiution ix tniportant in defining the possible pdth of mosemet of
Low-level wastes into the uppermaost part ofsdhe basatt serice and
votentially beneath tand adjotning the Haifo) d Works.

Al aira3 of the setaniic program eere achivord and suificiom
datg obt gined o permit the planming of g production-typt surves i such
i considered destrat’e Ao the inform glon <biatned tfom this program

should have direct apphic ation in pla.ning an.. correing out stimitar studies
at extating or potenteal v legr plint sites

!:;;éfii.,:;«m‘lfnprn LY Particulares and "olatlles

Miubilas kinetic Simp g of Particles i an Aty Streasy - U AL Seh
The errors ansoctarcd with sampting o tilver fac e

voeborattes much below the carrytng steein velocity
Caubimokineticd were stadted %ty were obtained tor
Aeveral gublgokietic flow rater tor «ind specdy hetwren
2T and 9 mitea’hr Zane wil’ide patticte cin the ronge
of 210 28 micrean wore used  For the coliecton gronidry
used and the flow conditons imponed 3 10 micron Hametes
particle uld appear 1o be prepent ot a concent ration as
nigh a4 2 4 tmew the actual concantration  Correctiong 4o
Cartoug ameter particlen sanpling setocitieos s retative
sehitaokinetic rates ave ppoenettted
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A tirde sdifiple of i serosct:1adeh diF Birodit w11t ba sbiaihed onty
i} the sa-nple 18 €ithdrawd pardii6i t0 thS MFsai Hee and onty i the air
celocity thiodgh the deroeot collector 18 106BLicaE 0 the dtF stream otoctty
at the sampling poit  sampiin Sih RS CORAHIORD Jatiatied 18 terimed
“leokinette”. Ad-atioisily; the & HSEISF Mmubt BS highty siicisht und create
4 mintindm 6f LerodFiiibic dibtuF ARErS 10 Hi6 approaching dtr. th practice
theae too-.rafieitd dFe d6tdoH); if WeF, ahisidtely dehisved

Flunt-oscent 2HS Ras tehy b 68 UB6d 48 ¢ triceb th diftusion studies
» o vioie recently for paiticied th rald Wdbhout reBbarch. Praciical
conatdardtions Have reguired dir saimpithg Fetvs foi this ditbotne materts!
tess than tsokiietic lsublenkir «b); th othe experirishts; tar teas. 1t 1s v
pir.aise of this study to eats tiah eBrFFbttion 2dctors fo- oartous particte
s12ey gnd sebisokiheilc s.mpHng rated for the Zin8 pasi~1 s wed. The
tdemtica! memibrahe 1 icors ahd the polebthylehe Holders used in the stmo-
nphicrie diftuston studies were to be bmployed i tHese medsurements

When the sarhf'ing rate 18 subitBokinetic, som~ dir initiatly in the
projected groa of the fiiter collector i1 Bb deftcted srund ike cottector
barger snd Heavier particles witt ot S sble «3 tollow the dii path and
witl mpact on the Hiter. A nonreprosbbititive number of larger partictts
@il he ~ctlected. I the extrome cdse all 1drge pirticles spprouching the
collector in @ cylinder ot atr of dlameter squa? to the Hiter Hameter woutd
be cuught on the titer regardiess of '%d amount of sir drawn through the

Filter, Very amal) particies will follow the sir paths becauss of their vers
Yrgg thertla

The experimentsl mexzircment of the sampling o ror tnvolves
inttoducing the particles into an air stroam circulating 'n s clused toop
it =t a given velocity. At a point downstream s Hiter in lig support (g bl
with 1tg face nornigl to the stream. Sampling (s started and the rate adjuznte |
th the teskinetic rate  Adjacent to thig sgimpler (s another Hiter and hetder
through which is drawn a sample st o e er Pow rate ~antrolled by a calthy o
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cilttcs! ortiies (i the odcdath 16 Boltea the Miter. ARter the sampling

18 cotipleth; the Huiiber of particle 1R 8166 tHEP~Hbike 18 determined
microseopleatly 16F the téo Hiterd. The goetity; N/ I‘i&. for a given
paitict sish 18 dueoriilibd. N, LB tho BURBSH 8F partitled toltectod fur

3 glvbit sidb el ob the léokinbtic Siipls: N 13 thy Rumber fouhd of the
samo slze o the sdbisckinetic dampte. o thats 18 Ro Sirof th the sampitiy
methnd, thig retis Bhbild ba 1dbisticat (o the Farn of the sif Howd thriugh the
stt.gokinetic Miter, U, and thinugh the tebhiitetic Hiter, U. The “1ctor by

which ‘
N

esceods ond 1o the corraction to be spplisd to the sif toiceitration
determined by the subisnkinstic sdiple. The Indicated concentration will
appesr to be high by this tactor.

The isckineti~ titter samplor eee thoditied to ssstist obtaliting a
repreasntative nampls.  The tromt surfuce of the fitter retdining ring vas
rounded back troin the inlet (o promote stoothet sir Mo dround the Hiter
and the backing eus replaced with o screen support. At the higher wind
4 coda it |8 tmpossible to collect at tsokihbtic volocity through the titter
area becguse of the high pressure dioo. in these situstions s tapered
nozzle {nlit wis provided. Some deposition occurs ob this inlet noszle
and must be taken tihto gccount

Results of the measuroments are presented tn Table 4. 10 in which
‘a2 whown the produet

N u
xr ."n_
(2]
a1 delined shove,

The values tn Table 4 10 are those Irom smoothed curves passcd
threagh the actual expertmenta! dats potnts fod the particls gized cor -
responding to the globe and cirete graticule used. Incor. 'stenctles tn the 4o
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b8 tibthd aid hivb Bot BesR FE60REIEE. A § BulcroR Particls; fof ainste,
could b brpee od wRder dil But very W ApP-0aEh vElsEHIES Rl Very 10w
csuipithy veloeitied to foL oW the gad akd §ivs & 807 setiud Fector of oid.
Tha dutd sbiow & rethef $1d6 Faage of coFreotich taetors. THO. » BSlEVEd to
to cihrbsaohdbly Righ aFe Shows | PAFSALASSID URdSF the 8 inlbFol eoldmai.
Cirrection tuctord 1688 thal GRS drs URFOAIIBIE; add AF6 BRoWH dlas in
nerenthodts. THE URESHAAtIGE th the Particis B14tAg dud couhliting #6+6
si-iiflodar dhd dri Pobibctod th the valdes. BIGFH 18 URdEF® 4y t8 Fecructte
tvongtstontied ind satabiish the dctud 6FFord addociatod #ith sech
tnoasutbritbit,

sighifieditt orrors @11l bo made tf 1argbr part te . dbs dainpled st
broer theh {gokinbtic velotities.

IS0 X
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43
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Noprescittalivd Sainpied fHoHM Jaatbdd Btredind Eontatiling Hie
partictes of Fadioattive Matbidls &F8 EOMMbHY FoqUIFed th plants >hith
prozess macluar matertald. & .o tR6 Sariple dettediy 1heh aid usudlly
cnseoldably long, thdorimatich off the tipattioh end depusitich of these
partieles 8 réquired to thterpret the sditple redutts th torms of the o n-
centration tn the gaseous stréams.

tdentitication of the paraineters conticiting depositioh oh scifdices
<411 contiibutd dtso to & botter understghding of depositich of v -tiot ne
pirvtletes on terraln end vegetaiton. The retertionh of patticles on eu f-¢ se
4 etso of tuterest In evatuating contamination epibad dhd the degi-vb of
Lunerd trom uhusua! theldonts relodsiug apnrectable qudntities of Fadio.

cortom geroanlg.
It {2 the parpose of this studs to determine the guentitetive rolation-
Hra aeinng the varigbles governtng particls deposition (i condutts end to
ctstHah deponttion models which are supported by the dats.
Particalate deposition during turbutent fre has been measured by
Prisdignidor gnd Johnatone, .32 and hy Postiha and Sche n.diman. 4.33)

ottt stusMea, the dopogition velocity K, cm/eec. was determined from
Jooreerage eoncentration of particles in the gas s cam and the number of
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paitities counted o tAY tubs wirl, DEPBOIIE Wad Rbastted th wh ticre-
mistal tite ioRfth f6F tubs damnaters W W6 FagGS ol §.84 15 4. 84 em.

i studied during the padt yoas the dale Resd 4. 33) and
t4.93); and the dikd of seinsl sad Schwendiiuss * *V fof lotdl depostitan
o} 208 particion # 1 8 17, 7 iGR4E of §. 00 6l MaMSter vorticdl tibe oore
resvilugted to detbFining how @it the dald svallable agresd with the mooe!
pioioded by FHOHARIGF did Sokhetcas: A $850RY BB)EELIVE Wb 1o esrabtis
whtiher g empiiedl modification (6 the Sgtdliois pradsited by Fribdtand. -
and Johiizlohe wodld g196 @ butter corFelatioh. _

The dste avaliakis 4o shown i Pgure 4. 90, witk § the perticte
L o treinfoF cobifieiont, ploked an & PuBetion of 8°, the Fedutsd siopping
dtotzien.  The deposttioh veiceity; K. 19 tRe hudtisht ot the number of
paiticles dephaiobd poF tntk arpd poF ditt Hib dvided by the sveiage con-
cirathebioh of paiticled pef ein”. THE avoragh st How vatckity 1s v. The
viedeotd Btoppling detahce, 8°, 19 defined by the exprosstow,

a4 p, ¢ ie?

w0, B3

1 which d « particle digimeter
o, * particte dendity
F « perning triciion huctsr 5
R « Regnolds nuinber bor the condut DY8
0 + gas density
B « conduit dameter
U * gas viscosity

The 10lld line shown in Pigure 4. 49 ig the R/ ¥ pradictad trons the
ciptatinng of Friedisnder and Johnstone. ' Y The squations arc, tor

U 8 Radium Corporstion flucrescemnt tinc sullids Mo 2810: gvsrage
purticle gize + 2 microns.
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1)

Pub 8° et Gl 8 iid 36 thE okpbitiiantas /¥ tuits sbsut o tactor
5 oo ook thdh tHE va1068 pradteté. by Rguatisa (3).
Thi ddts polite s dsptayed th PLEe 4. 49 tend Buppott to the
1 1eMoits propoiod b9 Frisdishder shd Jokistons; Kowdesr, the low
e enlatais of the btk of the detd drem ot parinit chitical cofiiparison. The
ubh Wnbs shioed foi (o sutn ol ditd ard di b th to sugpost that at low
s ol 8° the sctigt deposition might be moeh higher than predicted by
iy exygtions. THE depoyiion th the 0. 88 cin ditinster tubs #ad such that s
s asibon congtat well dbove tha cured @culd ba reguited to sccount tor the
< ocath ont fodnd W he tube.  Slit~e the tube didinetht @80 muc.. .o gor thar
(i other tobbid Used, the Palsttvaty hitgh depoatilon may be indicatiee of
+ seiidonen oh damoter of gredtar silect than givbn by Prisdizider and
taatane's equations
tttiers have shown (35 4-380 1oy the deposition constant w1t
Cepenuh g particts size decrosses until a minimum s reached, then
vroan,  An obsbrostion of higher thea predicted depnsition or & trend
Crd eenstant depoxition could Be interpreted as an inHcation titat the
S oattten had pagsed through or w8 spprosching s mintmum. Very
- st partictes in laminar Now will deposit ver ¢ significantly in crnduits
L seuitien ‘rom turtulent to ditfusions! depas:cion #til require that the
C .y aition constant pass through 8 minimum.
27 emplrical modiiicstion tn the stopping distance perameter resulte !

L tadenendent onrigble gletding o better corretation of the ceerall data
Lo temat gnugree Ht Hine u d ite squation gre shoen in Pigure ¢4 30

ey

o

s
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Constderahité reftho:nait th sapeFimehrtal mathods 18 indicated
befere dcodl sts prodiction of depositioh conatuitts can be made.
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studits.

Eharcidl 19 used &ty ri 2 & B6HSw.: for 183% 1 guabous elitubn
dresms beedusie of Hs high tHictohey foF ricdintiie mo 8eulss todile ukder
frather wtde range of huintditied, toiiersldired; did «dine cahicbitiativhe
Chatcoad el eienciod, Yogevier, htve o deiusiisirdtec atinoat cketuy vedy
ing tabopatory s eboiraté d oding vapab e ith iittle conatdyratich to the
cftects ot qetnad cherne s o oap of the CAreyIng Jus stireum 'tﬂd the hatuie

' vefttie ey thea e o Wlp e

Pl bty atlon 1 hat 3 neads indtalled chisrcoal bed in < plutontung
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Cont et that e etfieto o of etdrcoan. instially atswst V0% drogped
Voot vt 3 2 e capednte to ghout 0% ¢ cxstic sorubber, efficlert
o reonnng o ecalar 1Y removed o vattdlue qauntity of indine from
e v taeging fve quentis down (o e [800¢ 28 07 !!_!g!: charcal
KR e o e effieent fhir obadervation stroigl, suggested th
comda ol todine acre present. Skets opesnte lodides, although direc:
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Soiis BRs diffesont Fgaale eonieG
SIS DIAralicn o s dassrbes

troin the sffiuet a8 judged b RFOR

mMeFus:. Hexsas §al mx § m buk S48 BhssA to
hol B8 ileFbting spaFesiably with 1**%
the h-xuhs eould B8 Mdorbsd wills FeMeviR Wﬂﬁlﬁaﬂhﬂ“‘ 8

thé &ha-c8al: mmnmmmmmm

W tmuw mmmammim 68 charceat Wa8 demBustFited

ustiig il ob: Fares graves of chaFcoat upen which smail

quihtities tm 56 td 160 Mmicrogramsl of mothyl jsdids S856 adoFbed

reisiaibd the 184iAG FRthSF Guitkiy Bhel diF BAs paused liFough the B6d.

A etution half-time of § to 6 hF was fouRd: Thoas data discsui agé the

use bf vhuFesii foF sdBoFbing tomis (A IOFRS thag meiscdiss -8diks,

paittculirly i appileatioid li SRIGR cORtinued 1°°° Fslsides AF6 BnilEipited.
This stiidy liss Snown eibiarly that Satistaé 35§ dppiicaliod of ehireoa

tok tetiiovidg 1GdIAG My WO b8 EHIGVEd Bhih thE ExFryiAf gas bohilalnag (rucee

ot orgaiile tiatbrldis. THe chareodl GleiGREY 18 fTurkeF & MAFESd functioh

of the forin 8l the lodinG presest. THE stFeail sxomined Rad &8 Waududtly

complbk toriposition dhd defifittioh bl FAEN e8epBund predellt §a8 dol

achieved.

Pasticte bepustivon 1 90° Tike Heids - A . Bosthid sid
i.. C. Schwindimah

The turbylent am ition of telod
bheinds wag incasured “' lbvb ” J“ an

sizes. The bondg werd Ibhﬁ:znw x um udﬁu «f

a0 1L G, th 1,00 Bint i f’nm bt 4
Uepositiog »as found to lup w 18
for 7. micion patti ezb: wb- lctes wbrb not
significantly thcrvubd a3t
lnearly with sif tlow. lHlbl& dahidity weid
tint dotermine ). The w“ll 1 geherator

need »ruvid Of groat ealis i

Particles are carricd to the wal) i w» bo d8 dub 1o the comirliugs!
torce acting on thy particle moving i the buieed path. th tuibulent Noe,
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depositien i greaily (ncrsassd dus ﬁmasa R Impaction. The
piFticls trajeciory and Impast m Hil k3 8 sompiex function of aiF How
Fite; particls dsilty aad m tubs dumses; MM W6 tuF:
biilsut coBdiGas 6reaisd w m ‘R G study was wadsraksa ts
mmnmwumwummmwum
irueRE!ag variabies:

NeaFly MoRHspNFEs uﬂlml ot insthyisas bius aad uraling of
definity 1: 3 4658 PFaAred Wilh o splERIAG i Fe:6FMBF: THS seF3Eol Was
passed (A6 & mixing chabos and then oFauR through 8 16H@A of tubing #ith
s 007 bend focmed 1A (R Ad REAFUF LB 1hS EhaIBber: ASFSBS] paRicI6d
pehstFatiig the tubs 4 distancs doWRSIFEAM WEFE 681166168 6B & MembFine
tthe: ARG & peFiod of Lims (He aiF Ao Wil diBeuRtIALGd aRd the tube cut
i sectiohs. THE dEsob!ied abFoasi Wid wadhied Froi Gach ssctibn, wid the
quaitity GrFedent Wid dRGFIRIAGG FucFomGtFERIlY .

THe cubidiativs frartion dopoBited us @ MnetioR of diBtants dinhg the
tube caitektiig 1B SHORA 1R Fucore 4. 31 f9F 9.4 BilEFoh peilicied. Cleeity
showd 16 1HE VEEY inarked BBy Baitioh 1R 1he 360 Glbow. The Fractiva
depionlted IHCFGdsoe HistoFially @ith aiF how.
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Pigure 4. 33 showd More E16jgrty the RNUSAES of yelveity aid
carticté £166 of doposItioR (B the 80P bhid. BEprsttidh vaFise approkiingtely
unedrly With vélocity. Déposition 18 sijaificant oF § MISFOR paRticiss, but
ot no cohsbqubiicd foF $ MIEFoR paiticiss of deadity 1.1. IRsurheisat data
werd obtilisd t8 satabitih the 1RMdeRes of Fatius of Bebd o dspoieition.

This Briof study SHiphisis6d the veFy Bighthewnt wall 1WBEES ehich
sccur whoh FElatively SHoH Fadiis beiide ars placed th 1thes. The parameter
of behd radius 248 hot v estigdied to diiy dogibe, helther ¢ ¥+b suilace
roughness of particit dendity eifocts svatisted.

The spiniilhg disc gt rainr proved to Be s, bacEileint dovice for
proparing dorosols for this stude.

ol

T se
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Yhepeaition o T e can Beny 2 D L PPaticien tho gt 0L e
twsde 1IN, eter Y abie Aty o Rend
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Autoiistic Maiutibling sid Hecording Methods

Dotection db Al Coicbicialivid of Plubiebebut.
Physics Studibd - 24 O. Ranklh sitd . Shobh

- ’faxgmra; stes floty dift X eom&':l*“ Fequlre

instruihibnt wad Ub'bl d o maoii 10. ge Phﬂnq trachs
matorial oh a Foal tiin mu ahd thiea nonitors ¢ efe
ssgembled for Use ih the asp srimbid. The dats obinined
wil} providd thfofimatibn lboqf the time history of such
I!ﬂ:ﬂ § conepitisticnd eb'ch cohtiihute to the meah con-

contration, & developed ih’ uindnt inclad bo s otmphr

probb whetre the lrﬂcln! 2 flubreecent | ) sré
£posdd to u! rivlbl l is. ¢ chambi r ﬂurb s

pho!o(ubb {8 uged to ¢ pswo hsrescent znﬂtclu. and
R récocder, Thé rtlnlmum dc( 19 air concontratic 9:.‘
dctbsmlnbd throuv s = series btpn-:mbnu. t9 bt ¢ 210
g/m

tlacussion

An lnltmmm!‘s b was doveloped to measure air concentrations

if flyor egcent particles on a rest time bagis during stmogphoeric physics

diffusion studies. Witnin the tectnical limitations of the sampling inetrv-
ment, parameters such 8 mource height

vegetation, and distance from the sa3xsree can he related to time  deperdent

vartables such as arrival und departure of *he contaminant

percent of ‘ime
contyminant 18 Setectable

. 0r peak to men rte concentrations

The s~mpler probe ts shown schematically in Figure 8.1 Plgmene

vrrw oa chamber where it g exposed to uitraviolet Jight from a 100 »

metcyry upor ‘anp The pigment thi~n pagsses to the v ewing chamber aher.

the pancphorescence ig obserced with a maltiplier photot.be  Both the tret .n
taaeaus and the

Litegrated anode ~arrent of the phototube sre presented on o

e i 4 ———— e o PR

tn nnpornnm with I W Ny Iu!.. and \‘! b %nggt . Mt« Onj 'terte
Phegice
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dudl poi ~tF1p ERAF Focordsr. A light (Fep; forbd by iating concentrl:
circles; th pliced bate ook thé Hidltipites phstsidbi and 1he marcury tamp

o Cuitt Hoses 10
Sruum
e Side t':rpm

e N Atr tnied 100 @ Merraes | sy

5

> oo

Muliiplier
*hototube with
Mag. etz Sioid

Vet Uount y
2 :’ e )‘f' f0 e
Ttn O Aluminum Tubing
Light Tight LighTTrap.
(?‘l‘amhu" Atuminum | renth
featnteod atth Misch? v d 12y 00

“IGLRE S ¢

Probe of Airtorne Flucrescea: Particle Jecectten Ingtrament

The digsssembled probe, Flgure ¢ 2. gshows ‘h~ !amp ligh’ trap. & 1o ibe
and 1 Folder {or a light source  The tight so.rce (not shown) atiiizex ' ‘
et ated ettt lum.ous patnt on a retractable sluminum dise o eid ~he -k
e phintotahe gatn The photo’ 1he base wiring and current range resia crs
ate wo.own in Figure 3 3 The naode current is converted o volt oe b
“eutate:n 52 through R-18  and the most srnaitive range «f the tnw'raun o
a4 L nampomy. Fipure 8 § gin.a2 the complete gvatem 38 ni-nted o 000

ek o - fleld operat ~nal use The tngtrument system uses 3 cagoline
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poGetbd motoF geREFsoF i3 upply i:0 vat §8s the sperstio- o the myrcury
capot lainp and the Fécorasr. Figh oia§l Tof thE pholotube, usuxily 389 to
to 1200 vde; 18 obtdthed froml @ Udtesry-pod spod cordix-tube-regulsted,
rilntature, high soltigs duppty.

FICURR 3.3
Disassombled Detection Frobe

Calit.ration of the sampling tnstruments (s sccomplished primarity
during thetr use in routine field experiments .\ filter of s type normully
:sed 1 Hanford stmoepheric ditthisl - L d1ee i expoged a8 clog> to the req!
time garip’e- ag practica! ¢t o, «a thin 8 in. These filte;« are removed
and reptaced after each ‘puff’ nf tracer pasees. as s ir.jicated by the rex!
time recnrd. A knowledge nf the flow rate *hrough the -es! time rarmpler
and the adiacent routine fitic- the inter~al over ahich the tracer ezn n!
‘ectod, and the meis of tracer passing through the rea! time sampler. ax
deterraired from the adjacent filter perm:ts a calibration of the »eal ¢t
sampler {n te-me of 1nass per unit volume. 3ince the mass of tracer pas-iny
thro g% the real time Adoice is the Integral of the tnstantanedus concentr 1t ot

S vitos,atic integrating feature of the recorder hayg proven to he 3 -4ty b e
s1aset in the calibration.
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s
Negative ’
1ogh Voavage hapet ]
Kis K7 Min LR
1, S thy
Hicorrder 1 oms ‘ » .

[ \

Note:

Ri; 4.7M0, L/Sw ¢ 10%
R? thmg Rit; 3.3 MO
R13; 332D, ¢ 1

RiS; 10000, 419, P

R14; 3320, 418, Position 8,
R1S; 10.0Kk0), 4 1%, Position 4

R16; 33.2 k0, ¢ 1%, Poeition §, u-—,n:n
R17; 16O KD ¢ 19, Poeition §, ulq me
RIS 332 k0, 1% Posttion 7, § namp

Cy; 0,08 uf, 400 v e, al‘t

Multiriler Phototube: IM1-US 9538 B

Multiplier Phetotubs w and Componsnts
for Particle Detostien Ingtrummt
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4

Particle Dete ‘.. Systen. Assemblea for Field Use

Expist  nce to date suggests that the chart calibration for concent-,tinn
{s linear snd is about * x 10~ ﬂm’ per chart unit. Full chart scale is 100
anits (10 tn.) A drift in recorded bachground voltage of about & unite was
obaerved over » puriod of 18 min;, however, the drilt was l1ees than 3 units over
a periodof § min. Iif it is concluded that the minimum detectabdle concentration
i3 equal to the short-perind range in beckground, the detection limit of the device
is 4 x w" ./m‘. The three completed monitors arv nearly ready for regulnr
operationsl use during the plann.d Jiffusion experiments.
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Auomatic Dets System for Atmospheris Physics Rudies - E. M. Shesn
and C. A. Ratcliffe s

An automatic Jata collection and recording system was
duvelopad for use in stmospheric physics micrometeorolog-
icei studieg regarding air diffusion end particulate transport.
Wind speed, wind directior pnd tampersture data sre col-
lected from eis stations mownea . an 80 R portable field
tower. A 8 gec collection time interval (8 employed as this
permits short ters: anslysis and recording of the variables.
The collected information i digitised and primted and (s also
presented on hed pcrr tape for uge in co er reduction.
Eycopt for minor difficuities with » eomniorcial digital voltmeter
usad in the system, general field tewts, conducted over a period
of pevera! months, indicated tht satisfactory aperstion couid be
achieved.

Dscuasion

Atmospharic physice air ¢iffusion and particulate transport studies
are conducted and detailed nicrometeorological data are required. These
data are concerndd with ctanges in stmoepheric tempersture, wind speed,
and wind direction gradients in the instial 80 to 108 it of elevation. An
automatic data system was deveioped for use In measuring and recording
the desired paremaiers.

Figure 5.3 shows the major portion of the electronics system.
Figure 3.8 iy a photogruph of an S0 Rt portabls field tower o mast that hoi.'«
six anemometers, six wind vanes, and sizn thermocouples st various elevations
20 required for the specific exper.monts.

Figure 5 7 o block diagram of the instrumentstion system. In
operation, the 20 po. .t an: 8 poimt seQuencars direct the collection and
printing uf the data. (n addition, 8 i8S point segiencer controle the serialising
of the data to a form required by the incorporsted paper tape punrch.

Wind speed data, which srrives at the main instru:nent in pulse-rate
form from the speeially cirauited high performance aiemometers. are gated
and stored in Individusl registere for 9.8 soc of the normal § sec collection
time interval and thew are printed i.. approyriste nequence The storgze time
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MIGURE S 8
Pertabie Fleld Tower for Atunospheric Physice Stadies
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employed makes the calibration factor between true and indicated wind
speeds very neatr'y equal to one  The wind direction data are obtained

from potentinmeters drivon by the high p:rformance wind vanes. These
voitages are smonthed by RC networks and are ewitched in sequence to the
digital voltmeter for appropriate dif. tiging. After being digitised, the
informudon is printed. The temperaturad are measured by thermocouples,
the signaly. are compared 1~ » reference and amplified and then are digitised
and printed. The sequencers that control the digitising and printing also
create identification symbols to be printed witk the dria. Tim~ inormation
is ulso printed.

‘multanecusly wirh printing, » “naralle.-to-serinl’’ converter changes
the signales on the severa) wires 0 a soquentisl signal yultable for use by the
paper tape punch. included in the negquential pignal are sppropriate fixed
signals nceded in the data redurtion process

Since the nortahle fleld tower and the main eleetronic th L. «ment
system are separated by about 500 {t of cable, certain precsutions were
required to avold aegradati~n of the signal. For the temperature measuring
portion, the required reference signsl was supplied remotuly st the base of
the tower and the difference siynal was bronght to the main instru.nentation
in a separate, shielded, twisted pair cable The reference signsl ls gener-
ated by u "‘bucking’ therr ocoupte that Is housed in a congtrnt temperature
oven and is sequentially switched into sarh of the measuring circuits This
inethod of counecticn permits use of copper leada to the main instrument
since copper-constantan thermocoufsien were used. The switching relays
used were carefully selected to be of » ‘termally -y mmetrical type to pvold
‘he introductinn of spurlous thermally- Lsducad mitages.

The signals from the anemometers required careful processing 10
avoid loss due 10 cable capacitance and attenuation or contamination by
adjscent cable pair “croze talk". A preamplifier was developed which
preserved the sinusoidal character ol the #aveshspe and was able to drive
the cable as a terminated transmiasion 1ind. Signal shaping gates were
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developed and used at the ¢ ceiving end to eonvert (he gignal to a form
suitable for driving the decade vcalers.

A sou 1d-powered telephone was included for conmunication betw sen
the main instrumentation and the field tower,

Solid-state 300 kc/s e logic nso” lee were used t¢ perform the #-aiing
and some ©f the gequencing and logic operstions. Both diode and transistor
"AND” ind "OR" gates were used The sequenters were obtained by appro-
pristely connecting binaries and ""AND" gates to provide a "ONE" output
scquentially st the output terminala.  Logie levels of 0to -1 and -10t0 -12
were uyed for all of the logic circuits. A eingle power 81pply was deaigned
to provide -egu.'ated ¢ vdc to the car4 filsw and relay drivers -espactively.
Separate fused outsiuis were provided 0 oach card file.

The cormpleted system is preseatly undergoing extensive field tosts
and is Leing carefully examined (~r early component failures. Prelimirary
operational results indicate reliable, satisisctory operation.

Radiotelometering System improvements - C. A. Rateliffe a1d E. M. Sheen

To achieve improved operattonal cepsbilities and reli-
abi/ity, considerable circuitry development wig undertaken
on the Meteorological Rudiotelemetry System with the work
supporied by Atmospheric Physics funds. A thorough system
study was conducted and specific circuits were than develived
to replace those of marginal capabllity. Major prohlems wore
noted wi's the remote dats stations (19) and the resuitant :levelop-
ment activities were concentrated in this sr~a. One data station
was, in essence, rmeolrud to incorporate t1e desired improve-
n:ents. Following initia] testing of thig ield prototype, a second
data station was similarly converted to provi e comparative
data. The basic improvements inecarporsted includad elimination
of vacuum tube circuits, elimination of mogt of the ¢riginal relays
end other moving parts, develcpment of a three range radistion
monitoring portion, and incorpcretion of g simpler sud more
rellable wiid diruction inessuremont pchome. Preiiminary Lest-
ing of the fie'd r.-rototype data station has shown sutlefactory
performance over a wiac rr:gs o! amblev conditions. and plans
were estab'ished lor thurough in-ield testing of both modified
data stations. The completed cystem ‘v glated toprovide wind
speed, wind direction, and radistion level uata from verious
Hanford locations.
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Discussion

Following careful yludy of ihe Matsorological Radioteler . ot, v
System, pianned developthents were conducts4 (o improve cpervtional cara-
bilities und goneral system roliability. 5t ®as determined from the study
that general upgrading and modernitation dpprosches would be required,
especislly for the many remote datu stelime employed in the system.

The initial develcpment activity wes devoted 1o improvement of the
remote data stations; one modified station in shown in FPigure 5.8. Because
of generally unsstisfactory preformance of the ariginal 8 v + itery and wind
charger scheme for supplying powor to the deia siatiors, a pencral conversion
was made (0 parthit 088 of 110 v _ . lind power for all neconsary moticrs. A
regulsied prwer supply 98 designod @d (aited uve- tie expected smbient
conditions. This unit s upplies all power for the incorporated cireuit modules
and for the trangsteiver. The supply is shoiim schematically in Figure 5.9.

FICURE S. 8
Remota Data Sation of Radioteletnetering System
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recoidbh b BAY deflublivh.
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Alr Priddure MG Babisation

+o kasp ths thaibiuuel od BiSEH &l poaaiits lspphonimatety 8/18 in.
1 daritor? HURIAUFG SOlgratat BUK0 WSO, dsd LAY B0 bF Buuibed bs w1
4b one bopaniiah WEFS Muiad 1 (B0 GORMAGE Ulld MABISAN ub W 1K trabducer
teelt, The Maphrign Gad sitaiied 8 R sl IBFR SRR ddibaies w0
plastic torpedd: ohipsd vover Wi plaste SVor thal (8 provids smooth vser .on,
Por grisker toibdursburt Btabiiily, thO ould dadlds (he sbil Nirin 18 vanted to the
aimodphord ihFouls the catdd tiblilg. TS Uit was polted WiN Sposy then
costad $iih ditebr cohdubtiing patit 40 pruvids shisiding. Minlsturd coasial
cable was used to providd §ristor stiiiiiied (o ihe aadbiibsly tor santer ingertion
inte tho expbrinintit aninis. |

Digerti

A modihiod ratit dstoviss Bad biployd ad th) Hroguiney moduistion
detector (Figurd 8.18). THE sircilt Guipul suliBiBle o the roctitiod ditterences
batw bt voltages produbid scross ks W6y Pedukalit tank sibeults, ond of @hich
13 tunod stightly ebded ot PrEquincy ub U8 ho/a0s G the Sther dlightly below
at 198 ho/abe. THo e voltagh Sutpul Wb thal proportioial io the froquency changes

0012931



b.40 Hw-81148

genorated in the thaicanes. T didy LRSMAL xiidsois Bboded 0ré 0o
switchas, B-1 Job uid-0if Sulisrud bl B-4 00 sRGUFS provisl Diaitlng of the
osciltaior. Disded K sid Dié Brolined e LinabiBius i tho Batiorise ate
sceidantty inaaitod Bashaardh. Tho SN0 LFUNBIDIEH Sldsull orems
spprosimelely §. § iidilg Gibiig hobitiid Abidlise; BEided, Hib 106 battories
are sulticiont fof Some 900 liF b sbiiibatid Wbé.

“ >
D1, D2, 198, 134 « IN10O e s s » A
3.1
.
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Opopsbion

Tho comploted issutisr (/7 ijurd 5. 10) WAY Salskiitéd ta iha Laboratory
to provide ¢ ot of diclintine ok & Blrip- it FEBFGRE Ik 4 8 eoi chiange 1n
pressure, wsior beuividio: timd; 1 8 of PRUBBNFS s (wasr squtvatont)
equstas to 1. 87 inis Sftbeiinil ol the Foolbiss.

TouiLig of tid iribd duchi wid seondiplidiiod by tiboiting tha probe into
the ssophugus of o eiabibotidsd Saprtiisiinig SQ Cld Biatrving the
recorder (Figure 6.¢7). The rebulié o6rs dlbtalublory ond 46 dppirant aide
ulfacts ware notleadble o 66 astmat

Mtrdihsbizie Fradiurs Muiiiss
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o p bogite.
ths countsh, B boitd BAG USVISY, chrﬂm pabor
vty genobld. StosiPoutel msd & ww cgiilEr, 1l 8 phoke
;wmma&inm i 05 poole Hbud ¢ thinisedrd
mw MB&MMM&MW WS @ bo.oeseatl. &b
pass thon ‘B Puritéd - WWWJW&.M thoy
s Maemya 10 11gh biad chonging b sabvuilh thicugh 8. Tho resslting wittage
oy ackosh RY spUbitd 3 Vitih billpabiNy BPbmt. Muaui wie
o drien Qb e UPUFMLG PUASY R-1. i cihdebe of soiitavts R-
. mg*a&br o dgit. ANGK WD Widbs padbie; the M Foasbd 1ituiitatich of
oo :‘.‘,,)».;.f:sr,,.,ﬁil repulis Wi K -10 dbsndrgibing b Pigiheer beit and Phsto-ing inttiut
ns. Thus, the Pegieter sdemidlé Sid dgit foi Sazh intarraption of the
Lo end tOLE1e tH0 inabbts passing tipuugil the counter.

The prcbb ubad ta vorantity tn tint Wb Biopsere Wotding the glass tube

Lt ehznoed (0 accomsisodste iasctd of varping S1608. THE unit obeaine
SRR *z 3 powtr trom s 118 o, 88 cooth thib. A etuddd Loner-roguisted

4y turnishes B¢ poder for the slectiuiilad. Pur sality purpsase, the
”M@ sloctiombchsnicsl rogidter 8 (it id thoin the Suppity source. The
o dragram (8 shoon th PIgere 3. 48, gl PLgues 6. L0 ahodd kb tastrument
SR . uand to coumt 8 colony of the cotiiiedl Hous Baat1e.
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mm-h ti’
Dalancy o4 ”“, 1y ¥
which saugd

fo conduct radioactive 40rec! shporimbite in ¢ safs maner in
plove boxes, & negitive alr proesure Gerbnila) must bo msintained tn
the box @ith respact (1) the outsidd stmoephdre. Loee of the sl batmce
cruld tead 'o the sapoiure of apd sting porecaset o contamin tod air.
Consequently, It 19 dbeirod (8 Kave an air batance monttor SNleh @it
tustantansously alomt glove DS OPOrstors 1. ..e event of an air systom
fattare.

The alr balance diftermtist batesan the gloee boz and room
Soniphere te maintained by 4 soction tan. A gass manonidter #ith a
- iL trap {9 connected to the tnsidd of thy gloee bot; the othar and te
1 (o room Zimoapheric pressurs. Rdrgibing the surticn fans to the
cirasd glove ot caunes the manombter Muid (0 rise oo ards the lesser atr
prorgure.  The manomater (6 adjustabld tnd cun bo reledd Into the gt
bovm path o lose of negaties presaurd @it odusd the Huld to return to

o ity leve) thereby sctivating the atarth. THS mansmater le diagrammed

t: Fipure 9. 20,

0012938
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T CGlove Bos '

FICURE 8.30

Manomaeter - Protocell *~rangemen:

The tireuit Jlagram 18 choen I Figure 5.31. The energised photo. . 't
causes transietor @-1. 8 o~ state swite’s, to conduct there vy Reeping retas
-1 inn an enbrgisdd scatd. An norsdse of photocdll r--eistence, caused when
Yt te removed from It when atr batance {8 'ost, cuts off Q-1 causing the
turm to operate.  Sensitivily ls adjustable with potentiometer 1°-2.  loax of
110 v g power to the full-wave rectifier bridge also cuuses *he alerm *o
cropplze.

Tha alarm is enargised upon closure of relay contscts K-18. Thig
cotion spplies 6.4 v 4 to Q-2, an oscillator ehoce frequency s adjustable .t
ihe chassls fuce with potentiometer P-2. 1 he output signal s coupled to Q-1
L1 amplitior stege which drives the loudspasiar. The votume 18 adogquate niie
the normil background noise conditions. No standby current 18 used in thiy
~freait and onty 0.8 mamp I8 draen from the batteries during norma!l alarming
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FIUIURE 3. 31
Clreuit tiagram of At ®alance Monitor

m e alarm haes heen switched on, 1t can be stopped by turning ofi the
ft will be noted that ros«'ting

cep, gwiteh §-1. or by resetting relay K-t
oly possthle when theare (s 110 v ac power applied and when the proper

C talance tn be'lang matntained. Whren these (wo condttions are fullilled and
tting atli! does not occur by pressing reset switch $-2. either vertic.!
Costment of the manometer (8 necessary or olue the cut-off sensitivit,
contiearetar, P-1, should be adjusted.
A working mode! of thic Ingtrumaent, (llustrated in Flgure 3.22 (s now

c1e at the Blology Inhalation Toxleology Laborstory. CUarefu! adjustment

g bench tenta proided alarm energising for a loans of air hatance dif

catind as amall as 0.t In. of water.
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¥he Bikainisa ‘f-m&alau umw; sawsu 3R S SAMIVS prOgFam
t# dsteFmIRG t8xisity sifscis of LARalsd Fadioausiidss (A Mimials. iavesti:
gstivs prossduFsd FeQuiFs considerable IABtRimERtalisa I8 saabis the
c16htiata to sbial the paramieiers Resded foF A5GUFMS dutermination of
actudl depssiticn and Feteation; Tis pAramsiert of tatsreat Laeiuds the
amsunt of ths Fadisnuciids 1B the asressl; FeapiFatica Fits; tidil velums:
ihe quantity of depssition in ks FoaplFAGFYy LFast; PARIGIS 8ids; Ambual
of Fetention by (ke aaimat sv65 & 1oag tims perisd aad e isMs elfecis of
the depoiltioh: Fechaiguss urs dvaliable fGF SUlaluing theas paraimuters bul
#llie varying degrecs of sucassi aid viRa Fastord: Ths AbFUmSa: deveiup:
ekt ofrort 8 diFseisd towirde HAdlRg more AsEUFME MAd LatisF wayi of
nibdauFIRg thed6 PuFiidetors. WOFK Ras BooA GaFFiSd 8ul 18 ald the bislogLats
io Hioke Fellably 48~ - tbBasd LAal Weidiis af thE SOFFPRBPORIAY FedpiFe-

toH rut§ dnd I8 £6B aihiount of total depouition IA the sxperiimbhal
whial;
iteapii atioh aAd Yeiums M ASUESEMERL

HedpiFatioh ahd volums BHEABUFSRISEIS EaA umﬁy bé Mads usiHg

sturdard pHeumBEFaph (6chAIGueS; paRticwlarly if the tei sAiMal 1B aniathitited;
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wowsvir, the Siperimenidl animals al NARISH) aFS ROl ARSSINSIIESY o5
inhaidiion studies. WRBtsad they ars (FAIRSY I8 UsS 3 FacE Mk foF xtbiided
poriodd of LiME: LuFiRg the SxpSFIMEALS; UBBGVEF; REFGUS ind budy Hisee-
inbiitd SF 1RB86 Made By animal alisHAIRI MHSMBLIAY (8 SalM (KG dogd daiup
ihe pheumopraphle Sy0i6M. 16 elreUIVERl il probism. @ tREFHILEISF bFidge.
shioRi 1 PigUFS 833, Wil dsvsiopsd 10 MEABUFS RABIFuIIOR Volumibs thivugh
the boolihg sHiset; THE IBSFMISF L8 ORSFALGY Rbak R UPBSH LIt ub tta
sotl-heatlig CHaFubtSFIBIG: DUFINY UBRIFRlIGK; 1) 18 608164 1H PropsHlon to
the peddlig dib ¢BIUMS dRY 1KY Feaulting BiGNA) G FEHES d6FOEN IHs biidge

(8 FeESFARY. MAES LHEFMWNGF SBolIAG 18 AIaS depbidbil uptd How File, &
Py oF Sallbration curver 18 mads: Folal tidii VBIUME Gl then B Eateatuicd
foi thi dofisililol computatiohi. The BHAES dhd (FanBduesF nie dhow i li
Figike 8, 34;

ko, is

Aniplitier ane Hecoidor

. 28 Skt
#: . sih (‘;".v,“z“‘“ﬁ*“

vl 8. 29
ThermiBlor gbzﬁ»
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Sgiation: RaRplelion Conisel V5l

The total depssition I8 i8 aRimAl A (6 SEPSSUFE SEpaciaisst
edid b8 cileulatod: PIFBL; by recordiag the sumbsr and tdal weiuis of
dii teapirations wiish 85ourrsd dUFing the SEpSAUFS; the veldms of
seros) the ahiial Ras Rhaisd Sa8 bs dtoFrRIASd: Duriig 8EpSSIFS;
saihpled aF6 taksl poFicdisdily ubiig a8 SiSGLFOBLMLG PFEsIBLLIABS (8
doteFtRIAS thE dorsBo]l SoRGERFaLIGN. §668RH by Muttipiyiag talid voluims
intai6d by the abro8ol soisceilrabioh, W0 (3ldl slpbsdre b cbidlRed. Al
sitidisnt HFoms the 40§ 18 651165460 akd RIGFSY 1O FOMBYE tRS FEBuating
radishdeiids MateFlal. ThE AYeFmED BStS SR th HilFaty aRd thd 6a!-
culaind niedit (8 ofiteh the aR1Eal 0D SapSasd 18 the (ot Wepsaition.

Thite dF6; Howaver, Biveril LIROFERE s0urS8h 8F ~FROF WA 104
meciod wid th SFFSF RARIEES 1D Rot ERUES UALL ARUF thS Ml U
encttHCod oF 168, THOSS SFIOF BOUFGES Misluds thS volummS sdibtiutibnd,
cohbbhitbalion Sampling: G8ad Dpaes th PABBAGOWAYS; DAY 1A58MPINS
separationd of Nalsd aad sshaisd asrossl; Tha velums probisis hid been
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tahiatint aRd sakadant
so1id statd sircullsy 8
operiticn 15 dessribed

systei; PFESSUFS SRaRJES :
1he transducsr Hrequsnsy Medilales ob cestiiaies sheas culpul 18 dis6rini:
thetod; GmpIHHSE A0 WDSH 18 LFHEHOF O GLFGU BAIGD 1A L OPOFLES FOLN

k-1 th the Gmiiter sircuit 8F @=0. This Slestronis swilch Missaaisly suppiies
pow6F 0 0a6 of the 90 solsncids Shish SpaFrals the sldiig valvs th ByRekiSHLs M
@1th the breathing patiess of e d0§;

The SipsriiRealdl Fesulls 18 40i0 ROV SRSUS ProMIas: By vaiij ths
ther@iator BHdge, FFOMISH S6GUFRSINN A GRISFRAMIRG MsFuuc] diposition sai
b 6ba3100d by Naviag o PecoRd of FOSPLFALIGE FALS BRD Hdal velums: CEalibriliok
ih Sidily aceompiishsd by using b variabie VEiuma/0pesd FapLFASH 6 ste il
catibration surves SLmLAS 16 tAS 5us SRSNE 1B PLGUFs 8.8%. Adthough the vaive
Hsd Hoe bash uSGd with astudd MRLRLS ik RRMMISK etpSiifitls &b y6t; the
thstetton-ekhalatiod coidror ¥AIVE i) GABSs100 18 LRip+O¥S tha Fettabilitty ob to: ..
dopodition batsulationd th MAUFS SUGIGR. THE ByBi0H); BASWA 1B Pijirs 8.98 th
v tralidil SUaIGH; Had dirSady daimbibtrated Fellubly that i san foliow the
rEspiration Futéd tup ic B8 FERPIFALIONS POF MIRULS) SRGGURISFSd 45 ' F 1
tratiiing. IHprovemneat aad MRl detaiiey L0Bking WOFk Bl B8 6. disted ih 1084
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ki ﬁ?‘f; ORI
Sais ajibse b
ﬁi& Hﬁiﬁilﬂl { @ §
Wit hb g

UBSUNR L.

Bulhisiopieal studies of irFudiaisd animals cReB Fequi+6 MoalicFiag
of plivitoivgiesl sondiiigng such ul budy Le-RPEFRLUFS; replFatisR Fi i ind
exvdlde netivity. Many bueh sludiss ars 16Ag teFm SuFiRY ¥RICH ths - e
conditioh Bt the dubjict Might vary from ambulpery 18 teFmiRal: WiHtR<y
FxpeFibicitatiBh 3R SUFEEFY May 3186 BS 68RGLHEIEH: Al Rhy APESIHE tiRis;
W 1s dbbiFabte 18 be dbis to MORRGE uh¥ 6F ali 8F the staisd physisisgieal
conditions; ‘vpteally; &) 66 the shimal Mov8s Rormally about 3B peR und GuFing
the 114l dtages '6i 1he i eFfiHal CaRs: Y tHE 1RiSF S¥eRt; LiAUCFIRG EaA k8
debd t8 provids 4 sigHal diaFR 18 the &-eht &f death t6 aiert 1aBBFaISFY Peribhie!
whd #hil PEFro-H imBEdicts posi mBrt6m (B80S analykid. 1B the teFmInai cide,
thi siibjeet 16 gonbraily IRcapactated dind tFaRBAUCSF 16448 6aR SXI6R4 &1 -~tiy
to g Feadotit HigtFumchtalion. A SigilaF situaticn sxists diFlng Bpsriticns
o bxpbrtinbile dhilt the 3UBJGEL 13 rSRlF3\Rud OF wRe§thStizsd: HOWEVEF, for
thi fisib typledl eds8, viryi~i d6iFe6s of tBISHtFy ar® FeIUIFRd fFEI thE
ambutitory saittials (8 8 Hixed F3E6IVSE IBF mﬁaﬂﬁi iRd H&BF&M&
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Fequiremeais 97 tormIRN
hidsdld: mm\um

ussd & solid stass tmf"” !
i6 &emb Saib ¢

Fats; HOAH Faly; Ild m&m | ~i “' »
LaiF worl WM sealared arousd NSMB Eamasey, M 1a 100 Ms/ase:
tFansriAnion (8 MIBINGFIED wircuiley: BRI ; x
e e b
5i8i8 F
sucesdating ussd with a shosp i the fiaid to telsmeter Brdy temps-alure

infoFriation: 18 additiea; piAmisiag mﬂu im achisved it & mpumaa
Falh !imm» . L

| mwaphmmmmm«mmmmwm
when tlcmetFy 1 BRsdLd whils walmals 476 BILESF POtFalBed oF IR tarminal
b:atul: Fhis aystem ulilined lnoiniivg soupling bamwses 1wo solls to tranaler
information FFOm thé animal 16 166 Foadoul aatrumeals: ‘ The firet oot was
sxcited by the tranamitisr and ths sssnad § mush 1aFges soli; Fepacndsd is
th magaetic fisid produced 18 the firat: Ssparation of 6olis up 6 b @ was
detéFhithed to B& feasibis wiils sich 610885 s8ipling wauld bs tybical in the
acttal application. Bach esil 1o kB84 I8 FB8RABES Bt thS 48 kS /B86 SaFFisF
frequeiey {8 aehisvs satisfaciory FespoRss: Fho LFABRINGF olFcall; abown
th FIgure 8. 30, UBGS &R Asiabls multivibratcs (8 GeasFalS the GAFFiGF IF6:
queny. TRe satput of the multivibraior 1o changsd I8 8 sinuscidil wavetsrm
by pasbing it threugh thé 18w pass filter compsssd of L; &y Ml €5
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Theriglitor T; 1s uasd (B LAMGLANNSS I5MABMIGOF: Ad the tom-
BEFatuFs VAFIS; (ke Foaiatance of thh HAREIIstF GRIREM PFORSRISRALlY:
The veitage change asreay tua BOFRUREE 1N soipisl through Gy; Ry ind
Hg 18 the multivibratsr phisk truulsi 8 1416 d EFONUMGY Ghaage: IR thui
HMAARSF; (SMPSFAIUFD ENARNSA G0N0 HFONNNRGY Si0inion of IB8 sarFier:
PoF & temperatuss ehaagy of 10 ¥5; 1 Was Gstermiasd thas 8 6 ks/sse
shange 666uFFed 1B the 6aFFloF: THE MMUIvIBFMGT i0mpIFMIFS Rabllity
{8 adeh that e frequency 4o ot change Over 388 cyeles 6% lempirilurs
varlitioaa rrom 18 18 118 B This was adeyuate foF tae planned eppilcitions.

The srghal 7o 1he Beart beal transducer is 1 the form of puilscs
which dirsctly ampittuds: meduiale the 6arsiss Hreguansy by changing 'he
badé bias of the cutput dFlver tFaasiEGE: &

The rospiFation Faté tFaRadussr DIGAM b uBbd 1B BRSFRLE By WhiLh i
i trandistor switch uaed (o start and 80 & | k6/86 sasliiMior; Gg: The

gensFated (oA8 18 usad i8 unpiituds-moduiats tRe SAFFIeF fFEQUEREY it the
FeBpiFatiea Fats:

The recsiver '8 composed of an amplitier section and thres
dembdiilating ehannsis;, 6h6 for Gach of the information slgRals: Temperatuie
o mation 1 sxtFacisd ubing 4 disds pump fFequsRey BlBGFIMIRaIoF: With
FOIBFeAES 1B FIgurs u. 38 aad €y; By; By A4 Hyg; tha fBilBwing dguaticn
applies;

; RET

khieks
P 18 the d¢ veltags at the colisstor of Qu
t i# the I equeREy

T Li the tlim6 constant of €; and Ri3
§; 18 K8 de vollags uerossd ﬂ“;

By makiig FF € < 1; (6 fellowing approximaiion can Bs mads:
o, & Bit t7
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From this sauam; &“

: 'tm&amum
lnear ‘fﬁnﬁm b:ﬂ:ﬂm ﬁw kil UFigeE m igu i:;ﬁfi&&i
‘ EBB‘ m n ‘ Tl.“f‘-vs,,\;“' ey
it el L ot mawmam_ mwmm}awm

{FIggOF sireuil suipuk varies Witk 108 AnGRLWAN Ul L0 Loput Bigaal. Wik Lh

propeF vilus o ¥ 18 it Ghple Ganndt ERAFES

tuily whea the pulss nm‘alml SiFsull decrsasss 16 A parilsuler

vilus: Fo remedy this; (hs  difFeruatisied 484 uaed 18 asiivate i

bzmm multivibrales i i m muliivibi Mok 18 BpeFaied Bl 49
gc OF 33: 8 ¥ 46 18 prev B Which i iA B8 BY¥ FuRgs:

The Faplration ra&s ewnsl b Wahé from the first amplifisr Gy
i Figurs 8.30; The sarrisr fréquansy 1o sliminated frem the respiration
b4l6 infFmitioh by uas of B parailel tuasd Sipsuit, €9 dad k. of Pigure 8.31;
redonant &t 1 ko/as; Howsver; the § 8f this tuasd siiam i8 sueh that the
hedkt Beat Fals i3 Rot atteauated sulicisatly; therssors; A diods pump Elreuit
i3 tded t8 obiain ms FespiFation Fits InfeFmation Witk the hear beat Being
fiiteFed out by €,y The hear Beat sijual 1s coupied trem tha Suipst of
&g 18 8 drtels iﬂﬁ twe ampiitisrs. ThS autput sigaals trem ail tnv-d
ammsia drive chart r-ssa&dm foF ssssfm m sigaal tFaces

!@ * fw e Ry s

The transmitier o5 &ma m&sm. lhain iR Figure 8.33; opsratss ih the
88 t8 108 Me/ioe frequency Bund: The sarris frequsRey in produced by a
tuhinel dicds saciligloF: and using a 6 1. astenna whip, the traRamiticd sipral
€4i Be Faneived il 108 i By & FecBiver Wih & ssasitivity of 18 uv. ThHise
iformatich signals Gan frequSREy mouiiats the sarFleF Frequency and the
inteilizencs Focovsred it the FEESIvEF. A protolyps Wil Bucesasfully tssted
ustig twe similited Signal tAputs: Feepisation Fate aid tsmpSFature.

Temperature iAfoFmation 18 shtalnsd uBing 8 thermistor in tie f+6:
quenty deterifinihg RetWork of & tFafisisBF B8cilialor. AS the temperiturs
ehaniges the Fediatidnes of the tReFmistor; the Fr8quEBEY CHARESE accordiigly.
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e
Bl Music wire

m“{:iim.a Wire

Flbolihp 8.8

M TraninttisF
A traidduber, SHowi IR Pigues 8. 83, which operates Lh thid MHannsr #4s
ussbmmbled thio a chpatt epois <pottsd 2.88Ue foF diFset tiiplantition th
animisl gubjects. THE trsndducer dutput mModilated the cdrFIor freguehcy
of the tradmiiteFr ah alidis rabé.

For vhe titial Btudisd; o comMBFEId] FEcelebt wal unbd 10 Fetbliv b
the tempersture sighdl. The termplratiire value wds dliriagbd digiratly on o
commercial Iy qubiity counter with Print-out capabitities. Fotr Hetd use. -
ministuriged rocelvar Is dhdbr dbol Bpibit,
é:.._w,m S o T :‘ D | 4

3
té
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Fora g
.y
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A FaapiFation FaLG LFaRRIMGOF; ARGVR 18 Figurs B.34; A8 vinpisys
i (HSFRLBOF &8 @ B6RNOF: TS ASFRILIGF GPSFASH 1A B BUif-RosliAg EoBaition
it ipproximately 186 €: H 18 pisaaed (o (Euglent the 66a86F 1A Lho Aabal Eivily
of the almAL: Tho coslikg SHEcts oF MepIFMIER G the iharmIBIGF will eduse
& vaFying vollage change asroas i: This cRaRGIRg voltage 16 udsd lu Bwiteh
s 10 ke /286 cacliintor off and on; had ModIMing RS FAABRHULSH &t 1he
FeapiFation Fale; TG FOEBIVSF Foceived 10 15/086 pulbed s4ch Hme ths
animil broaies: LAUGFMBFY Lasts have BOsR Qills sacouragliy:

— ti 584 e
=B
1Ok . Ripinat i
=ARA
ful
Fittulil 8. 34

Hedpiiation Rate Traiddic ot

Fieid Tesis

Tha teld tbats cohductbd (b date Have Bhitplisvbid the Hiiniature high
frequency ssitiedt. The Letifiorstiie | rdhdthib st Sus callbialed wiid too tente
niade dsihg & dkedp. THe Hirdl teal thvolvbd thiitaistlivg the {Foliaducor under
the back skin of the shebp. The uyiein spiedirbd (o Whetlon tilopiirts.  Thie
animal had boen shaesd srouhd the tingitait red, ditd 38 a congrguinet
ensironmbntal tempbratire chalipes atecidd the irdiiaditer Feuponat Y 3
second that, 1o transdibel #4d uskil rectatly  Compnkison ®a« made with 3
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standard (RGFRBMMOF 180 1o FOSulD BEFS Sitiin 0. 85 ¥P of such sitie:
BuFing the Latier teat; ke anlmal B0 FUBFRIAGA 1A 6B AlUMIRURM Eige
which eaunsd posF Signal (Fansaissien: WutuFs tesld aFs osdiIgHsY 1B bveF-
toms thiz probisii;

The saiirs (Frasmiiicr and it polysthyivas Mounting ¥ siph approsi-
mately 38 § and atlashmaal 8 Uhe animal 2as poasd A8 prObISHS. 1F Reces-
buiy; Uhe eatiFG uRl esuid bs packaged 16 fit bancath the Bkl W ith ohly the
dHteHHa dnd @ BaliGFy 6aa8 projeeting: Figure B. 38 siowa the Byiiem ui
usd 1 the Held Lesting:

PR S

5 R
piltliv 5,38
Teletiibtry Sydleis ti Vae
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B a8 dgté this.gh

thok @848 6 mmgﬁw‘w
THE Médsurbthent of Reat-oi m&axfi i #1268 $neFy Fangd 13 an

ektroriibly difficuit probléin. A msthsd 'Y tihi be Smployéd dhoreby the
ndtedinent cdn eodit the ditected ReutFoid @nd th adiition utilae appiopriute
volghiing tactbre 8 pirovide & particulas ovbFiall reponss. Appropriste
eolghting tactord tah bé doterminsd oM tRMoFmatiol boitalned in the
Netiond) Bui-a 6f Standirds Hendbook Numiber ¢3. '3 3 The Fesuliaint
caleulationd dhow that lit @ vhtford HEutreR Mk theFs khould bé abiout 1. 2.
8. aind 40 houtiand bounted fo~ wibs~1b8 of 8 &v, 108 kbe, wnd 10 Mov,
redpactively,for sueh onk thorthst nbution countéd: 1n athbe ¢orde, U all
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Rentrel 4 are ounted: Sach B &v ReuiFoR BRSULM Have Uis 6BdAl Kijiced
by 1:3; each 100 kev Reutren by & factes of & Mad 40 6a:

Neutroa deulmetry investigations with m%i?l% aﬂa&&aﬁ #4F§
cnfFigd but at HW by BsPanghar ahd Reaaeh. > > " & additiss;
drambistt gt al: '\ ltudiaﬁlﬁlw*ai HBdsFuaFd; MAd thelz teehniguss
weie 6r:pioyed by Hanking: '°°® .6 Hoptord work Mads ubs of Modirited
proportichat (BFg) seunters. and HiAkiRl used scintiliaticn detsetors (Li)
#ith vaFisus m?smau; it ¥as desided t8 pursus ths doglmEFy Iheasts-
gations using a family of sslid stats detseio & with appropriats foil eavers
aiid ModsFaiord (8 aitempt 1B schisve & uBshdl dosamleF IBF uBs B+ JF thy
thafiial through 18 Mev nButFoR GHEFEY FRgs:

T8 aRdiyse the eMeet 6f modgrabtny  -aleuiationg &Ad MEASUTEMH LS
wefb Mdds: HOWSVEF; uscauss of the conm1derable datall; this informatisn
wiil Rot b6 predsnted \n this paper. It LB piannsd (8 deiEFiBg the ExpeFi-
mehts 18 detast iR o foFrmal Feport; ahd the FEpBFt 61yt deBcFiBE the pré-
dictiohs of the Hux SpestFuih within the ModeFitsr.

‘1.6 moderate 4 AGU For Huk 18 d8psadant Both upon thS deattering
angle uid tho penktFat: ot usplh: THE thesretivil prediction ol the brerpy
spectrum 1§ ah exiFemiely difficult sHu8aveF Which would Fequiré folicwing
the spatial eso-dinates of Gack defisctsd arutiFon. THIS wid dbas by Shyder
at Lak fiidge Nattonni Laboratory for & BeRMiRAILE dilab of 88 cim thickneas
nsing o Monte Caflo progiuin. Howeves, Sliic ho ahalylie of this igpe hes
yot boen coriied out for the spheftedl §86H atEy dukd, thé eftect of the
moderator was predicted tor the prédubt tvestigatiohs By vad of empiric
data und 1 simplitied thierpretatich of thie ddta to ratuts tha smount of
modoration - seded to moderate high brgy - 2utions 10 d specitic energy
{such as *he resonsitce cross ssction ~nbriy of rhodium).

Bramblott, Peing and ﬁoﬂhﬁf"' L méeaguvread the rélativs counts
for a untform flux as 8 tunction of enbrgy. The dota wore obitained with
Ll" scintitlators for various diamoeters of sphevical mwderatois. For the
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praient itxﬁfefd mmmm m ma» ..eqa fformation Wi used i
pEsdict the Febpenss of thy thermal detocos; 18 Eppiyiag the lksrmalich
\6 pradiet the FEaponss BE thE FENCHARSE MELBSIOF; the FeleFuRced curves

weF6 .o bd 4P the GHEFEY m!s ity the amount from thermal 18 the reacAance
detsction SROFE:

¥oF 46 (BeEmal 6 high & Fangd; @ isds with & Li® feil sever and
i polysthylens moderiloF ¥as used. Tho MOdeFalor was choush as a 3 iA.
did§ 6F BpH6FS:. THis 8l appsars 18 provids the desirsd Fespsnas. A
comibeFEig) SUFfaES BAFFIGF - «iid Mtils 4R %F Wil ubsd With 1he aceois-
panying 147 ¥ coaled co¥eF. A cover usiag B'° may alis bu used.

i del6eting itie avaasF fBF the FSEOAABES &.oFgy FiRgy; tondideration
wid §ivbh 6 1he GREFEY of Fedooakes; the Ptadhuacs integral the arsa under
the Fe@BRanAcE poFtich of the 6roBh BELLIOR YEFEuS SAGFEY EUFVE compared
to total aread; the Raturs of the redulting ﬁmaasgmw. f&s 91 hfs gua
the & ‘i-(ﬁ of the charged particiss pjiied: Ma%"
aind Ai'"' Were condidered; and HR'™ His eﬁma fsr- 719 iiues u !ua A
short kalf-1116; a High eReFgy betd; and @ JaF§e Feachancs Witegral.

Uisiig (he FEBBRANES detbetaF, the Ru:ABEF of cotntd BblalAEY 1h | doc

cuit b8 rititiplisd stectronicaliy by &t appropriats factor {8 obidin a srodi
nuwber related to the dedifred valis 4B detéFBiRed by calibFation. ‘Thede

countd can thed 86 coResHbd (B n vOilas »4d & Eidpacitants tinl BE charged

with dn appropi lete REC time eondtait. AReF § 566, the vallage sorieupsiding

to the eloiment activity cdh Be Satipled ahd coMpared with the capaciiance voltage
The ditfereiicd of thesd :Wo soltaged cah aalh BE INterpreted dé courts occur-
ring during the monitor-ni titns. 1h deterfithiig the thickiness of the rhodium

totl, the ranje of the Betd particies must Ba efmabnd THe Moz num Fange
of any bete from rhatium {8 calcdiated dﬁ

{10 g/om? onors B . - 4. 44 Mov.
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W AsutFoe dhisld

§idcé tus dedectar 18 mclousd 1B 0 Uik
§ dstivatios will eseur dus

&nd the Fhodiums foil 16 ¥OFy Ui, QORHLY :
t the FeS6AZAES 67LH HOGLIOR Riacs the FERMIREL 6Fo48 88ciioB i several
maghitudes groater e (66 spHbsFmRat SR jeetica; WO g thicker foil;

«ii f the Asutreus with the ¥e8582568 MMEHEY Bill b8 Gaptursd Witkia the
hirat fow ing/cms of 186 feil sad the | fret thlp astivatisn

w11l URAEFES 11FgS BElt-AbBSFRHIGA: Fhe BELES Fagulling frea the splthermal
eaptuFe MFUReF R the foll will have a Bighes prebabliity ot being counted. it
14 apparent th & the eholes of the foli thicknsds will alfset the Fedpsnse of iho
detsetss;

T8 iiiuit Fate the dapendsncs of (ks divics Feapsnss upoh ths il
cavek thickaedd; fabie 5. 1 sho#s (ks Bu--26Rta§E 8f Neutrond EapluFed within
thé givel distar cé of penstratioa foF the peik FEEGRARES EFSEd HeGliBH: IoF
tho eFodd #ee)ioH ol 156 barky, and foF the avEFugs €roas dseiion (8 ba:Ha)
abov 8 FEEGHS 6.

FABLE B
filobi: M FOlL THICKNESS wnsiaemm ARSORBTION
" DF NEUTHONS AT THREE PREROIES OF INTEREST
{Thickaeda 1A Big/ eRY)
Neitrd: Flok  Rgbuddiice , . A»m U
daredi Rl MRl whgpbe
s .98 81 8 t, 480
18 i0. 8 493 ¢. 200
50 283 i18d i9, 143
15 s4. 88 3388 $8, s$is
98 142, 9 5123 48, 410

Since 'he maximum enhbrgy Feta ‘rom the rhodum decay ts 8. 4~ Mev.
the maximum (oll thickness that would gier & .ncrbase n counts would be
I 19 <'cm? whith corresponds to 0 098 cni. 11 {8 sebn that egsentially i
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of the HoutioRS t the FORBRARES SHEFEY Will Be dbBoFbed th ifie tirst thac-
tional didtance in (46 Ioll; Whereid; approkimately 80% of the neutrons at he
160 barn croid aection and only 5% oF the RIGASF SheFEy Heutroid @ilt be
abés b6d in the foll. POF d GHarPeF FRE~AEAEE MEARUFEMEAE. o thin folt may
e used: and foF @ diffuisd FeaponBy; (06 thicker foll Mity b8 used.

Becdide of %s Felutiodty 1argh ponbtiating distdies of the réaulting
betas trok the RH1O3 (o, & suifice BaFrFGF d16d6 dotecior & bgtd b very
thetfictent. THE Maxiiidi Fangs of thess botds 18 1. 19 g/erh® oF 958.8 u tn
siticon. FoF Mhcight counting, & 1080 o depieted itthium toh dirttt detecror
w:s uibd for the tHeedtifations. SiHed thiB ABibetor 8 sadd oiity to monitor
the fibderated Nuk 8t the redohaiics shétgy. 1 badmiuin cover wus 1sed -
etiminate thé t briHal fus.

Foi tast heutroi eretrgios, s dotector (s needed which nas o retativet,
constant sensittetty th the reoglbn t+oim | to 10 Mpe.  Ah glemen® with a
thr eshotd Heslon nross section is hetded. Am?Y, np237, gid 1238
have fisdlon crosg gbctione dppropria.e to this raguirement It is undewirable
tos use elithei Am24! or ‘Np”’ as the acitve element because of thetir radio
vetivity: hence,” for tHe lagt noatron detector, arunlsm elth the sotope g2
depleted twenty -told was used 22 8 i3 mg/cm’
238

foit cover

From the fagt neatroa capt re by 1!
1o figsion fragments  Because of the high (onizatton and » statively she t rng -~
any gurface barrier dotectnr will adequst-le detect these partic!os "1 (1 e

of the 19238

. the chayges nart.cleos detected

fol! und detectting jinctinn should he as large as noxgthle fo0 m v

st genmitiyity: thue, a4 9 cmz siurface hiarrter detector » a8 age '
Teaultivity

lLive to noth the reapective rroga gectionn and the relative namber o o
nedtrong per anb doge. the fast neutrosn detector ty the Hmiting clemen oy
2
sengttivity Vor the calculation  a fol) thi-kneas of 3 mg/em”™ aan dned oo

thickness corregponds to the waximam range of the regalting finslon fro e

,,,,,,
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 Prom the Natioasl BuFsiu of SIaRHRFdS Hindbook Nuiiber ps; the
dose tate of ;68 wiFSH PoF 40 B orFSsponRdd 18 approilmitsty 18
neutions/ pins -8ee 1B the Shergy FaAge 166 1 18 1€ Més. Approiinatety
2.99 & 109 nenirons/en? th Lhid SREFEY FARES dré squivirent (0 | irem
doge. The Nds coFreBpondiig to SacH count tromi the st neution cetector
can be culculated ud,
I count/Bee ¢ R oy N~
tn this oquatloi; o ¢ 1é *he Hisiioh cross Bectioh of 0398 Gk is takien as
0.8 Buiii, N 6 the nunbar bf uFailuin BtOF s th the dssuihsd thickness of
i3 mpleim?, aind K 18 the probabiitty of coanting the Hasioh tragimenie trom
2 4ingle tdsloh sveit. Solving for the fluk,
» - 18,87 & 16801 K Heotion/ ein?
ner one count for esch 'ci'n‘ of detbctor Subface. Heoce, ihHe dose tof-
reaponding to each couit is,
one - 5.87 x 16* butioda e _,1.88 mjipim/count
K 2.89 % 10° nestions/cm Iﬁn-bm-ci:’, K { cm’ detector srea
The tactor K #ti! sccount for the diode detector couning tission tragments
1o only one clde of the foil und the gssll-cbeciption within the foil. For

the tdea) coge, K will be D.S. The minimuin doce sonsitivity fcr the 4 8 crr 2
detoctor dned c3n be calculated ns,

mintmum doge - 3-29 t—‘i“m 4.9 cm” 0 088 mrem
048 ~m

+
.

~raurtd from carhh det.c or mugt he digerimingted, electronically
selghted, and summed to record doxe and dose rute For an experimental
deviee to lemonstirate the concep?, *tese elect-onic pro-~ssues vere performed

ing 110 v - sperated tns*ruments
Experimertal Evaluation

o ot s

e multiple-detector unt® a8 oxposed *0 r nnoenergetic noatsoag

v octhe Hanford Van de Crasdf facitty  The detectors we e placed tn [lixes
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Sueri thi nbeiton b crigy a8 st aldcrete edlied batWerii the avaitable fmity
of approkimately 10D kee aisd 8 Mev; wnd st baeh chi-cit energy. the county
vor pach detbetor €ore recBrded. Pigp-re 8. 38 SRewi thie thire. 1ssembled
srectobe 28 they sppeared IoF thi testing.

For the various testd cabrid out, tHe tobiitd trom eath detector
aere recsided did -ompared to the flux s dbterinthed by tRE Vdr de Craait
s istramentation, id tho heceeRary Stdle fictoie by @hHich the counte t-om
raci dotector should be weighted were ciltulited. The relatice response
¢ irve Inb osch detcctor wad plotted and then grdphically Hited ‘o the dagired
responze by multipletig each coint by o sultdble racior. 1. this manner, *he
« etphting fartors worlk dete-nindd ss {. 0 for tho therma! detector. 00 for
e regonance detector, and 4000 for the tast nbuiton detector. With thexe
actghting fictore incotporated, the respbnie of the integrated device is
shean tn Filgure 337,

FIGURE 3.38
Ass- mbled Detercors for Legting
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Duries recharging. o puise lg deecloped wihich ig aged 1o trgger
Ve v e ig-fom cireuit This fhip-flop Jien encryiges the clarm cireuts
ona.ating of on astable mualtivibrator andio oscili.or nad spe, S dove
ot The ap oKer 18 o mminjature carphonc counled to n cxponential horn
“he nput ctrenitry (8 o double emitier fallower which provides high inpat
supcdance and cetiable aburm trigeering. Tht comp'ee cireeit is ghown

Pagryre > 0

S Alarm reses ond olacm test foaet .ons are performed by magneticall.
operated gluss switches. This ellminates the need for opening the tage (G
venteve these funchons. The churge storage capociior is also charged
theough o plags switeh 10 prevemt accldeital capacitor disclh-arge and hence
iaabiiog of the dagemeter,

Two vxperimental dogemeters were fabricoted and thoroughl; tested
One dogemeter was odjusted 1o cause alarm signal activation [Lilowing a
duge accumulation of abuut 30 mr and the second was adjusted 1oy o 200 mr
Yevel  Testing indicated that alaurm signal stiivation remmtablmy valuex
of 14 and * 3% were obtained for the 58 v and 3“ mr anilg, respectivelyv.
As stted, o sunple moechauical adjustnemt within the chiamber can provide
dose value alarm trip points an dSBired. To alleviaie nunor angular
dependence response problems, ainte the lontgation chomber 8 close to
the several cirenit components {especially the battery), one init was
ssemb el v ith the pendcl chlamber mounted in a half-cvtinder oo the teon
ol the dosemetes sackage  This mehod improved the gituation, however,
conaparative!s Laiky peckage sesuloed “hus. the final model, shown o
Figures > 40 and 5 41 had the chamber mounted oft the ¢ s -fiber p ante |
crreult board  The congiderable testing acconptished indicated tha .0 n
pertormanee woantd he aceeptable and it wag tentativel v plansied to use the
prevared mode’  offsite fabrication procuremettt of a repredentative number
of dogemeters. Stadies and exper:ments will be continued 0 etfect improve-

meats in methods of meaguring dogc to personnel A report oi the work to
date wilt be published (o 1984
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riCuRe 8, 40
internal View of Completed Dosemeter

FICURE S, ¢!
complete Packanvd Dosemeter
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Contaminated Alr Montos ing Teshuigues
Pt — 1 o .
Atrborne Plutonium Dutection - D. P. Brown

Developmetit #6rk wag futlitied on the inveeciigation of
alpha energy unalysis technigued for the detection of alr-
borne plutcnium contamination. An sxperimental system
was assembled and tegted an ':-u k was initiated on a
damonst ration mode! to be us+d Buring biolog cs! inhalation
studies. @ original daveloptiiang work was ctuﬂo% ”te
in 1963. As a matter of Pevrew, getédtion of us{ Pu |
moximum permissibie si conoentration (MPCHS.12. 3.13)
of 2 x 10°52 yourien/emd {8 complicated by u varying
backgromgi %6‘“““‘ n?m ommYI. Since one MPC of
atrborne Puddd (g only 4.4¢ . 10-S disinteg: ations/ min/cm3,
it is necegsary to Mifrdb the sttivity on a filter to obtain
adequate measuragiont gmeitivity. Radon and thoron are
also collacted on the {iiter, and st times, their activity may
actumul ute n ’woral hundred times the required detection
level for Pud3¥,  Methods for the detaction of low level
plutonium air contamination were gxamined and g oeries of
definitive experimaonts wag carridd out. A senaitivity of
40 MPC-hr *au obleined nu:\‘s ;pha snergy analysis tech-

n. ues whera the contributis igher energy radon
an4 ‘horon which wppear i the Pu charyiel wers com-
pensated using electronic balancing circuitry. This
provided u considerabte redue'ion in tomplerity compared
to other alr particulate monitors of similar senvitivities.
Additional experiments showed that rmm- bucl’tgmury!
levelg of 3 mr/hr snd bets particie lovelg of 2.4 x 10
disintegrations/min will not adversely affect the sensi-
tivity or goneral operation. An increase in air flow rute
and/or un incresse in detector and filter diamet=r will
Improve the tasic sensitivity.

Diaruasion

< i 5 e e

!,\‘239 emits u'pha particles with energles of 8. 15, 5.13, and O}
“lev. Most of the daughters of radon and thoron also emit zipha purticles
ranging {n energy from 5.3 to R, 83 Mev Thus, with an adequate alpha
cnergy analvaer, it would be possitle to count only those alphas due to tho
vhitonlun on the fitter. However, obtaining suitable energy resolution
requires a vncuum and assumes a:l perticles are emitted from the filter
Lurface with no self-absorption. 1 & pructica! eyutern with centinuous fr
sampling, there is an s.r-filled gap batwean {thier aid detector. i addition,

0012912



8. 00 HV/-81746

there is ulgo some energy 10s8 from pertictes which had to pass through
dust on the flliar or through a portion of the Miter itself. Thus, each
emitter would exhibit a more or less ontinuous spectrum of alpha energles.
Figure 5. 42 shows a typical spectrum btained with a m:itichannel analyzer
with thin Cal ¢ ydtal as a detactor. VFigure 8.42a ie the spectrum (or
plutonium entrapped on a 3 in. diameter Mitlipore filter and Figure 5. $2b is
a apectrim of a typical radon-thoron hackground condition. Figure 3. 43
shows thege spectra gsuperimponad. 't ie easily seen that pulpes from
plutanium are occurring at pulde heig' 'ty where there ig relatively little

co:  ibutlon from the background. A single channe! analyser properly
adjusted .0 count the appropriate pr se hoights will permit dutermination of
the plutonium contribution, There will be gome counts due to background
counted; however, these can ba compens 'tod sy counting those pulses with
heights above the plutonium "cutoff' and using them to balunce the contribution
{n the plutonium chennel.

(x) (b)
Plutonium Spectrun Brekground Spectrum

FICURE 8, §3
Typical A pha &) ert:
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Platoniun el ‘

Rador-"Thoron =

PUIURKE 6.43
Spectra Superimposed

Iigure 5. 44 shows a block diagrum of the general system used for
the experiments. The detecto - s a thin {3 mil), 3 tn. diameter Cai ('T1)
crystal and ~ muitiplier phototube., A 8 in. dianater Millipor e fiter wan
ward with a 3 13/min airflow, The construction of the Millipora f.iter
tends to prevent the imbadding of alpha emitters in the filter: guch Imbedding
cansderably affects the energy resolution capabilities of the methord, Stun-
dard commercial pulse amplirier, single channel pulse helght anatyser, and
count-rate- neter inatruments were employed for the exveriments,

e e hne .
f UM
2 a *m’b A""" O M
g ‘ Iriadie mte v
Halam e and
E Alrrn

M E

pn--‘

“‘x‘l“' Recurdor

FIGURE 5,44

Rlock Diagrem
Alpha Fnergy Analysig Alr Monitor
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It {8 zlse pussible to employ wolid atate silicon alpha particle
dotectors (n a similur manner as used for the sl scintillation detecior
Fxperimants were carried out in parallel using this nlternate appronch, and
commercinl surface barrier ailicon unite were emploved. Fhe solld state
detectors provide a considerable improvement in energy resolution which
e!lghtly simp)ifiens the balancing or compensdation problen:; however, the
very small diameters availableo (3 to 4 cm) materially reduce the filter aren
coverage. A number of such solld state detectors could be uaed to view o
lorge fliter; however, because of dote tor container slae and edpe elfects,
the effective areoa coverea ¢ould he only 30 ‘o 40%. A second ulternat e
would be to program one detector (o physically traverge, vin mechanical
means, a large {iiter, Thin metely adds another item to fail in the system
and additionally inzorporates more complex switching rnd other clrcuftry
The compurative tests Indi-ated that the seintitiation approach was more
catlsfactory at this time.

For the scintillation energy analysis approach, which is less complox
and leas orpensive than the solid state detecior approach, the [deal system
would employ a 3 in, dlamete- filter, o 19 rc’/mm air flow, and a 9§ in.
dinmeter {1 mil thick) Cul crystal detector. ‘Thily would lend to a dereciion
senaitivity of perhaps 18 MPC-hr which would correapond to the more
expensive nind more complicated dunl-detector colncident -count method of
continuous alpha atr monitor| ig.

The system wnag asee.abled and cperated for approximately 6 mao,
Peostodie tensting with !’u”” samples d:ing high radon-thoron level buek -
rround conditions proved the ability of the technlque (o delect relativels gt
arrborne eoncentrations of ',“23" ne wns degired. An eQiivraient senaitivit,
Hf hetter than 40 MPPC-hr waus nchieved, and nn increased airflow with o

Intger flilter and detector coruld improve this If required,

Flgure 5. 45 ghow typical 1ecordligs durlng o high i adon - -on
batldup, The spike in the 1#u239 channel was caused hy o 1600 digintegratioas/

3! oy
tin I'v."“' source placed on the filter. The system detection abil ty ig clear !

1.
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: w Boks puriiclis und gumrha
rays a@ wbli b 18 Bt ol 5‘6 the detbttor
was dﬂ&“’& ﬁi ‘ _. | " e :’ " { | Eﬂiﬂ ‘ Br-¥Y 3u-ce ot
2.4 % 109 @aiAlogERLRAR B8, WL 106 VARRIGY iold shd bola bourew, iher
was i3 deteetully 1HaRbR v BE m& Sl B; WIkeR sanusl. Hodorur, 1ok
ot gamthy ﬁ““ 8! 5&& mi ”U’ theis Wi m ot il Uit rouB e of bouiit
rabe th tHe platoniiin ERARRED 20 bdtil® (NG bR PUBIBHL L8 Firety 1BmEald
platonssit EbalaRitHatiBR; Fhiehb siH sthEp REIRSFAP.3 e ate that tead BF
ateel abiutding ok th detseih Bhsiito 4 UBBA BHEIE gathini batkiroui doue

rate ridy ancavd dboih & ik IHF I k5 Khatsld RBRBHINILY 16 18 B uehibved.

Alihougt ihe SblAIKGY Benaiiiviy WaD Rbouk 40 MPC-Bi; & dehntie
inprovatsbint ull be seBiv-sd vithy BipREs SiF Bubiple Falel shd/SE by use bi
tnrger thdibelbh dethtithi. igdrs B, 4 HUMRFIIOY |6 saishiliReY Borisl-
tivitien F aevekal 1 smmm mikiorh SovEISRE il buiidord: the digh 1avel
Alphd Aiic Mohitup Brovides Stdbi RESPRIAtAY Whuk the biteF uipha
acti ty redchied u pradbierimtied 1v061 il i BB U8 Eompena ifd{i f?f withsh
aned lﬁlw&m kkvpbl!lb& di “h- "“b" 'Ni. M m ﬁ“- 'ﬂhﬂﬁdf “8"
two detectorg Yilch s3mpBIe sbar die HGH ot] Bapp!ibi Hln‘?ub dijpousdly
[rie of voiftatitiibion, s Metiii dbved ALl dantise 18 Hiedaiirba the
Fate of bullihip of siptia aetive:, dnd the sehdliivily is tinited Wy the duginmm
expecibld ek bUlldup Fats o radol skt RBPSK.  The CBli.eldedit-tount Air
Mooy (5.17) providis the best sehsitivily; M'ﬁ/ﬂ'. i should be noted th

while the atpha etetgy wvislysis wiethod I8 Hol e dbnsltive, it in toustderably
C Vens complis and ledy xpierinive  For tially a"p"ﬁ“\:n'“'m! the udtpha etergy
analysis method provides an excellens combb.atlon of sehsliivity. IR T
simplicity, and modebidie ¢ o8t Mk coitinuods d60 Monitoriy.

I Litgel 1hen B81E Bhate deioerord ol abbeplabie temotulion berome
avaihable at tems vont. thE dee of mith dnion shodtd be beconsid .. . for alph

att monstoring. Colimideracton o al! faetsrd tndieated tnat, o thils ibite. the
seintotton niethods e Bupirior
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