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ABSTRACT

Reclamation O.ta from Operation x are wied to illus-

trate a method of trPating and analyzine such data obtained in

field-test exr•" ts- The method utilizes avilable rseAation-

scattering coputatios to estimate the contriUxtion of radiation

sources outside r*claimd areas to the zusjation field inside the

are"a. These contributions are than subtracted to dtermin a

sore accurate value of the true effectivvmess of the reclamation

procedure or procedures.
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M0 The101 = SNVA

In reclaiming coutaninated ground area and buii3ngs within an
extended area cotamited vith radioactive fallovt, the radiation r.a-
suriants include contributionc from radioactive sources that exe depos-
ited outside the &rea of interest as veil as within it. In order to
estimte the true effectiveness of a reclaution procedure for reclei-
ing a large portion of the area by realaiing only a owill part of it,
the contributions of sources outside the reclaimed area to the radiation
field in the saaller nuzt be eliuinoted. The true effectiveness values
am needed to correlate data fron different Vista to VrovAde reliable
performence infornmtion for planning radiological countermeaures.

Tba mthod. of analy•ing the data presented in the iwpcrt dhoved
that, in carrying out reclaitlon e Xermets, a certpin swount of s•pport-
in data is reqaired for estimating the effectivense of the proceduri.
rases include: (1) aec• of the fallout field, (2) the variation of the
2aMation Inte"ItY with height (Prior to doont',ination), (3) selection
of monitoring stations at preferred locations - i.e. tboa at vhich the
scattered radiation contribution is the smallest, (4) slection of pro-
ferred voeoetric arrangmnt aong structures, areaw to be reclaimed,
=A Monitoring statios to facilitate the data reduction en interpreta-
tion, (5) collection of fal).out ueUe to deteaue the =aso of fallout
In h area, sand (6) mosamoornst of the fallout pattern~. The asthod was
olied. to reclatioan data from Operation WNM Aare two land areas

ar d the roeft on two structure in an area of light fallout vere
X k ntmitedo

TM low initial radiation iW.*zitie £ associated with the s=3l
M t of fallout on the test area ad ri, oultant low readings oa the rad-
laos lead to a rather laUr percentp e9.o in reclamtion effectiveness
values. IM low t of falloW; also lead to s decqntamiAtion
*P•ertCe values than vold have been t• e ca" for a heavier deposit.
ftn Ste.n intormU teUc at hiher initial levels of fallout would be wach
ire applicable Wo the design and specification of radialogical counter-
eaiure syots.

iii:'
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SECTION 1.

I1•Q!•?IOM

1.. OIUECTIWZ

The objective of this report is to present some of the aiableble
methods for analyzing and interprtit ruadilogical countereasure data
obtained from field tests. Field -adistion measurwent &at^ inclu4?
contributinm from sources of radiation that miq be fumirly far from tho
da4ctor. When a muall area within a large contaminated area iz rc•A•i•od,
* considereale fraction of the radlation field in tha reclained area me7
be contributed Uy surrouding axwces. In order to "Uri.ue the effectiv-
neas of the r--clemtic prcedure for reciai&ing a 1are area wrm u.-
aents on the smell area, the contribution of the outside radiation nourcc_
to the radiation intensity inside the reclaimed area nuat be0 Cter-ilmd n
subtracted. If this is not done, the resulting effectivereas valu•s will
be in errer and the dato cannot be correlated vith results from other
tests.

PNrtient data, obtained at Operation PLUICOM after Shot Coulmb C, 1

ve" aaa.ivaed and interpreted to illustrate the twe of come co•utatiorAl
methods in estiating effectiveness of reclamtion of land eama an d build,
ing roofs.

1.2 SCOPE

The experimental data used in dsmonstrting these methods "r the
results of reolaition procedures aplied in a fallout wre -hero ruthor
low aootauination levels f"a Shot Coulomb C ex1sted. Also prosented. e
backgrovad informwtion and analytical techniques necessory for the reduc-
tion wAn interpr.ation of the reclamation data. Th6• p cuutation datailo
are inclued to Indicate as, clearly as possibla the difficulties involved

rA4 the effozt r uiro in planning, executing, and interp-in Al pcon-
twuinatio. experiments carried out at fio3A tests. Buca infornation is
often helpful in the design of future experiments of the sann kind..

1



103 BASIC CONCEPTS OF DECOYTAMINATION OF FALW T•
FROM K• ARCXR =,•I NATIUMi 0N Y1

1.3.1 Fallout-surface Relatiouship

Any concept of the interactions between fý?'_out aud Materiel asur• _•es
must mnclude a precise definition oZ what falloi t is to that the basic
concepts of decontsmsintion can be establisheA mar. the appropriate inter-
actions considered. Surface reactions, in genera..l, are e•trewly elensi-
tive to the couposition of the surface and to the nat=-,! of th'. intpri.ct-
ing substance. The type and degree o" surface reections of io-is, col-
lolds, and larger pa•rticlaz can be entirely d.ffer't.; in ft:. t, surf.=!!,
reactions of ions of the se charge but of differeut size are different.

In the area of local fallout from land surface detouatio , the •-'-
'Licles cuarxing the ra4ioactive elements ane mainy in the form of =lted
lici= spheres. These particles are insoluble !r vater and most acidic

lutie..n axA the reidioactivit~v in tha in act *r=,Red In -ucb madia.
3awan- melr, = lar palticlem Isposited farther do Ti". can bAve ame of the
more Yoiatill _-oactive ele= ts cadwistl on tboz.ý srfaecP; the latter
arm r*elv,...4 into Waer and acid¶.c s'ciutionx. T, ;%-rsnge fallout and

- :,i, p~rticloa formed froa a asto~~ 'rizz o'ý" wnizrely, dIffe-r-
,i. substances. Aaueous s•edia vaiU leach or d: -:e fis~ion products
fr,*& the vater-mol'ble particles and partieles vnere the activity is oniy
afSor•id on the surfact.

The interactions of interest for fallrat £rom a land detonatiui ý_e
those that tcke piaci between silica particles "d sur•faces, and, for
regions of s~gniticnt levels of local fallout, the particl* sizes of
interest arx 75 u and lrger since these carry with them the v'jor
fraction of the radioactivity. A decontaenation process that rencives
the" particles fro a su-face also rov.s the radionnclideo6 Nsed in-
side tho particlea.

1.3.2 .%eeasurnt of Decontaninatioa Zffectivaness

In a practical sense, a precise) description of ths' nt.ture and strength
of the forces holding particles to surfaces e not requirs.I to describe,
in a general vny, an observed deontdaination result. For tVds purpose
Vroximte4 relationships betvwen the mun of fsllout ejeosit&. per unit
me of s-rfase and tbe iomt raining after Mliv.tion of A decontan-
Ination method such s firehosing have 1ean dovlopeA. Nany of the cot-
v deoc*Asratlon watbaft tle to reduce the inltka dpoeit to a. given
S"Uoft Proi la4 the initial deposit is heavy ,ncuz& to give at legat a
urit IA, of prti cels on Ike surfawe; thus, if the awunt remining is
c cokisteM, *A, fcr a given surfac.-dsconutsinstion ithod cdmbimtion,

Best Available Cop'



toe fraction re-i n, no In&1y oroportionva to the initiml amount,
or

Fu (1)
y

ir %rhich F is the fraction remaining Lnd y is the amount deposited in =sao
per unit area. Besides the method and surf ce, the value of P% preumsbly
dapen4z on the particle size dictribution of the mas deposited; but where
the eral size distributions are roughly the &ame this effect vould be

inal 3 For deposits of e-_-- th=a a unit layer of particles, R_ is nilti-
plied by the fraction cf the unit -r-e co.ee 'with pertwles ; .vbn this
is dOn, 2 Iq. 1 becos

RX J1(2)
y

in which e'kY is the probability of a f!-alLing particle landing on the sur-
face rather than an previously deposited particles at the deposit 3,evel,
y, Wad k is a constant that depend. on the roughness of the surfaci and on
the mize distribution of the pfrticles. The limiting vulue of F at low
VWIUes of y is RM.

For decontam!ratioa data obtained from radiation intensity data rather
than maks data, evaluati.,, uf Eq. 2 requires a relationship be-teen mmas
of failout and the radia~ion intensity - i. e., the axirage specific ctiv'-
Ity and the ionization from the emitted photors that spply to the geometry
ef the maeurement. One general relationship is

__() Wn (3)
M•_"(t) - (Ao/Aa)q b [lp(t) + li(t)

in which

irt) is tht mass contour ratic given as the ratio of mass per unit
area to r/hr,

W is the total yield,
(Ao/A4) is the correction factor from the scaled depthk \ h/wl/3),

to a surface detonation,
q is the terrain factor,
b is the ratio of fission to total yield,
Ifp(t) is the theoretical air ionizaticm for a given number of fission

products per unit area,
li(t) is the theoretic..l air ionization from the corresponding relative

number of induced activities per unit area, ard
K i s-, constant which rclates yield to number of fissionz, fissions

to number of fission products and, la their photon emtr&ion, to
!ir ionization intenaity, and lastly, ycl3A to the man of soil
that becomes associated with the radioactive :Products formed in
the detonatiou.



For an initial intensity or ionization rate, I(t), at time t after detona-,
ticn, Eq. 2 is t'em

a -kPI I.1 t) 4
X, (t) 1(t)

Xquations 3 and 4 sugges•T several thing u i-41".on to ' a
taA data descrlbed in this report. rirst2y, the amunt of ixiformtion
required to interpret the data relmtive to data obtained from ;reviouE
exleiments is extenlv* (yield; haUiht QZ burst, radioactive cozZoitiol .-
terrain factors, etc.). Most igportant, of course, is the variation of iF
with initial lnteuolty, 1(t). Equation 4 predicts that r increases " i
decreeses co that ean apparent low effectiveness in deconamination at low

eftfect of level is not accounted for. Secondly, aa ;r in tt.
tion of the equation constants from enirical data at low level s w-uld be
mre serious than thosa dete riznd from data obtained 6r high levels;
obviously it vould be better to use E1q. 4 to extrapolate data from higý
levels to low ones rather than the reverse. If Eq. 4 were exact arA the
data also accurate, the selection of the initial level would be lmtorial
to the use of the data in detersining tIe equaticr constants.

4 Best Available Copy
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OMT11V 2

2.1 ••a

Two buildings were used in the experiment, two end bulldings in a
gz* of three. Their location with respect to the Coulomb C fallout area
is, ho in Fig. 1 by pointa A and B3. Buil&g A had a concrete sl.t
roof, and 3 a ecposition-shingl pbled root. Their respectie reTsda
Test Site (NNs) station nbwrs vere 31.112 aid _1.1C2M

The rllecmtlon experin•nt a: carried out in the folioving st'-pb

1. An arm vas staked out around each building and mrnitoring
stations selected cm the roof of each building and inside Build-
ing A.

3- The e .rea ab - •.i4 A d decontaminate by acrping.
4. The roof of Bilding B vwa decoutminat4-d by firehosing.
5. Mw azve about uiliz* A and Building B vere mozitored.
6. fte roof of ThiiDIng A vas decontAudmated by firehosing.
7. Te roof of Duilug va monitorvd.
8. The area about Btd.Iing B was decontaminated by scraping.

Y, n roof oi Br.UiwA A ws further d.c-.t.mimnted t ascrv.bbi•g
with detergent and then vita vater.

10. Ta roof of PailWa A, and the roof of amd axm tu'ound fuild-
Ing B vwt onitored.

The monitoring stat!xon locations about the two buiJzga s •hoan in
74. 2. Although a mr de+aIled monitoring arry might be de.IreA in
*om teechnical expewiinets of this kin4, t.e xta'a U"e lu'valyn to nkze

M survey mast be taken into account in tixe plan. A single -: o1 r-,Rtx-
Asst in such of fe~zr direetilons frua a structirre go~zrally itili girn a
rvevasbly accurate Picture of the w6nitud. and gi• ent of tbe re&it-

bhe station locationm and numbers for the building roofs are given in
Fig. 3-. The station lcrations Luslai Building A am shý=u in Fig. 4. In
each of the figures the direction of north is given for orieuLation.

Best Available Co,.,
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Fg. 1 Location of Buildinp in 7trllout Area From Shot Coulmb "c!" (H+22)
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71U. 2 3Iomitorin& 8tatim Locutiosa Arov~l Buil4L~gs A srA P. Wmt-
tioew var coded 4ca a. sbtica.Uy andv left to~ right nvumr~ce1y.



Two re@Ainag vero taken at each station; one at surface lyel and onc,
at 3 ft (Vaist level) above the surface. All meazurwhti: wra mde ,r.-th
AN/PM-39(TIn) radiac inmsruents-. The radiac were calitrato-d at the 1T

Rad Safe building.

2.2 RV.UMA!ON • P!OMURE

2.2.1 roundscMIS

Thj scraping procedure was carried out with r. single motor&-sder.
The surft.ce of the soil around Ruil4ing A was f--Ir-34- -coth and contained
few, if anp, lae rocks. Since only a single w- nmeuo wi to be used,
the depth of cut ws set to about 1-1/2 in. This permitted the motor-
grader to push the windrw out to about 150 ft on each side (170 ft frcm
center of the buiding). This we dm by dividing the area into six
sections. In eac- setion the first set m made on a line passing one
side of the builAing with the tpsoll bUsig pushed out.ards. The motor-
pwler backed across the cleared area bet"en each cut. After several
passes, when the windrow becam large, the remindwe': of the sectiou vi
h.Ived at right angles mad the soil again pushed to eithbir sui of the
center cut. Only a mall section remained i-en these vindrimm became
large. The abort windrows were pushed out by the notorgraaer acting an a
bulidoser I by taking a diagonal cut starting at th cn+A*r arIp 1f o
windrow. A few hot spots remin.ed where the bla4e "missed" due to depres-
slons in the soil surfaiq: time did not permit making a second paus over
the area. The finsal uyea cleoa-ed areca Building A wma about 3)40 = 31!ý ft.
The clearing began the afternoon of D+1 and ended the morning of D+2.

Around Building X, where the surfaae of the soil was rongher than
around Building A, the matorgroder cirvýe I.he 'buI1dimW and pushed the
soil OutuWd. At thbead of D42 ,rperat•l•s, P. swath 60 ft wida (75 V,
from building center) bad been r€7sped; this vrxs about as far zz ts motor'.
geter cold be used even with tho shallow cut vfthou&t baviun to revort
to removilna the wixixewu vi+i, nit.'re ee± z :

2.2.2

The roof of BIlding I we washed da_ using a water tank truck,
_r*, and a firebbej vsvA" arý-by -f

the pwV to produce iproImtely a ýO-psi noz&le piessure. At the loveiu
of radiatio encountered (20 to 30 mr/hr at D+1) tbs.e were ao falout
particles visible. This ad. it sonmewbt diffIcult to az -.-o a. goca cov-
ergsg with the firshose. The washing was aecplishod by Aassia horizon-
tally along the ,oof, starting at the peak, and tryL3 to put the c'ull
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force of the sprky on R swath 2 or 3 Ghl•ie. vid-

On the concrete slab roof (Building A) lome clean earth from th.
cleared area vas sprinkled on the roof as a visual aid for the operator.
In the latter case, the width of the roof vas divided irto strips about
5 or 6 ft wide, and each strip was cleaneud by the operators svinging the
hose from one edge of the strip to the other an they mr.,ed slovly along
the strip. After each strip was cleaned, the nozzle operator took csa-
tion on its edge so that, in swinging the nomzle, the spray would not
scatter fallout particles back onto the cleaned areas.

The concrete slab roof vas scrubbed with detergent after a single

pass with the firehose (allowing time in between for monitor.ng'). The
detergent was mixed with mter before application; the solution wao
poured over sections of the roof and, in the process of scrubbing, wan
spread about further. Aft=r o--- aection rs scrubbed, solution viw
poiwvd in on an adjacent section until the whole roof had' been treatfe.
The roof was then flushed off with the fireho s; the surface did nor. dry
before it was flushed.

2.3 KEMOMM

The measuremnte obtained on the AN/PDR-39(TlB) radiaca are given
in t+baljlir fnwný 4,ý £A.sA4i A



SECTION 3

METMOD OF ANALYSLq AND TAXAT OF •",E DATA

3.1 GMMAL

Data such as that taken in the described ezeriment require only a
correction to a coomon time due to radioactive decay for presentation interms of a residual nt-;- z 00.. r-aiation intensity &ft.r decontam-
inatiun to that prior to decontamination) for the xpeclftiý_ r i.+
operation. Since the residual number is defined as the dAecimal fraction
of the potential dose that would be received after application of a coun-
termeasure, its approximation by ratio of decay-corrected raiiation inten-
mities is valid only for the fallout from land detonations where the
radioactive composition is not alt-ered during reclanation or where the
decay of the radioective substances rx ining on the surface after recla-
nation is the mo as that of the original fallout.

If no errors exist in the original intensity ea&urevents, the eacr-
isantal residual numbers from them should v-.ry from 0 to 1 depending on
the location of the measuresints. These residua]. numbers will apply only
to the specified experiment and cannot be extrapolated to other levels of
fallout, to other go trieal. arrangements of the radioactive source, or
to other-ai•o4 houses of the save construction. Further, these residual
numbere are not a aesure of the amount of fallout removed from the are&s
wAs surfaces by the decontaition procedu-vs. The reeson for these
restrictions on the utility of the residual nvmbere is that each tbzarv.d
readin6 Is a measure of the radiations origin-ating frc== a3-e nt--uber of
radiation cources and that the majority of the sources may be located
beyond the %rmes azA surfaces that •or , --.- te.

In order to deteruzne tha true efffctiveness of the reclarAtfon pro-
ceduraes, the Total radigtion at all lewations must be dividod into two
part=: (1) the con-tributrion frou the radioac*zux rces in the areas and
surfaces treated aid (2) that coatributed from radioactive sources out-
aide these ars and eurfaces. The -athemetical notation is then

-(o 1A + 1 (5)
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in which I(o) is the observed intensity (corrected to a givwn ti= after
detonation), IA in the intensity from the areas and sarftres of iiterest,
and I is ttat contributed frco other aources. -n morvt ceses it i ceon-
venient to convert the =,4 to either a masure of the vource intensity
per unit area, I0, or to that for an equivalent infinite plane scurce,
I,. The ratio of the latter two Tantities is deaigrated as

oe. - /(6)

Furthor relations betreon the above quaztities are defined as follows:

and

q- 1- (8)

and, in glemszini,

1e A + I

ase t+t 1(o) is al7Wy ass. %teA v*, I a; bese

1A- q10 (11)

an'

By definitiw, the dCcontennaticon ratio is

387/ (12)0 0

in vw•eh Ic i the source ivtensity per unit area after decont~aization
ZaM I s &at prior to doerntsimtiou. At a given location within or

near the treated area, q iv tv saw before and after decontams.nation if
the area, Is uniformu.y d.~wavtauminted no that

-•, I,/iA - i'(o) - ( "L')

" A (o) - IA

It can be sean fr•uE 5 amd 13 that if I is 2&-.11 cosiw-ed with IA,
then 7 Is simpy I'(o)/I(o); this value will b- o•bt-z d if the r, _
Areus are SficienWly large or if sufficl.ent shieldji% exists betmee the
detftor nA the sources that contribute to I. For tha large are", the
valu of I is eqwa to the residnal nnober.

The values of I for the experimental gecmetzlea are estimated in tbe
swainer of the section from tbe computations of C. F. xsm~nda, et al.4
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Tue computations are intended to bias the cbserved redings in the proper
direction to give more reallsteic values of F than could otherwise: be
obtained from the observed data alon.

The analysis of the data from the described experiment is given an
follows in the order required to reduce the dzta to P values. The mAn
steps tre:

1 Determination of the De.ay Curve and Computation of Intensities
at D+1.

2 Determination of the "Terrain 1irrtor" Prom the Data for Use in
Computation of p, 9" and I.

3. Determination of Variation of It: ersities p'ith Altitude.
4, Determination of Scattered Comec.aents p and q, for the Various

~"•-t•d4. ""d in tht xerzi4wnt.

5, Estimation of DecontsnzInation Pes.ioo for th- MotorZrading of the
TWo Area".

6. Estimation of Deconteainatiou Pitios for the Decontamin&tion of
the Concrete Roof of Building iA.

7. Estimation of Decontsaination Ratios for the Dezontaxtnation of the
Compoaition Roof of Building B.

8. !ativstion of Shielding Factors for Building A.

3.2 DEYTRMaATION OF THE MCM CURVE

The maesuresents given in Table A.10 of AppendIx A should hare pro-
vided the recessary tnfermation for waking the decay corrections. Hovever,
with the dta pltt*ej, the slq•p of te lcIAMthec ou",e apared to be
too stee it coarison with prievious data fri lan surface detonations 7

for use. A number of repetitiýe amesurmwmt••a n WA around Building B
were available and these wre usit to detersin an acceptable decay curve.
The decay frov 26 to 46.2 br ie ccmputed in Table 1 and from 26 to 49.2 hr
in Table 2. because of an apparent grAdient in the radiation field about
Building 3, the readings were averaged by grop. as indieated by the sta-
tion designati4mn.. In Table 3, for 27.2 to .6.2 hr, the roof readings
on Bulding B arm used; the two sets of readings were taken after firehoo-
i and before ncraping the area. if the value 0.542 is divided into
0.83, the value 0.891 is obtained for the decay from 26.0 to 27.2 hr.
(a 15 uin. error in measurement'tins would resiult in a sgnnillcant nrrnr
in the ratio at thi; tim after burst). Min nwwnr of couting the
decay includes any drift or ,bazge in calibratioa of the Instruments when
they are not usei to measure the decay of the field independently. The
intensity at 26 hr was arbitrw',ily a4juxted to 30 mr/hr In plottitn the
curve in Fig. 5; thi reedings at the Field Docay Station and a -1.2 log-
slope lins aew given for co,*rison. The readings at the Field Deky
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TAMZ 1

.coutation of )ecaLy Aroun • NlAding B,
From 26 to 46.2 Ur

S ,Ue Readmg (mr/br) 3-ft Height (m/•_-)
Station Ii 12 12/i1 11 12 2/I1(112) (Rmi6.2) (H+26) (-4+,6.2)

A,B 25.5 12.0 0.470 23 -3. ý .5 0.457

DI,2 30.5 14.5 0.475 27.0 1.1.5 0.426

D1,7 35.0 18.5 0.528 320o 16.5 0.516

.2.0 35-0 lb.5 0.471

AV. 32.9 16.5 o.498 29.2 13.8 o.468

(o.498 + o.468)/I. -.-483

TANZ 2

to( BecCy Axrouna mudiJng B,
.r z26 to c "2 Hr

Surface Readinas Cur/br' 3ft Height (mr/hr)
ftAticc T 12 121 11 1 2 12/11(H+26) (Rm . c,,2) . ,(3+ 26) (H+4. 2. )

A.3,,5 26.7 12.c o.449 24.3 10.3 0.424

C,D,E1 28.7 13.3 0.463 25.7 U1.0 0.428

G3,,5 42.7 19., 0.452 37.3 17.3 o.464

C,D,J.7 39.7 17.7 0."10 36.0 16.3 0.453

AV. 34.1 15.6 0.452 30.8 13.7 o.4i42

(0,452 + 0.442)/2 o.447

16



TAMN 3

Ccoputation of Decay on Roof of Building D.:
S27.2 to 46.2 hr

Station 1 12 12/I1 13 12 IL1(Z

1 13 9 0.69 .5 9 o.6o

2 17 8 0.47 17 8 0.,47

3 15 9 0.60 13 9

4 14 9 v1.1 ?o 10 0-50

5 20 9 0.-45 17 10 0.59

6 20 10 0.50 20 10 0.50

7 20 1.1 0.55 19 U1 0.53

8 18 9 0.50 15 10 0.67

9 14 8 0.57 16 7 o.44

Av. 16.8 9 O. 0.552 17.- - 0o.533

(0.552 0.533)/2 0-50.2

Stution at the Ifterz tImcs m.y an" been in.luanced by the scrzpdd ..ree
at IMII A I A - i. *., it x~y ot bave been far angb amy - or the field
abou it 987 )mve beeW diettWed by the pes-paeo of vehiclee between the

Tbe swotbed values f the duso o"rrection fowtors am stamarized
InTable 4; tboo given valva wa used to correct all teremdIzs listed

in Append A (@=ept Table A.1 an A.*5) to +1, The reuilts are tabu-
lat~ed In Appendix 3
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TAML 4

Smoothed Values of Decay
Correction Factora

t I(arb) Cortection Factor

(5.h~r) (mr/hr) to 11+24

24 33.9 1.000

25 31.8 1.06

26 3o.0 1.13

27."2 28.2 1.20

46.25 14.5 2.34

47.0 14.2 2.39

47.5 14.1 2.4•1

49.0 o'.S2 2.51.

49.2 13.47 2.52

49.58 13.32 2.54

49.67 13.27 2.55

3.3 Un•nau. IOM OF THE "ZAIN PAC=* F7EW TUE DAn

The methods of accounting for 'b effect of terrain on the radiation
intensity presented in Ref. 4 are: (1) mixing n? +he "- "ts with soil to
a depth, Z; an (2) burial of the sourcos to a depth, Z. In the couputa-
tions to fol3lv, the 2unctioa given for unIform mixing will be used.
The depth of the mixture, Z, aft be deteralned fris radiation measure-
mante takei at several heighta above an extended source. The ccA:utations
in Ref. 4 are for a photon mwjry of 1.25 New; this energy is higher than
the mean pboton energy of fission product photons which in betweevn 0.5
and 0.6 Kev at the times of intereit.3 If all the real linear dimensions
are multiplied by 1.5, the ,effect on the coputations is to incrense the
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source energy from about 0.5 to 1.25; conversely, if the linear dirzn-
sious associated with a given parameter in Ref. 4 are reduced by 2/3, the
effect on -tb ccMutation ! a to decrease the photon energy for the desired
effect fru, 1.25 Nev to abou, 0- Myv. Although this type of scWing is
not exact, it will not be in ikM error, especially for photon energiec
where the attemation by ai )md sand Is due rinly to Comton scattering
amd vbere the seatteriM buf14l-up f!to. d&oes not vary aignifieantly with
photoa energy. In such a cua , the difference in th& l1mecr abi-oxption
coefficients vary almost linearly with differences in the pboton energy
so that the ratio of the absorption eoaffilents at the two energies can
be ums " a I' soale factor on the &spt of Wixing, Z, the height of
the OaOurwent, b, *a tte d-i4-1= --f m c vtnAet slab (ridius,

o, or aides of a rectangle, 2& x 2b). The C zo f r, Ti ant q for
this cheoga Iz 31 -=nai(as Vith pboton e.nrgy will then roxmin con-
stunt. Thui, for the 3-ft r~kaingu, the height to enter in the tables
in Ref. 4 is .45 ft or 1.37 ,wters-.

&a a first wtep in dterUraning Z for the mesuruwnts,o4~(h' )k6(o)
vA conVte frod the o.-vues given in Wf. 4 at ZI' values OT 0.5, 1.0,
and 3.0 In. (using Primed notation for tabWiar diarnsions and uqmpinad
for real d1asnsiow) * fte neLs are plotted as a function of height in
74. 6 wa mre +Ahelated in Tabla 5. fte va!ues at 1.37 a vre read fro

At h' of 1.37, the three values of log c-(h')/oo) vary exactly with
I/Z'; the relatIonship is given by

log o4(1.37')/A(o). - -. 01868 - 0.01354/z,. (14)

Hence by determining o(h')/-x(o) from the ratio of the 3-ft

TAMZ 5

c.(h')/o.o) at Several Values of Z' A h'

h '(,s ) o . .zo i .• 0 •

0 1.00 1.00 1.00
0•5 0.9w0 0.968 0.979
1.0 0.919 0.944 o.961
1.37 0.90 o.928 0.948
5.0 0.769 o.037 o.86,

10.0 o.656 0.716 0.784
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readings to %be ouwface readings, the appropriate value of Z can be deter-
imned from Eq. l4. Tbe, ccmttations are suma ized in TNble 6; the read-

ingas -teih were token near tho buildings were not used. When. the
average value, 0.82, of oC '1.37')k(o) is substituted into Eq, 14, the
C6puted value of Z' i 0.35 in.; the real value of Z ia therefore 0.25 in.

These values of Z &d Z' wiUl be used in all 'the computations. For con-
crete or other smooth surfaces, the value of Z should be less than for a
land surface; unfortunately, it is iu~ozsiblm to determine the value of
Z for the concrete slab roof from the 'data (as vin be seen iater); so,
the above value vas used.

TA= 6

Couputation of o-c(1.37')k(o) From DPat in Appendix A

Stationi 1 2 3 4 5 6 7

Froa Table A 1.

A 0.867 0.8W2 0.857 0.075 o.871 0.923 o.781
B 0.&53 o.824 0.867 - 0.828 o.621 o.926
C 0.833 0. 917 - - - 0.828 893
D X
E 0.882 0.818 - o.362 M.97
r 0.882 o.844 0.900 0).867 0.896 0.M93 0.853
0 0.789 0.853 0.771 0.967 0.931 o.)67 0.806

For 35 ,veire: T-t-el *l0.324; Average, 0.866

Prma Table A.2

A 0.933 C.931 0.931
B .0(9 0. 84 o7.71
C 0.714 - -. 0.96o -
D - 0.788 - x - 0.960 1.0
2 0.800 0.857 - - - 0.889
S.)J852 0.9b3 0.928

0 0.92S 0.962 0.893
Foar '. "airs. TotJAl, 17.881; Average, 0.894

From Table A.4

A 'a.-893 0.905 0.99-6
B o.962 0.885 0.857
c 0.862 o.964 - - - 0.967 0.857
D 0.897 0.875 - x - 0.909 0.918

0 0.928 0.935 - - 0.865 0.950
7 0.917 0.846 0.772
G 0.886 0.738 0.857

For 24 p!!tM: Total, 21.386; Avenge. 0.8912
Grand Ave rn: 0t2
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3. VARIATION Of, rDIATIO0 INM ITY WXM A rwyT=

Usims the value of Z determined in the previous pai apxOt and the
Yalu" of ch at other values of Z' and h' in Ref. t, e values of c at Z'
equal to 0.38 wre determined at several valees of h'. These are plotted
In Fig. 7 "ing tba ree dimensions of h and Z. The value at h equal to
zero vas deterrmnd by divd141ng the value of cx at 3 ft bY 0.8W aMW ther-
fore corresponds to the obserred surfat. readinge. The alues of o< for
s=m of the msitor at;tionus ame giv in Table 7; thea" are usd in later

TAEIZ 7

Values of oftr Monitor' Stations at Sevoral Values of h

cott station

0 1.73 Surface readings,. ound an ccncrete slab

3 1-53 3-ft readings, ground sad concrete slab

9 1.31 Surface roaeAings o eon e-te slab

11.3 1.28 Surface readings at edge of roof of Building B

12 1.T7 3-ft readings above cmcrete slAb

1..3 i122 3-ft readings at edg of roof of Building B

16.5 1.18 Surface readings on peak of roof of Building B

19.5 1.13 3-ft readings on peak of roof of Buil&ing B

It m be .not ha t (I dec*•e ias vith altitude so i•mi ror a con-
sanet value of 4 (source ity per unit area), I.,decremses withi
best sbav % surface.

3-5 29MM3 IN C?! p AND q TALMCS YCM VARICAYd WR!TVfl STTIONS

2be first eajor alteration of Uw ii.4lo.z.- n field in the exercime
oaawrred vte the aam srourw Building A wa worasp out to a =T,,,, of
dnumioe 3I40 2 340 ft. Iu OoWutina tbe contributions of the ,ourcem
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Outa: Ai this USr(i& z~i the sh4i*4*4 eouflct on top of tbo Ohlb)

RJto tio monitor stations, tba mothod's of. i4zZ., i4 vere isd to astimte V
wad q at stat~ion AX, 014, Dl, aml DT (aU the saw re.lati.- 21^t!L=;, B4,
7k%, D20 &A4 D6 (cýU the isa. reliiive looatiom.), the =enter of thu buiL&-
isk roofsp the Gai-a~v of the alab, fA the W-poiiits of eac tide of the
sl&:b Th ?b tatiken lsq-out ul 413tanc~e for the sx,ýa ax ishown iu .3..
The li±tfreat statioxu or station gmoW are nubered from 1 to 6.

in orter to Watimate q (or P) for OuCh ftatioc or stati~cm gzu tbo
sin±-w1Lt of.a nmctsagiar portion of the alwsu4a aive is doiguiated Ga
b and It# eii-1ougth as a, =Aw the vs1lu, of the ratio q it zadnl
des1iaateA as V~, ) - in th. tabulvx r 4iccae. Thn, by wautiply-
ims all ths real dimensions of *be valseted rectszrgles by 1.5 cand coixvrt-
Si to meters, the alm1~s of q for aomo ;-int = toaLainrLr a
firý"t,; of MWlb by Vag of Mle p4*Js OM tAM of l~f k. It
ticina fors, %.~ for each station as Uwc ',-AiiWi frCM Fig. 8 ie:

q,- q(77.7, 77-T); &Ab - I,.(X (15)

qe- 1/2 [ý(777T, 34.3) + 1(121, 77 ; alb - 2.27, 1.56 (16)

-3 1/2 R(85-3, 77.7) + q(777, 70.2)1 ; a/b - 1.10, I.11 (17)

-j 1/2 ý(88*7, 17.7) + t(T?7#7 66.8)] ; a/b - 1.114, 1.16 (18)

q5- 1/14 k(71020 66.8) + q(85.3p 66.8) + q(86.7, 85.3) + q(88.7, 7021

a/b - 1.05, 1.2!8, 1.014p j.2A (19)

q6- 1/2 Q(156, 77.7); ab 2.00 (20)

U=~I 8

Summar of Cumputatiouis for Cointribu~tion to RM~adlaion At De)olpvsted et&-
tionsYa 90v="cze~ Distr-1hete an Plv r 0ft*a.~ the 3140 x 3W4-Mt

veP31kV P6

in.O.4 0.0214 0.025 0.025 0. 5C
6 ft 0.0145 0.M7 0.045 0.01. 0.046 0-513j5 a 0.11 - 0.1w) G.iw~ 0.122 -
i0 a 0.1014 0.1,98 0.298 0.201 -

pj-i-qZ.0.5,3m 25~s
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The reei~t of the c siutatlom are presented in ftble 8 & . =re plotted as
a f~towtio of 1/h in YIU. 9. It nky be. noted that,, &a h inrtwreme (Jihi
deerease.), p Iela.es and approsehee the w)lVwe of 1.0. Yor a c-irm
ou e.e • I-, te valve of I(- p V a1) over a peziect,4 -

a (Fmo) first 1wAs•s with helgtt and aft-r a certain hbrght, gIx-ns to
decr*&.. meiz; this foflove frem the fact tbht a decre•es v-iVh h•ight, (iee Fig. 7)
SM p izrae..eS with b*isit u to % value of.1.0. The v.3riaticn of '9 f tbe

aý UA- i4 64~b*9 s~ o the miepoist of Um~ sidwz -1 Wivemi in 10,

?e vartatiom of p with V/h at the center iof tbe circular scraped are,
vith a rmdius of 75 ft, tkrotad 3ulding b izz i~T- 4 -W I I t t1- variation
of p ;t3 ft with distaxe from the ceater in shown in Yi(,. 11.

The rS4Lioctiv seace ons the ground contributing to the msurme~to
tak= cm ton of the coorete slab roof of Building A are shlelded dne to a
sh b mot h- the buildiag mA roof; this biebletin obam haa the effect
of a "clearwi avale for the statioms on the ruf. Tvký.zt the surfac- of
the roof as 9 ft ebm*e suaf•ce, and &Sreml szrc txrasaission of rb.otoaw
frcm, sonav" withina tha sbisdow, It is found that Uwa ablel#1 di A .- e=
the 3-ft r%3- ±'• s at ll locations covers an area on the po , 192 ft
l %7 132 ft • 1A- . •-. comtribvtim~s to the r• tlatic from sources out-
sift the sabadm. aream" to the center of the roof, the comaers of the
roof, =a tho sidpolat of each side em Civ in a Fig. 13.

? shielding sbhado for the roof atation co DulldlM 3 are shown
in F14s. 1i and 15. The.. Abams Indicate that eertaim locations. cc
s•tew. are leos "eOoeee. to omtside radiations from distant sources
than oth*o. fte MOaWe & t long the roof peak, for exaxle,
9r" eslelded to ma Ininalte Aistmm ix the hor Lizmtal plae along the
directica of the roof peak. fte comtributions from souces on the groud
oqteidie the mhiel&Lag sem4ow of RUAIi 3 am. given In Table 9 for the
nmitow stations. FoVr sch station, the contribution to the surfuce read-
ing is thisxeftualr Of t?" two.

w com-ri~butiom of the soces on the concrete slab itself to the
reas14P at the ceater of the al". at each cornar, San at the cytteru of
*ac% side are given accarding to station uI~.a in W61,* 10.. "te camptA-
tiam for the svzl•e r*edag me made for a M~iW of 2 in. It was
woeawy to me similar computations for the roof of Buling D.

Tbh vale. of q for the surfsc reaings in Tmble 10 for the cczzreto
rooaf werelod ii1.4, vlmith the 61to to Table B.5 (Appua~dix B), to eat1Unte
vulves of p for the roof s•s'.lig Abs4o. Sinc the data An the first
Colum Tabe S.0 Wi not an1 tekm at the O staons as the rmin-
der of the fata, e q valve of Tmb1e 20 ver. linearly Interpolated to
the locations of te sured valuast fte contrlbntimo from wrwee, oc
the gxv to Iczatims near the center of the slab wer taken to be zero.
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TAXLE 9

Vale, of I/I 0 at 36bmitor Statious on BuildIg B Roof
From ane Groum Surface Outaid. the Shielding

Shadow of Building B

Station Location p S a I/1 - o0

1 corner of roof 0.75 0.80
2 center, roof edge 0.50 0.60
3 corer of roof 0.75 0.80
Send, roof •aek 0.70 0.75
5 corner of roof 0.75 0.80
6 centar, roof edg 0.50 0.60
7 corner of roof 0.75 0.80
8 end., roof pGk 0.70 0.75
9 center, roof peak 0.40 0.55

TAME 10

Contriwation. of Sources Depoi'•ed on Ccwrte Slab Roof
to Radiation at Wceltor Stations

Station Looation q - IA/ . .
Surface(a) 3-foot

cornet 0.257 0.192
2 center, long side 0.547 0.330
S3 0 r 0.2F 0.192

4oenterp siaort side 0~5.4 0.k. IM7

5 crne 0.192

corer 0.257 0.1928 e net rj, ob r side 0. 5" 0.3079 center of slab 0.920 0.600

a. r*14zt taken as 2 in.
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TABLE 11

'stimation of Contribution of Sources Outside Shielding Shadow
to Surface Readings vn Concrete Slab Roof of Building A

1(o) q0 T, I
Station 

OD_ -is

1 1,9.4 0.257 - 5.6 13.8 0.58
2 13.6 0.1o2 - 8.7 4.9 0.21
3 15.5 0.402 - 8.7 6.8 0.29
4 19.1 0.257 - 5.6 13.8 0.58
5 18.4 .h.oo - 8.6 9.8 0.42
6 4.2 o.1oo - 8.6 15.6 0.66
7 18.4 0.257 - 5.6 12.8 0.5
8 19. O. .02 - 8.7 10.7 0.45
9 19.4 0=.I' - 8.7 10.7 0.45

10 21.3 0.257 - 5.6 15.7 o.67
1.U 17.4 O.1.00 - 8.6 8.8 0.37
12 16.5 o.4moo - 8.6 7.9 0.33
13 lo.6 0.50 21.2 10.8 0 0

!h ýz :jý-4 1u.o 0 0
15 1o.6 0.50 21.2 10.8 0 0
16 12.6 0.50 25.2 10.8 0 0
17 19.4 0.92. 21.1 19.9 0 0

3, (9 ft) - 23.6 (se. Table 17)
- 21.6 (ayoria for satios 13 through 17)

a 12.5 (for roof coiteumiatim,-)

TABLE 12

Sumiry of p Values For Surface Readings
On the Concorete Slab RooZ

stations q Y(o) p

I 1 p ,~ 7)j0(10 05714i.0 .9
5 ,1 .4W0 10.7 0.453

2 # 3o), (9) 0.o.02 10.5 o.A15
h., 8 0.-5". - 0.313
2o 6 0-5,47 - 0.297
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The ccautAtions are given in Table U; the value of Iooat 9 ft given in
the table wn taken from the folowi• g asectioa. fa = -- z v.-x-: f P

are sw .arized azn ba- extrspolAtod to the original lo1ctions for q
(Table 10) in Table 12.

The values of p•, q and a Cdtertnlad i, this a*ctiou are used in the
folloving sectiza to aid in biasing the data in the appropriate direction
so a to imrove the estimates of the d* !'t-a('m, tion r-.tioa frcz tLAW
experimental data.

3.6 wr1IATINO O MA NATION RATIOS FM MOY 1ADII

The ave.u surface reeding (Ito) about Building A before grading,
not taking into ac,.oit those taken clooe to the building, was 30.2 ar/hr
at I a; the vlue of a (Tbe 7) at eheiabt is 1.73; hanceI in
17.4 rthr. For the 3-foot read'LW the awrage value of I v".% 27.2
.nd for an a value of 1.53, the cnuted vulve of 10 is 17.8 mr/hr. Using
the OuNtg, 17.6 az/br, for Io, the &A4usted arerege valus Io are
30.5 mr/r at 1 daY for the surface readings and 26.9 mr/hrx~ day for3-ft redn..

If the taalntude of the radiation field around Dui1ding B is aassued
to vary linearly vith distance froa the bnildinq, the average value of the
readimp before gieding w1A be repres"tative of the point at the center
of the arm. For the average of 37.8 xr/b- at 1 day for the surface read-
i.g., Io la 21.8 mr/hr. 11W 3-ft average, 33.7 -'/!hr at I day, gives 22.0

m/rfor 4. With1 us* of +.I* avrage value, 21.9 ur/br, the &3Qxsted
ars)~o "alus of Tc~, are 37.9 er/lr at 1 day for the mq'*" aes, eimgm *rA
33-5 Nr/hr at 1 "Y fo- the 3-ft readings. The rtio of the tavermge I1
value at Dtildimg B to that at building A is 1.24; thus thi ftra at
Nuilding B received 2h % more fajout than that at Building A.

Tbs residual mr for f torgrdiAg arouod ftiling A ar" su xized
LA Table 13; tbose for wvotar'diz aromid DaldAing B are given in Tablo
Ak. IMe residual ntn an the ratio of the dcasy-eorrected reedings
taken after selv~ina to the desy-corr*aod reamdi taken before scraping.
?be lower effeativewaes (bier rsiduml =mber) Xor swraping around Build-
iag I VMS ft. to a *oAelvtlon of the rou&er surface Ot the soil, uore
constrwotin ite (am11 feacrte blodk, etc.) dispersea Lramd th area,
ard the feat thet Of area scrpe" as small, l owvewr, for f1he 3-ft
readlfte, tWie wam tVt the shielding p avlvl by the brA~iug 1nf1ra=d the
C06eitS a 3t~d, M1 %& a 4*104%*W *V1slt4. tha St, j4144t1#Al A. VU&M to ""W"i
b7 the ratio ot the 3-ft residual numbers to the aurfae rosidial nub*erd;
forr the luiliag A area the ratio $,a I k5 sad for t Duildng P, 3rea it
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TABLE 13

Reaidml NIumers for Wtol•roting the Area About 3uilding A

Station 1 2 3 4 5 6 7

Surf ace
A &,T- -- --h t 0- 5
D o.069 0.141 0.073
C 0.476 o.150 0.-17 0.185 0.150 0.178 o.14i
S0.300 o."O9 0.277 x 0.320 0.178 0.369
1 0.9o6 0. ,o 0.196 0.72 o0.253 o 17,3 o.41o
F 0.166 0.248 -
G

A'rerau (to 95' from center of a•e.); 0.206

3-toot 9*gh)t
A 0.636 0.5W2 0.331
D 0.155 0.2W8 0.166
C 0.518 - 0.229 0.424 0.738 0.185 -
D - 0.3A3 0.225 x 0.343 0.185 o.458
z 0.827 0.217 0.2-W 0.343 0.360 - 0.550
7 0.300 0.257 -

Average (to 95' from center of area): 0.298

In 1.35. In the previous paergrmphs, no conputations vere made to deter-
nine the effect of the Vni•ling shielag shadows on the ground surifce
wa 3-ft rvdince. TMe effect on the surface readin* chotild be relatively

The average oý the surface re*ains out to about 95 ft from the
center of Build' A aftr scraping i. 6,06 3r/hr at 1 day. no average
rosldAml wx*r 8.floe4 amo f /100 is 6.C6,hxm.5, or 0.JLII: thin valiua
will be taken as eq~ual to the d4sootauiuati1=,rc~tio, I, for the ocr~ing
by motorgm&e. Te corespoodIng value of 14 is 3.50 3r/br,.

Due to the pusieot in the fetlout around uiltling B3, the averaV
value of the surffte readip before and after sorntuw vas not usod to
omwto 7; the vlwue 0.341 vill be rmtý as the unsure of F from the
suwfAoe readivo for that area. The corrxepondiag value of I3 is 0.341
x 21.9,p or 7.117,p r/*bro

The COUt;tia". of X," , and I., for the 3-ft readings taken
"m ftr scraing toh arem am Build ing .1 are given in Table 15. The
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TAELZ 14

hB*idmi. Numbers for Not~z'raing the Area About Bulilding P

Station 1 2 3 5 6 7

A 1.0 10.0 1.0
B 0.258 - c.625
c 1.0 0.719 0.270 - t.hkl3 0-382 1.0
D 1.0 0.139 00227 x 0. 1.031.0 0. 0.371 0.200 0:OZi 0.1 -

0.171 o."10 o.26o
o 1.0 1.0 1.0

Averuw (to 65 rt from center of a~rea): 0.3141

A 1.0 1.0 1.0
3 0:357 0.57 0-556
C 1.0 0.Ii33 0 hm o.565 0.5m2 o.4.55 1.0
D 1.0 0.312 0.4m~ x 0.357 0. 5m 1. 0
1 1.0 0.1.51 O.1W. o.J.Oo o.625 0.556 1.0
r 0.351 0.2(0 0.605
0 1.0 100 1.0

Awarmeg (to 65 ft frm center of ares): o.1.61

Tau"m cof p ver takm fr Fig. 13; the maw valu of p was wme for all
'the locatioms nar 95 ft =W~ frma the eeater and einot3r eirvgle Yvu1ox for
thoe..g thoe s41 of the arm.. inhismla~g of the bui3Wz" wana on-
1.et4 in tb& Co~nt cMA; hOWWvu,* the effect CC 1,i.1&fr WoMI be
larger In ecavertIAg 31 to I&, tboa in the oc~xt*tIaui of I.The &vcrage
valtm, 6.01& zrlhr at. 1 &a.. of X,ý Cives c~a Io' value of 3.9 mr/hr and an
T ialum of 0.222. ftwm*x*r in matisfactory egremost. with tbojo obtadzei

Giz'ctlyfri the~fa. m~'em Tbe aver.os vuLm of I.; for the
two Setu ata 1,49i 3472 or/br; Wei ccwdbimtioa of d~tA give$ a d±econ-
tmUlaUic ratio "Im~ of 3.72/17.6 or 0,211.

Th -omution of F for the 3-ft resdizp Wza after soexizift tbo
O'w DV"I 31Uais 5 given in 4310 -16. Due to the gradient In the~

tfacl4, the t,. .tu~timw Is 2mW. 16 were ia4o W±ferectiy tbrin irk T~le, 15.
Tb ina6IOv1Aw1 isituaJ meWLntv vla~w. (1TsNU 2.3) were to c Owpxt*
I end the ratio F. Thei &vexa value or the latter., 0.265$, .~s jAoc'tr than
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TA=Z 15

(kmuttimn of I, IA and 1or the 3-foot Peeaings Taken After Scraping
the Area About Dui1&itg A

8tation 1 2 3 k 5 6 7

I(Wrlhr it 1 •)

A 1 15.0 15.0 15.0
B 1.7 1.7 1.7
C, 13.1 1.5 1.0 1.0 1.0 1.5 13.3
D 13.1 1.5 0.9 x 0.9 1.5 1.3-3
1 13.1 1.5 0.9 0.9 0.9 1.5 13.3
F 1.) 1.5 1.5 1.5
O 13.7 13.7 13.7

3I (mr/hr at 1 ft)(b)

A 4.1 1.7 0
B 3.1 5.5 3.1
c o 8.1 3-8 6.2 8.6 3.3 0
D 0 8.1 6.3 X 3.9 3.3 0
z 8.4 5.7 8.7 8.7 6.3 5.7 1.0
S5.7 5.7 -
G

io,(mr/hr at 1 dmq)(C)

A - -
S3.3 5.8 3.3
C - b.6 3.9 6.4 8.9 3.5 -
D - 8.6 6.5 x 4.o 3.5 -

- 6.0 9.0 9.0 6.5 6.0 -
7 6.0 6.0 -

0 -- - 6

Avner g ooz ,m 6.o*

a. Tfor statioms A3, Au, A', B3, 34,, .ad B5, p . 29.5; for stationn Cl,
02, mp, p, U., IA W,% a, 25.8; for M. C6, c?, D6, IT,, 16,
MA 17, ,- 26.0; for stations 73, A, F5, 03, 04, IMd C5, o - 26.8.

At 170 ft from OwIter Area, p - 0.510- at 95 it, p a C.057; a at
locationis rasr te strwturo p m 0.034& where I - pI~c.

b. j It'o) - I
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i ii iAiiiiICamutst mZ of beembmimtion Ratio for the 3-It Z-wLWg "skon After"

ge1¶p1Jg the Area About Building 1

Btat.m 3. 2 3 5 6 17

p. I/I=

A 1.00 1.00 1.00

.335 .33
W 1.00 .33 .1560 33 .

D 1.00 .33 .15 .150 .33 .00

1 1.00 .33 .156 .4.1 .a56 33 1.00

F .33 .33 .33

0 1.00 1.00 1.00

p l. (mr/hr at 1 day)

A
b 9.3 8.6 9.0

c - 10.0 3-9 3.2 3.9 11.0 -

o- t.6 3.8 3.2: 11.3 -

3 - 3•.o. 4.5 3.5 (k.)( '° -

r 12.3 12.3 12.6
G

€IA . -I(()r-at 1 d"y)

30.7 6.4 6.0
I- 3. a "i.0

D - 0 6.2 C 8.7
. i&.0 8.5 6.5 10.3 8.0

30 O .0T 0 10.4
-• -.

l.. •......... .....
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TADBI 16 (Cont'd)

Ccowputation of Decontamition Ratio for the 3-ft lleLi•I Tamken After
SBeMing the Area About Building B

Station 1 2 3 5 6 T

qal -p

B 0.67 0.67 0.67
c - 0.67 o.84- o.859 o.&4 0.67 -

D - 0.67 0.850 X 0.850 0.67 -
o - 0.67 o.844 0.859 o.8h½ 0.67 -

F 0.67 0.67 0.67
0!

A - I -/q ('tr/hr at 1 day

A
B 1.0 9.5 8.9
C 4.5 7.- n.4 10.8 6.0 -

D 0.0 x. 5.1 33.0
- 6.0 10.1 7.6 12.2 11.9 -

r 1.0 0.0 15.5

F - '/o

B 0.036 0.365 0.330
C - 0.150 0.284 0.496 0.,432 o.3G2 -
D 0.0 0.292 x 0.2143 0.382 -

K - 0.1~ 0.348 0.304 0.508 0.331 -
0.027 0.0 o.408

AverWe F - 0.265
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that obatiud from the smrface rea4iige. The veighted mean value for the
tvo sets of 'ý-ta is 0.300 (per measurmenat); this valie of ? lead•- o the
valuej, 6.57 mr/hi, for It.

3.7 SST OX or I 1 "LN3ZI0ON RATIG 7M Co0I Me• BUnM A

Themiation of I O and Iý, vith height above the grouid is given in
T&e 17 using the values of loand. Iý detersined in tho prVvious paragrphs.

tk= 17

Variation of I and I I ith Height for In Values

of 17.6 mr/hr and 3.72 mr/hr, Res-Pectively

h(ft) i1w (mr/br at 1 day) I;,(ur/hr at I day)

0 30.5 6.44
3 26.9 5.70
9 23.6 4.99

12 22.14 14.73

Froe the data in Appendix B, the average of the initial surface
rss&Uw an the eoerwte rof wea 16.8 mr/hr at I daa; after scrap-
ing te ea it va 9.7T mr/hr at 1 day; after firehosing it vas
5.13 mw/hr at 1 day; aMn after scrubbing it was 4.87; tbe respective re-
sidual omem for the procmsses are therefore 0.54, 0.30, aM& 0.29. The
resi43. ieý s for the 3-ft readings for the ra proce•ese are 0.74.,
0.52, an 0.52. Th difference in the values at the two heigt. reflect
the fact that the 3-ft readizg were expos4 to more r*diation sources on
the p'o.

fe initial source intensity on the c==-rte roof is artimted in
Table 18 using the values of p =A q d*terxine in section 3.3. In com-
iutift the appropriate values of Ic, the gromd. ms-face source i£tennity
owa t4k as 3.72 mr/br over tbe whols, (a& cy*Ved plus i•• )ped)

and frym saar outsid the oeerSe). are, t gum surw•fm source ixrtnity,
Ilo, ve e4a* itioml 17.6 - 3.7, or 16.9 mr/hr. "n source int~sity om
the roof rqiu1 after fixstming is estm i bted i Tle 19; and the
Intensity after serdbim is etlmte4 in able 20. It my be note that
, erro, of a few tenths of an mr/sr in tho &tim_ of r___Xy for
the 4-ft re4igps, is mpjtled by a factor as lrge as 5 in the eAtinst.
of 16o. M values of Im St 3-ft for the corners of the roof acr con-
sistetly high in Tables 19 ena 20.
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TABUZ 18

latimation of Intial Source Intensity on Concrete Sleb Roof of Building A

(fta.lu" of I(o), lo 1A, TcX, Iol in mr/hr at I day)

dvrface

station 1(0) p I II
'A 00

1 9.6 0.59 4.1 5.5 0.257 21.h
2 7-.2 0.31 2.1 5.1 0.547 9.3
3 7.2 0.)59 4.1 3.1 0.257 12.1
4 4.8 0.30 2.1 2.7 ).5' 4 5.0
5 9.6 0.59 4.1 5-5 0.257 21.4
6 9.6 0.31 2.1 7.5 0.547 13.7
7 9.6 0.59 4.1 5.5 0.257 21.4
8 9.6 0.30 2.1 7.6 O.51P. 14.0
9 14.4 0 0 14.4 0.92 15.7

Z0- 0.103 x (23.6 - 5-0) - 4.99 ,. 6.91

Ave6ra , - .17.9; Is - 3.0.4

3-ft Height

etto ~)Ii(a) , (bl T•to ~ ) Pi 1 . `2 -A q , o

1 9.6 0.777 3.68 2.34 6.0 3.6 o.192 18.3
2 9.6 0.625 2.96 2.30 5-3 4-.3 0.330 13.0
3 7.2 0.777 3.68 2..34 6.0 1.2 o.192 6.2
4 9.6 0.677 3.20 2.30 5.5 4•..1 0.307 13.4
5 9.6 0.777 3.68 2.34 6.0 3.6 0.192 16.6
6 12.0 0.625 2.96 2.30 5.3 6.7 0.330 20.3
7 9.6 0.777 3.68 2.34 6.0 3.6 o0192 18.8
8 9.6 o.677 3.20 2,30 5.5 4.3 0,3(YT 13.4
9 12.o 0.317 3.50 2.27 3.8 8,1 0.60 13.7

I' - 16.3; I' - 10.6

A. ! a .hT3xp

b. 12 - O.L.82 -4 .7)2.2T
0.130(22.4, -4 7.a 2.300,132(22.4 -:7) - 2-.34



uA3L 19

Irtmltion o Bowes Int.mity on Concrete Slab After irehosing

(Talmo of I(o). 1, ;j andi ar & ina Nr/hr at 1 day)

Sto~t ics iVo) I Iq O

•fae

1 5.5 4.1 1.4 0.257 5.4
2 4.5 2.1 2.4 0.57 4.4
3 5.0 ka. 0.9 0.257 3.5
4 5.0 2.1 2.9 0.54 5.3
5 5.0 4.1 05 .257 3.5
6 5.5 2.1 3-" 0.547 6.2

8 Z-5 2.1 2.4 034 4.4
9 5.5 0 5.5 0.9e 6.0

Avr*V 1;, 4.90; Io 2.83; . 0,274

3-ft ROUM

1 7.5 6.0 1.5 0.192 7.8
2 6.3 5-3 1.0 0.330 3.8
3 7.5 6.0 1.5 0.19g 7.8
4 7.0 5.5 1.5 0.307 4.9
5 7.5 6.0 1.5 0.192 7.8
6 6.5 5.3 1.2 0.330 3.6
7 7.5 6.0 1.5 o.192 7.8
8 7.5 5.5 2.0 0.307 6.5
9 6.0 3.8 2.2 o.6o 3.7

Avrao z - 5.88; Io . 3.8*; . o0.361

Aveag 1()".4; 1o .. 2. 8 9j 7 0.2-71

a. Oit.s ecoar rvm41z.
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TARTI 20

Estimjtion of Sore Intensity cm Concrete Blab After Firehooing
Samd Scrubbin

(values of I(o)., I. I1, and I amre in mr/br at 1 day)

Station 1(0) I1 I i q

S-rface

1 5.1 4.1 1.0 .257 3.9
2 4.6 2.1 2.5 .547 14.6
3 4.6 4.1 0.5 .257 1.9
4 4.8 2.1 2-.7 .514 5.0
5 4.6 ,4.1 0.5 .257 1.9
6 4.6 2.1 2.5 .547 4.6
7 5.6 14.1 1.5 .257 5-8
8 5.1 2.1 3.0 5.5
9 0.8 0 4.8 .92 5.2

Average 1;0 - 4.27; Io t 2.47; r - 0.238

3,ft Height

1 7.6 6.0 1.6 .192 8.3
2 6.-4 5-3 i.1 .330 3.3
3 7.6 6.0 1.6 .192 8.3
4 7.4 5-5 1 .307 6.2
5 7.4 6.0 1.? .192 7.3
6 6.9 5-3 1.6 .330 4.8
7 7.1 6.0 1.1 .192 5.7
8 7.1 >.5 1.6 .307 5.2
9 5.8 3.8 2.0 .60 3-3

Average - 5.821 T, m 3.80; 7 - 0.357
Average 1ý,(6) A 4.56; 1,0 - 2.98; 1 - 0.280

a. Omits cowner ro*sdfr.
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3.8 3D1MJOU• CF OCAMIU'J TION RMTIQ FO CMM=OITI " C? BUILDIN B

Becuse of the gradient in the field around Building B, thlee avnx!•c
grou saw•:e inter iti~a were used in the cumxtAtions; the Trs2af -- 1o

for e•&a 9ib of houe and the avor&e for both sides is given in Ti
21. The va.ues of I aO the appropriate heights above the surftce U; e
ground for each value of 10 e given in Table 22.

TA= 1x~

Cmputýtion &- Average Value of 10 for Area About
BuilI ng B

Area T~ (surface) ;c (3 ft)
(m;?r? at I day) (mr/hr at 1 day) (trxr-)

3o0thwet 816e 32.6 29.3 19.0
Southe"t Side 43-3 38.0 2.9
Avers" for Arex 37.9 33.5 21.0

TANZ 22

Talues of 1. at Xmitor Station Heights AboNe0 G0onid
Level on Roof Building B

(ft) kin mr/hr at I day)

12.3 24-3 31-9
1• 3 23.2 30o. -
;6.5 - - ;'5.8
19.5 - 24.8

The inWtial contributlons ot the sources on the roof of Puil2" -n,-
%t each station Is tlt.mtd in Table 23; tht after firehosing 1 ast.-
watod I& Tkbls A ^aIog with vwa l oa F for the procedure. In these
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TABI 23

Esatimtion of Initial IA Valuas for Roof of Build•.In B

(Vhlaus of 1(o), and.~ in xnr/br at 1 day)

SIILL -_ - -L. . ... .. _ • . - - - r"L -"' t. _•

tAti•o x(o) p z(") I 1(o) p 1 (b) ýj

i 24.8 0.75 18.2 6.6 237 0.8o 18.6 5.1
2 21.4 0.50 12.2 9.2 22.6 o.6o 13.9 8.7
2 21.4 c.75 18.2 2.2 24.8 c.80 18.6 6.2

4 1J•.1 0.70 18.o - 24.8 0.75 18.6 6.2
5 38.-4 0.75 23.9 i14-. 28.2 c.-0 2-.3 3-9
6 37.3 0.50 16.o 21.3 30.5 0.60 18.2 12.3
7 39.5 0.75 23.9 15.6 29.4 0.80 24.3 5.1
8 20.3 0.70 18.0 2.3 16.9 0.75 i8.6 -
9 28.2 0.40 10.3 17.9 27,.1 0.55 13.6 13.5

SM )o.6 61..

a. Iwp Ioe;' o - 24.3 for 1, 2, and 3.b.I - p IaO; ioo - 23.2 for 1,2,and 3.

l - 31.9 for stati.zA. 5, 6, and 7. Ioo - 30.4 for stations 5, 6, and 7.
ICO w 25. 8 for statiorms 4, 8, and 9. IsC a 2 4 .8 for stations, W, __ _,

TABLE 24~

Satimatiozn of Values of IAO and of IF for Jfoof of B'uildi~ng B After Firehosing
(miues of 1(o), 1, 11 in Mr/hr at 1 day)

8~wac.3-f't g.tun

Bt~atic I(o) I I, IT(o) I I

1 15.6 18.2 1 0.00 18.o 18.6 0 0.00
2 20.4 12.2 8.2 0.89 20.4 13.9 6.5 0.75
3 18.0 A8.2 0 0.CIO 21. 18.6 3.1 0.50
4 16.8 18.o - - 24.1 1.8.6 5.5 0.89
5 24.1 23.9 0.2 0.01 20.4 24.3 0 0.00
6 2.-1 16.0 8.1 0.38 24.3. 18.2 5.9 o.48
r 214.1 23.9 0.2 c.01. 22.9 24.3 0 0.00
8 2a.6 1.o0 3.6 (1..)(ai) 18.0 18.6 - -
9 16.8 10.3 6.5 (.36 19.2 13.6 5.6 0.41.

vMM 26.S 2.65 26.6 3.03

F 0.296,0.331 0.436, 0.378

4L .ValuJp.



•TLMS 25

htilmtion of F Valuts of 31 and of F for Roof of Building B After Firehosing
Prom Second Set of eading

(values Of I(o): I, and 1,n vrfknx at 1 day)

Surface 3-At Aijt
station 1(o) 1 F 1(o) I IA F

1 21.0 18.2 2.8 o.42 21.o 18.6 2.4 o0.7
2 18.7 12.2 6.5 o.71- 18.7 13.9 4.8 0.55
3 21.0 18.2 2.8 0.87 21.o 18.6 2.4 0.39
i 21.0 18.0 - - 23.4 18.6 4.8 0.77

5 21.0 23.9 0 0.00 23.k ck, 3% C o.3
6 23.4 16.0 7.1 0.35 23.4 18.2 5.2 0.42
7 2517 !J09 1.8 0 ,12 25.7 24.3 1.A 0.27
8 ZL.o 0 3.0 (1MoCa) 23.4 18.6 - -
9 18.7 10.3 .14 0o.7 16.4 13-6 2.8 0.21

OUR 32.3 3.-9 23.8 3.08
F 0.363,0.1492 0.390, 0.385

*. Estlmted value.
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TA=IZ 26

Ccmvi.tation of I.ar.o sW oitor Station Heigbta on Roof of Buildingr B After
Scraping Area

(V.alue of 1oo and 10 in mr/hr at 1•-A-r)

8 e 3-t. -eilht

Radition from Infiate Field for Intensity of
Dectait Cir"Cle (I' - 6.57)

h(ft) Oa IMo(W) I%(BZ) Too h(ft) a I4,o(DW) Ioo(BE) 100•

11.3 1.28 8.47, 8.4 - 114.3 1.22 8.02 8iY
16.5 1.18 - - 7.75 19.5 1.13 - - 7.42

RiatLion From Outside Decontamiated Circle

h(frt) a CO(w) I0 (0) tO h(ft) or TO(MI) Ia,(sx) Too

11.3 1.28 15.9 23.5 - 114.3 1.22 15.2 Z.4, -
16.5 1.18 - - &6.U 19.5 1.13 - - 17.14

h(ft) p IW(YU) Ia,(B) _Too ki(t) p la,(NW) IoO(EM) I

U1.3 0.342 5.14 8.04 - 14.3 0.390 5.93 8.74 -
16.5 0.o20 - - 7.56 19.5 0.1456 - - 7.93

Total Value of I. at Monitor Stations

h(ft) Im (W) Ima,(8) Ia, h(ft) 100(mfl) I00(sx) Too~

11.3 13.8 16.4 - 114.3 14.0 16.8 -
- - 15.3 19,5 - - 15.4
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cacputationa, the estimate of F was made in two vws. One was by the retio
of the individual ;L/IA ratios and the other by the ratio of the two bWx=
Te latter methodi gives preater weight to the larger valuns in each uum.
The estimation of 7 from the second oe. of nmasurements before scraji
the eaea is given i-L Table 25. te valwas of 1oo at the heights of the
monitor stations of the roof of Building B sfter the scraping of the area
around the houme are compute4 in Table 26; ' vales are usd in Table 27
to estimate the 3o0ee levels on the roof o. iuilis T xrau the rem. na
taken after the area am iseraped. Frrm the Gix sets of ; valus, tit' gran.d
average value from the individual ratios it 0.347 while that from the rmtio
of the .m is 0.340..

3.9 RD • ' ICX 2V L NMM FOM R S In3 A

h mning of a "ihIlding factors in terms of the shielding residuwi
number for a bulding vill not be diAsmed; the resldual anuber is defined
as the ratio of the rading at a given mnoitor static% in the building to
the outside iveinite field reading at 3 ft above the surface. Ccoputed on
this basli, the shielding residnal nvubers are given in Table 28. The high

w% 4 bssesl.ml iNumers for Moitor Stations Inside Building A Relative
to tbe 3-ft Intensity (loo) P Or'ow Ourface Source Ievel Outside

Station 2ef6r scraepu(a) After, ,raping(b) Atter •ir,•hoiug ooof(b)

B1 a 3ft 1 8t t W ,e 3_T a ft , LWf ace 3Ft 81

1- o.o4 - Oo, 0.08 o.18 0.0 0.0 0.0
2 - 0.14 0.11 0.11 0.18 0.08 0.08 0.15
3 - 0.19 - 0.15 0.21 0.21 0.12 0.15 0.35
4 - 0.35 - 0.15 0.15 0.26 0.08 0.08 0.15
5 - o.12 - 0.15 0.08 0.15 0.03 o.o4 0.08
6 O.07 0.10 0.22 0.09 0.15 0.21 0.03 0.15 015

- 0.39 -
- 0.12 0.179 - o.18 -

i•n - 0.20 -

U - 0.08 -

1. 0 - 26.9 mr/+ r at 1 ft7.
b. Too - 5.70 + 0.92 6.62 xr/hr at 1 day.



number for statMs No. 4 aM 7 eare du to the fact that ty wvre taken
in b•u* of vcA pawels. A more comlet set of rieurzeents vas not taker.
in oth'ar roms becai the paws wex broken out so that the interiors
could have been cmtoi'ated to an unknown atount. The mme itsitation
pertained to all roms in Buildin P,

According to Iof1Le W, the cparable half-

thickneses of om a M andU od for o prduct gia rays &re 2.2
eN 8.8 in. With these b&af-thicknes voiias fo fission products depositeu
directly on these mutaces, 'e fraetion of the u radiation passing
through 6 in. of cowrete wouXd be 0.15 vhile the fraction pasuing throu&
1.5 in. of wood vould be 0.85. However., the sam reference gives 0.22 c-1
for tmi absorption coefficient fow 0.5-Ms' photons incident on concrete;
this value would lad to a tranamuissio fraction Cf 0.035 threugh 6 in. of
ccae•,%e (and le-s ft-- e 2L-wr photon energy). 8Since the source enoergy of
the photona va about 0.5 Je cu the averae, the average energy of the
photnes incident on the eurface of the building vwals should be semwbat
less. Bovever, the situtiton is c1lloted by the presence of fallout on
the roi (also mall emfts on the outside of the whUla). After firehosing,
the shielding residuma nuibers vary betveen 0.03 aM 0.15 for monitoTr stetions
natr the outer wila o

T residal numbers for the outside rec1vticm procedures are given
in Tuble 29; they wera coputed for the 3-ft readings by taking the ratio

TAM Z29

Residual Numbers fo•n Measurments Inside Building A

8tation Motorador Scring, Motorgrader Scraping Plus
at 3 ft Flirehoeing W.oof,

at 3 ft

1 0.42 0.00
2 0.19 o.I4
3 0.27 0.19
So.11 0.05
5 0.15 0.09
6 0.37 0.37

Avwsej 0-2-5 1

of the reading after the state.. jroceus to the initial ,mding at tho at&-
tion. The &verage reasidW. uumber for the comlete rec.avation prrcedur=e

53



for &aI StatioAS wa 0.14. For the centar of the roca where the OYOXOV

6bieldiu& r..SAj.1 umbe itself Vag 0.1., the ccmbiaad~ midial num~ber

for SIAdingfl plvx reciwotion is o.14i x o.13 or O.0i8. liwo. even t~bou3g

the indivtawl meliaml nuabers for each cotmtwumea* wo not particu..

larl).y 3.ow, the cobliation of thd masulres reduced the pwo ot9aitiOUk bY

a fairly 1&--V factor.
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SU MAR CTIU LSIU

4. mBUNW (FIwf IIIIMIMv P mwWTM FZAJOLAM."W 1ATLA-

The notbod1 for alysizfg reclosstio data tvY=~ at a field test con-
sisted of (1) Cormctlag all. vimaments~ to a -owsm ti1 after U~mattion
by we of as ultahi. dAco curv , (2) detemnslun4W a "tenYrii factor" from
the doft forn "ww~u .b1Adot" TSfation twtausit~1* to observed int'i1-
hitI.., (3) .ast~miat~ the var~ation of Intensitles vith alt itiuM over on
exezw aow Mondnouted open aza,* eA (ii) setiuwtIa the contributSlorx of
rudetica emess fra tkw trwted ant wresate saes to the observed

uemawt- ac~cordimg to tba pamtric &rw_%~ ýt tbe areas*adS
incaitorix location. Tep~pose of the ecopuitaticss in .. t1miting the
coutribut1a of the zsaitet~ sowro" frm omly the recl&las4 or decon-
tanited azo Is to bfterlu 09tr effteotvagee or the applied
uetbod(s) so that thw eszults, w be aorrelated vith other data and exta-a
POlat.4 to Of" w the upecifte test 'siM"UNm. the rsaio, of the

Es, t~rinUlstun staud~w a"t m 106O 3 ~ of tia _-O'sidial -a& 9 for the toot amitIos and, eve if the exp,.riaet vwve to
be awrrle& out ca a real Uarset eqa~lsx,, q2,y =4l~ to the coudtimu2 of
US*b tet -f* 0 I 1? UALAIye Wil Dot upp3y or be r*Ddily x~trs~,IAt~bd
to other CoSwticms.

~ 2 BOO (' MU AftL~.

The disc' wwimat ratios, a. est~imul from the 4pren. ata
with the &14L of photem satterl" caqUtti as, for thim differmt surf aceac
WA afth"M~ ame SINOzMS la 2mbg 30. Xo at t~is tics]. es3.ysis of the
r~esato ima m~; bmwqvr,. a UIf surv*7 cf I he tahlt. gCtvift tbos ecuta-
tiona Aws tht 06 ston' wr Wt 0143. 1%; 1* possible tkat be.tter,$ or
ow elis~1ap swtnates *Wo e~4hve remiltod if scre rvadiins wasuA bavva
bee +ww In OWWret'r... 2400tia"O These Aboqld Um, 'teruined fromi esti-
Notes of q (Or p) 6coordIft to, the spiecifti geomtry of the struntum-s waM
re4.iation Ml.] prior to etmdwtUmW th. expwimeat.
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MNZ 30

Summar of Intimatod Wfectivenss of Rece aiationi Procedures

affectiltmeuu of MoogsIgscming

I at3 t esidual Nuber
(N~rat S r urface 3-ft Avsngs 4if e-!lt

26.9 G.20 0.22 0.21. 0.20 0.30

33.5 0-34i 0.26 0.30 VC-3-k 0.4~6

Effectivowss of Firshosing QCnrcrte Hoot

Ima ft f IF Residual ube('
Imtw at 31- ___ _Surfa~ce '-f

16.1 0.2T 0.37 0.56 0.70

BarumallocZE!mf Pluss. G12.Ia, CaCr~t* Dr^O1

16.1 C.2kI 0.36 0.54I 0.70

Wr.0-ttvMMs, of I TtmamI O2Q91tiOS RiAlwao 'Wof

31.6 0.34 0.35 0.6 to 1.0 0.7.-tQ 2 .0

a.33.5 x 15/(152 + 5-22)1/2
b- X ot imLaindin scrap in of the szve around the buil~ding.

Iii comparlso vith other reouta for motorprdiiijT, the Talmoas of Fp

Livem n L MbISe 30 irs smewbAt high, for a 3-in cut, lbfsroaee 7 girs.
0.15 for 7. Th hge valms for T fry. ths present data my be &',. to-
tbka &ifferewoe In depth of cirt 58 v.3.1 " the 4itfersacea in surface rough-
v~s * a the soil.

Th effeat~vemom imiwis for 'trshoI*& &At scr~Lbifj; oammoc be 4irect2ly
compuAre to *Aw data for those matods. 70V that low Intial levels used
in thmese sperimmUe, Sq.. k~ refeei to
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The Psvtmy sieLs" valves of k ead 16frc pre~vious dt x
appr~tmolty 2 x~ 3.0- sM x 102 (in s A7r~It~wxr syrtVe of mi1tm) for
ftr bfdf coneiv"; thvo :th nzx~iam aieeted valw of r ferr fLxvbýsirZ
coagrete voua21 ýbe 0.16. At. 1-x~~trasel lo ir~r £;t~is, ;e~z~o this ex-
perlat., thit 1aziwr vrLias o ould be due -to- (1.) a diztribiftio-_- cna.
tinlvgi 11ie2 partices@ thei 'the di tribut ions ln the ooilos frc.. b
It; sad %wsM, Gterdaed4, (2) noncomfo~mace of 1~q. 4 to tetrno4 1-O'ecs
sUt 1M 'iev*1810) Sziar ina the radieticz~ scattering O~'e~rt~ea, ( *-zr
ccsmylet* eevezvwe of the surface in apl1icatirm of the p~rcde* drixix:
this eVerlnet thee prw ioua!.7 acccjMltuho4 (fall3o~ut level vas so low;
the -p~tore IWA4 zo visible guide (dUst carer) in c~rr-,r4 out the pro-
ead~ixva *zAjcr (5) other differences in application of the isethrd Itse1•l
(sueb 6 nas wai pressure, rat, of application, etc.). Havev~er, thert a&r-
!'nt enough e~erlawtin data of this kind avvilable from field tests to
deteauixe Vbieh of the Probable ow-wes of the differences bDotve*= similar

.- tv~4 ~ !z the fie.ld are 3.ike3,- to be important.

7or tifrehoino u plus vcrdibing on cmerete, the pr#4=t4ý available
"vaIms of k and VJ~l arm sprwxmiintal 2 x 10-h and 6 x 10:; thetic giv-'
a islue of 0.12 for F. thais eaLIn 'La lowr thea that Oderivd from tte
present fista. For flirabosing Cc~owpsiion Voofixg. th avail-able YalwcL
Cf k sad. V# avs1 are 1 x 10-* fuzd 1.4 x joXA repectimly3. These 6,iv'e
0.14 for. inw Muu value of F.

Of a11 the nothads used, the matorgradear s ixaping affec-Livr-,texs vas
neareet tk"r.t ObtSIse In PrOWIM-M everiusnu . The r~sOn for this in
tkatt the ~results adiSebd by t"e method do not tspend oni c.-q interaction
beu the fallout particles and a. surface and Lvnee are not seunitire
to the nudwo and also of particlets aeposited. xxepting for ajjia
operatcr error, *a urface roqomss, scraping methods that rov~ae &a
inch nr two of the top *oil should gire a deconteaminationi ratio equ&l to
rAO.

S.3 CMMC

rh awtboA of itreatiag field-test reclamation data prevretdd In the
report' shows tiWot, in oarrT7R out recleistion aans certain
smo00. of FW~Ortift data ise reqvireO. for oslMmatiug the affectiverozev, of
the Pracedures. These imalude: (1) decay of the i'iL~out fteld, (2) the
'variotio of the re4±atica IxtemsS~y with be1lXt (prior to cac~cotwriat cm),
(3) wsaoctiomat ufmitalriuf static. st preferred .locatices __ i *e.* those
at *WLIA the ec~ttwmde ra~iat±a ocamtributioA is the ocalest, (4) aele_'uocx
Of VprY'rred G*=tr$c 11-m~t Songs structures, &ro to be rerd
San moitoring statims to fteilitate the data reduction @4A Itpre~tation
(5) 06.144tifts Of ftll*Ut walpl to detscmijee the maa' of f'%J.otzt in h1 ,
area, sed (6) -=$a of the fallutor Pattern.
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The large variations in the data atalyzie4 in this report yere, in
large •art, due to the low intensities associated with the mi• *moutit
of fallout on the t*ot area. The jui i;rAij%..sem, ax low readings on
the rsdiscu, leeds to large percentaW" errors in the meseuemente tm

ths le 80t Of fUlloUt to maller deecutmji+tift then
for lWIP Motute . heal ,n information at higher initial levels of
ftllout would be wuh a aklicable to the design and xpfcificatlon

of rellogi ml coutxm~mr systms.

Approved by:

Read, Chemical Technology D.vieion

For ihe 8cientific Director
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AppZUIU A

BLIMXELATIO IW8~tMX=IT FKK ~ ~ YY~~)W

An %"s.ure*mts vere m&U. vith AM/?DM-39 (T12B) radiace.
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"TitLE A.I

sae of Area About Buil]Ain A Before Scrapirq (TI-.me: 1230-1330,

asdiation Levenls (mr/hr)

Stati 1j 2 3 . 6

Surface

A 30 34 35 32 31 26 32
B 34 31 30 28 29 28 27
c 36 36 33 26 29 28
D X
3 34 33 28 28 29 29 29
7 31& 30 30 29 28 34
0 38 34 35 30 29 30 36

3-ftt deight

A 26 30 30 28 27 24 25
D 99 28 26 15 24 23 25
c 30 33 29 22 24 25
D x
1 30 27 26 26 24 25 26
7 30 27 27 26 26 25 29
0 30 29 27 29 27 29 29

a. Ad.itloral sempling stations, not shown in ig. 2, are exteasions of
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U=KBLZ A.2

Mmauramts of Area About Build~ing A befort 8cmping (Tim: 1303,32IO/5K0.
hadiation L*Yels (uar/bz)

station 1 2 3 4 5 6

Smrface

A 30 29 29
B 33 32 31
c 26 30 22 24 15 25 25
D 30 33 2l4 X 28 25 214
1 30 28 46 39 18 25 27
F 27 27 28
o 21 -!6 28

3-ft Height

A 28 27 27
B 29 Z2 27
c 22 12 20 16 12 24 14
D 16 26 30 x 13 2.4 24
1 24 24 32 26 19 13 24
F 23 26 26
o25 25 25
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Nwasmumnts of Area About Dlvildinhg A Afte~r ScrpinZ (Time: 110, 12/11/57);

5'=wfmc*

A 10 6
B 1 2 1
c 6 2 4 2 1 2 5
D 4 6 3 x 4 2 4
1 12 2 4 3 2 2 5
7 2 3 15
0

3-ft Ht-gbt

A 8 7
B 2 3 2
c 5 2 2 3 4 2 5
D 5 x 3 X 2 2 5
3 9 3 4 4 3 3 6
P 3 3 7
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"m A.A

Nmsammta of Are& About Building D 3sf 6m Scrapiing (Tim: 1400,, .12/10/57);

ftiati(26 rav*xs (vrlir)

ttor 1 2 3 4 6 7

Ourface

A 28 25 27
B 26 26 28
c 29 28 33 34 30 •o 11-
D 29 32 29 x 31 33 37
1 26 31 31. 22 26 37 h
F 36 39
0 h2 42

3--ft Raidt

A 25 23 25
3 25 3 S
c 25 25 22 20 22 29 36
D 26 28 22 x 19 30 34

2 26 29 26 22 21 32 38
7 33 33 3 4
0 39 37 36
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ThX.3 A.5

Mwwvmvt, of Are Abouxt Buildin B butfcm Serim (fo..,: 1015, .2/11/57)

statics 1 2 3 i4 . 6 7

A 12
3 12
C
D A• 15 x 18 19

0 2R

A 10
3 11
C
D U 12 X 16 17I
7 16
0 17

66



TA.BSZ A,6

Mi ,urmot- of Area About Building B Aft.m. Bcra.pin (Time: 1310, 12/11/57)

R-adiation ILvels (mr/hr)

Station 1 2 3 5 6 7
Surfacos

A 12 12 12
B 3 16 8
C 12 9 4 15 6 5 18
D 14 2 5 I 2 12 18

1). 6 5 P 5 5 17
7 3 I 5
o 20 20 18

3-ft H99t

A 11 10 10
B 4 6 6
C U. 4 5 5 6 16
D UI4 4 x 3 8 16

11 6 5 6 8 17
F 5 4 9
o 18 1T 17
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Min~a.,is an Concrete lM&b Roc-%f of DuildizZg A

W 0 9 ( (1335( o
~12/U/57 12/U/27)

1 20 2.2 2
2 14 3 1.8 1.8
3 16 3 2 1.8

23 2 2 1.9
5 19 2 1.8
6 25 2.2 1.8
7 19 2.2 2.2
8 20 ~.1.8 2.0
9 20 6 2.2 1.9

10 22
11 1
12 iO
13 u
Ai 10
15 11
16 )3
17 20

=1 15 3 3
2 1 2.5 2.5
33 3 3

1 2.8 2.9
5 10 3 2.9
6 20 2.6 2.7
7 14 3 2.8
8 12 3 2.8
9 13 5 2.4 2.3

10 21
11 15
12 1.4

10
15 7

16 10
17A
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S= A.8

Mossurmonts on Composltion ObInl. Roof of Building B

Station Lk" at-on Levelsafa r/r)
Woet 2 After After After

Piftbosin ?fruboes la1robosiog Scep izg Are&

SI 9 5,

5 1w0 9 5

217 9

3 359 9
9 5

20 10 5

6 so 10 6

6 2 20 10 6

7 26 159 6
8 15 10 6

9 16 7 6
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sAX k.10

YAessieient of Field Decay

Date Time Surface 3-ft Height Ratio

12/10/57 1515 30 26 0.866

1.2/3-1/57 A093-0 15 12 0.800

22/31/57 1130 13 11 .8h.6

1.2/11/57 1330 U 10 0.0,9
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TABU A.11

Rate of Applicatioa of Descr~tod Reclemtion Procedures

Procedurwe Squi~iient Per'sonnel Area Tims Rat.(a)
-(!a it) M!squired (eq ft/br)_

ScraPing 1 Notorpr4r I %:;%.mtor 110,000 2.5 hr 45,000
(blA1 . A (8 ft blade)

Scraping 1 IotorgpaAer 1 Operator 17,000 1.2 hr 14,000
(bid1 . B (8 ft bla")

Firehbo.ng 1 Vater truck 1 Tank truck 1,700 35 min 2,900
(com. v/IVAQ, hose operator
ShinWle and nozzle 2 Ho men

Firehoving 1 1ater truck 1 Tank truck 1,600 25 min 3,800
(Concrete v/pmp, hose operator
slab roof) and nozzle 2 Hoaen

Scrubbing 10-in, brushes 3 men 1,600 12 rIn 2.,700(b)
(Cncrwte detergent
slab roof)

a. Rates do it include delay times to fill tank truck, start equIpment, etc.;
thy are for actual time spent in doing the vork.

b. Rate per men.
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HOUM.TON XWIKM(TABUL&M 1N APPZN=~l A) COBM,^' TO D + I.
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TAW, 3.1

rbearemus o Are& About bu32 &izzg A bc Tore Scraping

Ciwrmeto4 to DN.3 (Timp . 245.0; Correocticmn "cMtcr,1.06)

Dhdlatice LR!Mlg(mr/klr)

station 1 2 3 14 5 6 7

A 32 31 31.

B 35 3k 33
C 30 32 23 26 1.6 V 2
D 32 35 26 1 30 27 26
232 30 49 142 19 27 29
F 29 29 3C

P9 28 30

a-3o rt _9

A 30 29 29
B 31 29 29
C 23 13 21 17 13 26 .1(c)

2,' 26 3)4 28 20 114 26
F 214 28 28
a 27 27 Zr

P-0,3-51 W.2 a'i-eras of tb. W.7:
b. A v? :7 -,3-5, - C-,1-:12 ; C-,6-7: 260

7-00-5t 268.8 avouage of tle 20%
c. Not used Ri'Comutivng smezvgei.l
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UM~ B.2

UmsuzWP**e of Arga About paildiag A After Scref~ UK

Co~Tst~ toD64. 24a,3J7.O; carzT.Gt±, yactoj,2.39)

st4attio n.5 (2r/3)

A IU .8
z 2A 2.4

C 14.3 It.8 9.6 1.8 2.4 4.8 11.9

D 9.6 1:j 7.2 x Z6 4.8 9.6
z 29 4.8 9.6 7.2 •.8 .8 11.9
7 •,8 7.2 35.8

A 1.9a1 6.7 .
B 4.8 '. 8
C 11.9 9.6 16.8 7.2 9A. 4.8 11.9

D u.,. 9.6 7.2 x 4.6 4.8 1.1.9

I 274 7.2 9.6 9.6 7.2 7.2 1'.3
7 7.2 7.2 16.7
075
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TAW2B B .3

Amxammots of Axe% About lu1Jdin,z B Befort, arspinjz

cmCc'reto to D4~1 (Time.. H+26.0; Ccwrecticm Fsctocw,113)

hk4istioa Levels (mr/hr

statica 1 a -3 4 5 6 7

Surfa.ce

A 32 26 30
B 29 PO 2
c 33 32 37 36 3 31i 47
D33 36 33 x 35 3~7 kI2

2 32 35 35 25 29 4i2 45
7 ki 4i4  50
o 50 47 k47

A 28 26 28
B
C 28 30 25 23 25 33 41
D 29 32 25 x 21 34 38
3 -29 33 29 25 24 36 43
7 .r7 37 3Z3
0 44 42 41



TAMZ 2.4

vn5Wt sof Area About Dui1&tng 1 After EeSp~in
Ow'r~ete4 to D.2. (Time, B+4i9.2; Ca'rrctim 7sctor,2.5e)

Surface~

A 30 30 30
3 7.5 40 20
C 30 23 10 38 15 13 45
D 35 5.0 7.5 X 5.0 30 45
1 35 15 13 5.0 13 13 k3
F 7,5 18 13
0 50 50 45

3-rt H.1llm

A 28 25 25
D 10 15 15
c 28 13 10 13 13 15 1.4

D 28 X.0 10 x 7.5 20 40c
2 28 15 13 10 15 20 43
7 13 10 2.3
o 45 143 163
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TABI B.5

Nea~surents on Concrete Slab Roof of Building A - Corrected to i)-

Station 1adIction Levels (mr/hr)

•forSe Gm= After Gro= Aeter After
fi*Bcae4 Area~ Scraed Firshoming Smrubbig
~? oq6)I) 147.5;2.41l) (RL4g .;2. 51) tfý.;.4

Biwfmce

1 19.4 9.6 5.5 5.12 13.35 7.2 44.5
3 15.5 7.2 5.0 4.6
b, 19.4 14.8 5.0 4.8
5 18.4 9.6 5.0 4.6
6 24.2 9.6 5.5 4.6
7 18.1 9.6 55 5.6

8 ~19.46Z: -
9 19.4 .4 5.5 -.8

10 21.3
11 17.4
12 16.5
1,3 o.6
14 9.7
15 1o.6
16 12.6
17 19.4

3-ft Height

1 14.5 9.6 7.5 7.6
2 7.7 9.6 6.3 6.4
3 8.7 7.2 7.5 7.6

13.6 9.6 7.0 7.4
5 9.7 9.6 7.T5 7.4
6 19.4 12.0 6.5 6.9
7 13.6 9.6 7.5 7.1
8 11.6 9.6 7.5 7.1
9 12.6 12.0 6.0 5.8

10 20.3
u 1-.5
12 13.6
13 1o.6
14 9.7
15 6.8
16 9.7
17 13.6

a. Correct-ion factor for E+25.0 is 1.06; average ratio of caarmble locaticrX
for Uts in Table A.1 to that in Table A.2 iL 1.10; thus m", ½•r~ly by 1.06/
!.10 or 0:.Q6 to obtain apropriate correction for the in't. a•t ued
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51 B.6

Measuraumts on CuMositior Sihinge Roof of Buitldbig 3 - Corrected to D+1

station Hed. tion L•vels (mr/Cw)

Before Before Before before
1.•rehosing Flrehosing Ffrhosj" Scrnping Area(F,,26.0;1.13) -(-+K.2;1,0)- (344.2j 2.3"+.;255

Surface

1 24.8 15.6 21.0 10.2
2 21.4 20.4 18.7 10.2
3 21.4 18.0 21.0 10.2
4 18.1 16.8 21.0 1a.8
5 38.4i 24.1 21.0 12.8
6 37.3 24.1 23-.4 15.3
7 39.5 24.1 25.7 15.3
8 20.3 21.6 21.0 15.3
9 28.2 16.8 18.7 12.8

3-ft Reigh

1 23.7 18.0 213.0 10.2
2 22.6 20.4 18.T 10.2
3 21.8 21.7 21.0 10.2
4 21.8 24.1 23.A 12.8
5 28.2 20.4 23.A,. 12.8
6 30.5 24.1 23.11 15.3
7 29.41 22.9 25.7 15.3
8 16.9 18.o 23,0 15.3
9 27.1 19.2 16.: 15.3
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