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Ammar

. 4Wa~uco dsocntaminatdon Procedures (fireho sing, motorised flushingj,

4"6 nquirerthe use of larpe quantities of water. since it n reognsid
that in na3* situations adequate water supplies Will not be avaelable for
uAJ in large scale decontbmination operations, -- ,-- ...

*:z. r':u s'mu r. -- ...........A- Atr-we A¶rt . t- -

Pqat do contamination method. that do' not require
the =s. of water -c-":, (- ~~f4tJ

A series of tests were- m oonducted to develop and evaluate rna
recalation techniques for land targets with emphasis on waterless MeOon-
taSnation methods. The tests conducted were limited to tMo evalwatIAn,
on asphaltic concrete. and portland oeme) conorteo of the iollowad pro--
ceduresa (1) 36torise~dAuping, (2)toumiusadneping, and (3),Mr

Using snthe tic fallout tn similate dry ftafout from =clear weapons
detonated on a land surface, v•e•st and rate 0% renTal data woen
obtained for the evaluation of = prodres, be.orosU' hbwu-w

The highest degree of effeotiven-.s wFA4 sbtaInrw with the air broom
and the highest rate of removal wt,; obtate'4 with motorised meeping using
t, -q a 450. Homver the rectal of heavy deposits by the air broom
prodtees a large dwst cloud and the procedure ooUiA probably be used only
when the situation is such that contamination of downwnd areas can betoler ate d,/

Ateatnel mnd"l. bnaed u-non theoretical oonsiderationa4Nas been

develops far the oo iative evaluation decontatdna on methcaq* Using
this baodait ill posIbn.to aoourate3 evS ute dr7 -A-4 - -minatiodtethods
and to odf afc.P:.:.
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To develop and evaluate re•ation techniques for land targets with
emphais on waterless deoont•mnation procedures such as motorisd sweep-
ing, vacutxisrd weoping, eto

Us synthetic fallout to simulate dry fallout frrm ioear weapons
detonated on a land surface, ef oetciveness and rate of removal data. wre
obtWaid for the evalauation of three procedures for "wterless" dsoooniwi-
nation of large paved areas, nasly motorized moping, vacumised smop-
ingand ah broco sweeping.

The highest degree of effeotivenss wan obtained with the air broom
and the highest rate of rowval was obtained with motorized s•eepin using
the WV 450. However the rmoval of heavy deposits by the air brom
produce. a. large dust cloud and t&e procedure could probabU~y be used cnly
when the situation is such that oantamdnation of dwdnd areas can be
tolaerated.

L mathematical. model, baaed upon theoretioal oonsiderations, has been
dev*loped for the acmpaative ovaluation of decontasintion methods* Using
this model it is possible to accurately evaluate dy decontamination methods
and to prodiot the effect of various onviroa•stal pa•r•etrso

S~~~~IIIIIItlIIQ
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AIMII'S'Tl t WOr•7R1ATZOI

This investigation was sponsored by the Departmet of the Azw
as pan of Prog2f 3-3, ,robleS 3, described in this Laboratoryts
Technica&l Prga for Fiscal Tear M) revised 1 January 1059.

The main objective was to determine cust and perfornoe of
reclamation masuies for lad-based construotion. This report
presents results for sub-obJeotive 21 to providUe information on
nev reclsaation technIques for land targets with erqhbLuis on
waterless tecoutaminatiou procedures. The other reports in this
series include

Vol. I The Production, Dispersal and Measurement of
Synthetic Fallout Material

Vol. II Performance Characteristics of Wet Decontamination
Procedures

Vol. IV Performance Characteristics of Land Reclaation
Methods

Vol. V Contminability Characteristics of Personnel
Exposed to Contact Beta Radiation

iv
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Mwe Objectives of this tent CoouJ not hae" busn fulftfle& vithoub tae
vboie-heints .agtuteaa. #ad coapestica of say .'stmtias wA prsmae3.
thwrefrsa 2b. Performine of the 50th Obaloal Service Platoez, V,5. LAw,,
".aigied to aWport the teat vas outatuAdia in nary npest, nou aurviaus
of the pergosel f=' N PMO pjL1. Goa'Mtjcm h~ttafio live, port IOSamma
California pnavu& Ialwm b¶JS Is the oentioa of hasM eqlpst amis
to the projeict. In -addlt~c the axbhoru wish to aohelmýe the Uminvmb1,
aid frcs tUP toflwiag o'aimaticsh NeaAqurteru, Sixth PDS * LwW, Preui~iio
of Sea Fraciscop Osifarsi; Pout bglaer, Ouq Stcmssa, Qeliformia
baeurch irtectorste, Air Force Specia Wiespon. Center, Krt~l Air Force
Uase,, 3ev Nuuco; U.S. lanal Civl.1 Nwcweurina Laboratory, Port Nuememes,
California.
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1. 1 ouawnvi

Ibis report Is Volum III In a series of reports dessribing the results

of the. stoneana n Load Irarpt lests. In this volaej results of t-bjective

"Vo dmnlqp and evaluate new recl.Aation techniques for Land
Targets with emphasis oz. uterless decontamination procedures
such as motorized swept•, ., '--w,,ed swz.pir4.., •ct." are submitted.

1.2 BMMOMOU

bfhe first eerlsmental work on the 8sooateAtw~con of paved areas
utilizinig waterless dso tfliaftica procedtires aso carried Out In 1908.11,2
In Opentiou Itreetmreep a exstiotir. -a, a lke to dotextui the effi-

duamm of removal of lreand smU d1,,4;A metallic particles from various
type of road sutm~eas usihg aciie stredt weooer end a etandard
fire~ofl. Xt was touad that Uhe stn9*t sneperagf~ the coarser par-
tidsal-amre acqU I than the fts jiartlcles, F F aeos Vas toah& to
be the beat mtbdofremoval. in Operation Baprsen.eey2 a itS? "ad M*8
of the efflciencz Of r"Dnl of tin'S different particle mise reaps of
ad~io-taate1ua metal fz'maoac-aa WAn concrete tent saqies by hadA Me-~

lug and hosing, AAln, It As found that the wmiler, the Particle Mlne the
moedifficult it is to reomv this materisa and tAt Soping is far more

efficient than sweeping. At Operation JMNS3 in the #1at~i of 1031.,

In 1956, the basic decontamination procedure. (fimest, Wmotorized
flushing and scrubbing) were evaluated at a field t..Ot at Camp Btoneman
"tiliein e taomed soils to nilate dr fallout. Althonuh thae tests v

1.1



primariy conducted to determine the perfozrmace of wet methoad, limtd
teat with a sotorised sweeper were conducted on small (10 x 50 ft) asphal-
tic and ooncrete taut as" using the dry guthetio fallout materil die-
persed at an intial mass level of 250 s/f t. The procedure was found
to rvmoe 87 to 90 percent of the mam of the material present on test
surf aces.

The basic decontamination procedures evaluated during thn field test
required the use of large quantities of vatflr. Por Instance, an average
firehoming operation required 800 gallons per 1,000 ft san motoriMed
flushing 00 gallons per 1,000 fts. The" large quantities of water SW
be somehat reduced by increasing the. rate of operation without aq
decrease in decontamuintion effectiveness. However, in saw situations
then sq not be adequate water supplies for use in large scale sooon-
taination operationu. Moreover urn mpno oonditions, water sytems
xW be daaged or otherwise depleted. F mrt aonr during cold weathr,.
deoontamination procedure. using water mq not be practicable. In vlew
of th•se antioatotd diftfialtims it appear& desirable to develop and/or
exploit decontwintion mwthods that 4o not require the use of water or
use it In lixited quatities only.

1.3 BASIC RI•NCWIPBIB (W SCUTMWIMTIf CWUATIM58

Deoontsamation of Paved aue oovred with faf•oui4 from land surface
bm'iat consist of two processes: (a) loosening and/or rmoval of the
debris from the surface; and (b) disposal, of tin debris.

for solid particulat fallout typical of laa surface burstao gravi'
is on of the cdhf forcs holding the larger particles to the surface;
for sai particles other surface attractive forces sq also be iuportv!rb
For this fle of fallout most of the effort in dsoontaoia..bion is e&efl5 id
in the remoral of th debris frm the surfao. fr7 docont4tinaton mstlwds
nomsay use mechanical erosion to either mov the contamimnt across the
surface to a collection point, or els pik it up and transfer it to a
container. The collected material nut then be transferred to a disposal
site; in situatimos in which a high, fallout deposit is found and the arese
V• I dawnutainted are large, the prlas involved in ti4spocal of the
cofleoted debris say be consiferavie. GertataU- 01t% "rq~ :u± D iou
thn oontmLnant off the surface, combine the two prooesses, naoval and
disposal. However such teohn--quua are liuitud to special usages.

There are available at present a mmber of techniques that can be cto-
gorised as waterless or near-waterless dcontamination mthoda for paved
areas. The techniques studied wore lited pri•arily to those which make
use of readily available equipment,

2
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Becuase of their universal availability prima coauIderatimsa was dir-
Soto&' tow"-h t06 tUtiSW offate SbWWbt t**f010Wlr b61fl at
eanletl ; it t '00, 6 %* fWthe 06" tng m A
Powered rotary broe 16' 4t t 4*8w 0* 4&bvn • ab vts tn t a& wo ae"
it onto a conveyor system which in turn omaries the debris lnto a hoper.
Thus a removal bulk transport sysntem Is lahereat In the dasion.

The present pickq brooms that com as standard equiment on street
sweeers utilse stfff, larp fiber broea Me from split hickor or
peUn ostalk or *I african bss.

During tho sweepin precess, a eantity of dust is generated. Moat'
wveepers utille a fine water spray to deapen the surfae ahead of the
piakqp brom to lIit dut generatioa. Ske ui of a water spray previous
to brushin my reduce the effeotriemeaso pa•t•tm^L when removing umal
amounts of dry fallout became the eouMa.tio of the water spray and
sweepi actioa creates a slurry which then beoms diffi•cat to remoe.
lRnce some sort of dust sqpressiou my be considered desirable, a vacuum
systae openting Lu ooajuaetlom wit the Upiokp broom would provide this

* feature.

Another technique of dr7 fallout removal utilizes aIr to blow the
mterilo from the surface. rMs air supplied by a conav tional air acm-
praisor is delivered to a nodse manifeld monted on a Yehicle, 2Me re-
noval of heavy deposits would produce a large dust cloud and the procedure
probably coul be used only when the situation Is such that contamtion
of reas domind from the ar& being 1doontfist"a• cn be tolerated, or
if the aerosol produced is of lessor import&a=oe thn the emergency.

i.4i so=n cy an

The tests conducted were limited to the evaluation of the following
procedures: (1) Notorized sweeping; (2) 'TaaumizeP" sweeping, and (3)
Air Broom sweepinlg.

Each procedure vas evaluated non soapha~itto concrete tout surfaces. Due
to thu l+uttat awa•a lli11,. ..-- ,1.l, .a....I••, • - . "

oly motorized weeping •an evaluated on both tqpes of surfaces.

On@ conntminating conait ion us. con-sidsred; as dry syuthetic fallout
material simulating the fallout resulting frca a high-yield (in) land
surface burst. Three nomial ass levels were lnvestigated; 10 prses/it 2 ,
33 gMs/ft2 and IN greO /ft 2 . These mas levels could correspond to
dose rates of approximately 300 r/br, 1,000 r/hr and 3,00O r/hr an at one
hour after burst. 5

•;3
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OCqe BtaMwp a deactivated AnW Cosq mW lttAbUrg, OSXi±QrS* weS
selected s m tk test sie. *I* Am#rip of the test stie erA test our-
feces am be I II In Volu tug serie of r iperbm.
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The decoutaminatton procedures entlvaed, a st+ate In Seotion 1.4 weres

"a Motorized Sweuping

a Air Broom Sweeping

2.1.1 Motorized Sweeping (Figure 2.1)

The motorized sweeping xa carried out with £ standard Wayne* Model
450 street sweeper. this mcis utilses a 58" wide pawn msain broom.
The mterial picked up Is deposited on £ conveySr systre •hioh transports
ts eaterial to a 3 cubic Yad hopMer. hst sMuprmussio, ven desired,
in accomplished through the use of a utter sp"r seyfa. ste sweeper can
'be used with either one or tvp 45" emater, wivr filled, pdtter brooms,
or, as in these tests, without.'r gutter broms.

Prior to the full scale field test, prelimarsw studies were conducted
to:.

(a) Establish for the motorized sweeper the rane of operating rates
for various Initial asses of fallout material.

(b) To determine the effect of pretreatmnt agents such as sand on
"the pickup eOfficieny of the motorised sveeer.

(a) To detue n the affect of mauttr broams on the uieknm efficienny
of the motorilzd sweeper.

The Dreliminary tests ware oonanged on an apihwtia •ga•-mte Ot,-'et
aLooated in the San Frncisco Naval hlimrd. Zetore eah test the street
'sm thoroughly cleaned. Dry soil of the type used in the synthetic fall-
out material vas dispersed on the streets in the amounts to be evaluated

*Wayne Manufacturing Co., Newark, New Jersey.

5
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R•g. 2.1 Motorzued Weepi:Lg (W•pe Model 450) on

Portland Coement CorArota.

Fig. 42 Vaouwted 3•acping (Tennant Model i00) on

Asphaltic aonarete.
6



during the field test (10 peS/ft a•nd 100 gras/fi2 ). No radioactive
tracer van used; to deteldi qwuatitatively the )•labt e*fficlency a
aterial balance of the soil dispersed and subsequently picked up was
utilized.

Band vas dinlrsed over the dry soail I the snm sumtm as the die-
persod soil to determine the affect Of lsad ae a protream nt agent o The
water pra system in the sweeper was usd to mosten the sand before
msweping.

From observations of the prelminary msepn teste the following
operating speeds were recomnded for use wing the full scale teats.

*@ Ladng Pr-cd" Dand
10 gro m/Pt2  Dry •Sweep only 7 n•/i.o
10 gras/ft2  sawl pretnhatinat !, tt/0we,
100 ass/ft2g Dry Swee only 4~ ft/s0c
10 grams/ft2 Sand pretreatment . fl/soc

It was found that by remoing the gutter broom from the sweeper the
pick-up efficiency of the equipment was appreciably Increased. It appeared
that the gutter broce in revolving, created ai, ourzn,'s which re-distri-
buted the fallout aterial before it could be picked J by the min bra.
For this reason the gutter brae was am• tely raw.sA a• at used in
the full scale tests.

The full scale motoried, sweeping tests wer oondute4dao aspbaltic
concrete and Portland emnet sante terst ana, 2est aIV, prior to
each test, were either cleaned with the Wa 450 or flashe irith a motor-
ized street flusher, di•ndig ur pr•i usage. Mhe op Ut rates used
are listed in Appndix A. laiailos measurements vwn tak*n before and
after each cycle; a complete cy*c2e incISed the cOeO*a'gOf the entire
treat least once. tao meber at indivitml passes r w"l was subject-
ively determined for *&0 cycle based %Wm the a"mat qAfudxation
remaining on the surface * Upon completion of Whib oyLs the hopper wass
esatied at a predesignated waste disposal area.

2.1.2 "Vawunized" Swe. % (Fiua 2.2 and 2.3)

Tth• vn rmizad sweeping tests were carried outwith tw o recently
developed vacumuizad sweepers. A Tenant Model 100 (designed for street
and open area use) was made available for evaluation by the Air Force
Special Weapons Center, flrtland Air Force Base, Now Mexico. Also evalu-
ated was a Tenant odael

* G.. Tennant Co., Ninneapoise, •innemota.
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evaluated was a Tennat Model 80*, a sallor industrial power meoper,
that as doesined for sweeplin ffl m a.. a ,T MoaC 80 Vu maS avail-
able for evaluation by the Naveal 0d1 2lhawering LAboretory, Port
Buoen", Cai.f orais.

The Model 100 ut•lizes a N8 wide aftroa bass ftilled, wa pickq
broom wad tvo 32" iameter ylotn bvistle gtter breon Me broom system
was adored In a wowsi equipped inning. 2 nnwl4 gmrante by the
swoeng process is filtered by a series of cloth filter bags The. material
picked up by the brooms and the dwsst trapped by the filters I. cat or
dropped into a 1-3/I. yd hopper mounted In the rear or the unit.

The odael 80 utilizes a 49Q viAd fiber mla brush iA a 20 dimeter
lide bruh. Mae ain brush in er0loeed and a hi volse low pressure
fan draws the generated dust frwa the brush enclosure into a heavy fartr
beg. A 12 cu. ft hopper mounted Ln front of the brush enclomure receives
the ateroal picked up by the sain broom.

The wc• izmed sweesping tests were cowuated on a•e•hltie ooncrete
toot areas. the opmetg rateis used wer those necommaode for mla

ecoatemiatmion effeativeness b a manufacturer's reynsentative who vs
present The equipent mw noti available prior to the full •ale teats
so no preliminary test vs c utezd*, Whis equipnt wa evaluated in
the sna aner used for the wtonlued wepero.

2.1.3 Air Broom Sweepin ('FigUr 2.4)_

An air bica, consisting of a nozsle munf*oA mounted on a compresmor
truck and positioned near the surface to blow the containant to one Idej,
was evaluated. Nine nozzles, spaced 8" apart along the manifold and de-
signed to deliver compressed air at supersonic velocities were supplied
by a 210 ofa, 100 pai cWremsor.

Prior to the full scale field tesat preliminay test. were coaduoted
on an apbaltio concrete test area in the Ban Franc•.•co huvtl tpyard
to determine the feasibility of the air broom in removing dry soil dUs-
persed in the ass levels of Interest (10 grams/ft 2 - 100 ras/nt2 ) .

The teuts indioated that the yrcoped system would remove cr7 soi up
to Initial deposits of 100 graws/ft2 satisfactorily. The full scale
ev-•aatiou tests- w•re tIn conducted on asp•ll tia cncrete teat ares.
The system was Slo evaluated vhen used In conjunction with motorized
sweeping. This evaluation consisted of a final air broom pass after
several cleaning cycles with the motorized seeper.

SG.E. Tennant Co.) Minneapolis. Minnesota.
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2.2g PR0OD== or frISTIC !ALXWT

M design aMA piqmstip of the mysthetic alut-atoal is &Oa-
cribed in detail is VIme 10 of tbiS srise of reportsf A btofte resmm
of the genersl procedure. and techniques used during the opertios followt

The Cr7 fallout sisxant was prepared by coebiuing & r,6i1otive tracer
iA solutio nA &abul owier material in t*b dra Of a modified
-aege0 3-4/2 cubic-yWAr twanult-ulX truck .(Pig. 2.5). fte solution Von
fed to a air wmalA locmtid in the ha an. of -jt rtat-si Orm where
it was atoiseo d onto tb bulk carrier materials.

The six for each day wae obtained by blending three size fractions o
the bunl• arier material so that a staudar final mix result. Distri-
bution our-,e for each day's, batcoh a presented in Volume lno w mix
used for meoa test is Indicated in Apendix 3.

2.2.1 Wootton of RadioistM

Mhw radionuclide LeMO0 was used as the radioactive tracer in thet 5n-
thetic fa.oftG. preiamits performed prior to t lad target tesmts
coMuted It 19%, antmate that trivalent Lan. -as stromnly udsorbed
to tke crrier materi anl wA ould not 4eowb upr vot doostaination
procedures. The halt life, 110.2 hours, of LL0 vas such that natwnal
decay reduced the radioactivity at the teit site to n• Meibi amounts
within a short time after the comletion of the teots.

fte facilities at the Los Aismos Soientific Laboratory, Lop-Amon,

Now Mexico were used to supply the necessary quantities of La14O.

Boll (Ambrose Clay Loss) obtained from the teit mite at Cm Stoneman
Calif. was used as the bulk catier material in the synthetic fallout
nterlal. To obtain acceptable physical. properties, the soll war processed
through a cruseing, burning and sieving operation by a mmrauiel materials
9roceasing plant.

2 * 3 DISPUWAL OF 92S a FALLOU

The amount of synthetic rallotrt material dispersed dopended vjnthe
radiation levels to be simulated. As stated in Section 1., radiation
levels of 300 r/rp, 1,000 r/br and 3,000 r/hr at 1 hour oater burst vere
selected am levels of prsmry interest, and weights deposited for these
standard dome rates were approximately 10 gms/rt2, 33 gs/ift2 aM 100
WI'/Aww-rxva•..t-v 1

io



Fig. 2,5 Tranait Mix Track for kH 3d o Dx7 SInthetio 73lnoiit.

W A -% fi~in Ii fnr THi Rnarmig~f Dwr Svntheitid Faillout On
Dos A r~a
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The 1"r of material sisiLating 3N) i/hr at zhour would be approxi-
mately 004 Inches depj for 1,OOO r/hr at I hour, .012 inhes deep; and
for 3,000 r/hr at 1 hour, .0A inhes d .ep.(bosed on eoil'eo-lity of 1800

2 .3.-1 ftz"4Aft

The dry synthetic fallout miaterial was dispersed over the paved areas
from a modified Dutch xyron 5pnaer mounted on the rear of a g-1/2 yd3

a.w truck (Fig. 24). An alvmianm baoer vas installed an the truck to
contain the synheti fallout t•aral and feed It directly Into the
spreader when th truck bed was raised*. he dimensions and locations of
the text area are own in Appendix A.

2.3.2 kmJlft
To determi the actual quantity of material dispersed, sam1ing pan

(Fig. 2.6) were placed on the teat arms prior to the dispersing of the
synthetic fallout material. These pans were collected Imediately after
the disperser had p•sed over the, placed in plastic bag and weighed.

The total activity of the smple in the pan was determined In a large
sample counter (wIC). The LAO consisted of a ochaber 26" 10wide by 28" deep
by 52" high, covered with 2' lead sheet and lined with 3/4" Plywood, into
which the pan was placed. A 1.-1/2" sofim iodide-thalliam activated crystal,
attached to an apuproiate scaler; wa used for determining the radioactivity
In, tne samle. Next 0 portion of th material in each pan w eeted for
the determination of specific activity in the 4 e..pi ion chroabberf

2.4 UAM ý 0l0

To determine the effectiveness of th various procedures evaluated,
measurements were taken of the radlation levels present on thi test areas
Just prior to contamination (background), after contamination, and after
decontamination. The masurements ware obtained with a mobile shielded
peas scintillation detector unit (Fig 2.7). The detecting element of
this intrument consisted of a one Inch laW (21) Scintillation crystal on
a photomultipller Ubae U h ws ta &n= M tub ere =untiA -within a lPaM
shield baying a vaaa tbicakeso of 6'. M shield is so sounted a to place
the center of the detector one metor above pound plane. A "sl2mtea aper-
stune siubtendng a isolid'ange of 500 unrits entrance of mftiatIon -in-to
the smeitive volume. Doe to the mry of this sytlem approximetely 98
percent of the total radiation flux meaured by the ystem from an idal
plane w•l fall within a circle having a radius of six feet. A oomple"e
description of the unit and method of calibration is given in Volume 10 of
this series of reports. The method used to convert these radiation measure-

anstw 4in usa u a. 'A inJ.W rmý-LFW 4%In~ 1L Sp~i .

12



mu

Fig. 2.7 Mobile Shielded Gems B'intillauon Detector Unit.

A4peAdix A presents the masurements obtained at each location on thetest areas. fTh data presented have been corrected to a comen 'tim toaccount for radioactive decay and also corrected for ba rowuAd,

Each decontamiatbon operation was timed to obtain neoesaary inforstionon rate e•d effort. Motion pictures wer also obtained of the various pera.tional this allowed subsequent vieing and e•wAjution of the operationl.

13
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CRAPm 3

3 A DOOMATXA! OF 07AVWM ABMA

Me results for the three types of dry decontamination methods, motor-
ized sweepingj, yactnsed seping and sr broom mseping, are nmamfized
in T!blea 3.Ž, 3.2 amA 3#3. Two aurtacen were tested, aphaltio concrete
(A-C) ad ýortlan aument (P-0). Xo great lnatidual variaztion In sfttce
obanoteristios vs noted and it was amrmud that all surhaes of a given
type were identlal. The average initial Mao level (NO) and Aerage final
mass level (N), in prm per square foot, ar eacateS as shown in Appndix
D fro the raw data. of Ap'pendix A. The average pe~rcent reann (Fmo In
obtained from:

No

It should be noted that F can also be obtained by substituting the average
final and initial radiation readings, 1g and Ug, for N and No. Jkffort (3)
is a masure of time per unit area, normally expressed a man-sin/ft2 or
equi~mnt-uiu/ft2 ; in this asae the two term ar equ al.eut since one

51',e of macine. For convenience 3 is given in term of
M-e w data for computing 13 given in Apendfi A, con-

mists oft +Om.: of the test area and the total time tOat the decontat-
nation eqtai4iot spent on the area for each oycle. This time does not
include turn-around tims or dump time.

3.1.1 Motorized 8wegpy

A Wayne WAel 450 motorized street sweeper wva toted on auphaltic
concrete, portland cement, and on a sand-treated asphaltic concrete sur-
face. In the latter (tasp, aft'Ar the contaninant bad been dispersed. sand
was uniformly spread over the top of it in the folloving amounts:

Test 313 9o S/ft 2

Test 314 20 g/ft2

Test B15 150 S/ft 2

15
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To minimize operational differences, the sum operator wa used on all
tosts. e awverae poeed of the test equiput wa 7.4 ti/sec witfh Sig-
nificant variations occurring only in tests 35 and B6.

3.1 * 2 Wjaaumiued" ulegn

TIoM mv ised veemperj, a T*em t Model 80 and a Tenant Nodal 100,
were tested an asphaltic concrete streate at three =as levels. The opera-
tor, the sam one used on the Wiwe 450, mintained an average speed of
6.0 ft/sec for the Model 0 a". 3.9 ft/sea for the Model 100. In test 39,
after the first cycle, the spee" d of the Model 100 as intentlonally doubled
to test the effect of rate ou performnece.

3.1.3 Air &1 o. k. egigi

Me prototyp air broo was tested on aphaltic concrete (Tests B16,
X17, 18) #Tests were OheOble such that ow wit sPees (1-3 knots)
vere enoountered ea the vwi direction was 75T-O to that of the test
seetion, oaming the dust snerated by the air broom to ne slowly don-
wiMi. Air pressum at the air outlets ow maintained constant but the
spee of the equimnt ve varied from pass to We as vell - from for-
ward to rerse.

The air broom va also tested as a follov-up method to conventional
street sevneing being a"Ite after two or three p"ases of the street
weeper. The wind direction varied from 75--l0O to that of the road; the

speed was moderate (4-6 knots).

3.2. Tim *aA Motion Studles

Zttnsve film footage wa taken of most of the tests, Efforts to
obtain quantitative tim inforntion frm viewing these film were pener-
ally munconesfu3 because sufficient detail was not visible 6 owever much
qualitative ilatosti Vwas obtained from these films an proved useful
in evaluating the operational chasteristies of the equipment tested.

16



5333.1

Decoun-su tion Resu~lts for a Coanwntioal Motorized S-•i•-•pr on VarlOUS Test
Surf aces

Test Cycle No N Is% utrooa..uin/io f'?t
No. * 1o. SHame Netho•.ft. 2  P/rt2  ... •r,•

B1 I A-C Wan 27.6 2.44 8-8 7.8 7.8
2 A-0 Nodal 7-.6 1.-49 5.I 5.2 13.0
3 A-C 450 27.6 .97 3.5 7.0 20.0

32 1 A-C Wayne 59.2 4.97 8.4 8.1 8.M
2 A-C modal 59.2 2.16 3.6 8.1 16.2
3 A-0 450 59.2 1.55 2.6 8.1 24.3

B3 1 A-C Wayne 120.9 3.83 3.2 11.5 11.5
2 A-C Modal 450 120.9 2.02 1.7 8.3 19.8

D4 1 P-C way"e 16.8 1.69 10.1 U.4 11.4
2 P-C Model 16.8 1.43 8.5 5.- 16.8
3 P-C i50 16.8 1.03 6.1 5.4 22.2

B5 1 P-C Wa"ne 34.1 4.97 1i.6 5.1 5.1
2 -C Model 34.1 2.50 7.3 5.3 10.4
3 P-C 1,50 34.1 1.23 3.6 3.9 14.3

B6 1 P-c Wayne 118.6 2.38 2.0 15.8 15.8
2 PNO moul 45o 118.6 2.09 1.8 9.3 25.1

B13 1 A-0 G.M Pre- 23.8 4.66 19.6 7.5 7.5
2 A-C treatment 23.8 2.83 f1.9 6.5 14.0
3 A-C Wayne 23.8 1.88 7.9 6.5 20.5

Nodal. 40o

1!4 1 A-C Sad Pire- 71.5 5.25 7.3 12.5 12.5
2 A-C treatment 71.5 2.51 3.5 8.3 20.8
3 A-C Wayne 71.5 1.58 2.2 8.3 29.1

Model 450

315 1 A-C San-Pre 137.9 18.9 13.7 10.0 10.0
2 A-C treatmn•t 137.9 8.50 6.2 10.0 20.0
3 A-C Wayne 137.9 5.20 3-8 •0.0 30.0

Model 450

17



YAJZ3.9

eobw;n.tton Reuult. for VauomsA TAype Sweepe~r

No. -NO. * Surtcq Wsthio4 tt 2  g/t2  7o-4

S7 1 A-C TeWant 21.6 1.00 4.6 3.4.1. 14.4.
2 A-0 100 21.6 .40 1.9 14.4 28.8
3 A-C 21.6 .27 1.3 18.o0 6.8

Be i A-C Itesm=t 67.6 .79 1.2 18.9 18.9
2 A-C 100 67.6 .39 .58 15,2 34,1
3 A-C 67.6 .31 .16 18.2 52.3

39 1 A-C Tean•t 177.7 3.60 2.0 19.7 19.7
2 A-C 100 177.7 1.72 .97 7.3 27.0
3 A-0 177.7 1.28 .72 6.7 33.7

310 1 A-C T• •ant 18.5 3.98 21.5 31.2 15.2
2 A-CO 8 18.5 2.21& 12.5 29.7

A-C 38.5 1.65 8.9 14.5 4.2

31 1. A-C Temant 33.5 7.82 23.1. 15.2 15.2
2 A-C 80 33.5 4.51 13.5 11.3 26.5
3 A-C 33.5 3.22 9.6 11.3 37.8

312 1 A-C Tenmt 174.9 10.24 5.9 27.3 27.3
2 A-C 80 174.9 7.46 Z4.3 11.3 38.6
3 A-C 174.9 5.87 3.4 11.3 49.9

18



TAZU 3.3

Decontamination Results for Air Broom Sweeping

Teat Cycle Mo K 7m% Effort;man-min/104 ft 2

No. No. Surface Method g/ft 2  g/ft 2  Per Cycle Cumulative

B1 4 A-C Comino on .97 .29 19.6 11.1 31.1(b)
Xethod%&I

B2 4 A-C Combin tton 1.55 .25 16.1 17.4 41.7(b)
Methodta)

B3 3 A-C Cczbinztpon 2.02 .14 6.9 12.5 32-3(b)
Methodtal

B6 3 P-C Combln~t on 2.09 .24 11.5 13.0 38.1 (b)
MethodtLal

314 4 A-c Cobintjtor 1.58 .28 17.7 20.8 9.9(b)
Methodn •

B16 1 A-C Air Broom i6.i .21 1.3 20.3 20.3

B17 1 A-C Air Broom 62.9 .57 .81 24.1 24.1
2 A-C Air Broom 62.9 .40 .64 24.1 48.2

B18 1 A-C Air Broom 148.7 .92 .62 36.2 36.2

a. Combination method consists of street sweeper followed by air broom.
b. Cumulative effort includes effort expended by the motorized sweeping

procedures.
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Q{AP~tS 4

D3•BOMIO CY He 1

44.1 PJRAS EMflOTDC ISOTAKNATIQN MZCTO

The effeotiveness of the deoontmination methods can best be exressed
- the residual mass levels obtainable at given initial =eam levels for a
specified expenditure of effort. However, test conditions varied widely
with reispect to beth Initial mass level. and effort applied so that a
direct uxcparison between tests was not practioal.

Squation (2) below, developed by Miller 9 aooounts for variation. in
initial mas level but umise an infinite amount of effort expende

Cu -4 "(l +) (2)

where Me - residual mass level at an infinite effort level gft'
MO - initial mass levelp &/ft'
4- the 34$ting upper value for Kf, a oonstant for a given

surface-method obination, e/ft'
a - sprefatdi coefficient dependent upon the surface-oethod

ogubination, the particle size and densut of the fallout
material, ft'/g

Since the above equation did not sake provisions for the differences
in the amount of effort applied, an extension of the theory developed by
Miller was neoessary to account for effort.#

Upon the expenditure of effort by a given surfaoe-mnthod combination,
the ma~a available for reoval will deorease and in accordance with equa-
tion (2) will approach W. This decrease in mass level (acmunt removed)
per unwt of applied effort is proportional to the removable mass present;
in ma thtal terms, this re'lation is

# See Minvielle s report now in preparation.
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in which K is a constant depending mainly on the method and surface and 3
is the effort expended. The constant K is the effort efficiency factor
for the wthod and surface combination - i.e. the efficiency for removing
a vase of particles from the surface.

Integrating between the limits of initial mass level at sero effort
and a residual uss level (M) at a given level of effort gives

M 0 3
Noo

or M* + (No'" r) 0' (5)

The term e-X gives the fraction of the remaoble mass remaining after
expnding the effort. I.

This derivation assumes a permanent, non..htngi•ig surface; actually
surfaces such as asphaltic concrete erode Wile bein$ decontuanated but
this factor is univort•nt in the range of piaeticaC interest.

Iquation (5) vas solved usiLng test data for vlues of H, 10 and I and
making successive approximations for M* and K to obtain satisfactory curves
through the data points ihen plotting X vs S.

To further correlate the derived valuels of KX*, the constents for
equation (2) were similarly derived as follows. Using the K* values from
equation (5) with the corresponding No values, successive tpj)roximstion
for US and a were made until satisfactory curves were obta'Lned through
the X* values when plotting M* Ys Mo. The resulting murves are presented
in Fig. 4.l.l.New values of K were then obtained, using the derived values
of M*p from equation (5). The resulting curves are presented in Figs.
4.1.2 throug 4.1.6. The actual data points for each teat including one
standard deviation are also presented. The derived values of M*, K!. N8
And a arc presented in Table 4.1.

The correlation between the test data Fad the cirvns was considered
satisfactory in evay case except tests B13-15. The sand pretreatment
in these tests masked the initial nnsn levc•t because of +he generally
poor results obtained with this particular procedure no intensive attempt
was made to adapt equation (5) to fit these conditions. In lieu of rep-
resentation by equation, lines were plotted through the data points by
visual interpolation, as shown in Fig. k.1-7-

,!.



I
_ I I l I

.. T....NT 10"ENNaN( A

T

0.0000

WAYNE 450 PP-C)S... .. " ... I WAYNE 4 50 (A- 0)

-.4 ' . -.

SrTENNANT 100 (A-

00.SI •"-•AIR BROOM (A-C)

M. • . ,,(- a

10 102' 103

Mo (G3M/SQ FT)

]ri~g,. /.1.1 The Variati.on of' Decontmaasi~titon IffsotivenetiN
_&a _&smrad bv H* With bi•ti-al saa l Lml,e•-



4

1000

ICures based on Ihe equation MM M4 4 ( M- M)r t

where k-0-33
Actual data points shown are: * TetiSa

o Teal0-
too IIei -

-. 8T5

EFFORT (MAN-MIN/IO1 0 SFT)

719. 4•. 1 .2 Iffeot i nine a of the Wayne 4,50 on Agphglt"•! a Iaonor ete ,

InI



'000

~Curves based os lbs equation MM'Mt e}M&-Miktf

Iwhere k-03

I IActual 4olo poisis shown are : Test B-4

Z 11-
100 To8

M,12.07

1F M1046

0 2 4 6 s 10 12 14 16 Is 20 2 24 b 28 0
EFFORT (MAN-MIN/10

4 
SQ FT)

Fi.4.1.3 Uffoot~yvensu of the Wayne 450 on Portland Osnent GComrste.

'h/p



ba.dCurves edonlhe equollonMM ( 0Mo-M)s-kE:

-I where k-0.210

I I¢uol dolo polal$ shown Ore: a Tele 8-7
A Teei 8-8

100 a..-2 1 Tool B-9 .-

1.0

-- i

___ .LL11..i......i.
1020 25 30 5 40 45 50 55 60 65 70 75

EFFORT (MAN-MIN/IO
4 SO FI)

Fig. 4.1.4 Effeotiwnems of the Tennant 100 Vagu.usibed Sweeper
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Fig. 4,1.6 Iffeotiveness of Air Broom Sweeping on Auphaltio Qonarete.
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TAml 4.1

Deriv& Yvalues of It, qu s , Sad a

1e04 Nrtbo-Surt M&

3-31 Wayme 450 Asphaltic Cono. 27.6 0097 0.330 1.95 .025
B-2 Wayne 4W Apooatio Com-. 59.2 1.51 0.330 1.95 'o02
D-3 Wayne 150 Aspaitlo onoo. 10.9 1.85 0.330 1.95 .025
j.1 Way-e 1150 Porbiam Cait 16.8 0 0,330 2.10 .036
B-5 Wa"n 150 PortlaMA Count 311.1 i1-8 0.330 2410 .036
z-6 Wayn 1150 PortlaS Goast, 118.6 2.07 0.330 2.3.0 .036

B.7 Tenant 100 Asykaltio con. 21.6 0.26 0,210 1.11 .012
B-8 Toennt 100 Asphaltic Oone. 30.0 0.34 0.210 1.14 .012
B-9 Tenant 302 Amphatlo Con., 177.7 1.01 0.210 1.14 .012
B-30 Tenant 80Aapbaltlo Corn. i8.5 1.72 0#1120 5.32 .021
3-11 Tenant 8o .Ahlti• Iona. 33-5 . 0.40 5.39 .o02
3-12 Tenant 80 Asphaltla Con.. 51.9 3.19 0.120 5•32 .o0

3-36 Air Rrcm-sClto Cone. 16.1 o.1 0.238 1.4o .005
B-17 Air Rroom-Mpbultio Cone. 69.9 0.38 04938 1o40 .005
B-18 Atl• Drom-Asphalte Conoe. 148.7 0.T7 0.238 1.4o .005
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Fig. 4.1.? ffteotiveness or the Wayne 450 on Sand Pro-Treated
Asphaltito Conc rete..
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dy-WAYNE 450 I
__, PORTLAND CEMENT CONCRETE |
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Fig. 4.,2.1 Comparaetive Effectiveness of• Dr Decontami~nation Mlethods on
Paved Areas at an Initial Mass Level of 20 Z/ft2.
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Fig. 4.2.2 Comparative Effectivenese of Dry Degontamination Methods on
Paved "reas at an Initial Mass Level of 50 g/ftd.
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cum plotted • t• test Fi, g*. 4.1.3 was derived m 9quat(o )

usi a alue of 30 g/ft for instead of th value 67.6 s/ft which was

ýc~to fomtas initial roito iawaw.Vlausingth esud
NO, the resultit curve did not satisfy the test & poicts Thi differt
en. could be attribvted to the effect of thM wind which redistributed and
remoed a Iamg percentage of the synthetic fallout mterial prior to the
first decoatemination cycle. (Due to the high vind on that particular test
day, no other tests were Performem).

The air broa we unqus in tint it va ued a both a priary dacos-
÷Awdt1otia mthod A as a secondary method, following deaoataeisttion by a
coaveantio•l street sweeper. lqtnIca (5) with suitable constants was
found to fit the aata for the pri=ky twage satisftorilt4.

4.2 CCPAEaM CV UCCU!IGMTON inct
Two criteria by which a decoatem tioa nethod w be evaluated ate the

effort expeaded and the residual mos leve attaiedo. Thes two parmeters
are shown Figs. A.2.1, 4.2.2, end 4.2.3 for threediffereat initial ms
levels. These curves, except for the W 1e40 an set-treated asphaltic
concrete, were obtained ins equatio(5ofstin4.

All the methods tested vere found to have sme potential usefulness in
docontamintion operatioas but onl two, convential -weeping with the

a"ne 450 &amMaO I~n weeping with the Tea t 100, have the character-
lstios necessary for general usage. Altheou the Teantn 100 ulttately
cleened to a much lower residual iass level than conventional smeping with
the Wayne 450, the latter had a mare rapid initial rmoval rate. The cross-
over, or point of equal effectiveness, WI dependent qon tha initial mass
loading and occurred at effort levels of 12 to 16 Ma4nin/1O ft 2 .

The use of a sand pre-treatuent prior to ccnventonal street weeping
with the Wayne 450 proved to be detrlaental, in mot cases, to the efficient
operation of the equiamens. It is believed that much of the effort normsily
expended on the contaminant was instead used on the snd cover, decreasing
the overall effectiveness of *e equiment. Interestinly, at low initia
aMs levels (< 60 W/ft 2 ) the final residual mass level (r*) ws as low
or lower then with conventional weeping. The"e results suggest that per-
haps sand spread in smell qmantities over the surface jter partial decon-
tamination would act as a scouring agent, loosening the more tightly held
contnineant.
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Fig., 4.2.3 Comparative Effectiveness of Dry Deoontaminaition Methods
on Paved Areas at an Intial Hasa Level of 120 Wft 21.



(P•i, 4.3.1).# The path of last effort then follows the WAe Ii0 curve
from the origin to the point of tangpncy and thereafter follows the curve
for the air broom. (It wrll be ited that althou*h the Initial . mas level
for thi JaVens 450 is 50 g/ft2, the coqpaab•le value for the air braom Is
32-tt.

Lrdmit data were obtained on the use of the air broom following. several
eMiesv ith thoWayne, sh0. Of thesetlstsi, liandD* were found to pr•-
vids stae tsfor ana.vsis. The data points for Test 22# a"e shown
in rig. 4.3.2j the turne for the Wayne 4%5O determined by equation (5)p, In
saow as o6 solid line, Using equatAon (5) with conflante for the air brom
attemts to fit a ourwm through points W-3 ad. Af-I were iwsucoesstul. when
the aeumid initial mass level lag 59 g/ft2 (point v-o) or greater.

Finally, using the path of leasnt effort described aboye, a curve, shown
by a dotted isne, was derived froa equation (5), using the air broom *on-
stantsj this ombination of data gave the best fit for the datum point
(A33-1). A simlar procedure for Test BR showed that only a curve through
the point of tangeney would fit the observed datm. In this case the
observe value van 0.19 g/ft2 aod the ceaculate4 value 0.13 Z/ftg.

Furthr studles nsip•d, to test the vlidity of the method fO or ain-
ing the lpth of least effort to obtain a given residual as. ar needed but,
based Wion the present limited results, it would epear that maiim use-
fulnsse of manpoer aM equipmrnt can be obtained by using the concept of
a Path or least effort.

4.. 4 WUQT or vI=A MASS LIL AnD UotT cu RI•Wm L

The relationships ex*resed in equations (2) and (5) were derived using
the hypothesis that the residual mass level is a f•untion of the Initial
mass level an effort exapeded. The two equations can be combined giving

f• T' point Of t�~ ey oan be a•roximated by differentiating equation
(6) c~ti~the- 5 re!ý-clinjw+ tn "e nase for lurge values of R..

The resulting equation for the value of N at which the two slopes,
(an/a), are equal is

M 1 KMTf 12 11 (g/ft2)

1K, K2

I I ~ II II
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Flg.wc 40.3J Path of lemst Xf-fort far a Combination of Two Ketodfl.
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x-No (l-go No) + No - (].-OCR No) e-IM (6)

Frca a mathematical treatmat of eqjetiot (6) oeo can &wive the follw-
Ing relations•hips betwen sidual oe le-el initial Las level anA effort.

(1) For small N, small U, K -- %(i-4)

(2) ForsmaullKXcP arge EP X -0 KIc

(3) ror l•rg o, somn R,N. 4 +%(l-fl)

(F or large No..large s3,-4t

Figures 4.kl-4.i.6 shw grspbically thee utated relationships for each
of th surface-mthd ombiations evluted.

hse euaves ca be utilized to dAeterul, what level of efsort Is
needed to pVrdue a requi•ed reidml mass. level for =W given fallout
condition.

k.• WFWT O 1 1UWAC OX MSIO=L KMSS U

As indicated in O*ction 1.4j, only the motorized aweping opretimon vitb
the Mapn $50 va eal•ate on both po•tlm somut concrete set asphaltic
conzwnte. One oam co .n the effect of surface by examilaing t curves
for thie Wayne i5 In 7Jm. 4.t.-1..z.,3 It cin be seen that for each
initial ms level imvsti•gted, the dlfferemoe. are rseativo4 smlal.
No surface rnases. measuremuts wre mae of the two types of surfaces
but vsual Insection revealed no poss differences in surface irregularities.

Mo Portland cement conrte dAta ealued did not lInlude the radia-
tion eaasments tab over or near fors Lins. As indicated in Appendix
A, (Tables A-5 - A-6)rzaation wasurmmts tak•e over a mmen or fora line
in Test D-5 amA .6, were 5410 times greater than adjacent readings. The
differences In readings u e wt apparent Wtil after the eomle1tion of
the tinst qulc. Týhe aie-v w-w- able 'to QrnM tho dry, Cntnin-gRjt
from tke semo.

'9
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12 ------ Curve. booed onlhe eqootlon -
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12 -Curve. based on Ike equation -
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FigL. 4,4.3 ReniduaI Mama vs Thitial Mass - Terinant 100 Vaouumized
Sweepin on Amphaltiae Conorete.
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Curves bated on lhe equollon
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14. .4.4b.±&al Ikm. va Ziital Es.. - Tenant SOD YaowtmM
Sweping on Aerhmltio Concrete.
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Althou* the effect of speed on decontamination effectiveness va not
Incluedd as one of the test objectivesp certain conclusions can be dra'wn
frit tub emisting data. In most, instances a wiiton asee was nintaine

the deooutemintion e*Amn4 t m i raised 25-35 percent atner Um zunae.
yole (, o a.£4j, Appediz A). Z nnae of these oases dGM the effective-
ess, measured as thu residual *as obtalmable at t gen effort level

vary slgnificaantly fr the pzvIcted "Va*e (see Figs. 4•.1. a•d .
In one case, that of the aenat 100 on the high mua lemvl Test 3), the
speed of the sIeeper .sW inentionA l raised ater the first cycle from
3.9 ft/seo to 8.3 ft/sea and 94. ft/sec on the second ad th*$ cycles
respectively. We data, i. F .i.h, agpain indiatse no apreclable effect
of this Increase speead on the effeotiveness of the method. These find-
igS sugest, tbAt, within the norml operating ranp of tbhe equpment and
uder the test parameters effectiveness Is relatively independent of the
speed of OPeeMtio.

Despite the fact that no gross effect of speed vas not•ceablie in tbhse
trials it Is probable that an optim• operational speed, dsenoent upon
the amount of contanimat present exmists for each itm of equsimt.
Furthermove, a saturation speeds at w1ich the equipmnt becoms over-
loaded and fails to operate satisfactorily would be expected for each
sahine for a given contamination level. It is accordingly recoanded
Vat in a future test the variation of effectiveness with speed be studied
iti AS detail.

4.7 OISUAZAL QKARAUZ CBCS OF1 M0AMU]flE

There are certain operational factors that must be considered vhen
dry fallout material Is rended from paved area and streets by the "water-
leis" decontamination procedures evaluated. Factors such as effort,
equipsent availablity, and mode of operation will be discussed.

Today approxiately 4,000 motorized street sweepers are in operation
on city streets in thla nnuvntry-.1O Table ½.6 lists the ava!lability of
motorized sweepers in cities of various sizes. The table does not inolude
sweepers that belong to militasr &ctivitles, state highway departments,
etc. On the average, a motorized sweeper can clean 20 gutter miles per
day. Assumlng an eight foot wide pass, the total coverage amounts to
8t5,O00 ft 2 day. Using an average of ý actual sweeping houro/day, this

, a, , , t.. n m m t~ m nm + m l m m I I I 1

would be equal to approximately .L'-wy-V 1 -u I 0. or Inw~ -b of----ort
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AME 4.6

Iffort Requiredt to Achieve Iteulal Mass JUfl

(.AItt) t 4*41, . ;.. .jida40 rtg) (30157l

20 L0 15

5.0 5

50 2.0 13.5 3.9
5.08 2*3

120 2.0 20 3.7
5.0 U0 3.2

Motorized Sweeper Ownership In the Whited. States

Population Ranzie No. of Average Avezer Miles of,
cities miles S.weeper. Streets
Surveed of Streets nr City vor Swe

Ovr 100,000 31 570 22.5 46

50,000 to 200,000 25 3.47 2.7 33

25,OO0 to•0,000 47 76 x6 42

15,,000to 25,,000 49 42 1.2 31

liAner )O00 39 3.9 0.3 13
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o'4 ri9 ". Table 4.6 extracted• rom rigs. 4.2.1-k.2.3, compares the
effor retqufrte to ahieve Aiftersit Aeaga of etffotinaess at seeral
Initial slu 3mle, for the Wayw Model 450 motorized mnswpe on aspbaltic
concrete.

It M rensioZ W seen ft•t the mc•ot Of effort znyirea to obtaln
effectiveness in the range that y be required is geveral times the effort
nOzafly eqeuaed in •Mepi=; operatiomn.

Applioatiw! cf the 6*t* in W'bie. 4.6 eM 41.7 to =.•.r;ýatt -:tt tir
involv.e in the decontamination of streets in a typical city follows:

Givent In,'-t:al falout mass'level - 20 g/ft 2

Cityi has 50 miles of tntrest per sweeper
Avo[mse width of street - 60 ft

Required: Tim tQ obt'lain a resieial mass level of I s/tbt2
(Rtesidual lxeberf - 0.o9)

Prm Table 4.6, an effort level of 15 equip-min/ 4 ft2 is required
to sachie a residual maom laen) of 1 &/0t. There the time involved
will be

t W50..Alel* 528 f-''t 60 ft x 12 eMug sill 1 hr •

""ifle iO)4 ft2  6 i

t i 396 hours or a9.5 eijht hr working days

If the initial rass level ,us 120 9/ft 2 , and a residual mass level of
2 g/ft2 would be required, (residual nimber -. 0.017) it would take a
total of 66 - eight hr working days.

A suggested technlque for the une of the motorized sweeper is to com-
bine a *wet" decontamination procedure with 2e sweeping operation. One
test of this nature is reported in Volume 1I of this series of reports,
The motorized sweeper would be utilized to remote the bulk of the fallout
ietorial sAd the %et" dacm-te•%intfion procedure to remove the rosining
material. * P t• U . .ukl... . ha a ..-. -:= t--..th¶t, when the iwitial tasm
levels are high. The rate of operation eand water requirements for a "wet"
proae&,-dre dereases significantly with a decrease in mass level.

STheoiii du 'number is defined as the deridial fraction of the potential
dose that would be received after a countermeasure has been applied.
The more effective the countermeasure, the smaller the residual nterr.
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It We SUe feed that e00oifs*ba bl wrd ~ ha WnflA asP6W the

dry fallout iatorial. * hiug areas could be .stbLa)SM4fl1es to bht
outside the area being noclavind or alternately, auxiliary equipsnt such
as a front-ed loader end a dump truck could baul Sh94f1 te1te~
to a vaste-dispnsal area further away.

It vat pointid oudt 11 Mdctiaf 14.1 thot the gutter bras. barmaidt
the overall ofl~tinsswi Of' tb6e mi*Oping epistle~ %bt weeoping but*20jj
aram. Who swepiAM -gutters, the guttlar bnSbf Oit be tkAM, othSRViS
the material againAt the cult cemot be flaobe

4~.7.2 VYaouumiued* BSneer

%atwo w6bctnflhed mt~evorn en~llted In thsOpft oit Wo tt true
floWS UVOQrSf iný tbat, a large brats was u*)tilidTa' Ow*epi% &An palttng
up the vat?11:Al fo the ntiftce.in Mapriaciple their aý&MfltiWe Van silar
to a motenlueft mnemer *ith an Mdfltienal.n nn t f ftw o arolhu
the 'ast oleuA dkneted Wy the steeping Vt'oc0u

The effort required to obtain a high degree of eaffeotinnwss Visan re-
moving dry fallout aterial wiLth the Tennant .100 is several tins larger
than that required for normal. sweeping ap4fltimni

The Tennant 2.0 at present is the only large u-eoer. that iacorpdates
a vaouum syvtea for dust control and it is presently not an widely Wahll,
able as the standard motorized sweeper.

The Tennoat 8D is priaril~y an industrial type sweeper UNeA for drive-
ways, walks and the interior of industrial buildings. Its usefulness would
be liited on large paved -areas end streets.

Un recent years the detflohaeSt of large scale airport sweepers has
been acoeleonted by the advetitOf jet aircaftt lWtch rvqufr, clean *ulxwWm.
Due to the, larg sine of runways Ma the "60amity 'of tn~q4Uat cenig
these issuers bave been desmigod to clean tW- to a LOW00 B/h at

se rs ;nf peI wk S~ . mua aaanln "is amnlishaA uit.h a#L 'in~itn
air it len-a-nun cocbleatlec ystea. nhe VIrSYf ýOnftt IN the rectaLl
of relatively large ebjeots whie OW cause eonsiderfbll dewA i:f they
nnt Annv 4 --16 -4rw s4... 4t4-Al ir' t&t 3a4g .if-Aiýt~ .*-6 Cifm~d &At

picked-up'- vteria± frtw the air strum is Aaco~liskhe4 by a rotating tenonn
seltrator. Coneseqbently, a lArge perofltss4 of the fit*f atntlo1* Viokfl
up id exhausted with the lbleed-off air.
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Preliminary Inveatigations3 of the pickup and. retention efficiency of
aseMIn of this kM have been condunted with dry Btonmn soil. Similar

. --0 wad

jp~c"iak vaq teriA2 was UGO eoUatt th owe aPM S hO, , left, the sweeper with
the Utofff aire httaiel taflss" eSmsetty rejiremats to rWtain.

moat tf WhS flue ntnX14;3. vn3 ivolvoexsoflaly radesisa and smodil oos
tion Of~b thestafti syataR.

'4.7.-3

Vithin the Limitationsa indicated, In Section 34.62, the air broom provad.
to be these aftiw O4W WAeeoflmitiea n~tWu test*4 at W* ale
of Wtort. Air nquwesarsn auserely we available tam IWUa W4k
viwDoarbtteA aUUMtp aetivtesi or privte coastrotors. "was eeqnwes-
SOrN Are gnwafly2 trailer Moqted or tr%* RMotO4. fti Adwtipn af a
manifold cosfe system to the trailer or prim mover makes avaiLable a
usf~ 'Oft" £ onteatnation. technique.

flue air brea= wae lewdi to Mov. cartels ZUmttatiacs c@A the qoUatty Of
aoteril" it W"M s0e eotevotlvy. Pig. 34. 6 WIfutrates the. nisx of
zty falu~t ntefla Wet. an ow surface by the sir broom tap qvogins

an ~ttia. mase of Jmiae W 2.OwinS. the air broom ta moat effec-
tive~y used at lowiitia mass levels, i#e., 19 gms/rt2 Or ]as&, or in

onju~action With ntlerlined sWMeing, when the qweeper is used toremove
thes bulk of the s~teeilS.

Another limitation of the air broom is obviously the fact that, the
material, blown off the surface Is not collected but is resuspended and,
depeatifg on tiaA o~adtione, to depoited nearby-or at sam "stance

4.8 sow= OF w"

Error in the remultsacam from tvo major areas, nmenly the determination
of the mass level on the surface and the perfozeance of the decontamination
equimunt. the sources of error in the performance data are quite limitsd
eam fairly wdimorteat, * emilble sourceks of error Include: total time
censased, equlamat variability much ase brush condition and speed of brush
rotntloc, an~d omenator variability, due primarily to Inoreassing experience.

The main sources of awe level eror include the following areas:
syntheatic tallet oompasitta;j instruammatation; distribution andl rSdiutri-

MUMtiOm gf6 c*ztaio -Lout; arA surface eo~iidolou ~ onsiderable
varliation In powsmitiop ezistod between individual batches of the in-
thettc fafloutt atari..) (see Vol. I of this series of reports for further
details),, Although there Is presently insufficient information av~ailble



Fig. 4.6 Ridges of dry synthetic fallout material

left on surface after one pass of the air

broom. Initial inass of 147 gms/ft 2 .
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to determLa the Importance of these variations upon the results, it has
been asemed to be relatively unimportmat nen ccxeig the varIous m•thods.
Mhe primary mece of instrumentttion error was frce the mobile shielded
detectorj it Is estmated that timing variations sad cbage of response in
the crystal caused a total error of aroximately + 1245%, The 4-pi gom
ionization chambebr and the large uele counter, being laboratory instruments,
have on inherent error of less than L%. ftediutrbution by wind of the
synthetic fallout during or after spreading was the largest unknown factor
in the data. Iven a low wind bloving during the spreading operation could
fractionate the synthetic fallout by carrying any the fine- particles while
&llo.;tgg ecoarsr wterial to settle on the surface. Thin fracttowtionp
although occurring bef ore murface reead- were taken with the mobile shielded

datectorp could cause a variation in the specific activity of the conteminant,
producing anmlou readings. The mmet important wind effects, however. were
those prodiwed by a moderately strong viM blaring sacrs the test strip after
the Initial reading (r) heAd been taken but prior to econtadtamtiome In such
factor of two, Ibe tw major sources of erroare, win effects and instrument

error, are largely cancelled out by using the calibration factor X (see
Appendix 3). The variation in the Isdividalt readings, expressed as one

standard deviation, are shown an Pigs. 4.1.2 and 4o1.7.
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5.1 C0CUCIIMZO3

Two paramters, derived fro the test data, and used tfr the fltflson
of methods, vene K vhich lu an expreslou of rate of removal and IC Vhich
is ua exprssioa for the ultiat vel obtaiAMsb at very Mld efaot
letIs a&d high: Initial mass invele. TM derived Valus of K, 4AS MA %IN
the valae at an initial mas level of 120 5/ft2 ant Sbwn belOw.

Hethod.-Surface K ito

Wayne 450 - Asphaltlc Concrete .330 1.81 1.96
Way 4P~ - Portland Concrete :330 2.06 2.0
Air Broom - Asphaltic Concrete .238 0.641 .o
Tennsat 100 - Asphaltic Concrete .210 0.88 1.14
Tennant 80 - Asphaltic Concrete .n120 l.90 5.32

The ideal mettod vwuld be one vhich had a bAih I value and a low iL
value. Since none of the methods quaified in both respect the sepuia3l
use of two methods, one having a high K value, and the other a low i4 vTae
would result In producing the aximm return for effort, e.M$. In
instances where a large eetitmur of effort can be tolezmte& one would
choose the mtho$, producing the lowest IC value.

The rem•.L of 'heavy deposits by the air broom produces a large dust
cloud and he procedure could probably be used only when to situation
is •suh tht contamination of downwind area. can be tolerated.

The suller of the two Thwnzetd swmepers vmiistu, U, T•=t --)
was found tU have limited value in remwing dry fallout material from large .
siaveft areasz and stree&ts. Thinsehn or others similar in site, could
probably be used# however• for remi ng dry fallout from sideva-lU or ot-her
relatively inaccesible paved areas.

The resiudwl mass level obtainable by any given method-surfaoe-cobination
evaluated was Iound to be dependent upon the initial ass level and the effort
expeaned.
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A mathamtical model, based upon theoreticea considerationsp has been
ds-nlc0 for the qc -arativ ou=latio of decont.diAnstiou met!!M!. Usang
thid model it is possible to accurately evaluate dry deaontsamination methods
and to predict tUe effect of various environmental jpamfters.

Within, the normal operating range of the equimsnt and under the test
coonditione, overall perfozrance appear to be indepeMent of the speed of
operation.

At all initial mass lev•el•sted, it was eler to decmtffinate the
asphultic concrete surface than the Portland ement concrete surfaces, !he
joints aM form liwe in the Portl aM a ceet conor•te a.-rs further comlicate
the difficulty of deoonteminating this type surface.

It is recemmne4 that dry deaentainatioa methods be considered for in-
opozoation An the passive defenue plans a", (1) a suquapment .U t methods

and (2) in areeo of critical Wateir owpy, as thse primary econtfaiustio
method for paved ares.

The following lils of further Investigation are sugg•sted for inclusion
In future developments of dry deoontamination prooedures for land targets:

a. Determine if an optitWt weed and/or a Ustitiz rage of peeds
exists for each surface-methed coinat•son.

b. •v•luate the two equations used at very high and lov effort levels.

o. DetermIne the feasibility of incorporatin the removal action Of
the air broom with te retfetio feattes of the vacunmised sweeper.

4. Further evaluate the sequential use of tvo aethods.

Approved by:

Ready Chemical Technology Division

For the Scientific Director
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RM011 A

A.1 i t

The foilavin tmbas prennt for each test the rkiatios masurawnts
obtained at the INirboring looationw on the test areas. The osrms nt.
have been baodirouI-corn otod aA doosoad to the N44•=tS of the initisl
rnatJs., AU msmmnnta n tiaen, ta s th the aWbIU ft.1, Game,
Moanor Uit 4smeoelro4 in Toalm I of this series of nrpesr. Toblo Awl
prosents Use raw data uttltud to obtain the effort roquirud for. eaohsurfaoo-metMo4 oabimatirna

A nap of OWp Stenums Ivloatifn the various test area Is shown in
Fig. A.104
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TABS& A.1

Test..,' 01 A .. N I ot i ta i' pi.....j.

S1. * 9 3l2.'2 8,.0 i.
2 6 75?S o0 192
3 8 100 1440
4. (AB) 8 160 i.!P/6 4q 900

B2 1 2400 10 fl7 7.7 10~
2 10 117 7.7 1230
3 10 117 77 ,,b 0
4(AB) 10 250 0.91/7?7 3fO

B3 1 240D fl 165 6.7 870
2 a 120 6 ,7. (b) 0 "'
3-- (AB) 7 180 2o2/6o7. Soo

B4 1 4000 21 273 7.7 880
2- 10 130 7#7 1890
3' 10 1.90 7.7 lflO

B5 1 4400 a8 336 8.2 p,1970
2 a 144 7.8 1880
3' a 104 10*7 2510

B6 1 4480 17 425 5.6 63
2 10 250 5.6 1070
3 5 350 2.0 770

B7 1 2400 a 208 ,9- 690
g' 'nf ,•n -fl

8 1 2200 .10. 250, ... &.0... .. 5Y.
2204.0 660

3 240 3,3 ..350

B9 1 2200 10 260 3.9 A10
2 a 96 8.3 1380
3 8 88 1__0

Continued

ao. Computed
b. Forward/Revwrse A - Mr Broom
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TAM A.1 (OD~ttd)
P Dat a for D~oulIf!,ort

Test beO Am Wo. of Tim,,

XKLO I' no0 10 A00 5.0 6
2 12 96 6.4 690
3 12 96 6.2 690

1 . 10no 310 100 5,0 .66o
2 10 75 6,7 ef0
3 10 75 6,7 80O

KU 1 1100 18 180 5.0 370
2 10 75 6.7 660
3 10 75 6.7 goo

I1%3 1 20W 6 90 6.7 1330
2 6 76 7.7 1540
3 6 78 7.7 1540

RUL4 1 240 12 180 6.7 g00
2 8 LW 6.7 1200
3 L 6,7 (b) 1200
4 (A) 10 3o 1o1/6o7. 480

NOS I 2000 a 120 6.7 1000
2 8 120 6.7 1000
3 8 120 6.7 10

1 1360 a 168 299/209(b) 4o

WV 1 1360 10 200 2 0/6 0 b 410
2 10 200 o.o/6.o' 410

BG 11360 1±0 3 .x*/16 I

b. Foriv rris AB - Air
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TABLE A-2
TESTf NO. B I SURFACE TYPE AsphalticpopreOto i
DATE 5, __ ARfEA.'A NO, a -15

PROCEDURE Motorized 1w*0plal AREA MiZE .0' x 100'

INITIAL READING18

Y3$l 6286 6695 5451 5669 5520 6504 394s
A A A A A A A A

'7680 8065 8418 5060 7054 1763 9140 3753

A A A AA AL A A

PASS NO, I

s181 1190 521 6876 470 460 571 284

SA A A A A A A A

585 513 623 645 836 418 563 495

A A A A A A A A

PASS NO. 2

1005 712 397 345 296 224 221 216

AA A A A A A

362 319 337 406 506 313 274 294

A A AA A A AA

PALOSNO.~

1305 428 201 273 234 247 253 194

A A A A A A A A

188 182 212 205 238 159 161 225
A A A A A A A A

PABS NO. 4 Air Broon Sweeping

905 50 42 04 41 34 46 35
a a A A A A A A

36 48 65 all 41 39 43 31

A A A A A A A A

63



TABLE A-S

TENT NO, B-3 | 8URFACE TYYZ AbPi• 4Io- U j"gg

DATE 6/27/5e ARIA NO. 3 - 13

PROCEDURE .. torlned U111we~g AREA SIZE 30' x 100'

Wayne Modal 0D

INTIAL RWADINW 1
10411 10211 12065 11845 11514 13116 11910 P4l2

A A A A A A A A

10061 11414 110M 11944 14788 12250 11374 6433
A A A A A A A A

PAN HO. 1

960.7 653.5 756.1 788,1 76013 619,9 658.2 752.0
A A A A A A A A

037.8 1124.3 1403.1 1583.3 1544.5 1401.2 1105,3 927.9
A A A A A A A A

PANI NO. 2

196.1 381.9 397.1 3815.9 318.9 317.6 364.4 543.9
A A A A A A A A

431.4 406.4 441.1 539.3 560.3 547.9 462.9 410.3
A A A A A A A A

PASS NO. 3

279.9 237.0 292.3 265.2 239.9 248.6 306.9 335.9
A A A A A A A A

323, S 270.9 339.4 331.9 356.8 414.8 318.1 360.3
A A A A A A A A

r~onu. 'u Air Ti W... ~ _______

45.4 43.5 44.3 47.5 41.4 48.2 64.4 54,A A A A A A, ,

40. 41.6 46.6 51.1 60.6 60.1 63.0 70.7
A A A A A A A A
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TABLE A-4

TEST NO. B - S SURFACE TYPE Agplaltic Concrete

DATE 6/26/N AREA NO.

PROCEDURE Mtorized Sweeping AREA SIZE 20' x 100'

Wayr Model 450

INTIAL READINCE I
2278 9771 936 7M8 9907 7500 9924 7374I A A A A A A A
8125 7541 6654 8483 5159 6274 6752 8574
A A A A A A A A

PASS NO. I

228,0 18961 234.2 175.4 232,9 206.0 244.4 216.

A A A A A A A A

289.1 417.3 303.6 200.8 379.3 290.4 227.0 168.9
A A A A A A A A

PAN NO. 2

I 134,2 123,9 142.4 90.6 135.0 118,8 133.3 129.5
A A A A A A A A

130.2 173.4 147.6 77.0 2D'7.1 161.7 110.7 90.1

A A A A A A A A

PAS NO. 3 Air Broom Sweeping

7.6 9.3 19,8 7.4 8.1 5.8 5,2 6.2
A A A A A A A A

10.1 10,7 11.5 0.97 9.8 10.3 7.0 8.8
A A A A A A A A

PASS NO. 4

A A A A A A A A

A A A A A A A A
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TABLE A-5

DATE 6/30/58 AREA NO, A -29

PROCEDURE dMuorized •n•o•p•g AREA MIZE 45' x 100'
Wayne Model 450

INITIAL IREADINGI ]

2396 3357 3243 2900 2828 3240 3110 3401
A A A A A A A A

A A A A A A A A

3015 2680 3540 3600 4216 4365 4046 2900
A A A A A A A A

PYA NO. I

412.5 338.0 279.9 301.6 321.2 653..4 357.7 232.4
A A A A A A A A

A A A A A A A A

Wu.3 2"0,B 249.0 251.8 210.4 450.4 322.5 398.2
A A A A A A A A

VANS NO. 2

465.2 152.6 184 9 278.5 231.2 652.8 257.2 305.9
A A A A A A A A

A A A A A A A A
413.5 241.0 238.0 227?. 214.7 210.2 225.7 220.9

A A A A A A A A

PASS NO, 3
233.2 132.4 171.0 151.7 2fr3, 230.6 205.9 200,0

A A ik ki A

A • , A A A A A A

238.4 202.8 187.2 172.8 106,1 155.2 215.8 281.3
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TABLE A4
irPortland

IrwarO' tb% u. It RIIIN]AVS? 'r*VDW Com-&A,, C=,•..N ,

DATE B/a/N AREA NO. A -30

PROCEDURE Moorlud Iwepin AREA SIZE 33' x 140' ý61

Wayne Model 450

L RXADNCIS I___________________
6174 '1605 I6N6 099 8349 7164 6595 7670 9135 7716

A A A A A A A A A A A

7231 6802 6959 6787 7013 7200 76?00 040 8503 6641! &~ A A A A A A A A A A .

oam

¶ PASO NO. I

205.5 1632.9 1683.3 1365.0 1412.0 14U.5 1143.7 1084.2 1173.0 1146.7 1245.6

A A A A A A A A

513.4 420.0 490.2 541.6 971.3 748.4 762.0 2230.1 1023.7 939.0 0653.3

A A A A A A A A A A A

PASS NO. 2 • __

"714.5 927.6 823.4 652,0 598.0 705,8 548.6 1792.0 571.9 599.0 834.4

A A A A A A A A A A A

335.9 210.9 245.2 340.0 609.6 459.5 394.0 3966.0 387.1 428.8 234.0
A A A A A A A A A A A

PASS NO. 3

A A A A A A A A A A A

234.0 142.6 129.4 178.8 417.0 235.0 188.9 1266,0 177.3 154.6 132.4

A A A A A A A A A A A
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TABLE A-?
PortLand

TEST NO. b - a SURPACE TYPE Cement Concrete

DATE . /28/a8 AREA NO. A - 30

PROCEDURE Motor2d !5WInpinL AR2A SIZE 32' x 140'
Wayne Model 450

INITIL UXAWIU _______

8184 9970 70,1 9865 10,97 8537 11920 10322 910,5 10079
A A A A A A A A A A A

"7572 8337 8242 • 583 8163 10496 8718 0997 7748 3023
A A A A A A A A A A A

PASO NO. I

•7,.5 3011, 236.7 204.9 244.0 186.2 1549.7 191.0 106.9 219.9
A A A A A A A A A A A

I8. 689,4 113,4 188.8 124.8 134.2 1364.0 147.3S 140,5 122,9
A& A A A A A A A A A A

Seam

RAMS NO, 21
262.3 181.1 174.5 18119 23682 219.4 1729.1 213.5 274.9 259,2

A A A A A A A A A A A

49.3 81.0 81.5 109,1 87,9 87.3 800.5 107.1 113,0 113.3
A A A A A A A A A A A

t
seam

PASS NO. 3 Air Broom Sweepngf0.6 2B.0 10.3 13,3 •, 13.8 37.1 13.2 10.7 14.1A A A A A A A A A A

47.7 10.2 i4 . 1 i , 4 12,9 11.2 3319. 1 1.4 9.'" 12.5

A A A A A A A A A A A
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TADLE A-$

TSrT NO. 3 -7 SURIFACE TYPE ASntlic Comordt

DATE 0/11a56 AREA NO. _.-7

PROCEDURE Yaomuwiund Iwenpih ARIA 313 S0 x 100

Taunwt Model 100

404 3343S 2"1t 11S93 8940 7T0M 4211

A A A A A A A A

1444 3o1 183"7 2471 3030 2710 5680
A A A A A A A

PA, NO. 1

161 18a 225 304 240 237 104
A A A A A A A A

07 125 114 179 165 let 261
A A A A A A A A

PAU NO. 2

Be 0 84 102 105 as 80
A A A A A A A A

So 58 44 69 64 so a8
A A A A A A A A

PAND NO. 3

62 82 68 81 84 63 63
A A A A A A A A

22 21 44 30 40 43 39

A A A A A A A A

PAMR NO. 4

A A A A A A A A

A A A A A A A A
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TANLA A-0

T , tC 4.- S UIRFACE TYPE A.ntuWltl Oamieate

DATE 6/11/K AREA NO. 3 - S

PROCEDURE Vaevutiwt.d iw-nlu" AREA SIZE IV' x 100'

T'rgant MdSt 100

12485 1IOYM 11530 985 10o0H 12201 870l 10o70
A A A A A A A A

16100 19974 15042 14910 16189 1106 19185s 15,151
A A A A AL A AA

PANS NO. 1
IO.0 104.5 160.8 199.2 185.2 131.8 118.8 128,2

A A A A A A A A

10.1 144.0 156.4 177.7 201.1 229.1 21M.6 282.9
A A A A A A A A 1

PAN NO. 2

76.6 61.9 70.5 65.9 67.6 67.4 88.0 '70.
SA A A A A A A A

61.9 2.9 14.2 85.6 102.3 104,7 10'7.7 182.8
A A A AA A A A

PANS NO. 3

A A A A A A A A68.4 56.7I 58.1 5 1.2 60,8 57.2 50,8 84.8

50.4 62.0 606.0 69.4 71.5 86.0 "8.6 111.7
A A A A A A A A

PASO K40 4

F A A A A A A. A A

A A A A A A A A
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TAlL! A-1C

TERT lNO. 3 -N . SURFACE TYPE *Ris•tic Concritf

DATE __/5/ AREA NO, -.0

PROCEDURE Vacmmtiud Oweelping ARIA MIRE 20' x 100'

Tenmant WIe 100

13167 1153% 10512 15415 16951 15308 12762 15044
S £ A A A A

18100 14453 15314 16017 2.0797 2(a'9 14041 1914l
A A A A A A A A

PAM NO. I

135.2 518.6 321.3 269.1 $15.6 $12.9 286.5 •3513
A A A A A A A A

A2 A A A A A A231•31, .9 296.7• 269.9 477'.1l 648.5 7023,

PASS NO. 2

9•6.7 2737 185.4 06,1 203.2 171.4 1536 142.3
A A A A A A A A

80.1 185.7 134.7 161.7 137.0 144.5 187.2 919.4
A A A A A A A A

PANS NO. 3

88,1 14215 129.5 141.9 16001 145,4 129.5 Dole
A A A A A A A A

81.3 111.9 96.7 139.9 115.0 112.7 130,1 163.3
A A A A A A

PA•J N(O. 4

A A A A A A A A

A A A A A A A A
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SI,

Ii,
II

TABL A-1l

TE-T•,, b -0 BUNFACR TYPE AnpM&lIcwarct

DATE AREA NO, -I11

PROCEDURE Vacuum iod w N*••n AREA SIZE 30' x $0

Temant model 50

II,
1186 4123 351 4141

I' A A A A A A A A
,iI les~ 27ftl 3341 $588

A A A A A A A A

PAM NO. 3

60.5 541. 11.4 4.3.

A A A A A A A A

064.9 21. in. 5 50.3
A A A A A A A A

20.5 5150 53.4 4S.2
A A A A A A A A

3 A. N 47.5 45,5 60,4 i
A A A A A A A A

26.9 21.6 2013 5 0S.3

A A A A A A AA

29.5 35.8 33,13 41. e

72
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TAJBL A-I1

TE•T NO. B -11 SURFACE TYPE A.mhaik Coma~e

DATE 9/13/53 AREA NO. II - 10

PROCEDURE Vacm !nhw fteept AREA IZV6 sly x 60,

"T'onmnt Model 80

INITIaL RIaN .

4011 102 9499 9710
A A A A A A A A

6408 3155 7500 5340
A A A A A A A A

PASS NO, I

1323.5 2240.6 1455.8 2923.3
A A A A A A A

1289.3 932.6 1129.,I 1398.4
A A A A A A A A

PASS NO. 2

Irtl. 6 1193.2 779.4 1522.9

A. A A A A A A A

767.2 589.5 783.3 865.7
A A A A A A A A

PASS NO. 3

541.1 880.4 846.5 1063.2
AA A A A A A

593.6 441.8 496,3 618.9
A A A A A A A A

PASS NO. 4 1
A A A A A 4 A

A A A A A A 4 A
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TABLE A-1s . *1
TENT ?.•. B - is SURFACE TYPL[ AqhtC. Concrete

DATE 9/10/U AREA NO. B - 1I

PROCEDURE Vacuwatfedl4*t AREA SIZE 20' x 50'
Tenat MIbI SO

PU•AS NO.GI

13967 1592. 1'0.45 1021.4
A A A A A A A A

5041.2 100l4 1086.9 106.7,
A A A A A A A

PAUS NO. I

838.3 106•5. 495,05 172.0

A A A A A A A AA

70.0 10754.9 1794.89 1537
A A A A A A A A

PASS NO. 2

066.9 10679 419.2 57654
A A A A A A A A

7602.6 623.8 19.6 617.3

AA A A A A A A

PA.N NO. 4

A A A A A A A AA A A A A A A A

FW F0. 4•7

IA A A

A A A



TABLI A-14

TEST NO, IS - 13 SURFACE TYPE A•ntlio Caca'L

DATE 0l0/58 AREA NO. 5-2 _ ._

PROCEDURE Motorild Swnepig AREA m92 I 104 ',1W
w/umd pnrtnaetment
Wayne Model 450

INITIAL RUADmW
2106 2604 3v 67 2519 l347 5278 3" 4558
AA A A A A A A

W0il 516i l 48W I4i iva" 5I0 4073 499:
A A A A A A A A

PASI NO. 1

1245.5 670.0 1104.6 1155.0 1125.9 B.88. 762.6 660.2
A A A A A A A A

417,9 531.2 544.111 529.6 60o.51 769.1 712.2 576.6
A A A A. A A A A

PASS NO. 2

765.8 614.0 647.9 868.5 724.1 144.8 5306. 467.8
A A A A A A A A

218.9 311.9 252.5 56. 1 404.0 427.5 599.2 464.6
A A A A A A A A

PAIS NO. 3

5465. 298.0 420.8 422.5 440,4 430.4 245,2 32331
A A A A A A A A

152.5 171.6 210.7 241.1 263.2 g0.5 284.0 317.1
A A A A A A A A

P-A 0 No. 4

A A A A A A A A

I A A A A A A A
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TENT NO. -14 TABL A- URACE TYPE A_ alItlc CwwoeWt

PROCEDURE Motorined Um&pb AREA SIZE So' x too'
w/mad pwttratment
Wayne Model 460

INITIAL PXAING

14911 14048 1225 1223518 816 s 820 17162 6312
A A A A A A A A

i22395 14495 14889 13390 16215 16022 15325 13716
[A A, A A A A A A

PAN NO. 1
8t1.$ 853.2 682,4 1 75.9 082.4 676.6 579.3 520.2
A A A A A A A A

719.9 766.l9 16.2 1200.3 1141.8 1355,8 1618.4 1530.3
A A A A A' A A A

PWA NO, 2

472.5 454.6 536.7 357.1 359.6 368.1 414.3 421.2
A A A A A A A A

4356.4 467.2 g90.0 454.7 U5, 7 520.2 617.2 460.0
A A A A A A A A

PAS NO. 3

173.B 275.2 226.1 263.7 241.8 340.5 265.7 227.6
A A A A A A A A

220.2 261.8 262.53 345.9 3168 216.8 8328.5 231.9
A A A A A A A A

PAM NO. 4 Air Broom Sweeping
AC.6 4: i1 AG A 55.7 41. 1 42.3 41.4

A A A A A A A A

44.9 51.4 4L. LL 5. 3.2 88.8 53,4
A A A A A A A A
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TABLE A-16

TREO NO. B - 15 SURFACE TYPE AiAPMlic Concroo

DATE 9/1/5N AREA NO. -9

PROCEDURE MotortKed IwelepL__ AREA NIZE 20' x 100'
w/-and pretreatmeut
Wayne Model 450

INITAL READINGS _ _... .
11460 13662 11075 13017 13017 11231 11040 10036

A A A A A A A A

A A A A A A A A

PASS NO. I

2009.3 2350.6 1284.$ 1M3. 4 2202.5 12229.7 1168.6 H93. ,

A A A A A A A A

A A A A A .A A A

PASS NO. 2
796,6 016.0 609.8 874.5 1402.8 471.7 426.6 377.4

A A A A A A A A

A A A A A A A A

PAS NO, 3

545.8 030.3 391.8 563.8 676.9 275.7 267.9 278.8
A A A A A A A A

A A A A A A A A

PASS NO. 4

A a

1 A A A A AA A A
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TABLR A-li

TEST NO, B - 1S sURFACE TYPE Aphi!ltn Concrte

DATE 8/60/50 AREA NO. 0-24

PROCEDURE A!r Broom 8wei"lng AREA M1IE S0 x 60'

MImAL RMAD1NZ00
SIM' 3142 3377 $355 1680

PAW NO. 1

52.6 50.2 54.8 51.7 39.0
A A A A A A A A

29*. 3 1.0 38.6 23.5 25.6
A A A A A A A A

PAM NO. 2

A A A A A A A A

A A A A A A A

PAMl NO, 3

A A A A A A A A

A A AL A A A A A

PA A NO. 4

A A A A A A A A ]

A A A A A A A A
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TABL A-19

TENS• NO. B - 1S SURFACE TYPE Aphfttic CIN'0,@t

DATE OWN9/Si AREA NO. B - HS

PROCEDURE Air Broom Uwp"nP AR8A SIZE 20' x 00'

INITIAL BIADR4N 1.
11540 11035 11805 1530. 9451

A A A A A A A A

11729 11855 12613 11750 11176
A A A A A A A A

PAX NO. 1

00.3 104,4 105.5 86.8 71.6
A A A A A A A A

106.1 136.0 137.4 136,5 112.3

A A A A A A A A

PAS NO, 2

81.9 48.?7 5.65 0O, 1 52.3
'IA A A A A A A A

89.9 102.0 105.7 104.5 78.2
A A A A A A A A

PASS NO. 3

A A A A A A AA

A A A A A • A A

PASS NO, 4

A A A A A A A A

A A A A
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TABLI A-19

TINT NO. B - I6 SURFACE TYPE Amsphltic Concreta

DATE 0/3/58 AREA NO. B - 22

PROCEDURE Air Broom mpIM, ARIA SIZE 20, x 60'

DETIL MIADIN7W
14172 155•4 11964 14154 16537

A A A AA A A A

MIN4 11402 1606-4 14044 m A A

PASS NO. 1

04.2 77.0 62,1 59.8 107'.1
A A A A A A A A

141.5 101.0 66.0 07.5 43.4
A A A A A A A A

PAN NO. 3

A A A A A A A A

A A A A A A A A

PASS NO. S

A A A A A A A A

A A A A A A A A

_PAM_ NO. 4

A A A A A A A A

A A A A A A A A J
doI
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APSDWJXr S

COMvlsia OF MAXAIMXON NIAst TO 1WM WflJ

D.1 A calibration factor for the mobile shie.lde detector wee determined
for eeah arfacoe this calibration factor was then used to determine a con-
version tfacor for deteminifg m-u levels. The complete derivation of
these factors Is dscussed in detail in Vol. I of these series of reports.

where X = calibratia factor, coutm per disintegration per squse foot
(of0/it), accoatiug for amfae rot*amss and backacattering

-r 0 averag itial lateasity of coatmulusted surface, in aountm per
mtmate (a/r) obtained with mobile shielded detector

4 - average weigt of coatwinutD In grams per squo* foot (gift2 )
determined by 1.22 t 2  ea uansles

0 * sieico activity, in die %ategratious per second per gram d/s
maewmd in a --pi iwAntiom chber. * S

As o•a be meem from Wale 5.1 a aouidexuble variation in the value of
K was foad. Wel varlatiou is attributed primarily to InatnUent error or
variability ead to rearzrsnmeat of the oonutminat by the wind between suc-
ceeive meaments. A K of comatant value daenote as ý0*, w" determinp d
for each s~rface by a ui~le average of al. suitable values. To determine
mass levels usin tgoK

gx0 = (2)

Th CalIbration factor wed for converting the readings from the 4-pt ion
chaber from mi11immeres to disintepationa per second let

3.30 x 1O0-15 8



wee a * mamftr /

mr svceam rsetu lamt.te of dnmotmlst.4 awMots. ia c/rn

82



Oouiylatlon of Stale amd inntet týN t.

spat, 4b Psoun ot N-B /

31 315 8/07/58 2.3 3.347 t30 Ar, .76 i*

3 2 19/8 29 1 5o 6 U.9 103386 1.b 10Z6 S*l u

ak g £2 /30/8 2.6 2120 14 1s.v J06 3-M29 1!
55 A30 .8/3/58 3. 01? l.. 259 3.15 it
R6 A3 8/g6/58 2.2 0950 2' i104.5 161 .9 it4

37 57 9119/58 14.5 174T '9 15.0 3t6a(b) 1,ki
nO 3 9/Xi/58 4.14 I=o 1O 63.2 km18 x.4xl
*0 D9 9/10/58 14.3 15iu7 10 910.9 25 16 1637 1,I44

RI0 310 9/15/58 5-- 955 1 .99- 41013 349? i.-5
3:1 BU 9/12/7,8 . IL0 59L

w1 pig 0/10/5,8 14.3% 1025 2 9-3 9'6l6 39.L3

D1 3 9/5/58 3.5 OW IS 1 mu. 52W i6u 1.49
B7152 39 2.510057 29 1.494
37 8/92958 2.1 2t5? 2, *9 953. 2:W -6

Xi.0 3214 8/30/58 2.6 073 ki 10.0 *290" 1. ."

B1 10 1//8 32 OM 3 110 75316 .59 13

a.irst nmeral reesto week; second numeral to d~y.
b.- Nztnpolsted mslii.
a. Theu. Y31u65 not used for obtaining L3.D
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ZA N .1 (aomt'a)

Comlatio of aia Ma kxtnot bes Data

3. 7.Ohe 527 t33451 6,45 27.63 56.7. 348.1 226.7 45.1
0 ,-S0 2- / 0/ Ae, /2 6 e! IVA 3110 506

,3 54,(5o TP , 930 1*0"86 250. 41ý. 1 9.0.

S 7.0 97 6,"0 396.81 3;,2 16.676 g 28 9 -
6.191 6.9o0 217.19 T ,1f3T. 34.14 0 50 268.0 -
7'43,A 610l 7%,85 8t7 218-57 181.4 -M*2 1.I

8.03(0 2.yo :91 4p,,X36 21.63 192 75.8 5.
t:.,18 "e4  67.55 161.3 6"3

95,92 "J Ml 5 1.70 345.12.

36 4.9)9i 5.870 187.66 3A.71 18.50 71.6 ha 309 "
n.8 6 1 .1% 0 9.01.75 6766 3:.54 O -

11* P.93 5*10t W&3,e9 18's568 17 .86 l0BT 792 623 -

T.074 50 175,28 k, ITi 23.80 816 .496 329
I .N a1 5 175.28 2 533 T1.0 920 ., 2T6 48.6
215 ba4(aV) 5.8M 8(.40 12,055 137.93 1648 743 454 -

U11 430g(c) 5.870 3192.65 3,095 16.OTr 39j -
U17 %74 5470 189.:95 111, 4 62.8r 2.08.T '5.1 --

Die ý616"6 ý570 91.310 13,58 148.72 84.0 - -

a. First *mora referm to week; second n ral to day.-
b. fltregtolatd value.
a. fteme values not ueed for obtaliu~g X16*



Rluaation of Table B.1

(1) Time. Time that Initial reading was taken; all radiation data have
been dedayed to this time.

(2) Wind Speed. Wind speed at time (1) obtained with a hand held anemometer.

(3) MD. The avenge weight of the contaminant deposited per aquare foot
by the dispersal device. The contaminant we collected in
1422 ft 2 panw placed approximately every 500 ft 2 in the con-
taminitioni pattern.

(4) Pan Count. 'Me average one minute count determined in a large scale
counter for the pan saple (normalized to 1 tt 2 ).

(5) 8. Specific activity determined by 4 -pi ion chamber on a sasqle
taken from pan (3) above.

(6) aLd. The ratio of (4)/6L j c/d suould be a constant value for all
case.. {3) xj(5

(7) K. Calculotted value. Km ; K should be a constant value

for all like surfaces.

(8) rO. Average value of K.

(9) C. A conrersion factor dependent upon specific activity (5) and
r•(8).,

(10) I1, Average initial count of the test area taken with the mobile
-- shielded detector.

(11) HO. Average initial mass level; the ratio of (10)/(9).

(12) - (15) Rr-1, etc. Average residual count on the test area taken with
the idile shielded detector. Values given are for successive
cycles of the decontamiatlon procedure !~e - alue s c=n be
flflfl¶T~Artt +J% I 1%y +V% "-40 vrzo t~

Er
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APflZWI C

o4. Th ~tpiag dnoateristiau of the- three street weeper. eniasted
"ae given in the follcmwing tbles, h inormoxation listed, wm attained
from mnaufatetrer's information brochures describing the equipment.

ILI



TABIS 0-1

Operating Qaaraoteriutics of Wq"e Model 40

1. iu - .i•

NaAMdtaeure - Wqn Maeatcoturiog t0.o Newarkc 59 New Jersey
Yodel go. Vaer 450

Ma~n 6 - i n& (Traw- 20 -25 mph)
nIs. 2 - 4mph

flcbupr~om 4' io"
With oai gutter brom 79 6"
With two gutter broms 10 t o"

Main (Pidrup) Broom
Disaster 36"
Z.Rrn tngee~i tli 5

Procam Material P&ayra Stalk
Drive Qifl. Drive
Mionting Full Floating - Spring Suspended
Control (Idft) IOydrauUa
Reversible Y'oe
Speeds 2 Nd, 1 Reverse

Sid. Brooms (Gutter)
DIaa~tar 45'

U 1a MW .. ,4,l . 4.ia-Aa.sA 'AliK, 1JJ.a1

Dri Direct Drive
Mmating Free floating
Speedals 2 tW& .. Aa.1 Revera s

Speeds 2 Nd•, 1 Reverse
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TAWS 0.3. (Oont'd)

Oppsratt twatt'siais of WVn hodl 450

Type Ladwer Te - Rubbr
Drive Rubber Chain
p 2 Ni, 1 Reverse

6. Attic

capacity 3 cubi.o yards (LooatMd Forwar)

Ths 6ontrdlu HItvdMlO
Dwp Doors MAU T7pe

7. IMME" fXlcoU,, V..M-

To*t Capaci~ty 170 Gafl I
Noles Bras. Atsmi•i omClU

PUMP Osatrif tat
Operating Ooatrols At Driver • nttifl

WelBias 9"- III
length Overall 35t- er
Oeigt, 6'-fl'
Width Orflt 8'- 8"

Weight .0,,000 lbs.
Turninlg Radius 141

Ia



TAMt C-2

Operatin~g QAaaratriu tics of Tennat A64.1 100

1.

Veralacture 0. H. Tenztant Oo. Yfnespol±.1 Minnesota
Model No. * 3Ndal1J00

NAXIsM 15,0 mph
tdaum 2.0 mph

Pitup Bnca V& ON
)Iith twogCutter broms 71 4"

Main (Pickup) Are=

Droaf Material I'laetio FIfLed
Drive Irwinam Driven - Go&rm
Mounting Pro. Floating
Control (WOft ib-draflo
Knursibl. No
Speeds 2 VIed

Bids Brooms (Gutter)
Diamter 32'
Bros Material Flat Wire Driutlen
Engine Engine Driven - 0Gear
Mounting Free Floating

~ltnl(T iff Irdrrnl-pki n
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'r I * .3.'

TAMA 06-2 (Oonttd)

SOpratflg Ctaraoteriatiu of Tennant M.4.1 100

Sduction Type Dust Collection Through R .
Material Moth Bag. - 540 fts
Air Flow 2200 a5

Oapaoilty 1-3/4 otirl yairds
Dmp Control I-d&aunio
Dump Domra Rear Id-ft-

7. na R--•R•-

Wheel Base 4'.-4fl
Length Ovral 91-9-1/40
Height 79-2"
"Vidth Overall 7.-W4
Weight 7600 lbs
Turning Radius 9'-2"

j 9'.

I



Operating Churaoteristics of Tennant Model 80

Ilaunfacurs G. H. Tennant 0D., tinznapolia, tinnwota
Model Mo. Model 80

EmAisa 8 mph
Wian~ 2 mph

Pickmp groom 42"
With one gutter ta~m 5)"

Lan (Picmp) Dre<m
Diaeter 1,4"
Invgth 42"
Dromw Material fiber rizttles
Drive T Balt
Uountlig ?"a. floatirng
control (141) Hydraulio
Roversiahe No
Speod. 2 FNd.

Side Brooms (Gutter)Di,•mer 21"

Broom Material Win Bristle.
Drive V Belt
MountiA( Free Floating
Control (Wt) Avdrnn1i n
Speeds 2
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TABLE 0-.3 (Oont'd)

Operating Characteristics of Tennant Model 80

5. Xmaniata

Tzyp Suction Typo Da-t Collaot Through Bag
Material Heavy Fabric Bag - 4200 in2 Area
Air Flow 700 oft

6. DirjAa

Cap"city 12 cubLo feet
Diump Controls Hydraulic
Dmp Doors Front Lift

7. Phvw4wa1 blMnnn•on

Wheel Base
Length Overall 83"
Height 55"
Width Overall 55-1/2"
Weight 1410 lbs
Turning Radius 65"

93
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