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ABSTRAZT

-.-n:?é’m decontamination prooedures (firehosing, motorised flushing,
301 _ ; i ' _
4946 requiref tho use of large quantities of water. Binoe it recognissd
that in many situations adequats water supplies will not be available for
:‘m in large scale dscontumination operations, ,

MAS-Ha Lo - Syoteni-ap-de-dcagei-or-otiosviss-dopleiadyp-di-sppoarod-dopir
W decontamination methods that do not require
tlis use of water PaYe G 8L QM‘AAAI.

A ceries of tests were -sismwders conducted to develop and evaluate new
reclamation techniques for land targets with emphasis on waterless decon=
tamination methods. The tests conducted were limited to the evaluation,
on asphaltic oonorete. and portland cement concrets, of the ollowing pro-
oeduresy (1) Motorised Sweeping, (2) Phowmized Sweeping, and (3) Adr

/Hroom Sweeping.

Using synthetic fallout t» slmulste dry fallout from nuclear weapons

detonated on a land surface, effgpctivensss and rate of removal data wers
obtained for the svaluation of 4& pmgodun.,‘or-ém berebuw P dguonimc

-

The highest degres of effsctivernwss wes <otained with the alr broom
and the highest rate of removal was; obtained with motorised sweeping using
t. - Wayne 450, However the rewoval of heavy deposits by the air broom
produces a large dust oloud and the procedure couwid probably be used only
:?1: tht: situation is such that contamination of downwind areas can be

ra

d.
A‘L\m&‘.ﬁul mddal, based upon thegretical oconsiderationsyias been
dsveloped, for the ative evaluation decontaminaiion methodg. Using
this it is possi to acourately eviluate dry decdgtemination methods
affact B variocus snvirondental parame

and to pra\t\ﬂu affe \ \ \u.




SUMMARY

Jha Problan
 To develop and evaluats reclamation techniques for land targets with

emphasis on waterless decontemination proocedures such as motorizmed sweep-
ing, vacuumited smweping, etoc.

Rindings

Using synthetio fallout to simulate dry fallout from muclear weapons
detonated on a land surfacs, sffectiveness and rate of removal dats wers
ohtaingd for the evaluation of three procedures for "waterless® deocontami-
nation of large paved areas, namly motorized sweeping, vacuumiszed sweep-

ing and aiy broom sweeping.

The highest degres of effectiveness wan obtained with the air brom
and the highest rate of removal was obiained with motorised sweeping using
the Wayne 450. However the removal of heavy deposits by the air broom
produces & large dust cloud and the procedure oould probably be used only
when the situation is such that contamination of downwind aveas can be

tolerated.

A mathematical model, based upon theoretioal considerations, has been
dewelopsd for the ocomparative evaluation of deocontamination methods. Using
this model it is possible to acourately evaluate dry decontamination methods
and o predioct the effoct of various envirommental parameters.
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CEAPTER 1

INIRODUCTION

1.1 ONKTIVE

This report is Volume III in & series of reports describing the results
t()f)ﬂl!_ Stoneman II Land Target Tests. In this volume, results of vbjective
b}, )

"o develop and evaluate new reclamation technigues for Land
Pargets with emphasis or wvaterless decontamination procedures
such as wotorized sweeping, vacuumized swieping, &tc." ar: submitted.

1.2 BACKGROUND

fthe first experimental work on the decontaminw:cion of paved nreds
vt4lizing vaterless deccptauination procedvres vas carried out in 1048,1,2
In Operation Streetswe an investigatizo was mades to deternime the offi-
ciemoy of removal of lu-n and small #1.34 metallic particles from various
types of yosd surfeces using a mechar’sed strest sweeper snd o standard
firshoge. It was found that the whrest swaeper resioved the coarser pave
4iclés more a 1y than the fine yarticles. Firehosing was found to
ba the best “of remoyal. Iu Operation Bupersveep? a study vas sade
of the efficiensy of removil of threé different particle sice ramges of
redio~tantalum metal frommacedas and. concrete teit samples by hand swedp-
ing and hosing. Again it was found that the smaller the particle size the
more difficult it is to remove this material and that Bosimg is far more
efficlent than sweeping. At Operaticn JANGIES in the wixter of 1951,
experimsats weve carriéd out o an Rephalt roed in the faéliout field.
Yoriwus mmmmn wethods were evaiumted ulﬂ.l.‘lﬂl.ll wYaterians aecon~
tamination methods such ad, &ry sweeping with a towved rotary brods, vacuwm
cleaning and air hosing., Of the dry methods evaluated,high pressure air

bosing vas found to be the most effective and vacuum clesning the least
effiotive.

In 1656, the basic decontmminatior procedures (firshosiag, motorized
flushing and scrubtbing) were evaluated at & field testh at Camp Btoneman
utilizing tezged soils to simulate dry fallout. Although the tasts were



primerily conducted to determine the performance of wet methods, limitld
test with a motorised sweepsr wers conducted on small (10 x 50 ft) asphal-
tic and concrete test areas using the dry hetio fallout material dis-
porsed at an Anitial mass levsl of 250 gus/fi*. The proocedure was found
to ?n:m 87 to0 92 peroent of the mass of the material present on teast
surfaces.

The basioc decontamination procedurss evaluated during the field test
required the use of large quantities of water. For instance, an average
firehosing opersiion required 200 gallons par 1,000 £t* and motorimed
flushing 500 gallons per 1,000 £43, Thess large quantities of water may
be somewhat reduced by increasing the.rate of operation without any
decrease in decontamination effectiveness. However, in many situations
thers nmay not de adequate water supplies for use in large scale deocon-
tination operations. loreover under emergency oonditions, water sywtems
nay be damaged or otherwise depleted. rm-ﬂ‘t:noro during cold weather,
decontamination prooedures using water may not be practicable. In view
of these anticipated difficulties, it appears desirable to develop and/or
exploit decontamination msthods t.fn’b do not require the uss of water or
use it in limitsd quantities only.

1.3 BASIC PRINCIPIES OF DECONTAMINATION OPERATING

Decontamination of pgﬁd uiu coversd with fallout from land surface
burits consist of two processsss (a) loosening and/or removal of the
debrds from the surface; and (b) disposal of the debris.

For solid particulate fallout typical of land surface bursts, graviy
is ons of the chief foroes holding the larger particles to the surface;
for small particles other surface attractive foross may also be importani.
For this type of fallout most of the effort in decontambi.tion is expentid
in the removal of the debris from the surface. Dry decontsmination methuds
normally use mechanical erosion to either move the ocontmminent across the
surface to a collection point, or else piok it up and transfer it to a
container. The oollected material must then be transferred to & disposal
aite; in eituations in which a high fallout deposit is found and the areas
tn ha danontaminated are large, the prohlems involwed in disposal of the
colleoted debris may be considerabie. Uerimiii ledhciguss swoeh as hiowing
the contemdinant off the surface, combine the two processes, remcval and
dispossl. Howsver such teochnigues are limited to special usages.

There are available at present a mmber of techniques that can be cate-
gorized as waterless or nsar-waterless dscontamination methods for paved
areas, The techniques studied were limited primarily to those which make
use of readily availabls equipment.
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Because of their universal availability primsary consideration was dir-
ecteld’ towiitdih Wi tabiing’ of standard’ strebt bvespors. Gembrdlly all . -
commeiedal: Btrwet v pbrs have the sihh spoviting sharedterisiles, A
povered rotary bBroow 14 wbed o4 dislolge the ‘SeWiih ok strwets sid vo- sVuep
it onto a conveyor system which in turk carries the dsbris imto & hopper.
Thus a removal bulk transport sywtem is inhereat in the desism,

The present pickup brooms that coms as stasdard squipsent on streat
sveapers utilize stiff, large fiber bdrocss mads from snlit hisksye op
palmyrs stalk or o7 african bass.

During the sweeping process, a guantity of dust is generated. Nost’
swvespers utilize & fine water spray to dampen the surface ahead of the
pickup broom to0 limit dust gemsretion. The usi of a water spray previous
to brushing may reduce the sffectivensss, pai’itulary vhen removing samll
asiounts of 4dry fallout beonuse the coubination of the water spray snd
sveiping action crestes a slurry wiiich then becames difficult to remove.
Since some sort of dust suppression may be considered desirable, a vacuum
systea operntiag in conjunetion with the pickup brotm wonld provide this
featurs.

Ancther technique of 4ry fallout removal utilizes air to blowv the
mterisl from the surfice. The air supplied by a comnventional alr com-
pressor is delivered to a noxzle manifeld mounted on & vehicle., The re=
maval of heavy deposits would produce a large dust clowd and the procedure
probabdbly could be wied only when the situation 15 such that contamimation
of areas dommwind from ths ares being &scontaminated can be tolerated; or
if the ssrosol produced is of lesser importance than the emsrgency.

1.4 BCOFE OF TROY

The tests conducted were limited to the evaluation of the following
procedures: (1) Motorized sweeping; (2) *Vacuumized" sveeping, and (3)
Air Broom sweeping.

Each procedure ws avalusted on asphaltic concrets tast surfaces. Dus
to tha limitad avaflahilditw af antbabla SoUIsul SoRanv CUiliroLw Burinces
only motorized swesping wes evalusted on both types of surfaces.

One contaminmting comdition was considsred; & &ry synthetic fmilout
material simulatiag the fallout resulting from s high-yield (MI') land
surface burst. Three nominal mass levels vere investigated; 10 grems/ft2,
33 grems/ft2 and 100 graus/£t2. These mass levels could correspond to
dose rates of approximately 300 r/br, 1,000 r/nr spd 3,000 r/hr all at one

bour after burst.

RO ET
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; 1.5 SELEOYION OF TEST SITE

Conxp Btomsman, & desctivated Axmy Cemp near Pittsburg, Oalifornia wes
selacted as the test site. A deseription of the test site and test sur-
faces can ba found in VYolume otmlminofmml




CHAPTER £

DNGCRIPYION OF TROT PROCEDURNG AND RASURENEWTS

2.1 DECONTANINATION PROCEIURES
The decontemipation procedurcs evalusted, as stated in Beotion 1.k were:

a) Motorized Bweeping
b) "VYacaumized® Sweeping
¢) Air Broom Sveeping

2.1.1 Motorized Sweeping ‘ris_u_:'_!; 2.,1)

The motorized sweeping was carried out with a standard Wayne* MNodel
450 street sweeper. This machine utilizes a 58" vide palmyrs main broom.
The material picksd up is deposited on a conveyer system vwhioh transports
the material to a 3 cubic yard hopper. Dust suppression, vhen desired,
is accomplished through the use of a water spray symtem. The sweepar can
e used with either ome or two k5" dlameter, wire filled, gutter brooms,
or, &8s in these tests, without any gutter bdrooms. -

Prior to the full scale field test, preliminary studies were coanducted

<o

(a) Establish for the motorized sweeper the range of opersting rates
for various initial masses of fallout amterial.

(b) To determine the effect of pretreatment sgents such as sand on
the pickup efficiency of tha motorized sweeper.

(c} To determine the affect of gutter brooms on tha pisimw efficiency

of the motorized sweeper.

The praliminary tests wera aonduated on an asphalilc concrete siraat
docated in the San Frencisco Naval Bhipyard. Befora each test the street
wis thoroughly cleauned. Dry soil of the type used in the synthetic fall-
Qut material was dispersed on the streets in the amounts to be evaluated

* Wayne Manufacturing Co., Newark, Kew Jerasey.



yig. 2.1 Motorimed Swesping (Wayne Model 450} on
Portland Cement Conorete.

Fig, 2,2 Vacuunized Sreeping (T
Asphaltic (onorete,

annant Model 100) on
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during the field test (10 grams/ft2 and 100 grems/f42). No rediosctive
trecer wvas Used; to detexmine quantitatively the pichup effiaiency a
material balance of the soil dispersed and subsequently picked up was
utilized.

Ssnd wvas disparsed over the dry soil ia the same amounts as the dis~-
persed soil to determine the effect of sa2d as & pretreatment agent. The
water spray system in the sveeper wax used to moisten the sand hefore

aweeping. '

From cbservations of the preliminary sweeping tests the following
operating speeds were recommended for use during the full scale tests.

¥ass Losding ~  Procedwre = fpeed

10 grems/?t2 Dry Sweep only 7 £5/es
10 grems/r42 Sand pretreatment  § fb/sc
100 grams/rt2 Dry Sweep only 5 £%/nec
100 grans/£t2 Sand pretreatment 72 ft/ssc

It vas found that by removing the gutter broom from the swseper the
pick-up efficiency of the equipment vas spprecisbly increased. It appesared
that the gutter bdroom, in revolving, crested air ourr=iis which re-distri~
buted the fallout material before it could be picked up by the main broom.
For this resson the gutter broom wvas completely removed and not used in
the full scale tests.

The full scale motorited sweeping tests wvere comducted on asphaliic
concrete and Portland cemsnt conorete test areas. Test areas, prior to
each test, were sither clesned with the Wayne 450 or flushed ¥ith a motor-
ized street flusher; dvmending on prior usage. The opemting retes used
are listed in Appendix A. Readiatlion messurements wers taken bafore snd
after each cycle; & complete oyalls inclwded the coveiage 6f the entire
areas least once. Tas number of individunl passes per ‘yols was subject-
ively determined for sach cycle based upon the aypsrent optamination
remaining on the surface. Upon completion of miwk cyciu the hopper was
emptied at & predesignated waste disposal area.

2.1.2 “"Vacuumized" Swseping (Figures 2.2 and 2.3)

The vacuumized swaeping tects vere carried out vith two reaently
developed vacuumirzred sweepers. A Tennant Model 100% (designed for street
and open ares use) was made available for evaluation by the Air Force
8pecial Weapcns Center, Kirtland Air Yorce Base, New Mexico. Algo avalu-
ated vas a Tennant Nodel

#* G.H. Tennant Co., Minneapolis, Ninnesoia.



Fig, 2.3 Vacwunized pweeping (Tennant Model 80) on
Asphaltic qupnm‘bo.




evaluated wvas a Tennant Model 80%, a smaller infustrial power sweeper,
that was dasigned for avesping mmall areas. The Model 80 vas made avelil-
able for evalustion by the Neval Civil Engineering Laboratory, Port
Huenems, Calitornis. .

The Modsl 100 utilizes a k8" wide african bass filled, main pickup
broom and two 32" diametsr nylon bristle gutter dDroocms. The broom system
vas enclosed in a wacum equipped Nousing. The asrosol gemerated by the
sveaping procesa is filtered by a series of cloth filter bags. The material
picked up by the brooms and the dvst trepped by the filters is cast or
dropped into & 1-3/4 yd hopper mounted in the rear of the unit,

The Nodel 80 wtilizes & 42" wide fiber main brush énd a 24" diameter
side brush. The main brush is erclosed and a high vyolume low pressure
fan drsws the genersted dust from the brush encloaure into a heavy fabria
bags A 12 cu £t hopper mounted in front of the brush enclosurs receives
the material picked up by the main broom.

The vaomumized sweeping tesis were conducted on asphaltic concrete
test axeas. The opsrating rates used were those recommenied for maximm
decontamination effectiveness by a manufacturer's representstive vho wes
present. The equipment was not available pricr to the full scsle tests
80 no preliminary test was conflucted. This equipment was evaluated in
the some manner used for the mitorized sweeper.

2,1.3 Air Broom Swveeping (Figure 2.4)

An air broom, consisting of & nozele manifold mounted on a compressor
truck and positioned near the surface to blow the conteminant to one side,
vas evalunted. Nine nozzles, spaced &" apart along the manifold and de-
signed to deliver compressed air at supersonic velocities were supplied
by & 210 cfm, 100 psi compressor.

Pricy to the full scale field tests preliminary tests were conducted
on an saphaltioc concrete test area in the San Francisco Maval Bhipyard
to determine the feasibility of the air broom in removing dry soll dis-
persed in the mass levels of interest (10 gravs/f£t2 - 100 grams/£t2).

The tests indicated that the proposed system would remove ary soii up
to initial deposits of 100 grems/ft2 satisfactorily. The full scale
evalustion tests werae then conducted on asphaltis connrete test areas.
The system vas also evaluated wvhen used in conjunction with motorized
swaaping. This svaluation conslisted of a final air broom paas after
several cleaning cycles with the motorized sweesper,

* G.H. Tennant Co., Minneapolis, Minnesota,
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2,2 PRODUCTION OF SYNINETIC PALIAUT

The design and preparation of the synthetic fallout material is s~
cribed in detail in Voliume of this series of reporta. A brief resumd
of the general procedures and techniques used during the operation followst

The dry fallout simulant was prepared by combining a radiosctive tracer
in solution snd & bulk cmrrier materisl in the aixing drve of a modified
Jeeger 3-1/2 cubic~yard vrensit-mix truck (¥ig. 2.5). The solution wes
féd Lo un air sourie located in the hasd ond of the wotakine drum vhers
it wes etomined omto the tulk carrier materials.

The mnix for each day waas obtained by blending three size fractions of
the bulk carrier material so that a standard fimal mix resulted. Distri-
bution ourves for sach day's batch are presented in Voluws I.0 The mix
used for sach test is imdicated in Appendix B.

2.2.1 Belsction of Radioisotope

The radionuclide Lall0 was used as the rediosctive trecer in ths syne-
thetic fallout. Experiments] performed prior to the land target tests
condiscted in 1956, demorwtrated that trivalunt Lel%C was strengly sieorbed
to the ocarrier saterinl and would not desord wot dpcontamination
procedures. The balf 1ife;, k0.2 hours, of Lalt0 was such that matwaal
dacay reduced the radiocactivity at the teat site to negligible samounts
within a short time after the completion of the tests.

The facilities ati the Los Alamos Boientific Laboratory, ho:oums,
New Mexico were used to supply the necessary quantities of Lal%0,

2.2.2 Bulk Carrier !ﬂrill

8oil (Asbrose Clay Loem) obtained from the test site at Cemp Stoneman,
Calif. was used as the bulk carrier material in the synthetic fallout
mRteTial, To obtain acceptable physical properties, the moil was processed
through a crushing, burning snd sieving operation by a commercial msteriale
processing plant.

2,3 DISPERSAL OF SYNTEETIC FALLOUT

The amount of synthetic fallout wmterial dlsporscd dsponded wpon ihe
radiation levels to be simulated. As stated in Section 1.k, rediation
levels of 300 r/hr, 1,000 r/hr and 3,000 r/Ar at 1 hour after burst were
selected us levels of primary interest, and weights deposited for thase
standard dose rates vere approximstely 10 gma/rt2, 33 gms/ft2 and 100

Y o i
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The layer of material simuimting 300 »/hr at i hour would be approxi-
mately 00k inches deep; for 1,000 r/hr at 1 hour, 012 inches deep; and
for/3,gg0 r/hr at 1 hour, .0l inches deep.(bésed on soil’density of 1840
1bs ya3)e ' .

2.3.1 Payed Areas

The dry synthetic fallout materisl was dispersed over the paved aress i
from & modified Burch Eydroh Spresder mounted on the rear of & 2-1/2 ya3
dwsp truck (Fig: 2.6). An slwainum hopper wes installed on the truck to
contain the aynthetic fallout muterial and feed it directly into the
spreadsr vhen the truck bed was raised. The dimensions snd loocations of
ths test arems are shown in Appendix A.

2.3.2 Saxpling Pans

To determina the actual quantity of material dispersed; sampling pens
(Fig. 2.6) were placed on the test areas prior to the disperaing of the
synthetic fallout material. These pans were collected immediataly after
the disperser had passed over them, placed in plastic bags and weighed.

The total activity of the sample in the pan wvas determined in & large
sample counter (LSC). The LBC consisted of a chamber 26* wide by 28" deep
by 52" high, covered with 2" lead sheet and lipned with 3/4" plywood, into
vhich the pan was placed. A 1-1/2" sodium iodide~thallivm sctivated crystal,
attached to an appropriate scalexr, was used for determining the radioactivity
ir. vne sample. Next & portion of the material in each psn was Bonom for
tle determination of specific activity in tha kupi ion chamber.

2.4 MEASUREMENT TECENIQUES

To datermine the effectivenass of the various procedures evaluated,
neasurements wers taken of the radiation levsls present on the test aress
Just prior to conmtemination (background), after contamination, and after
decontamination. The measurements were obtained with a mobile shielded
gamms sointillation detector unit (Fige 2.7). The detecting element of
this instrument consisted of a one inch Nal (T1) Scintillation Crystal on i
& photomultiplier tibe. Tae Giystal and I Wbe wars wounted within a iasd X
shield baving & wall thickness of 6", The shield is so mounted as to place =
the centar of the detector one meter ahove ground plans. A 291limate? sper-
ature snbtending a 806114 angle of %09 permite entrance of radiation into
the seniitive volume., Due to the geometry of this system approximately 98
peraent of the totsl rediation flux measured by the system fyom an ideal
plane wiil fall within a circle having a radius of six fest. A complete
desoription of the unit and method of calibration is given in Volume IO of
this series of reports. The method used to convert these radlation messure-

“ats tc maan u-dt‘ is i._.-..._iiea 1n A__”.nix 3!
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rig. 2.7 Mobile Shielded Gamma Suintillation Detector Unit,

Appendix A presents the messurements obtained at each Location on the
test areas. The data presented have been corrected to a common tims to
acoount for rediomctive decay and elso corrected for baaskgroupd,

Bach decontamination operation was timed to obtain necesaary information

on rate and effort. Moticn piotures were also obtained of the various ipers-
tions; this allowed subsequent vieving and eveiusiion of the operations.
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CHAFTER 3

3.1 DECONTAMIRATION OF PAVED AREAS

The results Yor the three types of 4ry decontamination methods, motor-
ized sweeping, vecuumized sweeping and air broom sweeping, are summarized
in Tablsr 3.1, 3.2 sand 3.3. Two surfacen were tested, asphaltic concrete
(A-C} and portland cement (P-C). No great individual varistion in surface
charsateristics was noted and it wes ssromed that all surfaces of a given

type were identical. The aversge initisal mass level (M;) and average final
mass level (M), in grems per square foot, are computed as shown in Appendix

B from the rav data of Appendix A. The average percent remsining (¥p) is
obtained from:

7‘ = ': x 100, (1)

Tt should be noted that ¥ can also be obtained by substituting the aversge
final and initial redistion readings, I and Ry, for M and M. !tfogt (®)
is & measure of time per unit srea, normally expressed as man-min/ft= or
equipment-min/ft2; in this case the two terms are sguivalent since one
AN 6otld opsrate sach machine. For convenience E is given in terms of
man-gin/10% £:2, The rev data for computing X, Eiven in Appendix A, con-
sists of the si.» of the test area and the total time that the decontami-
nation equipme.t spent onh the area for each cycle. Yhis time dces not
include turn-around time or dump time,

3.1.1 Motorized Sweeping

A Wayne Wodel 450 motorized street sweeper was tested on asphaltic
concrets, portland cement, and on a sand-treated asphaltic conerete sur-
face. In the latter case; aftar the contaminant had besn disperaed, sand
was uniformiy apread over the top of it in the following amounts:

Test B13 90 g/rtd

Test Blh %20 g/fte

Test B15 150 g/re2
15
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To minimize oDerational differences, the sams operator was used on all
tests. The aversge speed of the test equipment was 7.h fv/sec with sig-
nificant variations occurring only in tests B5 and B6.

3.1, 2 .vuu\-il“" g!!_"m

Two vacuumized sweepers, a Tennant Model 80 and a Tennant Model 100,
wers tested on aspbaltic concrete streots at three mass levels. The opera-
tor, the same one used on the Wayne 450, maintained an aversge speed of
6.0 ft/sec for the Model 80 and 3.9 ft/sec for the Model 100. In test B9,
after the first cycle, the speed of the Model 100 wvas intentionally doubled
tc test the effect uf rate on performance.

3.1.3 Air Broom Sveeping

The prototype air broom was tested on aspbhaltic concrete (Teats Bl6,
B17, B18). Tests were ocheduled such thet lov vind speeds (1-3 knots)
were encountered and the wind direction was T5-900 to that of the test
section, oausing the dust generated by the air broom to move slowly down-
wipd. Air pressure st the air outlets was wmaintained conatant dut the
npved of the equipment wes varied fyom pass to pass as vell as from for-
waxd Lo reverse.

The air broom was also tested as & follov-up method to conventional
street sweeping, being spplied after two or three passes of the strest
sweeper. The wind direction veried from 75°9=110° to that of the road; the
speed was moderate (k-6 kmots).

3.2. Tim otion Studies

Extennive filn footage was taken of most of the tests. Efforts to
obtain quantitative time information from viewing these films were gener-
ally unsuccensful because sufficient detall wvas not visible. However much
qualitative ilnformation was cbtained from these films and proved useful
in ewmluating the opsrational characteristics of the equipment tested.




TABLE 3.1
Decontasination Besults fo7 & Conventionsl Motorized Swesper on Varioua Mest

Surfaces
Test Cycle _ No ) | j 3 ort, man-min/10% ftf
No. No. Burface Method g/t g/et2 " Ter %Tﬁ?e
2 A-C Nodsl 27.6 1l.h9 5.4 5.2 13.0
3 AC h50 27.6 .97 3.5 T. 20.0
B2 1 A=C Wayne 59.2 4.97 8.k 8. 8.1
2 A=C Model 59,2 2.16 3.6 8.1 16.2
3 A-C k50 59.2 1.55 2.6 ol 2,3
B3 1 A~C Wayne 120.9 3.83 3.2 11,5 1.5
2 A=C Model 450 120.9 2.02 1.T 8.3 19.8
Bl 1 P-C Wayne 16.8 1.60 10.1 1l.4 1.k
2 P=C Nodel 16.8 1.43 8.5 5.4 16.8
3 P=C k50 16.8 1.03 6.1 5.4 22,2
B5 1 P-C Wayne 341 k.97 k.6 5.1 5.1
2 P-C Model 3.1 2.50 7.3 5.3 10.b
3 P=C k50 3.1 1.23 3.6 3.9 14.3
B6 1 P-C Wayne 118.6 2.38 2,0 15.8 15.8
2 P-0 Model 450 118.6 2.09 1.8 9.3 25,1
B13 1 A-C Band Pre- 23.8 4,66 19.6 T.5 7.5
2 A-C treatment 23.8 2.83 11..9 6.5 k.o
3 A~C Wayne 23.8 1.88 7.9 6.5 20.5
Model L50
Blll' 1l A-C Sand Pre- 71-5 5025 7-3 1205 12-5
2 A=C treatment 71.5 2,51 3.5 8.3 20.8
3 A-C HW 7105 1158 2.2 8.3 29-1
Model 450
2 A-C treatment 137.9 B8.50 6.2 10,0 20.0
3 A-C Hayme 137.9  5.20 3.8 10.0 30.0
Model k50
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TARIE 3.2

Decontamination Reasults for Vacuumired Type Swespers
. [~ ]

Test Cycle N _x 7.8 xtfory,man-min/l0% £42
No. _ No. Surfece Method  g/re? g/m? Bur Gyole  Cusuletive
BY 1 A<C Tennant 21.6 100 4.6 1k b 14,4

2 A=C 100 21.6 M0 1.9 1h.b 28.8

3 A-C 21.6 27 1.3 18.0 6.8
B8 1 A=C ‘fennant 67.6 .79 1.2 18.9 18.9

2 A=C 100 67.6 .39 .58 15.2 3k,1

3 A"c 67‘6 u3l ohs 1802 52.3
B 1 A=C Tennant LT7.7 3.60 2.0 19.7 19.7

2 A=C 100 ITT.7 1.72 97T 7.3 27.0

3 A-C 1T7.7 1l.28 oT2 6.7 33.7
B10 1 A=C Tennant 18.5 3.98 21.5 :Lg.a 15.2

2 A-O & 1805 202h 1201 1. -5 29.7

. A=C 18.5 1.65 8.9 k.5 ]
Bl11 1 A-C Tennant 33.5 7.82 23 15.2 15.2

2 A-C 80 33.5 4.51 13.5 11.3 26.5

3 A-G 33-5 3.22 906 11.3 37.8
B12 1 A-C Tennant  174,9 10.24 z.g 27.3 27.3

2 A-C 80 174.9 T.46 3 11.3 38.6

3 A-C! 1.7“['-9 5-87 301+ 1103 h9.9

18




TABLE 3.3
Decontamination Results for Air Broom Sweeping

Test Cycle N, M F % Effort,man-min/l0% 42
No. No. Surface Method g/t g/rt2 Per Cycle Cumulative
Bl 4 A-C Combimion .97 .19 19,6 11.1 31.1(®)
Method\®
B2 b A-C  Combiuption 1.55 .25 16,1 17.h4 41,7(0)
Methoal?
B3 3 A-C Combingtion 2.02 .1k 6.9 12.5 32,3(P)
Method(®
B 3 PG Coblmgtion  2.09 24 11,5 13.0 38,1(?)
Methoa(®
Blh &4 A-C Comdingtior  1.58 .28 17.7 20.8 kg.9{b)
Method(®
Bl6 1 A-C  Air Broom 16.1 21 1.3 20.3 20.3
2 A-¢ Air Broom 62.9 L0 6 24,1 h8.2
B8 1 A-C  Air Broom  148.7 .92 62 36.2 36.2

a. Combination method consista of street sweaper followed by air broom.
b. Cumulative effort includes effort expended by the motorized sweeping
procedures.
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CHAPTER 4

. DIBCUSSION OF RESULTS

4+ PARAMETERS EFFECTING DEOONTAMINATION EFFECTIVENESS

The effectivensss of the deoontamination methods can best be expressed
as the residual mass levels obtainable at given initial mass levels for a
specified expenditure of effort. However, test conditions varled widely
with respeot to both initial mass lavels and effort applied so that a
direoct vomparison between tests was not practiocal.

Equation (2) bolow, developed Yy Miller’ acoouwnts for variations in
initial mass level but assums an infinite amount of effort experded.

K M (1-0"0) (2)

where M = residual mass level at an infinite effort level g/fi®
Mo = indtial mass level, g/ft?
M} = the limiting upper value for }{‘, a oonstant for a given
surface-method cambination, g/fi®
¢ = spreading coefficient dependent upon tha zurfaoce-method
oombination, the particle size and density of the fallout
material, ft2/g

8inne the above equation did not make provisions for the differences
in the amount of effort applied, an extension of the theory developed by
Miller was necessary to acoount for effort.f

Upen the expenditure of effort hy a given murface-methed oombination,
tha masa avaiiabile for rusoval will decrsase and in accordance with eque-
tion (2) will approach M. This decrsase in mass level (smount removed)
por unit of applied effort is proportional to the removable mass presenty
in mathematical terms, this relation ls

# Sec Minviella's report now in preparation,
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- % w K (M « H*) (3)

in vhich K ie a constant depending mainly on the methcd and surface and B
is the effort expended. The conetant K is the effort efficiency faetor
for the mathod and surface combination « i.e. the efficlency for removing
s mags of particles from the surface.

Integrating between the limits of initial mass level at zero effoxt
and a residual mmss level (M) at a given level of effurt gives

M
f %ﬁ-‘)"‘"xf a8 (1)
¥ °o
or Moo M* 4 (M, - N) o XE (5)

e term o XE gives the fraction of the removable mass remaining after
expending the effort, E.

This derivation assumes a permanent, non-shanging surface; sactually
surfaces such as asphaltic concrete arode while being decontaminated but
this factor is unimportant in the range of practica interest.

Bquation (5) was solved uiing test data for values of M, M, and E and
mking successive approximstions for M* and K t0 obtsin satisfactory curves
through the data points vhen plotting M vs K,

To further correlate the derived walueh of M*, the comstents for
equation 52; vere similarly derived as follows., Using the N» values from
equation (5) with the correaponding M, values, succesaive approximation
for M and & were made until satisfactory curvee wers chta'ned through
the M* values when plotting M* ve My, The resulting nurves are presented
in Fig. 4.1.1.New values of M were then ohtained, using the derived values
of M*, from equation (5). The resulting curves are presented in Figs.
k.1.2 through 4.1.6. 'he actual date points for each test including one
standard deviation are also presented. The derived values of M*, K. M§
and @ are presented in Table 4,1,

The correlation between the test data and the curves was considgexed
satisfactory in every case except tests Bl3-15. The sand pretreatment
in these tests masksd the initlal maas level: becsmuse of tha generally
poor results obtained with this particular procedurs no intensive attempt
vas made 0 adapt equation (%) to fit these conditions. In lieu of rep~
resentation by squation, lines were plotted through the data points by
visual interpolation, as shown in Fig. 4.1.7.
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TABLE 4.1
Derived Valuas of M*, N§, K, and &

Pent o w» K0l M a
No, Mothod-Surface /242 g/t48 mep.min g/re® foR/g

B=l  Wayne %50 Asphaltic Conc. 27,6 097 0330 1.95 025 !
B~2  Wayne 450 Asphaltic Cona. 59,2 1.31  0.330 195 085 '
B-3  Wayne 450 Asphaltic Conss  120.9 1.85 0.330 1.95 .02% !
B-k  Wayne 450 Portland Cement  16.8 oO. 0,330 2.10 036 )

B<5  Wayne 450 Portland Cement k| 15 R 0.3 2.10 .035

B-6 Wayne 450 Portland Cemont 118.6 2.07 0.330 2.10 036

B-7  Tennant 100 Asphaltic ffomc. 21.6 0.26 0.210 1l.1& .012
B=8  Tennant 100 Asphaltic {ons. 30.0 0.34% 0.210 1l.14 012
B-9 Tennant 100 Mphltic gone. 177.7 1.01 0.210

1.1k 012
B-~10 Tennant 50 Asphaltic Coxs. 18,5 1.72 0.120 65.32 021
B=11 Tennant 80 Asphaltic (fona. 33.5 2.68 0.120 5.3 021
B-12 Tennant 80 Aspbaltic (fome. 1749 5.19 0.120 5.32 021
B=1l6 Alr Broom-Asphaltic Cono. 16.1 0.1l 0.238 1.40 005
B=17 Air Broom-Asphaltic Cono. 62,9 0.38 0.238 1.h0 4005
B=18 Aix Broon-uphlltic Conc. 1“807 OOTh 0-238 J.JIO .005




T S TR T

1000

7 L 1 L A e
T ot "'—,"J"_f»m oo o o - - — - PRI PN I -
_ Y [ R Curvas drawn by visual inlerpolalion - —

MI{GM/SS FT)

0.1

- - —f— ~— Aclual dola polnls shown are: e Teg) B-13 —— - —fe e
s Test B-14
v Test B-13

4 z8 32 36 40 44 48 12 54 60
EFFORT (MAH-MIN/104 SQ FT)

Fige hel.7 Bffoctivenese of the Wayne 450 on Sand Pre~Treatad
Aasphaltic Concrete.

30

s et

g

&g

g

1
&

L




A - F AR T i St mg—.r},:, L o "—"ﬂ’“_‘;‘.,‘q"_'r' SRR
?
3
!

100 ¢

i
|

I X

S R R R R A | | 1
— TENNANT 80 ] !
WAYNE 450 ;

PORTLAND CEMENT CONCRETE
- - T e BT P T

M {GM/SQ FT}
>
:
3

S e
T S WaYNE 480 :
" T ASPHALTIC CONCRETE

[~~~ AIR BROOM P

\ |- TENNANT 100
— N - —— - 1]
g a i3 € TTTR6T 24 26 32 36 40T a4 a3z 86 80

EFFORT (MAN-MIN/10? 5Q FT)

Fig, 4.2,1 Comparative Effectiveness of Dry Degontamination Methods on
Paved Areas at an Initial Mass Level of 20 g/ftR

31




el

»
100 } I 1 —i T =
N \ ' ) i
i 1 !
i : i
. ‘"‘ﬂ L T TTrENNaNT BT T :
\ ~«WAYNE, 450 : . [ S :
SAND PRE-TREATMENT i
- WAYNE 450 ) i R Y (e {
L ASPHALTIC CONCRETE - A\ . ; i
o -~ T i
9 LOE L x.A ?fWAYNE 450 ! i -
z Tz [ PORTLAND CEMENT CONCRETEL ™ - T i
& \ e f ST T TENNANT 100 - :
= - } } !
. i M — - - -AR BROOM - | = - !
i i —
: I i i | i ; !
1 | i i
. . | i
0.1 ! ! :
! H . i
; ' -
Lo : |
! i ! 1 .
L | |
0.01 L l- R —
o 4 ) i2 1677 26T 24 28T 32 36 40 44 48 Sz 56 60 :
EFFORT (MAN-MIN/10* 3G FT} i
Pig, 4.2.2 Comparative Effectivensss of Dry Dogontamination Methods on i
Paved Areas at an Imitdal Mass Level of 50 g/ft~<, 3
i
i
!

32

3 i e e e
b i




" bt bttt 1, Mt S et 1 e B 8t vt 1 o e+

[)

|
i
4
1
4
!
i
4
2

The curve plotted for test BB, Fig. h.1.3 vas derived from gq\utim ()
using m value of 30 g/ft% for K, inmstead of the value 67.6 g/£%2, which was
computed from the initial radimtion EeRduressnts. When usiss the masaurad
Ny, the resulting curve 4id not satisfy the test dats points. This differ-
snce could be mttributad to the effect of the wind vhich redistributed and
removed a large psroentage of the synthetic fallout matarial prior to the
first decomtamimation cycls. (Dwe to the high wind on that perticular test
day; no other tests were performed).

The air broom was uwnigue im that it wvas used as both e primary decon~
tamination sethod and as a secomdary method following decontemimation by a
comvencional street sweeper. Bquatiom (5) with suitable comstants was
found to Tit the date for the primmcy usegs satiasfsctorily.

4.2 'COMPARISON OF DECONTAMINATION METHODS

™vo criteria by which a decontamination method may be evaluated are the
effort expended and the residusl mass level attaingd. These two parsmeters
are shown ia Figs. 4.2.1, 4.2.2, and k.2.3 for three differeat initial mass
levels. These curves, except for the Wi 450 on samd-tresated asphaltic
concrete, were obtained from equation (5) of Section h.l.

All the mathods testsd were found to have some potential usefulness in
decontamination operations bBut only two, conventiondl aweeping with the
Wayne M50 and vasuwmised gyeeping with the Temnant 100, have the charsater-
istica necessary for gensral usage. Although the Tennant 100 ultimately
cleansd to a much lower residuwal mass level than conventional sweeping with
the Wayne 450, the latier hed s more rapid initial removal rate., The oross-
over, or point of egual effectiveness, wes depsndent upon initial mass
losding and occurred at effort levels of 12 to 16 man-min/10% 12,

The use of & sand pre-~treatment prior to conventiomal street sveeping
vith the Wayne 450 proved to be detrimental, in most cases, to the efficient
oparation of the equipment. It is belisved that much of the effort normally
expended on the conteaminant was instead used on the sand cover, decrsasing
the overall effectivencss of the eguipment. Interestingly, at low initial
nass levels (< 60 g/rt?) the final residual mass level (M*) was as low
or lower than with conventional swesping. These results suggest that per-
haps sand spresd in small quantities over the surface after partial decon-
temination vould act as a scouring agent, loosening the more tightly held
contaminant,
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(74gs 4+3:1)f The path of lesst effort then follows the Wayne 450 curve

from the origin to the point of tangency and thereafter follows the ourve

for the air broom. (It vill ba noted that although the initia) mass level

§gr Jh'n.ali)um k50 1a 50 g/£42, the comparsble value for the air broom is
Toe,

Limited date were obtaivied on the uae of the air broom folloving several
synias with the Wayne k50. Of these tests, Bl and B2, vers found o pree
vide suitable date for anaivsis. The date points for Test B2, are shown
in Pige 4i3.2; the curve for *he Wayne 450, determined by equation (5), s
shovn as & solid lines Using equation (%) with conctants for the mir broom,
atteupts to £it a curve through points W~3 and AB~l were uasuccessful vhen
the assumed inltial mess level 'ms 59 g/rt2(point w-o0} or greater.

Tinally, using the path of least affort described sbove, a curve, shown
by a dotted line, was derived from equation (5), using the air broom son~
stants; this combination of datm gave the best fit for the datum point
(AB-1). A similar procedure for Test Bl showed that only & curve through
the point of tengency would £it the observed datum. In thia case the
observed valus was 0.19 g/ft2 snd the calculated value 0.13 g/2t2.

Further studies designed to test the validity of the method for oktain-
ing the path of lesst effort to obtain a given rasidusl mass are needed dut,
based upon the present limitsed results, it would appear that maximvm use~
fulness of manpover ard squipmnt oan be obtained by using the concept of
& path of lsast effoxrt.

4.b EFFECT OF INITIAL MASS LEVEL AND EFFORT ON RESIDUAL
NAGS IEVEL .

The relationships expressed in equations (2) and (5) were derived using
the hypothesis that the residual mass level i1s a function of the initial
mass level and effort expended. The two equations can be coﬁbim@ giving

7 ‘pofnt of tanseney aan be approximated by differentisting equation
(8), squating thum. and yadusing ta the oaas for large values of ..
The repulting equation for the value of M at which the two alopes,
(a/ax), are equal 1is

M- KM
K

"% M3 (a/£t2)

=

R

e el o e S e AR, i .
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i (207 M0) 4y - (1T Mo) o B (6)

From a sathematicel treatment of equation (6) one can derive the follow-
ing relationships bhetween resilval msss level, initial mass level aud effort.

(1) ror small M,, small B, H — N,(1-KB)

(2) Por small M, large E, M — My XJ a

(3) For large My, small B, K — M3 + N, (1-KR)
(k) Yor large N,, large B, II-——?)I:

Pigures 4.k.)-k k.6 show grephically these stated relationships for each
ot the surface-methed combimations svaluated.

These ocuxves can be utilixed to determimne what level of effort is

needed to produce & required residual mass lavel for any given fallout
condition.

k.5 XEFFECT OF SDRPACE OX RESIDUAL MASS LEVAL

As uuc.ua in Bectiom 1.4, only the motorized sweeping operation with
the Wayne 450 was evaluated on both portland cement conorete sad asphaltic
conorete. One oan compars the effect of surface by exsamining the curves
for the Vayse bS50 in Pigs. b.2.1-k,2.3, It can be meen tmt for each
initial mass level investigated, the differences are relatively small.

N¥o surface roughners measremsnts wvere mads of the two types of surfaces
but visual inspection revealed no gross differences in surface irregularities.

The Portland cement concrste Aata moalyned 4id not include the radia-
tion measurements talem over or near form linmes. As indiocsated in Appendix
A, (Tebles A-5 - A-6)radiation meusurements taken over & seam or form line
in Teat B-5 and B-6, were 5-10 times greater than adjacent readirge. The
differences in rouunp were wt. mcmt until after the completlion of
the Tirst cyelie. The mwwipai was Gt able to rsuovs the 4ry contemimawnt
from the aeams.
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k.6 EFFECT OF BQUIPNERT EPEED

Although the effact of spesd on decontamination effsctiveness was not
included as one of the test objectives, certsin conclusions can be drawn
from the exlsting data. In modt instapnces s uniform ajpeed was maintained
throughout the test. Nowever in tests 35, B10, 1" ~r? ™2 +h~ snasd of
the deaontamimstion equipment wias raised 25-35 percent arter the inivaiss
sydle (Table A~), Appeadix A). - In none of these ocases 3id the effective-
nems, measurad as the residval mass obtainsble at & given effort level
vory signifficantly from the prodicted values (see Figs. k.1.3 snd k.1.5).
In one oase, that of the Tennant 100 on the high mess level i!ut 29), the
speed of the swesper wvas intentionally reised after the first cycle from
3.9 £t/se0 to 8.3 £t/se0 and 9.1 £%/sec on the second end third cycles
respaotively. The data, Fig, 4.1l.h, again indicate no appreciable effect
of this inoressed speed on the effectiveness of the method. These find~
ings suggest that, within the normal opersting range of the equipment and
under tha test paremeters affectivensss is relatively indspendent of the

spaed of operatiom.

Respite the fact that no groas sffect of speed was noticeable in thase
trials it is probable that an optimm operational speed, depsndent upon
the amount of contaminant present, exists for esch item of equipment.
Furthermore, a saturation speed, at vhich the equipment becomes over-
loaded and falls to opexets satisfactorily would be expected for each
maahine for a given contamination lsvel. It is sccordingly recomsended
that in a future test the variation of effectivenesss with speed be studied
in some detadl.

4.7 OPERATIONAL CHARACTERISTICS OF DRCONTAMINATION
EQUIPMENT

There are certain operaticnal factors that must bs considered vhen
dry fellout materisl is removed from paved areas and atreets by the "water-
less” decontemination procedures evaluated. PFactors such as effort,
squipment availability, snd mode of operation will be discussed.

h v
\

T w

1 Madawised Swsaning

-

Today approximmtely k4,000 motorized street sweepers are in operation
on city streets in #his country.l0 Table k.6 lists the svailshility of
motorized sweepers in cities of wvarious sizes. The table does not ilmolude
sweapers that belong to military activities, state highway departments,
etc. On the average, & motorized swesper can clean 20 gutter miles per
day. Assuning sn eight foot wide pass, the total coverage smounts to
845,000 £12 day. Using an average of 5 actual sveeping hours/day, this

Lm ann

vould be equal to approximmteiy 165,000 f2/hx or iz the units of sffort,
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TANLE 8.6 _
Refort Required to Achieve Residual Mess Xevels

8.
5 1.4
50 2.0 J.g.s 3 9
5.0 2.3
120 2.0 20 5.7
5.0 n 3.2

TABLE b.7
Motorized Sweeper Ownership in the United States

pr——— e ]

Population Range No. of Anrm Averags Miles of
Citien Sveepers Birests
_Burveyed of Btrutl per City per Sweeper
Over 100,000 3 570 12.5 6
50,000 to 100,000 25 7 2.7 53
25,000 to 50,000 L 76 2.6 k2
15,000 to 25,000 k9 k2 1.2 3
5,000 O 13,000 o7 ig.1 TR 23
Under 5,000 39 3.9 0.3 13
47
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5.5 squip - mis.

104 £t2 -, fTalle k.6 extracted from Figs. 4.2.1-4.2,3, compares the
offort required t6 achieve difféerent degreas of effdotiveness at meveral
initial mass levels, for the Wayne Model 450 motorised sweepar on asphaltic
aonarete.

It oap realdily Ta seen thit the smoust 6f effort mquired to odtain
effectivenass in the renge that may be required is several times the effort
rorually expended in swenpips operations.

Ayplication ¢f the dsta in Twoles 5.6 and 4.7 46 aemovnstiote L time
involved in the decontamination of wtreets in a typioal oity followsi

Given: In'tisl fallout mass level =~ 20 g/ft2
City bas 5% miles of atreota per sweeper
Average vidth of atrest ~ 60 %

Required: Time tu ob%ain & residual mass level of 1 g/ft2
(Residual Numbard = 0.05)

From Table 4.6, an effort level of 15 equip-min/10% £¢2 is required
10 achieve & residusl mass level of 1 g/ft2., There the time involved

vill be
las "ia&ﬁ. 60 " 1l hr
29‘_“5_: x xjﬁii_la_-xm

t = 396 hours or h9.5 - eight hr working days

If the initial mess level was 120 g/ft2, and » residual mass level of
2 g/7t2 would be required, (residusl mmber = 0.017) it would take a
total of 66 - eight hr working days.

A suggested technique for the use of the motorized sweeper is to com-
bine & "wet" decontamination procedurs with }Ee sveeping operstion. One
test of this naturs is reported in Volums II- of this series of reports.
The motorized sweeper would bBe utilized to remove the bulk of the fallout
matarial aond thu Murat? decomtamination procedure to remove the remaining
maveriai, Tois leuiigus would ha west avoosaaful when the initikl umass
lavels are high. The rate of operation and vater requirements for a "wet"
procedure dacrasses gignificantly with a decrease in mass level.

# The residual number is defined as the deciwal fraction of the potential.
dose that would be received after a countermeasure has heen applied.
The more effective the countermeasgure, the smaller the residual number.,
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P ensee e BT

Itmauofouﬂ. that oonbunttbh %Wmuw 3
-Hiopper upprobohed. full capaeity. -Phe fine t materiad. webld spill)
out APOMAA thib SLONUTE. WeKaE’ 6k redbataRinate the Biwik being Tnsotrbtmi- -
natedi: Tt miy b fsteseary t0 dapty this Ropber. mbew sfen whan® reloving
dry fallout matarial. Dumping areas could be establialid: cloes 40 bt
outeide the area being reclaimed or altsrnately auxiliary equipment such
as & front-end loadsr and a dump truck could haul thr: sallested mierisl 7
toa mtn-ulpun u-u. rurthor nw ' i
It was pointed out u ndim Bedsl tut thn :mtor hm: l.umul
the overall efréctivensss of the swhdping operetion vium wweeping turbless
arens. When swéepivig gutters, the gutter broom mv 'bo 'aid, oum-nu
the material ageinit the eur'b cahnot be tnehd

k7.2 'vacuumized" Sweeper

The twd vicuuiized sveepérs evaluated in this épexmtion were mot true
vacuum swaepers in' that & large broom was utilised for: iweepliy and ploking
up the materisl from the wurfece. In p¥inciple théir opsration vas sinmfisr
to & motoriced mwﬁmwﬁmﬂmmw ﬁr oi!tron!.u ;
the Sust cilmn amud Yy the mcp:lnc Yroceas. -

Tha efi‘or‘b required to obtain a high degres of emntimu \rhm t'c-
moving dry fallout meteriml with the Tennant 100 is lmrll t:ln- hrger
than that requ:l.ned for nornll sveeping opoz'lt:lom S

The Yennant 100 at Present is the only large wvesper tm :anorpdntn
& vacuum system for dust control and it is prasently not as widely avell.
sble as the standard motorized swesper.

The Tennant 80 is primarily an industrial type sweepsr used for drive-
ways, wvalks and the interior of industrial dulldinge. Its usefulneas would
be limited on largs paved srens and streets. . -

In recant ysars the dévelopmsnt of large scals airport swespers has
been sccelerated by the advent of jat aireraft which require clean Punveys.
Due to the large size of rurnwiys and the nearssity 'of Irequent cleaning,
these sweepers have been dssimed to olean wp to & 1,000,000 £t#/hr at -

spasfn of 20 40 25 weh. Tha avaaning 1z ancemmniiskad with a racivronisting

———

air -tm-muu combination mm. The rrim donoern L8 the Temcvel
of relatively large objests vhioh may cause donsiderable damdge if they

mye drwwn inko the miv intake of tha én’r‘ ‘whilsd . Tha eecavetion of the

A W s e e s - s

plcked-up matérial from the ailr stresa is accomplished by a rotating soreen
separutor. Consequently, a lirge percerntage of the fine !tbarhl ploked:
up is exhausted with the bleed-off air,
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Preliminary investigationsiZ of the pickup and retention efficiency of
& mashiva of this type have bean onnducted with dry Stoneman soil similar ¥
to that wed ix this opexwtion. It was. found that approximately 58§ of the |
picked-vp material wea sollacted in the hopper asd 42§ left the swesper with i
the bleed-off air. Mufficient filtering capseity requiremsats to retain y
nost of 4his fina satorial weuld invelve extensive redesign and modifics- ;
tion of the existing system.

heT:3 Alr Sroom Sweepisg

Within the limitatiors indicated in Section 4.2, the oir broom provud.
4o b2 the waah affactive "dry" decontaminetion mythod tested st high waluas
of effort. Air compressers genardlly aye availadle fyom Febiic Werks
Departasuts, ailitary setivities; or private contrectors. These compres-
sors Axe generally treiler mounted or trwek mounted. The sddition of a
sanifold norile system to the trailer or prime mover makes available a
useshle "dry" decontamination technique.

M air broom was found to have certain limitations on the quantity of
materipl it oquld move effectively. Fig. 4.6 illustretes the ridges of
dxy fallout material left on tha surface by the sair broom whan remgving
an initial mass of sppreximately 150 gms/ft2. The air broom is most effec-
tively used at lov initial mess levels, i.e., 50 gue/ft2 or less, or in
conjunotion with motorized sweeping, vhen the sweeper is used to remove
the hulk of the material. : _

Another limitation of the air broom is cbviously the fact that the
material blown off the surface is not collected but is resuspended and,
depending on wind comditiona, is deposited nearby or at some distance
dowawind

4.8 SOURCES OF ESGIOR

Brror in the resulta come from two major areas, namely the dstermination
of the mass lavel on the surface and the performance of the decontamination
equipment . - The sources of exrxor in the performance dsta are guite limited
and fairly unimportant. Pessible mources of error include: total time
consumed, equipment variability such as brush condition and speed of brush
rotation, and emawetar varisability, due primsrily to increasing experience.

The main sources of masp level error include the following areast
synthatic Tallout oosposition; instrumentatiom; distribution and redistri-
buticn o the syothetie falleub; and aurface eondition. Considerable
variation in gomposition existed betveen individual batohes of the syn-
thetic fallout material (ses Vol. I of this series of reporta for furthar
details). Although there is presently insufficiant information availwbla
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Fig. 4.6 Ridges of dry synthetic fallout material
left on surface after one pass of the air
broom, Initial mass of 1hT gna/ L2,
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4o dstermine the immortance of thess varistions upon the results, it has

besn assumed to be relatively unimportant when compuring the verious methods.
The primary source of instrumentation error was from the mobile shielded
detector; it is estimated that timing variations and change of response in
the crystal caussd a total error of approximately + 12.5%. The h-pi gomme
ionigation chamber and the large ssmple counter, being laboratory instriments,
have an inherent error of less than iy, Redistribution by wind of the
synthetic fallout during or after spreading was the largest unknown factor

in the 4ata, Even s low wind blowing during the spreading operation could
fractionsta the synthetic fallout by carrying sway the fine particles while
allcving coarsay material to settle on the suwrface. Thia frectionation,
slthough oocurring befors surface resdings were taken with ithe mcbile shieldad
datector; could cawse & veriation in the specific activity of the contaminant,
producing anomalous readings. The most important wind effects, however, vere
those produced by a moderately strong wind blowing moross tha test strip after
the initisl reading (I,) had been taken but prior to decontamination. In such
cases the calculated initisl mess level could ba in error by as much as &
fuctor of two. Tha two major sources of errors, wind effects and instrusent
erroxr, are largely cancelled out by using the calibration factor K (see
Appendix B). The variation in the individusl readings, expressed as one
standard deviation, are shown on Figs. 4,1.2 and k.1.7.
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CONCLUSTONS AXD RECOMMENDATIONS -

5.1 CONCLUSIONS

Two parameters, derived from the test data, and used for the ‘Wun
of methods, were K vhich 1p an expression of rate of removal and lhich
is an expression for the ultimmte level obtainkkle at very high o
levels snd high initisl mass levels. The derived valuas of K, ng na
the valus &t an initial mass leval of 120 g/f¢2 are shown bel

Nethod-Burface K ";.EO S
Wayne 450 - Asphaltic Conorete .330 1.8  1.96
Wayne 450 - Portland Concrete +330 2.06 2.09
Air Broom - Asphaltic Concrete 238 0.6k 1,40 .

Tennant 100 ~ Asphaltic Concrete .210 0.88 1.1k
Temnant 80 - Asphaltic Concrete 120 4,90 5.32

The idesl method would he one which had a high X value and s low

valus. 8ince none of the methods qualified in both respect the seque ial
use of two methods, one having a high X valus, and the otherllmrlo valus

would result in producing the saximm return for effort expended. In
instances where a large expenditure of effort can be tolersted one would

choose the metho!. vroducing the lowest MT value.

The remove. of heavy deposits by the air broom produces & large dust
clouwd and te procedure could probably be used only when ®e situation
iz such that contamination of downwind arems can be tolerated,

The snaller of the two vaouymized sweapers cvalumiod, vhe Toozant A0,
vas found tv have limited value in removing dry fallout material from large.
paved ayreas and sivasts. This machina or others similar in sise, could

pro'bcb:w be used, however, for remaving dry fallout from sidevslks or other
relatively inaccessible paved areas.

The residuni mass level obtainable by any given method-surface-combination
evaluated was iound +to be dependent upon the initial mesgs level and the effort

expended.
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A mathematical modal, baged upon theoretical consideretions, has been
aavelopou for the ctaparative evaluaticon of dscontamination methods, Using
thir model i1t is posaible to scourately evaluate dry decontaminstion methods
and to predict the effect of various envirommental paremeters.

Within the normsl opersting rangs of the equipment and under the tast
conditions, oversll performance appear te-be independont of the speed of
operation.

At all initial mass levels tested, it van easier to decontaminate the
asphaltic concrete surface than the Portland cement concrete surfaces. The

Joints and fomm limes in the Portland cemant councrete arsas furthsr cosplicate
the Aifficulty of decontaminating this type surface.

5.2 REOOMMENDATIONS

It is recommended that dry decontamination methods be considered for in-
gorporation An the passive defense plans as: (1) & supplement %0 wet methods
and (2) in areas of oritical water supply, as the primary decontamination
method for paved arvas.

The touoﬁing lines of further investigation are suggested for inclusion
in future developments of dry decontamination procedures for land targets:

a. Determine if an optint's. mpeed and/or a limiting range of speeds
exists for esch surfase-methed combination.

b. Evaluate the two equations used at very high and low affort lavels.

¢. Determine the feasibility of incorporating the removal action of
the air broom vith the retention featurens of the vacuumized sweeper.

d. Further evaluate the sequential use of two mathods.

Approved by:

(F‘O'{-:{LW

]
E. R. TOMPKINS
Head, Chemical Technology Division

For the Belentific Director
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APPENDIX A

The follmring tables present for each test the radiation measursments
obtained at the mondbtoring loocations on the test areas. The msasurements
have been badkground-corrected and decsyed to the mid-time of the initial

readings. ALl measiremsnts were taken with the Mehile Shielded Geamma
Deteotor Undt deneribed in Yoluwe I of this seriss of reports. Table Avl
rresants the raw dals utilised to obtain the effort required for sach
surfacs~-method oombination.

rig A*-;p of Ousp Stoneman mmm the varicus test areas is shown in
L ] [ L2 )
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- rm A.J.
auuu tw mmmnmm

H— SRR -tn-" 1r -ufti—-?
Bl 1 zwo 9 112, 5 a.o
TR - -
3 .0
i (AB) 8 60 - 2.6 960
B2 1 24,00 10 1uy - 7.7 1250
: - S
3 0 P
k- (AB) 10 250 e 91/7 7(") 580
B3 1 2400 1 165 6.7 870
2 g 120 6.7 (b) 1260
3-(4B) 7 10 202/647, 800
B, ! 4000 21 273 747 880 | ;
2 10 1% - & 1850
3 | 10 - 1% 747 1850
B5 1 * 4480 g - 13 ) 1970
2 8 iy 7.8 1880
3 8 104 1047 2580
B 1 14480 17 425 546 630
2 10 250 546 1070
3 5 350 240 770
By 1 2400 8 208 %9, 690
a 8 208 - 2.9 680
3 10 245 545 5%
B8 1 2200 .10 250 . . .keO.. 530 .. .
2 8 200 ipo0 660
3 8 20 3.3 5%
B9 1 2200 10 260 3.9 510
2 8 96 8.3 1380
3 8 88 9.1 1500
Contimad o
ae Computed

b. Forward/Reverse AB = Air Broom
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TABIE A.l (ﬂont'd)
Rew Data tor nuonb-.tnum lt:ort

e ibnnlttioaiy PRI SUY TR, W E
Test wm Ares “o of “-’ w(.) 1o
" 28 Passsa. . san .. M__a.:ﬂbu—
no 1 1100 10 100 5.0 660
: 2 12 96 642 &0
5 12 94 6.2 650
M1 1 1100 10 100 5.0 660
2 10 15 6.7 2880
3 10 75 6.7 a8
Rz 1 1200 18 180 5.0 370
2 . 10 75 647 880
3 10 75 647 860
ns 1 2000 6 90 647 1330
2 6 8 77 1540
3 6 78 T 1540
H, 1 2400 12 180 647 800
2 8 120 b7 1200
3 88 120 6.7 (b) 1200
4 (AB) 1o 900 1e7/647) 4,80
ms 1 2000 8 120 647 1000
2 8 120 647 1000
3 8 120 647 1000
ne 1 1360 8 168 2.9/2.9(") 190
7 1 10 10 200 z.o/s.o{bg 10
2 10 200 2407640 110
ms 1 1380 10 0 z.7,f.|.=f~(") 280

as Comrmtad,
b. Forward/Reverse AB = iir Hroom
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TABLE A-2
TEST NO, B-1 SURFACE TYPE _Asphaitic Congreto
DATE 8/217/88 AREA NO, 5«18
PROCEDURE _ Molorized Bwasping AREA BIZE _40' x 100°
Wayne Model 450 -
llN’l‘rlAL READINGS |
7333 0280 sess 8481 8688 520 8504 w4
A A A A A A A
7680 8088 8413 5080 7084 88 D140 3753
- F Y a A A A A
PASS NO, 1
1818 1180 637 678 470 460 sm a4
A A A A A A A A
665 613 623 o8 636 418 163 498
A A A A A A A A
PAES NO. 2
1008 Y] o7 348 206 a4 11 418
A A A A A A A A
362 319 337 408 508 313 274 2
r'y & A A A A A A
PASB NO, 3
1208 428 201 278 234 147 25 104
A A A A A A A A
168 182 212 208 238 109 181 238
A A A A A A A A
PASS NO, 4 Alr Bronm Bweeping
205 50 42 84 41 34 i 33
a A A A A A A A
a 48 65 a8 43 19 43 81
A Fy A A A A A A
63
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TABLE A-}

TEST NO, B-2 SURFACE TYXE _ASpiaitic Consreny .
DATE 8/21/88 AREA NO, B-1)
PROCEDURE Motorired Bwesping AREA BIZE 10 x 100
Wayne Modal (80 /
LINITML READINGS |
10413 10211 12088 11848 136814 13118 11810 wa
A A A A A A A A
10081 11454 13087 11044 14788 12250 11374 863
A A 7'y A A F'y A A
PABA NO, 1
989, 883.85 788, 1 788,1 760.3 619.9 654.2 7583.0
A A A A A A A A
937.8 1124,3 1403, 1 15883.3 1844, 0 1401.2 1108.3 B37.9
A 'y A A A A A A
PANR RO, 2
396.1 361.9 3971 L LI ne. b T, 8 364.4 843,90
‘A A A A A A A A
438. 4 408, 4 441, 1 636,39 560, 2 847.9 462.9 410,3
A A A A a A A Y
PASS NO, 3
. e 31,0 202.3 206.2 39,9 248.6 308.9 335.9
A A A A A A A A
313. 6 ano, ¢ 339, 4 338, 9 354.0 4:4.8 31768.1 a50.3
A A A A A A A A
FADS WO, 4 AiF Biuviu Bnvoplig
45,4 43.8 44,3 47.8 41.4 48.2 64,4 64,8
A y A A A A A A
40.8 41.6 46.6 B1.1 80.6 86.1 83.0 70.1
A A A A A A A A
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TABLE A-4 .
TEST NO. B-38 SURFACE TYPE _Asphaltic Concreie. }
DATE 8/26/58 AREA NO,
; PROCEDURE __ Molorized Sweeping AREA BIZE 10' x 100 ;
- Wayne Model 450 :
¢
lml'mx. READINGS | ‘ |
4218 1 0838 7880 9947 800 o914 1374 )
A A A A A A A A :
5125 7841 654 8483 sanse 8274 aTba 8574 ,
A A A A A A A r'y .
i
PASS NO, 1
228,0 198, 1 234,2 178. 4 232.9  204.0 244.4 218.8 :
A A A A A A 'y 7' \
| 289.1 417,83 300,68 200. 8 379. 3 290.4 237,0 168.9 :
o A A A A A A A A
PASH NO, 2
134.2 123.9 142.4 9.5 136.0  118,8 193.3 129.9
A A A A A A A A
150.2 113.4 147,8 7.0 207.1 1817 110.9 0.1
A A A A A A A A
PABS NO, 8 Alr Broom Sweeping
7.8 9.3 18,8 7,4 8.1 8.8 5.2 6.2
A A A A 'y A A A
10.1 10,7 11.6 9.7 5.8 103 7.0 6.8
A A A A A A A
f PASE NO\ 4
A A A A A A A A ;
A A A A A A A A
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TABLE A-8
DATE 8/30/58 AREA NO, A-1
PROCEDURE _ Motorized Bwweping AREA BIZE 4¢ x 100'
Wayne Mode? 450
INITIAL READINGA | )
2398 3387 3143 2000 2828 3240 3118 3401
A A A A A A A A
A A A A 7' A A A
3018 2680 3848 3608 4118 4308 4048 2600
A A A A A A A A
RABS NO, 1
4132,9 3380 278.9 301.0 221.2 653.4 357.7 230, 4
A A A A A 'y A ' Y
A A A A A A A A
40,3 a8 249.0 281.8 2104 488.4 311.8 396.2
A A A A A A A A
] PABS NO, 2
rdﬂb. 2 162,68 184, 9 278,8 234.2 6832, 6 287,12 306.9
A A A A A A A A
A F'S A A A A A A
41%.5 241,86 238.0 231, ¢ 314,17 210.2 28,7 220, 9
A A A A A A A A
PASS NO, 3
233.2 132.4 171.0 181.7 309, & 430.9 205.6 280.8
A A a - - - A
A a A A A A A A
238.4 202.8 187.2 172.8 108, 1 185,12 215.8 281.3
A A A A A A A A
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TABLE A-8
Portiand
TEST NO, B-1 SURFACE TYPE Cameut Congrote
DATE 9/3/88 AREA NO, A =30
PROCEDURE __ Molorired Bweeping AREA 81ZE 12’ x 140

Wayne Model 450

L

INITIAL READINGS |

0174 '1603  aBB8 9009 BIAG  TI84 GBS0 TE70 0128  YMS
A A A A A A A A A A

7238 0802  6ADG 6787 70N TI00 TE0D 6469 0863 6841
A A A A A A A A A A A

seanm
PASS NO. 1

2055.5 1632, 16830 1380.0 1412.0 14805 11437 10843 117,0 11467 1245.6
A A A A A A A A A A A

513, 4 420.0 400.2 843,88 971,3 748.4 763,86 2236.1 1023.7 939.0 8N 3
A A A A A A A A& A A A

seam
PASS NO, 2 - l

714.5 9a7.6 B33.4 653,0 B98O W06 0408 47620 B8 0900 854.4
A A A A A A A A A 4 &

336,90 210,90 2462 346,0 669.06 459.5 304.0 3086.0 387.1 428,68 3234,0
A A A A A A A A A 4 A

1

BEAM

PASS NO. 3 1 ]
mie o om - . min o mpn on min om AMAm dAni A R4d &AMk mee 4
ke tiy T i T IV agi. 9 CEL R aBrWai AUVURV TaLs A U REE A\

2346 142,86 120.4 178.8 4179 2360 188.9 1268.0 177.3 184,86 132.4
A A 4 A A A A A 4 A A
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TABLE A-7

Fortand
TEBT NO, B-6 BURFACE TYPE _Cement Concrets
DATE 8/28/88 AREA NO, A~ 30
PROCEDURE Motorized Swesping ARLA SI1ZE 32! x 140' -

Wayne Model 460

INTTIAL READINGS |

B84 9970 Y081 9H6S 10387 8397 11920 10323 185 10079
A A A A A A A A A A a

7872 8337 8242 8883  B16) 10496 BTIE 0097 7746 3023
A A A A A A A A A A a

seam
PASS NO, 1

£16,5 3011 236.7 204.9 244,06 186,2 1549.7 19%.0 108,0 3190
A A A A A A A A 4 A a

8.7 B4 1154 1808 124.8 134.3 13640 14T.3 1405 122.9
A A A A A A A A A A a

sedm
PABSS NO. 2

2623 161,1 1748 181.0 2363 210.4 17201 2188 2749 289.2
A A A A A A A A A A a

48.% 810 810 1l09.4 87,9 B7.3 600.8 107.1 113,0 113.3

PABS NO. 3 Alr Broom Sweeping

0.6 280 10.3 13,3 131 13.8 ST.1  13.2
A A A A A A A A A A

68




TABLE A-§
TEST NO, B SURFACK TYPE _Asphaiic Conoréte
DATE 9/12/88 AREA NO, B-1
PROCEDURE _ Vacuumized Sweeping AREA SIZ% A x 100

Tennant Model 100
‘/

[ INITIAL READINGS ] .
4034 3343 2829 1892 8940 7208 4211

e - o 38 D R~

A A A A A A A A

1444 310 1887 MM 3030 3716 3580

A A A A A ‘A A A
PASS NO, 1

161 188 226 304 240 237 204

A A A A A A A A

o7 136 187 179 188 181 201

A A A A A A A A
PAS8 NO, 2

a8 17 B4 102 108 88 89

A A A A A A A A

3 58 44 6 L] L] €8

A A A A A A A A
PASS NO, 3

62 62 L 81 8 & L

A A A A A A ¥ A

n 21 44 30 49 4 »

A A A A A A A A

4

PASS NO. 4

A A A A A A A A

A A A A A A A A

]
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TABLE A0

TEST NO, B8 SURFACE TYPE Aaphaltic Comcraels
DATE 9/11/88 AREA NO, B-8 ’
PROCEDUBE __ Vacuwmized Sweeping AREA BIZE 0" x 100°

Tennunt Model 100 ’—l’/'

INITIAL, READANGA |

12438 12674 14530 9388 10083 11187 878 10470
A A A A A A A A
15200 109074 10043 Hote 18189 18108 10138 15367
A A A A A A A A

PAs# NO, 1
108.0 104.8 1788 109.2 138.2 131.3 118.8 128,12
A A A A A A A F .y
20,1 14,0 168, 4 17,7 3071 280.1 2136 262.9
A A A A A A A A
PASH NO, 1
ns. 8 oL 9 8. § 5.9 0.8 0.4 88.0 70.9
A A A ¥ S A A A A
81,9 832.9 14,2 88,6 10,3 104.7 107.7 132,98
A A A A A A A A
PABB NO. 3
03,4 86.7 88. 1 5.2 80.3 57.2 54.3 34.8
A A A A A A A A
50,4 61.6 60. 6 0.4 7.8 86,0 78.8 11,7
A F'y A A A A A A
PANS NO, 4
A A A A A A A F'y
A A A A A A A A
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TABLE A-10 ¥
TERTNO. _B -9 SBURFACE TYPE _Aspiuitic Concrete
. DATE 9/10/88 AREA NO, B9 *
i PROCEDURE _ Vacuumised Swesping AREA BIZE 3¢/ x 100 F
: Tennant Model 100 / +
' | TNTTIAL READINGE |
13787 J7ea8 13813 18470 16983 sl farea 16044
A A A A A A A A i
18100 14463 amsy 48017 20707 20910 24041 19148 :
A A A A A A A A F
j
RAS8 NO. ) :
188.1 518.8 $31,3 160.1 314,86 32,9 2860.9% .1 ’
A A A A A A A A
1602 24,8 3.0 290.7  269.9 411 84,8 192
A A A A A A A A
PASS NO, 2
. 96,7 2787 1884 2081  203.3  1T1L,4  183.8 142.3
S A A A A A A A A %
80.1 1357 4.7 16LT 1370 1448  187.2 210.4 !
A A A A A 'y A A :
.
PASS NO. 3 &
88,7  M4L,8 10,8  4L9  180,1  148,4  129.3 88, 0 ;
A A A A A A A A R
81.3 1119 06,7 120.9 1180 1132.7 1301 163.3 ﬂ:
A A A A A ' § A A E
PANE N 4
A A A A A A A A
A A A A A A A A

it




TABLE A-11
TEST NO, B-10 SURFACE TYPE Asghalile Concrete
DATE 8/18/88 AREA NO, B-1i —
PROCEDURE _ Vacuumised Sweaping AREA SIZE 0 x50
Tennant Mode! 80 /
| ENTTIAL READUNGS |
3880 it wr LT
A A A A A A
pLL) 216 M 1588
A A A A A A
PASS NO. 1
0.9 0.0 .4 84.3
A A A A A A
4.9 2.8 n.4 89.7
A A A A A A
PABS NO, 2
a8 0.9 3.4 43.2
A A A A A A
8.2 47.8 4.0 00. 4
A A A A A A
PASS NO. 3
18,9 1.8 20.9 %0.3
A A A A A A A
9.6 36.8 9.3 1.6
A A A A A A
PABS NO. 4 i
A A A 'Y A A
A A A A A A
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TABLR A-12

TEST NO, B ~11 SURFACE TYPE _Asphaliie Congyete
DATE 9/1a/88 AREA NO, B-10
PROCEDURE  Vacuuminad Sweeping AREA BLZE 0 = W

Tennant Model 30

: -
INITIAL READINGS |

4011 10208 2409 o

A A A A A A A A :
8408 8376 700 6340
A A A A A A A A ;
PASS NO, 1
19226 22404 1488.8 20339 J
A A A A A A A .
1280.9  932.6  1130,7  1398.4
A A A A A A A F 3
PABS NO, 2
T8 11932 7194 18339
A A A A A A A A
7.2 089.5 7833 B6D.T
A A A A A A A A
PABE NO, 3
M1 8804  540.8 10833
A A A A A A A A
693.86 4418 4983 6159
A A A A A A A A
PASE NO. 4
A A 7 § A A 4 - -
a a a A A A A -
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TABLE A-13
TERT NO, B-13 SURFACE TYPLS _Asphaliic Concrate
DATE 9/10/88 AREA NO, B- 13
PROCEDURE _ Vacuumined Sweeping AREA 812X 20 x 80' !
Tennant Mot 80 / '
trxg.n. READINGS
14807 o 1mams 1aam 7] .‘
r 3 A A A A A A A b
21011 19048 20040 23871 i
A A A A A A A A :
PABE NO. 1
19368 15022 0708 1076.4 !
A A A A A A A A {
BAL2 10048 10800  1086.7 ;
A A A A A A A A ;
PAES NO, 3 ]
833.3 10857  490.9 .0 i
A 'y A A A A A A é
1
7800 849 104 d37.1 !
A A A A A A A A
- i
PASS NO, § :
8850  BAT.0 4101 BG4 1
A A A A A A A A :
802,86 6230 619.6 8173 ;
A A A A A A A A
PASS MO, 4 i
— 3
A A A A A A A A '




TABLE A-14 B
TEST NO. B-13 SURFACE TYPE _Asphaliic Conorets 5
DATE B/5/98 AREA NO, B-3
PROCEDURE __ Motorised Sweaping AREA RZE 20 x 100

w/sand pretrestment

Wayne Model 480 /
IleAL READINGS | c
1103 .

2604 YT ITIT) YTy, 1378 1L 4803
r'y A A A A A A A ]
3a0d 8igi P WTiE £ pi4y 4072 450 :
A A A A A A A A
PABS NO. 1
12468 8700  1104.8  1108.0  (133,9 8858  78%.@ 980.2
A A A A ¥y A A A
417,89 532.3 B4.0  B29.0 600.5 79,1 T13.1 870,6
A A A A - A A A A
_ PABS NO, 2
"68.8 814, 8 47,0 8885 - Tad4,1 B44.8  B30.3 47,8
A A A A A A A A
218,9 M0 2.8 3881 404,90 ane . 88,8
F'y A A A A A A A
PABS NO. 3
846,32 398, 0 430.8 4328 448,4  430.4 348, 88,7
A A A A A A A A
1563.5 171,68 210.7 45,12 263.2 290,86 384.0 7.1
A A A A A A A A
t
PASS MO, 4 )
A A A A A A Fy A
I
A A A A A A A A

&
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TABLE A-1%

TESET NO, D14 BURFACE TYPE Asphalitic Concrate
DATE 4/29/88 AREA N, B=7 -
PROCEDURE Morlnyl Bweeping AREA 5IZE 10' x 100"
w/mnd pretreatment
#ayne Model 480 /
INITIAL RRADINGS
14011 14040 12288 12203 8876 8303 1162 8372
A A A A A A A A
12398 14403 14089 13308 16318 18023 10838 36
A A A A A A A A
PABA NO, 1
981. 6 833,12 082.4 1185.9 083, 4 076.8 87,8 520.2
A A A F'y A A A r'y
719.9 764.0 6.2 1200.3 1141.8 1333.8 1618.4 1886.4
A A A A A A A A
PASS NO, 2
472.8 434,08 336,17 387.1 388. 6 368.1 414. 3 421.3
A F'y 7' Y A A A A A
436.4 467.1 390.0 484,17 520.7 §20.2 817.2 460, 0
A r'y A A A A A A
PASS NO, §
273.8 118.3 236, 1 203,17 1.8 340.8 28B.7 117. 8
A A A A A A A A
%30,2 2651.8 202,3 345.9 3le. 8 218.8 3i16.8 2319
A A A A A A A A
P}aﬂﬂ NOQ. 4 Air Broom Sweeping
48,9 Lo 497 40 4 58.17 4i.1 41,3 41. 4
A A A A A A A A
44.9 5.4 2.3 48.8 32.5 83.2 88.8 $3.4
A A A A A A A A
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TABLE A-18

TEST NO, B-18 ' SURFACE TYPE _Asphaltic Concrete

DATE 9/1/88 AREANO, - B~d

PROCEDURE  Motorived Awssping AREA HIZE 30" x 100' :
w/sard preireatment .

Wayne Model 450 1

lxmmr.. READINGS |

11480 13602 11078 13017 13017 11381 12040 10038 .
A A A A A A A A ,
. !
A a A A A A A A
PABS NO, 1
2093.3  2380.6 12843 1M3.4  2202.5 122297 1186.0 993.3 I
A A A A A A A A
A A A A A A A A
PASS NO. 2 ‘
96, 8 9176.0 600, 8 874.5 1402.8 4707 418,60 3.4 i
A A A A A A A A :
A A A A A A A A
PABS NO. 3
8.8 0630.3 391.8 583.8 676.9 278, 297.9 270.8
A A A A A A A A
A A A A A A A A
PASH NO, 4
r_
A A a - - - A A
A A A a A & & A




TABLE A-11

TEST NO, B - 10 BURFACE TYPE _Asphaltic Concrete
DATE 8/30/68 AREA NO, B-2
PROCEDURE _ Alr Broom Swseping AREA HIZE 10" x 60

—

INITIAL READINGS |
N 3143 1M 3838 3080
A A A A A A A A
1382 2598 2460 2387 3097
A A 'y A A A A F'
PASS NO, 1
52,6 0.3 5.8 81,7 39,0
A A A A A A A A
29.3 31,0 2.6 23,6 26,8
a A A A A A A A
PASS NO, 3
A A A A A A A A
A A A A A 4 A A
PASS NO, §
A A A A A A A A
A A A A A A A A
PABS NO, 4
-3 A A A A A A A
r 3 A A A A A A y 3
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TABLE A~19

TEST NO, B -17 BYRFACE TYPE _Asphaltic Congrete
DATE #/a8/o8 AREA NO, B-18
PROCEDURE Air Broom Sweeping AREA H1ZE 20" x 80

INITIAL READINGS |

11840 11038 11608 13209 1)

A A A A A A A A
11729 11085 13613 11739 11174
'y A A A A A A A
PABI NO. 1
90,3 104.4 108. & ae.8 1.8
A A A A A A A A
106, 1 138.9 137. 4 135.8 112.3
A A A A A A A A
PABB NO, 3
\ 51.9 48.17 86.8 80,8 52.3
. A A A A A A A A
89.9 102.8 108. 7 104.8 78.2
A A A A A A A A
PABS NO, 3
f, A A A A A A A A
1
' A A A A A A A A
o
PASS NO. }
A A A A A A A A
A A A A » A A A
"-.
A 79
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TABLE A-1%

TEST NO, B-18 SURFACE TYPE _Asphaltic Concrets
DATE A/a/88 AREA NO, _B-2 .
PROCEDURE __Alr Broom Swewplag AREA SIZE v x 60

2

I TNITIAL READINGS |
14172 16834 11584 14154 16887

A A A A A A A A
a4 iua M Me m7a
A A A A A A A A
PASS NO. 1
9.2 M0 et 5.9 1001
A A A A A A A A
LS 100 66,0 o7.0 9.4
A A A A A A A A
PASS NO, 2
A A A A A 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 A A A A A
PASS NO. 4
A A A A A A A A
A A A A A A A A
80




CONVERSION OF RADIATION MEASUREMENTS TO MASS UNITY

B.l A calibration factor for tha mobile shielded dstector was determined
for each surface; this calibration factor was then used to detexmine & con-
version facuvor for dstermining mass levals. The complete derivetion of
these factors is dlscussed in deteil in Vol. I of these series of reports.

K= -F;-T— (l)

vhere K = 1bn;1on factor, counts per disintegration per sguare foot
Wd/ft ) accounting for surface rovghneas and backscattering
Iy = sverage initisl intemsity of comteminated surface, in counts per
mipate (o/m) obtained with mobile shislded dstector
Mp = aversge weight of comtemisent, in graus per square foot (g/rt?)
determined by 1.22 42 pan ssmples
8 = specific activity, in disintegrations per second per gram d/s
messured in & A-pi lomization chssber.® 3

As can be seen fro= Table B.1 & considershle weriation in the value of
K vas founfi. This veristion is attributed primarily to instrument error or
variability and to rearrengement of the contaminamt by the wimd between suc-
cessive measwrements. A X of comstant value, denoted as K,, vas deternined
for esch aurface by a aimple average of all sultable valwes. To determine
mass levels uaing K,

K, x8=0 (2)
IX wi (3)
u ~

B (%)

#he calibration factor used for couverting the readings from the 4-pi ion
chember from millismperes to disintegrations per secopd is:

. 15 w8
330::10'5m_ .

1
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PABLE DL
Gttt o i’ s et ok
@@ G W B (e
Wind I
nix(®) Speed, M Pan Gount B afx
Test Ares  Dute  Jhumber ~ Time g/t e 4/a/gn107 x10-4

B5 /@758 2.3 1T

:!} » 8/28/58. 2.4 083 '; %3"3 m me i:s
B % 8/2//58' 2.2 1h05 6 mg':g 103306 RSN
B+ A29 . B/30/58 a.6 120 15.0 9267 3,129 1.%
B . A0 9/3/58 . 3, o847 b1k 2 3.5 1,
Bb A30 3%/58 2.3 - 0950 g 104 .5 n% 1'.193 1.h9
N » 9/12/58 k.5  ATHT 9 15.8 087 3.26(0) 1.7
B8 lg 21/58 k.4 1120 16 63.2 ' g.' : 1.kl
» B9 gfloﬁsa k3 1547 10 213.9 é98516 1.232 Ll
B0 B0 9/15/58 g 09551 AI013 397 L.ks
Bl Bl 9/12/58 5 1505 5 N 3 T.H3T Lo
B2 m2 9;;0;58 k.3 0925 2 1&'. 3 z‘&og 1.809 1.3
B3 9/5/58 3.5 o8z 1 19.8 52912 2986 1.9
Me B BB 23 w5 B 07893 . 2,986  1.h5
m5 B9 9/1/58 3.1 0bo5 2 '178.9 223367 1.383 1.h0
B, B2k 8/30/58 2.6 OT3 b 10,0 29190 3.8  1.k6
n7 m8 Bﬁg;se 2.5 0721 1 61.8 1521 'g,};??'é 1,43
B8 B22 9/2/58 3.2 Aogqo .3_ _ 131 .0 175316 1.552 1.h3

a. JFirst nmsral refers to wesk; second nuseral to day.
b lxtrlpohtad value. )
¢« These values not used for obtaining X,.

g3




TANLX B.1 (Cont'd)
Cempilation of Basic asd Extrected Test Data -

@ @ @ ) ‘133 ()
fest o/A/ﬂ'.ﬂ;J.O' e:/lxi‘e2 o/- ;%ta c/a o/s :75
L5

(152

Ry~

o/s

am . £233.51 6 k 2 .6 07 "8.1 22607
: 3 % 2 5 11 878 sneag 208, Tasz 30
6.&55(0) 5. 65..5'

7.027 . 196,81 3,208 16.76 333.3 262, 5 202.8
5,191 @ 217.19 T,hak  3h.1h 5;3 268.0
Te13h G.Qyo The85 8,875 118.57 181.h 7.8

8.053(c) 5.870 191, h136 21.61 192 75.8 52.2
6 5.870 o 133;,221. G155 12a.3 o8 83
hobT  Bi8f0  9s.gR 17,05 170 357 1606 1229

b,913 5.870 1087.66 34TL  18.50 309
6112 58710 201.75 6,766 .3.5'& 1270 909 650
5.693 5.810 1069 16,568 86 1087 T92 623

|°7h 5.”0 lTsiga -‘hl'n. 23.&) a6 h96 329
5 X 7-651 5.870 17%.28 12,533 T71.50 920 hho 276
N5 h.seh('l) 5,870  87.h0 12,055 187.93 1648 Th3 L5k

N6 9.k30(°) 5.870 192,65 3;095 16,07  39.7 - -

N7 . ’ 109.95 11,9% 62.87 108.7 75.1 =
NE AR % B B sem Wl Pt

E ERED 8E% BEy zne

7,930 120.86 250. 132.& 9.02

b5.1
5.6

-

a:. Hrst nmsral refers to week; uconn numersl to day.
b. Extrapolated value.
ce These valuss not used for obtaining K.
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Explmnmtion of Table B.l

(1)

(2)
(3)

(%)
(5)
(6)
(1)
(8)
(9)

(10)

(1)

Time, Time thut initial reading was taken; all radiation dsta have
been decaysd to this time.

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

My. The averige weight of the contaminant deposited per square foot

— by the disperul device. Tha conteaminant was oollected in
1.22 £42 pans placed approximately every 500 £t2 in the cone
taningition pattern.

Fan Count. The average one minute count determined 1n & large scale
counter for the pan sample (normalized to 1 f£t2).

B. Specific activity detormined by 4-pi ion chamber on a sampls
taken from pan (3) above.

¢/d. The ratio of ik‘[ﬁo 3 ¢/4 should be a constant value for all
3) x

cases.,
K. Calculsted vmlue, K= Tg'-)t"o':):_(?)' 3 K should be a constant value
for all like surfaces,

A com(re;-ai.On factor dependent upon specific activity (5) and
Kn(8).

Io+ Aversge initial count of the test ares taken with the mobile
shielded detector.

Ko+ Average value of K.
C.

M, Average initial mmss level; the ratio of (10)/(9).

—

(12) « (15) Rp-1, etc. Average residual count on the test area taken with

the mobile shielded detector. Vslues given are for successive

cycles of the decontamination procedura. Thess valuss can he
nnnrartad tn M 'hv tha nsa of pomwasmnda. Soolo— A
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AFPFERDIX C

.l Ths cperating charmcteristics of the three sireet awaepsrs avaluated
are given in the following tables. The information listed was cttained
from manufacturer's information brochures dascribing the equipment,
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TABIE C-1

Operating Characteristics of Wayne Model 450

1. Zrma

Kamufagture ~ Wayne Mamufaoturing 0o., Newark 5, New Jerasy

Nodel No,
2e

3

g 1

With one gutter bromm

With two gutter brooms 10!

he Rroo Characteriatica

Main (Pidmp)
Dissster
Length

nroou Material

Drive

Mounting
Oontrol (Idft)
Reversible

Speeds
8ide Brooms (Guttor)

M anatar

T -d-l---ﬁl -'I

— ——

Drive
Mounting

Oantwmai {
WRIARVA Wl

8Speeds

Wayne 450

(Travel 20 ~25 mph)

1om
on
oY

36!

58w

Palryra Stalk

Chain Drive

Full Floating - Spring Buapondnd
Hydraulic

p{T]

2 Fwd, 1 Reverse

45"
Biomdord D4R Seos) Wing
Direct Drive

Free Floating

2 Fwd, 1 Reverse



TABIE -1 (Oont'd)

Operating Mumrinués of Wayne Nodel 450

5a

be

Te

8.

.
Type Ladder Type — Rubber
Drive Rubber Chaln
Spesds 2 hwd, 1 Reverse

Rxi Hoposx

Capacity 3 cublo yards (Locsted Forward)
Dump Controls Hydraulic .
Clam Type

Dap Doors
Matar Sncaving Syaiem

Tank Capacity
Nozsles

Pusp
Operating Controls
Phyaical Rimensiona

Wieel Pase
length Overall
Height

Width Oversll
Weight
Turning Radius

170 Gallons
Brass Atunim Nosxles

Centrifug
At Privers Position

Q- AW
15%- g

65117

g'- g
lo’m 1b’0
ul
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TADLE U~2

Operating (haracteristics of Tennant Model 100

1. Irps

Mamfacture G. Hs Tonnant Co., Minneapolis, Minnesots
Model Noe Model 100

2. Desaning Anssda
Maxisnm 15,0 mph
Minimum 243 mph
3+ Beaving Path
Piokup Broom 4t On

With two gutter brooms 77 4

be Rroom Qharactaristdca:
Madn (Pickup) Broom

Dimster 5%
Length haw
Broom Material PMlastic Filled
Drive Engine Driven -~ Gears
Mounting Fres Floating '
Control (kift) Hydraulio
Reversible No
Spesds 2 M
8ide Brooms (Gutter)
- Dismeter am

Broom Material Flat Wire Bristles

Engine Engine Driven - Gears
Mounting Froe Floating

Gontenl (TA#£)  Hydranlia

Bpeeds - -
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TABIE 0-2 (Oont'd)
Operatizig Characteristics of Tennant Model 100

5. Yacum Svates

Type Suction Type Dust Collestion Through Bage
Material Cloth Bags ~ 540 f£t*
Air Flow 2200 ofm

¢+ Rirt looper
Capacity I=3/L ouhin yards

Dawp Oontrols Hydrawiia
Dusp Doors Rear Idft

7. Eryaisal Rimsnsicna

Wheel Base 44"
Length Overall §t-9-1/4%
Height VALY o
Width Overall 7%-i%
Woeizht 7600 1bs
Twning Radius 9'-2¢




AP a .
TADLE U3

Opsrating Characteristics of Tennant Model 80

1. Ivpa
Namifacture G. H, Tennant Qo., Minnespolis, Minnesota
Model No. Model 80
2, Swasning Sueady
Naximum 8 wph
Mnimm 2 mph
3. Bweerloe ;'
Pickup Broom Lan

With one gutter kromm 53"

4o Broom Gharagterisid;ss
Madn (Pickup) Broom

Diameter hIA

Ia-ngth [

Broom Material Fider Bcictles
Drive Y Balt

Mounting  Free Floating
Oontral (Idit) Hydrawlic
Reversihls No

Bpocdu 2 Fwd,

8ide Brooms (Gutter)
+ Diamster A
Broom Material Wire Bristles
Drive V Belt
Mountiug Free Floating
Gontrol (Lift) Hydranlia
Speeds - 2
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TABIE G-3 (Cont'd)
Operating Characteristics of Tennant Model 80

R T e A

TITER. TRTET

it 75 LEN S SN

5o  Xacuum Syatan
Type Suction Typs Dust Gollector Through Bag
Material Heavy Fabrioc Bag - 4200 in® Area
Air Flow 700 cfm
6+ Dirt Houer
Capacity 12 oublec feet

Dump Controls Hydraulic
Dunp Doors Front Lift

7. Ehvaical Dimsnalona

Wheel Base

Longth Overall g
Height 554
Width Overall 55-1/2n
Weight 1410 1bs
Turning Radius 65t
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