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ABSTRACT

A conventional motorized street flusher was evaluated as a suit-
able decontamination tool to be used in the operaticnal recovery of
extensive paved areas contaminated with fallout from & land-gurface
nuclear detonation. The selection of fallout parameters such ae par-
ticle size and initial mass levels was based on a theoretical fallout
nodels

The £lusher nozzle orientation was adjusted for maximum de~ontami-
nation effectiveness. This adjustment can be applied to any flusle:
tr. be vsed for simllar purposes, Using a fixed set of flusher adjust-
ments and constant-size test area, the effects of 4 particle size

ranges, 3 mass levels, and 2 types of surfaces on removal effectiveness
were determined.

The least effective removal by flushing (2.2 g/ft2 residusl mess)
for a given expenditure of effort wes obtained at high initisl mass
loadings (100 to 600 g/ft2) on asphalt surfece using small particles
(44-88 p and 88-177 p). The best removal effectiveness by flushing
(0.06 g/ft2 residual mass) for the same expenditure of effort was
obtained using low initial mess loading (20 g/ft2) on concrete surface
with 350 to 700 p particle sizes.

A majority of the tests conducted were in agreement with previously
developed theoretical equations describing decontamination in terms of
residual mass as a function of expended effort.




SUMMARY

The Froblem

Reclamation of extensive paved areas contaminsted with fallout
from a land-surface nuclear detonation may be required. The decon-
tamination procedure used, of the several available, depends on the
particular environmental and contamination conditions in conjunction
with the capabilities of the procedures. In regions where an adequate
wvater supply is available, wet decontamination such as motorized flush-
ing may be the primary procedure; or it may be used in combination with
dry procedures as a Tinal clean-up method. Therefore motorized
flushing should be evaluated under predicted fallout conditions cf
mass loadings, particle sizes, and surface roughness. Variation in
machine parameters such as water pressure, nozzle crientation, and
speed should be tested to determine the conditions of optimum effec-
tiveness for decontamination purposes.

Findings

Using radionuclide-traced sand to simulate dry fallout from a
nuclear weapon detonation on e land surface, motorized flushing
effectiveness data were obtained for one optimm combination of machine
and operetional parameters. This optimum ccombination was tested under
several environmental conditions including mass levels of 20, 100, and
600 g/ft?, and particle size ranges of 44-88 p, BB-177 u, 177-350 u
and 350-700 p, on asphalt and concrete surfaces.,

The effectiveness achieved depended upon the critical adjustment
of flusher parameters which included nozzle orientation and nozzle
vattern adjustments. The highest degree of effectiveness achieved was
with low mass loadings (20 g/ft2) on concrete surface using large par-
ticle sizes (350-700 u and 177-350 p). The observed rate of removal
as well as final residual mass obtainable were a function of mass load~
ing and particle size.

ii
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{EMOVAL EFFECTVENESS OF SIMUIATED DRY FALLOUT FROM PAVED ARFAS BY
CONVENTIONAL MOTORIZED STREET “LUSHER

USNRDL-TR-797, dated 18 June 1964
by D. E. Clark, Jr., and W. C. Cobbin

SPECIAL SUMMARY {Pages A-D, inclusive; for (OCD use as detached
document)

PURFOSE AND OBJECTIVES

Recovery from & land-surface nuclear wveapon detcaation requires
that preper countermessures be used during the various phages of redis-
locical recovery activity. In regions vhere enough water is available
for large-scale decontaminetion, motorized flushing could be applicable
to cleaning extensive paved areas such as streets. To determine the
decontamination capability of a commercially aveilable motorized street
flusher, ane was tested under controlled environments of simziated
fallout using optimum machine ad justments.

Previous evalvation of wet decontamination procedures and the
recently developed concepts of fallout enviromment simulation indicated
tiat the evaluation tests attempt to:

a. Verify previously established wet method contamimtion pare-
meter celationshipe, or establish new relationships.

b. Determine specifically and separately the effects of the
following on decontaminaticn effectiveness:

1) Deposited initisl mass levels.
2) Particle size.
3) Surface roughness.

A study was made of the removal effectiveness of simmlsted fallout
from asphalt and conecrete surfaces by & wotorized strect flusher, and
the following objectives were met;

a. Measure and select the beat operstive conditions for avatlable
motorized street flushers, including improvements in equipment design
and operationa}l procedures.

b. Determine the decontamination effectiveness of motarised
street flushers performing at optimum operating conditions of nozzle
orientaticn, water pressure, and forward speed, in the removal of fall-
out simulant of -aricus particle sizes and mass loadings from paved
surfaces of espoa.t and concrete.,




S00FE

Optisua u,erative conditions, and adjustments uf noszle arienta-
tion and water pressure, were Getermined by smll-scale preliminary
tests. Then 27 full-scale tests were conducted at one intermsdiate
upeed (6 mph) mnd tbe best operstional procedure (involving flushing
sequence and nozile srrangement) to determine the effect of suxface
rougbhness and fallout parsacters of amss losding end parcicle sise on
decontamination >ffectiveness. The extent to which these effects were
investigated by the 22 tests is indic ted in the table below.

Initial Mass Surfece Particle Size Cided
(&/12) Type* T T3 5
- o) A X X xx X
20 c X p 4 XX 4
100 A X X xx X
100 c X X = X
€00 A p 4
600 C X
BA - Aspinlt
C -~ voncrete

*¥X - Indicates one test run.

FINDINGS

Thres types of factor influence "lusher cleaning effectivenesa:
{a) environmental conditions, such as surfsce type and roughness, con-
tamirant particle size, and mess loading; (b) machine charecteristics,
such as noszle design and configuretion, streas pattern, and water pres-
sure; (¢) opermtiomsl or procedural qualities, such as flushing seq-
uence, forvard speed, and directional comtrel.

a, For all envirormental conditiona, remowal effectivaness is
maximm vhen both forward nois}es are orientated such that the two Jet
streax planes intersect the surface in one straight line, which is
canted at 55° with the direction of trevel., The dip angle of the left
front nozzle is )0° and that of the right frout nossle is 22°, and the
dihedral angles are zexro.

b. Yor s given amount of effort the rate of remowel as well as

lovest, Tinal residusl mass obtainable ves 8 direct function of particle
site and an inverse function of mass loading.




. The highest degree of effectiveness wvas achieved on concrete
surinces, at low mass loadings (20 g/ft?), and with tbe large particle
size range {10-700}.

d. The previously developed theoretical cleaning equation (des-
cribed below) f£it the data for 13 out Oof 22 of the tests.

SONCLUSIORS
The conclusions suggested by the test regulis are as follows:
a. The adjustments and orientation of the nozilss described in

Section 2.2 of this report can be applied beneficially to moet com-~
mercinl street flushers,

»

b. Under conditions similar to those teated, fallout paremeters
and surface type vill probably influence flushing effectiveness in the
following way:

(1) Eigh initia)l mass levels will be harder to remove than low
initial mass levels.

(2) Smmll particle sizes will be mare difficult to remove than
laxge particle sizes.

(3) Rough asphalt surfaces will retain a greater residual msss
than acreeded concrete surfaces.

c. Motorized flushing is ean effective decontamination procedure
for recovery of extensive paved areas, if the fal].owin? lons are
recognised and overcame: (1) possible water shortage; (2) insufficient
muber of flushers; (3) excessive accumiation of flushed material due
t0 high initial mass levels, ar the accelerated build-up of flushed
mterisl {n an extenaive area brving a low initial mass level; and (k)
the safe handling and ultimate dispoeml of the flushed material.

d. The performance of motorized street flushers can be reasonably
described by the flushing equation:
-x g3

M is the residual muss (@/ft<) after rinite effort expenditure B
M* 1s the residuval mess (g/ft<) at an infinite effort level
Mo 1 2)

i

u-ul+(uo-m)e

the initin) mass level (g/ft
8 the proportiommlity constait sing remcml rete
mm expended (equipment -m/;g 1712)

in the fraction of removable mass remmining after
expendding effort, R.




RECOMMENDATION: :

Since the aories of tests econducted represents a very limited
effort, the tvilowing Investifations are recommended:

8. Purther tests should be conducted to explore passible improve-
ments in flusher design and operating techniques.

b. Investigations should be made to determine whether a cambina-
tion method (such as sweeping followed by flushirz) might show improved
performance on higher mass loedings.

¢. Additional tests should be made to determine the eftects of
increased speed and nozzle pressure upon flusher performance.

d, Since the present test data did rot completely substantiate
the clesning equation, further investigations should be made to either
verify the equation or develop & new one.

e. Ilarge-scale tegts should be performed on streets extending a
block or more to obtain planning information, including turn-around
losses and RN dose factors.
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CHAPTER 1

INTRODUCTION

After the shelter phase, recovery from a land-surface nuclear
veapon detonation requires that proper countermeasures be used during
the various phases of radiological recovery activity. Decontamination
is the major countermeasure to be used during the operational recovery
phase which occurs after the emergency phase of shelter protection anmd
before the long-term recovery phase or contamination control.

The decontamination procedure to be used in each contaminating
situation depends upon the fallout characteristics, the decontamination
materials and equipment available, and the nature of the surfaces to
be decontaminated, In a land-surface detonation the redicactivity is
assoclated with the particulate fallout material in such a way that
the prime criteria for decontamination are mass removal and disposal.
In regions where encugh water is available for large-scale decontami-
nation, motor flushing could be appllicable to cleaning extensive paved
areas such as streets.

The manner in which most motorized flushers are used is not suit-
able for decontamination, The usual dust-setiling spray techniques
are not compatible with high-pressure water transport of deposited
fallout particulate, To determine the decontamination capability of
a commercielly available motorized flusher, one was tected under con-
trolled enviromments of simulated fallout using optimum machine adjust-
ments which gave the best performance in preliminsary small-scale tests.

1.1 BACKGROUND AND HISTORY

The usefulness of motorized flushers for decontamination wes recog-
nized as_early as 1952 when operations at San Br\mo,l using redio-
tracer in a contaminant of seawater slurry at an initial mass of
78.5 g/ft2, required a flushing flow rate of 0.5 gal/ft to reduce the
initial mags to 3 g/fte,




At Operation Stoneman I in 1956 conventional motorized flushi
was used on dry simulated fallout at a deposited mass level of 250 ;71-1;2.
Water consumption rates of 0.5 gal/ft2 vere used and produced 2 % resi-
dual mass levels.

At Operetion Stoneman II3 in 1958, conventional and improvised
motorized flushing were tested using dry fallout simulant at 10, 33, and
100 g/£t2 initial deposit mess levels. Using improved nozzie adjustments
and higher water pressures than before, the water consumption rates were
0.12 to 0,16 gal/ftZ with a residuel mass level from 1 to 6 % of the
initia) mass level.

Motorized flushing at C Parks 1in 1959 and 1960 during Target
Complex Experiments I and II* and ITI” was an integral part of the whole
recovery sequence, so that the individual effectiveness of the flusher
was not determined.

Recently developed concepts of fallout environment show a relation-
ship between deposited initial mass and particle size runge.6 These
model relaticnshipe have permitted the systematic selection of simulated
fallout environments for the present evaluation of & motorized astreet
flusher for decontamination. Previous evaluations of wet decontamination
procedu.res3;u:5 and the recently developed concepts of tallout environ-
ment simulation® indicate that the present tests should attempt the
following: (a) to verify previously established wet method decontami-
nation paremeter relationships or eatablish new relationships; and
(b) to determine specifically and separately the effects of deposited
mass level, particle size, and surface roughness on decontemination
effectiveness.

1.2 OBJECTIVES

The present series of motorized flusher evaluation tests was
intended to:

a. Measure and select the best operative conditions for available
motorized street flushers, including design improvements in equipment
and operational procedures.

b. Determine the decontamination effectiveness of atreet Zlushers
performing at optimum operating conditions of nozzle orientation, water
pressure, and forwnrd speed in the removal of fallout simulant of various
particle sizes amd mass loading from paved surfacea of asphalt and con~
crete,




1.3 APFROACH

The broad scope of the objectives implies a lurge number of tests
to cover all combinations of parameters for flusher and expected fallout
environment. To reduce the number of tesis, a fixed optimum combination
of machine parameters was first established. This combination was then
applied Lo a series ~f different fallout enviromments to determine the
effect of several environmental factors in greater detail.

Optimum mechine operating :onditions were established as follows:

8. A single intermediate forward speed of 6 mph was selected and
maintained throughout the test series. This speed provides adequate
maneuvering capability and is representative of flusher cperation for
8 majority of applications.

b. Water pressure was maintained near maximum to impert as much
kinetic energy as possible to the particulate on the contaminated sur-
face,

¢, FPrevious experience and a reries of preliminary tests were used
to establish the best nozzle attitude settings, location on flusher, and
use of individual or cambinations of nozzles.

Several flushing techniques and sequences of techniques were tried
on the test area before a uniform procedure was adopted which would per-
mit an accurate determination of the effect of environmental factors.

Environmental factor effects were then determined as follows:

a. A special test area was constructed for enviromment control to
permit measurement of decontamination effectiveness as reflected by re-
sidval mass, using either a material weight balance technique or a radic-
nuclide=-traced fallout simulant,

b. Equel areas of asphalt and concrete were used to determine the
effects of surface roughness. Surface roughness of pavements can he
indicated only in a gqualitative manner on . reiative basis, since there
is no standardized method of comparing two surfaces in different loca-
tions. For these tests, only one concrete area and one asphalt area
wvas used to provide an unchanging surface parameter while mass level ard
perticle size effects were determined.

¢, Four available particle size ranges were used at three initial
mass levels én conformance with recently developed concepts of fallout
environment.® Table 1.1 shows the estimated range of fallout environments




TABIE 1.1

Estimated Range of Fallout Enviromment Parameters

Parxticle Yeapon Standard Intensity Initial Downwind Distence
Size Range Yield Masg from Detonation

{u) {xT) (z/br st 1 hy) (g/£t%) Point
(mi)
L. 88 1-105 1- 6,400 0.3-192 23 -180
88-177 1-102 48.29,500 1.4-885 8,3-120
177-350 1-107 110-24,000 3.3-720 4.0- 87
350-700 1-105 154-22,000 4 ,6-660 2.2~ 71

simulated. Corresponding to each of the size ranges used are the other
environmental factors: estimated ranges of weapon yield, standard inten-
sity, initial mass level, and downwind distances. The three specific
mass levels {20, 100 and €00 g/ftZ) chosen for the tests were within the
estimated renges predicted by the fallout model. These levels were held
constant s0 that particle size effects could be determined.

The tneoretical jmplications of test results were analyzed as followa:

An IBM-T04 computer was used to correlate test data with the pre-
viously developed cleaning equation. The equation3 in the form

3K, EY3

M=M*+(M°-M*)e

was solved for 13 of the 22 tests conducted.* The results are presented
in Section 3.5 showing the estimates of the equation's coefficients
3 K, and M¥,

1.5 SCOFE

The limited fundc available for this project and the effort involved
in getting each data point required a judicious expenditure of experimental

#Terms of the equation are defined in Section 3.5.

L




TABLE 1.2

Scope of Test Conditions

Mass Loading Particle Size Surface

{8/£%%) (w) Type
20 Lha 88 A
20 L4,. 88 c
20 88-177 A
2 88-171 ¢
=y 177-350 A
=) 177=350 c
2 4] 35G-T00 A
x 350-700 c

100 Ly~ 88 A
100 4 - 88 C
100 88-177 A
100 88-177 c
100 177-350 A
100 1T7-350 c
100 350~T00 A
100 350=700 c
€00 88-117 A
a0 88-177 c
A = Aspnalt

C = Concrete

effort. Seventy preliminary small-=cale tests were run to determine
optimum machine adjustments of nouzzle orientation and wvater pressure at
one intermediate speed and the best operational procedure (involving
flushing sequence on the teat area and nozzle usage combinations). Then
22 tests were run to determine the effect of fallout enviromment para-
neters of mass level, particle size, and surface roughness on decontami-
netion effectiveness. Eighteen seprrate test conditions were met as
shown in Table 1.2 Four of the 22 tests were replications.




CHAPTER 2

TEST PROCEDURES AND MEASUREMENTS

Deccntamination of paved areas covored with particulate fallout
from a laid surface burst involves the removael of radiomctive particles
from the surface, and safe disposal of the material. The use of water
as a decontaminating ageni cen best be effected by the ure of a motor=-
ized flusher which washes the conteminant into s ditch or catch basin
or to some collection point where other methods must be used for ulti-
mate disposal. It is therefore of interest and necessary to study the
operating characteristics of motorized flushers to cptimize their use
for wet decontamination.

Three types of factors influence flusher cleaning effectiveness.
The first type includes envirommental conditions such as weapon deto-
nation conditions, surface type and roughness, and contaminant particle
slze and initial mass level. The second type includes machine character-
istics such as forward speed, nozzle design and configuration, and wvater
pressure. The third type includes operational. or procedural factors
such as contaminant buildup with distance covered, contaminant containment
within the operation area, and ultimate accumulation and disposal of the
contaminant,

The tenacity of adherence of dry solid particalate fallout to a
paved surface depends upon such factors ag the force of gravity, par-
ticle size, and surface roughness. Since flushing consists of physi-
cally moving material across the surface to a collection or disposal
point, these factors have en important effect upon the decontamination
effectiveness when applied.

No consideration is given to leaching and exchange of soluble
radionuclides to the surface, since the fallout simulant used is speci-
ally processed to minimize errors introduced in the rediation measure-
ments from this source.




2.1 TEST SITE

A special test area was constructed to provide rigid envirommental
conurol during the tests. A section 170 ft long on an existing 32-ft
wide asphalt atreet at Camp Parks, California, was used as e foundation
for the test area shown in Pigs. 2.1 and 2.10. New 8-in. concrete curbs
with 18«in. wide gutter aprons were constructed for lengths of 140 £t
on both sides of the street. One half of the street (16 x 140 ft) was
paved with concrete, finished to simulate freevay pavement, and the
other half was resurfaced with asphalt up to the level of the concrete.
A system with grid lines was painted to help with meacurement and
identification of areas during the tests,

A system of drainage trenches was built around the periphery of the
newly paved areas, opeu along the curbs and covered with steel gratinge
across the sireet to permit unimpeded vehicular traffic. Four sumps
associated with catch basin gretings in the curb apron were used for
accunulation and recovery of simulated fallout material flushed fram
the test area. Material could be flushed from the test surface for
recovery into 50-gxl drums suspended in each sump, while the excess
water drained to the low point of the system (sump #2) where it was
pumped to a safe disposal area. Four-foot-high splash boards along the
back of the side trenciies controlled the material that splashed over
the curb.

The original intent of this test area was to provide suificient
control of the fallout simulant so that the material flushed from the
surface could he collected and weighed to determine the effectiveness
on & weight basis. However, the accuracy of the material balance was
of the order of 10 %, which was unsatisfactory for the residual mess
levels achieved (about 1 ¥)in many cases. Also involved is the common
source of inaccuracy in subtracting two nearly equal values (initial
mass and mess removed).

When the radionuclide-tagging method of measuring residusl mass
on the test surface is used, the trenches provide a shielded location
for flushed material so an accurate measurement could be made, The
accumilation of the contaminant in the drainage system also provided
radistion shielding for test personnel during cleanup after each test.
Use of the drainege system may not simlate operation in a real situa-
tion, but it does permit weasurement of the effect of mass level, per-
ticle size, and surface roughness on decontamination effectiveness by
eliminating some of the problems experienced 1n previous tests.




Fig. 2,1 Specisl Test Area for Bwluation of Wet Decontamination
Procedure.




The t2st area was large enough to permit taking sufficlent radia-
ticn readings to establish aversge values and to similate a possible
operational procedure for the flusher, yet it was small enocugh to allow
carrying cut the tests with a moderate amount of materials and manpower,
and obtain reasonable values for water consumption per square foot.

2.2 DESCRIPTION AND AINUSTMENT OF FLUSHER

The flusher used for the tesis was a World War I vintage machine
which was up~dated with a higher-capacity pump and a set of new nozzles.
The features it had in common with most flushers were: (a) a large-
capacity water storage tank mounted om a truck chassis and filled by
hose from a fire hydrant; (b) an auxiliary engine driving a water pump
to provide the required water pressure und flow for the noizzles; and
(c¢) seversl nozzles with orientation adjustments end whose operation
is independently controlled by the operator. Detailed specification of
the machine is given in Appendix D.

Pretest speed calibration runs with the flusher resulted in the
performance curves shown in Fig. 2.2, Low- and high-range rear axle
settings could be used with each of the 5 forward gears. The G-mph
fervard speed with the truck engine operating st 1350 rpm (transmission
gear L3) was used. An engine tachometer mounted in the cab enabled the
driver to maintain the exact rpm.

The design of a standard flusher nozzle was studied to determine
its applicability to decontamination where high pressure and velocity
with a low flow rate is desirable. Although the nozzle orifice zap
could be decreased to achleve desirable results, it vas decided to use
newly purchased and unaltered standerd nozzles at the two front nozzle
positions 50 that the test results would be representative of commerci-
ally available and extensively used equipment. The use of a standard
nozzle at the right rear posit’'an was not desirable because it provided
neither sufficient pressure nor a confined stream pattern. Therefore a
specially decigned® nozzle vas scaled up and adapted for use on the
flusher, This nozzle produced a 30° included angle of spray that wes a
compromise betveen the TO® included angle of the standard flusher nozzle
and the narrow stream of a standard fire nozzle. The left rear nozzle
wvas & standard flusher nozzle used only to wash down the test area splash
boards (Fig. 2.12). The flow rate vs pressure performence of each nozzle
is shown in Fig. 2.3.

#By W. L. Oven of this laborataory.
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An infinite number ¢f combinations of nozzle gecmetries and orien-
tations vas possivie. Therefore a systemmtic approach to the selection
of the one combination used for the tests was required. Previcus flusher
evaluations indicated that good results vere obtained vhen the spray
planes of the twc front nozzles intersected the pavement in a single
straight line to produce a cleaning action similar to that of a road
grader with its blade at an angle tc the direction of travel (Pigs. 2.4,
2.5, 2.6). To increase the path width flushed, the left fromt nozzle
was moved to the extreme left of the machine where it cleaned the full
tread width of the left tires and prevented tracking of contaminant to
clean areas. The procedure for nozzle orientation, applicable to any
fluster, can Le explained by reference to Fig. 2.4. To achieve a road
grader blade action, all componencs of the spray velocity should be
directed to the right or towmrd the gutter of the street. Therefore
the two front nozzles were oriented in azimuth so that the left edges
of the spray were parallel to the direction of travel. The dip angle
at which each of the spray planes is depressed from the horizontal was
ad justed so thet both spray planes intersected the pavement in the same
straight line et 559 vith the direction of travel. The 10°0 dip angle
of the left nozzle was found to be most effective from preliminary
small-scale tests, and the 220 dip angle of the right nozzle wvas re-
quired to contimie the straight line of impact. No nozzle rotation
around the centerline of the spray was considered and the nozzles were
alvays set so tnat the dihedral angles were essentially zero. Table 2,1
shows optimum nozzle settings and pressures determined oy preliminary
tests. Consistent nozzle orientation was maintained by using the bar
and protractor errangement shown in Fig. 2.5. To reduce the number of
variables to be eveluated, a series of preliminary tests wes used to
determine what appeared to be the best procedural method of flushing
contanminant from the two paved test surfaces. The procedure adopted is
described Jater wder Section 2.6 and was repeated in as nearly identical
manner as possible {or all tests.

2.3 FPRODUCTION OF FALLOUT SIMUIANT

Bulk carrier material for fallout simalant vas formmlated frow two
types of commercial sand having physicel and chemical properties similar
to those of real fallout. Each type wvas reedily available and could be
easily processed to simijate the falloxt environments described in
Table 1.1. The mediuwr~to-large particle size fgllout simulant wes ob-
tained from $60 mesh Del Monte sand, a sm~vth, weathered, river bottom
mterial in the size range 105700 p. The sasller particle size range
simulants were sieved from 4h-1T7 W Wedrou river bottom sand.
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Fig. 2.5 Front Nozzle Operation Showing Protractor Bar Used to Orvtain
Proper Nozzle Orientation. Protractor points occur every 10 degrees.
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Fig. 2,6 Three-nozzle Operation at Settings Used for Evaluation Tests.
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TABIE 2.1

Optimum Nozzle Settings and Pressures

Nozzle: Ieft Front Right Front Right Rear

Dip Angie: 10° 22° 10°

Azimuth Angle: 35° 35° 15°
Pressure (psi)

lat Pass: 4o Lo -

ond Pass: 35 35 &

3rd Pass: - 35 60

Note: Forward speed was constant for all passes at © mph.

The radionuc)ide Inlho used to tag the bulk carrier material was

selected for several reasons. Its energetic gamma reys minimized the
shelf-shielding effects of the simmlant et high initial mass levels,
making the radiation measurements more nearly proporticnal to the mass
present if the specific activity (uc/g) was wniform. Radicactive decay
by a 40,2-hr half-life reduced the residual radiation levels to backe
ground in a few days and permitted reuse of the test + Rxisting
facilities for the preparation end handling of the IalY0 developed for
other reclamation projectsls5 were avallable at Caup Parks,

Coating the tagged bulk carrier with sodium silicate and baking
for 1 Ir at 2000°P formed a waterproof giamze vhich assured that the
activity remained fixed to the bulk carrier so that it was not trens-~
ferred to the test surface.

2.4 DISFERSAL OF FALLOUT SIMUIANT

One of the criteris lmposed upon the test conditions was a uniformly
dispersed initisl masa of fallout simulant on the test area., The mass
loading depended upon the fallout environment being simulated.

16




Uniform dispersal wes achieved by using a calibrated, hand- ted
garden spreader (Fig. 2.7; O. M. Scott end Sons, Marysville, Ohio). The
average initia). mass level was determived by weighing the spreaders
before dlspersal and again afterwvards. The uniformity of dispersal was
visually better than that achieved previously with a dump truck.

2.5 MEASUREMENT TECHNIQUZ

A1l measurement instrumentation was given an adequate wvarm-up
mericd, and backsround and colibration readings were made whenever test
measurements were made.

Simulant property measurementr weye made with Rotap machine (W. S,
Tyler Co,, Cleveland, Chio) and stendard Tyler sjeves., Six sieves and
@8 pan, nested with graduated mesh sizes, were thoroughly rotapped for
10 min to separate a 100-g sample into sieved fractions. Each fraction
was weighed and its activity measured in the 4-pi ionization chamber
(Fig. 2.8) to determine its specific activity (uc/g). The properties
of each batch mixed are tabulated in Appendix B. Microscopic examina-
tion of the sieve fractions was also used to determinse the size distri-
bution a3 well as shape, and uniformity of the similant batches,

Machine variables cf forvard speed, nozzle vater pressure, and
operational decontamination procedures were controlled for uniformity
in all tests using activity. Forward speed vas measured with a cab-
mounted engine tachameter. Nozzle water pressure was measured by probes
at each nozzle. The probes were manifolded to a pressure gauge in tira
cab vhere the pressure was manually controlled by the pump engine
throttle. Duplication of operational decontamination procedures for
each test was assured by operator pretest training and familiarization;
and by external) direction as the tests were being run.

Radiation measuremente were made by a specislly built mobile,
shielded, garma scintilliation detector (Fig. 2.9). The rediation de-
tection element was a NaI (T1) scintillation crystal (1 in. diameter
by 1 in. thick) that wes coupled to a photomultiplier tube, all con-
tained within a 6-in.-thick lead shield. A collimated aperature per-
mitted entrunce of radiaticon into the sensitive volume. The power
supply, associated electronics, and printout system, as well aa the
shielded detector, were traller mounted for mobility,

The effectivenesa of the decontamination procedure was determined
by comparing rediation meesurements before and after each event,

17




Fig. 2.7 Dispersal of Synthetic Mallout on Test Area by Hand-pulled
Garden Spreader.,
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Mg. 2.8 U-pi Tonization Chamber
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Fig. 2.9 Measuring Radiation Intensity of Synthetic Fallout with
Scintillation Counter and Hund-held Radiac.




Reliability ia the wmeasuremer.:s mmde with the shie)ded detector was
provided for by reconrding a8 series of T o l-minute counts in the follow-
ing sequence:

e. Count a 0060 radistion standard,; to determine the overall
regponse of the instrument.

b. Count a sample from ihe synthetic fallout aimmdant batch to
check simulant decay.

¢, Count at each of the monitoring stations on the test area to
collect data.

4. Repeat steps a and b as a further check on instrument response
and decay.

The above four-step sequence was carried cut for each test to measure
the bacxground, initial masa, and mass remaining after successive flush-
ing passes, Time of Gay was recorded for each palr of couats to facili-
tate decay correction.

Hand~held portable radiacs, ANPDR-39 (T1B), were used es a check
or the mobile shielded detector and for general monitoring purposes,
such as controlling radiation dcosage to perscnnel during preparation
and dispersel of the simulant.

The 4-pl iondzation chamber was used to assay the gross and sieved
samples of the fallout simmlent. It alsc followed the readicactive decay
of each simulant batch as a check on radionuclide purity.

2.6 TEST PROCEDURE

BEach of the tests with rediocactive fallout simulant was conducted
on a concrete or asphalt surface at initial mass level, particle size
range, forward speed, and operational sequence required by the test
conditions as follows:

a. Radiation background measwrements were made as described in
Section 2e 5.

b. Syntbetic fallout material of the desired particle size range
and mass level was dispersed over an area 15.5 x 90 %, as described in
Section 2.k,




ce Initisl mase level radiation measurement were made as described
in Section 2.5.

d. One flushing cycle of the entire test ares wac made, consistiag
of 3 passes (as shown in Fig. 2.10) and described as follows:

1.

2.

3.

L.,

First pass at crown of balf-contaminated street, using both
front nozzles at L0 psi to flush contaminant forward and
toward the gutter.

Second pass alongside the gutter using 3 nozzles (Fig. 2.11),
front nozzles at 35 psi and right rear nozzle at 60 psi,
with a slight overlap of area cleaned on first pass.

Third pass in the gutter agsinst the curb using two nozzles;
right front at 35 psi and right rear at & psi, to flush
material into catch basin or beyond test area,

All material flushed beyond test area was washed by fire-
nose to catch basins and sumps, so that it would not con-
trimute to radiation readings on test area, Contaminant
wes flushed from side boards into drain ditches as shown
in Pig. 2.12, using left rear nozale.

e, Radiation measurements were made as in Section 2.5.

f. Second flushing cycle was completed as in (d).

g. Final radistion was measured as in Section 2.5.
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Fig. 2.11 Second Flushing Pass at Curb ilsing Three Nozzles.




Fig. 2.12 Flushing Contaminant From Side Splash Boards into Drain Ditch
Before Taking Radiation Reeding on Test Surface,
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CHAPTER 3

RESULTS AND DISCUSSION

The variation of effort that can be applied by a motorized flusher
is infinite, within the limits of the ranges of the machine parameters
of forward speed, vater pressure, nozile orientation, and of the opera~ .
tional procedures of nozzle usage and coverage of the area to be decon-
taminated. All the machine parameters and operational procedures were
determined and held constant for the tests as described in Section 2.2 >
because of the limited acope of thie test series, Under these test
conditions distinct levels of effort were applied to the surface as
defined by integral numbers of three-pass flushing cycles (Section 2.2)
over the test ares,

Effort is defined as being inversely proportional to the forward
speed (or directly proportional to the time spent cov:ring a given area).
The relationship can be represented mathematically as-

K
E-s

vhere E = effort 1n equipment-min/10% re2
S = forward speed in ft/min
and K 1s the proportionality factor.

K & o

In Reference 7 (the sweeper report), relative effort, KE, {3 de-
fined as the ratio of actual effort B to a standard effort, which is
shown to be equivalent to the expression

re - 22 (3.1)

where 1200 is an arbitrery speed selected to give KE values greater
than 'mity. Using this relationship the work described here can be
more easlly compared with that of other tests - for instance, sweeper
results in Reference T+,

¥Such & comparison is shown in Section 3.6.
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The test condition prescribed a constant flusher speed of & mph or
528 ft/min. Therefore,

RE (flusher) = 1-5-2%% - 2.2y

As 1ong as the forward speed is held constant, 2,27 will be the RE for
a complete coverage of the test urea. For two ccverages the RE will
equal 2 x 2.27 = L.54,

It was explsined earlier in Section 2.6 that one coverage regquired
a three pass flushing ~ycle. With a pass width of 9 £t (total frontal
width of flushing pattern for 3 nozzles), the single pass rate would be
9 = 528 = k752 £t2/min., However, the test strip ia 15.5 £t wide and
tlrce pasaes are required for complete coverage., T ‘efore an average
pass width is 15.5/3 or 5.2 f£t, and the average f3° ing rate ia only
5.2 & 528 or 2746 ft2/win,

Relative effort RE, then, is a function of speed only. It indicetes
n~ither the actual. cleaning rate nor the absolute effort required.
These two quantities are dependent upon the configuration of the area
cleaned and upon the bulld-up of material which requires successive
flushing passes to clear thne remaining area. In addition, any allowe
ances made for turn=-around losses, tank-filling and post-flushing of
redejocited material for ultimate disposal will further reduce the
above rate estimntes,

Using test conditions with fixed machine paremcters, identical
procedures were uged to conduct 22 tests. The results of these tasts
are summarized in Table 3.1. The fallout enviromments simulated are
given in terms of particle size and initial mass level; two surfaces,
asphalt and concrete were used; and residusl mass levels were coxputed
from radiation readings as described in Appendix C., Corrected radia-
tion measurements for all tests are given in Tabla C.1.

3.1 CQ{PARISON OF TESTS

The test results in Table 3.1 can be used foi graphicel presents-
tion of data or to verify previously developed ecuations for the per-
formance of wet decontamination methods. Using relative efforts as
defined in Fri, 3.1 and corresponding residual mass levels determined
from radiation meassurements, Figs. 3.1 through 3.2 were plotted in
three groupa to show the erfects of particle size, mass loading, and
surface rcughness on decuntamination effectiveness.
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HSB » 3. 1-3.“'

Comparisons of Effects of Pazticle Size
on the Decontamination Performance of &
Conventional Motorized Street Flusher,
Using Test Procedures Described in
Section 2,6.
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Canparisons of Effects of Initial Mass leavels
on the Decontamimation Performance of a Con-
ventional Motorized Street Flusher, Using
Test Procedurss Described in Section 2.6.
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Figs. 3.13-3.21

Comparisons of the Effects of Surface Roughnhess
on the Decontamination Performance of a Convex-
tional Motorized Street Flusher, Using Test
Procedures Described in Sectior 2.6.
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Only two data points appear for each test representing the residual
mess after the lst and 2nd clesning cycles (each cieaning cycle repre-
senting three pasces) so the shape of a smooth curve whish fits the data
could not be drawn. All conclusions drawn from these curves are for
limited data from specific test conditions,

3.2 EFFECTS OF PARTICLE SYIZE, MASS LEVELS AND
SURFACE TYFE

Particle Size effects on decontemination are shown in Figs. 3.1-3.4.

In all tests conducted the smallest particles were more difficult to
remove than the largest particles. In Fig. 3.1 and 3.3 for asphalt
surfaces, an inversion in the order of particle size vs. residual masa
is seen: the LL-88u particle size shows a lower residual mass than the
88-177u particle size and the 177-350u particle sizes (Fig. 3.1) shows
a lower residual mass than the 350-700u particle size. Although the
removal effectiveness indicates inconsistencies due to flusher steering
errors in the experimental results, the results as a whole shows small
particles to be more difficult to remove than large particles at the
same effort expenditure.

High initial mass levels consistently showed a greater residual
mass level “han lower mass levels after the same effort expenditure.
Figures 3.5-3.11 show the effects of initial mass on the decontamination
effectiveness of conventional motorized flushing. In addition to the
problem of moving a higher mass per unit area, the build-up of material
flushed to adjacent areas further compourds the mass removal problem;

&3 descrived in Sectlon 3.5 and discussed further in Section 3.6.

Surface type effects on decontamination effectiveness were not as
conclusive as expected, due to the uetericration of tne concrete sar-
face prior to and during the evaluation studies using radicactive simu-
lant. The concrete test surface had deep cracks at the expansion jolints,
and several rough cpols were formed due to disintegration of the con-
crete, However, of the 3 tests conducted to allew comparison of surface
type vs. effort, 5 showed that concrete was less difficult to clean than
asphalt. One test showed about the seme difficulty, and three tests
showed asphalt to be lesas difficult to clean thon concrete, The last
three results were no doubt due to© the contaminant retained in the large
expansion joint cracks., An example of this effect can be seen in Fig.
3.20. Note the residual mass 1.2 g/ft? remaining after the first pass
and the 1,02 g/ft2 remaining after the secc.ud pass. The flatness of the
curve indicates that a large amount of effort would be required to reach
the same residual mass as attalned on the asphalt surface.
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It should be emphasized that although general conclusions mey be
drawn on particle size, mass level, and surface type effects, they cre
the results from only one set of flusher adjustments.

3.3 WATER CONSUMPTION

The water consumption rate wss 0.1k ge,l/ft2 for each complete 3=pass
cleaning cycle used in the flusher evaluation tests. This rate is similar
to that of previous tests mentioned in Section 1.1 but applies only to
ihe present test procedure. Other flushing procedures would require
different consumption retes. An ideal flushing situation, vhere a single,
g-Ft-wide path at higher speed (%2 mph) is adequate, could have a water
conswmption rate of 0,032 gal/ft< using the two front nozzles. At the
other extreme, a heavy mass loading oh a large area would require a
slower speed, multiple passes, and manual f'irehose clean~up after flush-
ing. This extreme situation might be handled more expediticusly by &
different or combination method, with flushing being the final clean-up
of low residuml mass achieved by another method such as pweeping.

3.4 EXPERIMENTAI ERROR

The results of duplicate tests shown in Teble 3.1 vary by as much
as a factor of 7. The differences are due almost entirely to variations
in operating techniques (mainly directional comtrol of the tlusher truck)
from test to test. The accuracy of direct measurements was * 3 % for
forvard speed, + 5 % for initisl mass level, and + 15 % for the radiation
measurements used to determine residual mess level, thus these items did
not contribute significantly to observed differences.

Same error was introduced into the residusal mass level measurements
for several reassons; (a) As shown in Fig. B.1 (Appendix B) the specific
activity in:zreamsed for smaller particles within a given particle size
range. (b) However flushing selectively removed the larger perticles
more readily than the smaller and more active particles within a particle
size range. Therefore, calculations of residual mess M based on radia-
tior measurements will be conservative (too high).

For instance, residual mass is crlculated from the expression

R
M=M =—
oIo
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where M, = initial mass lomding, g/fte
R = residusl radiation reading, mr/hr
| I, = initial redistion resding, mr/hr

For the above=noted reasons, the residusl radiation reading R will be
high, since a disproportionate amount of small but more rediocactive
particles will be left after flushing. Therefore the estimates of mass
+ill also ke high.

Specific antivity varied by a fector of 3 within each size range
of fallout simulant used, but the relatively narrow size ranges (& fac-
tor of 2) vermitied a valid deteimiration of the effect of particle size
on flushing et'fectiveness.

Transfer of activity from the simulant to the test surfaces by
leaching or ion exchange contributed less than 0,1 ‘fz error to the
measuremerts and was therefore ignored as a source of experimental error.

Form line cracks in the concrete surface retained some similant
and produced some locelized high radiation readings. These radiation
readings were deleted from caiculations as indicated in Appendix C.
However, the frequency of random surface cracks at monitoring stations
was not sufficient to create a serious bias in the data when these
readings were averaged with the rest of the stations to obtain a repre-
sentative residual reading for the whole test surface.

3.5 FIUSHING THEORY

Previous wet decontamination evaluation studies derived the follow-
irg equation: /

i/3
3K°E

M=MK&+ (MO-M*) e (3.2)

where M is the residual mass (g/‘:f.‘t2 after finite effort expenditure E.
M* is the residual mmss (g/ft2) at an infinite effort level
M, is the initial mass level (g/£t%)
K, is the proportionality constant expressing Ee.noval rate
E'is the effort expended (equipment min/10%

'3KoEl/ 3 is the fraction of removable mass remaining after expend-
ing the effort, E.

~

e e e e e e bt et 2 = o




s solved for each test using data values of M, M, &ad E,
essive approximetions for M* ang K, for a fit through

Fauation 2.2 wa
and making suce
the duta points on an M vs E plot (see Pig. 3.22 for such a plot). The
existence of cnly iwo data points and a limited number of tests for each
surface-method combination made it impossible to evaluate other previously
derive. equations3 relating initial mass to resicual mass at infinite
effort for a given decontamination method.

Of 22 test runs, 13 listed in Table 3.2 provided data which could
be fitted to equation 3.2. The vtriation of ultimate residual mass
attainable (M*) and rate of mass removal (K,) are consistent with results
riesented graphically in Section 3.1. The M* values indicate small par-
ticles are more difficult to remove than large particles, concrete sur-
I'aces have lower residusl mass than asphalt for the same test condition,
and higher initial mass levels require more effort to achieve the same
residual -ass level. The K, values show faster rewoval rate for con-
crete surfaces and lower mass levels. Nc clear cut trend of removal
rates with respect to particle size was indicated.

3.6 COMPARISU: OF MOTORIZED STREET FLUSHING AND
MOTORIZED STREET SWEEPING

Figure 3.22 compare: the relative performance of street flushing
with street svecping methods. Test results were taken for like condi-
tions of mass loading, particle size end surface type. Each curve wvas
nlotted according to its recpective cleaning equation.

From the distinct separation between the curves, it appears that
flushing is the superior method. IHowever, comparing these two perform-
ances ‘n this manner assumes toth methods carry out their respective
cleaning task to a similar state of completeness. This occurs only in
one particular situation, the reclaiming of open roadways where {lushing
does not create a disposal problem.

It is more likely tha* sweepers and flushers will be operating on
streets bordered by curbs or on extensive areas such as parking lots and
industrial aprons. Under these conditions flushers usually cannct do a
complete job of reclamation. As the worl. progresses tne flusher will
eventually reach the point where it can no longer push aside the maess
tuild-up of fallout materisl. A secondary method is then required to
get rid of this accumulation of spoil.
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TABLE 3.2

Fit of Equation 3.2 to Test Data

Test Conditions BEquation 3.2 Parameters
Test No. Initial Mass -3 Ko M
o (10 £12 VY3 (g/24?)
(e/e?) |t -

C-20-W 21.5 4,25 0,051
A-20% 19.5 3.24 0.019
C-20-X 20.7 k.3 0.083
A~20X 21.8 3.29 0.073
C-100-X 107.4 334 0,076
C-20-Y 21.0 4,85 0,218
A=20-Y 22,1 2.56 0.328
C-100-Y 102,2 2,79 0.353
A-100-Y 101.9 3034 0,507
A-20=Z 18.4 2.91 0.356
£~100-2 102.5 k.52 1.07h
C-20-2 18, 3.81 0,259
A=100-A 103.5 345 0.192
Notes:

Test Code is: surface type - naminal initial mass -
pexticle size

A = Asphalt X = 177-3501n
C = Concrete Y= 882177
W = 350-T700u 2= 4i-83 u

1/3
Equation 3.2: M = M# + (M_-M¥) e KL
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For this more general situstion, a8 compariscn of the above curves
15 misleading, since the flusher curve does not take into account the
additional effort required to complete the reclamation of a glven area.
Thus, comparisons of these or similar peirc of method performance curves
must not be made without consideration of the inherent differences
between methods.




CHAPTER L4

CONCIJSIONS AND RECOMMENDATIONS

4,1 CONCIUSIONS

Previously developed theorelical decontamination equations fit data
for a majority of the tests. With the exception of some of the factors
related to removal rate (K,), goud agreement was found between the equa-
tion and the data. The concluaions suggested by the test results are
presented below.

The systematic procedure for adjustment and orientation of the
nozzles described in Section 2.2 can be applied beneficially to any
motorized flucher to achieve optimum decontamination performance.

Urder the test conditions used, maes level had the greatest influ-
ence on flusning effectiveness. Particle size had the next greatest
effect and surface type had the least effect, Some variations in uni-
tormity of distribution were noted on the concrete surface when form
lines accumilated the material. Under comrarable test conditions, high
initial mass levels were harder to remove than low initial mass levels,
small perticles were barder to remove than large particles, and rough
asphalt surfaces retained a greater residunl mess then smooth concrete
surfaces.

Motorized flushing is en effective decontamination procedure for
reccovery of extensive areas if the following prcblems are recognized and
overcome: (a) & possible shortege of water; (b) an insufficient number
of flushers; (c) the accumlation of fluehed materisl due to high initiml
mass level and/or the accelerated build-up of flushed material in an
extensive area having e low initial mass level; and (d) the safe handling
and ultimate disposal of the flushed material,

The consumptlon rates attained in the present evaluation tests are
ideal from the standpoint of water ecc..any in that only comsumption on
the test area was measured, Higher consumption rates under less care-
fully planned and executed procedures could easily increase the rate by
a facior of two or three, making the procedure impractical if the water
supply were marginal.
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It is readily epperent that careful planning is required for each
flusher situation to insure an integrated recovery system of optimum
performance, The complexity of handling and disposing of the flushed
material varies {rom an ideal situation vhere & single pasa is sufficient
to the camplex case where multiple passes are requiced. In the simpler
cases, 85 on a narrow paved road with ditches on each side, a single
pass cleans the surface and disposes of the contamimant into the ditch
vwhere its effects are partially shielded cut. Wide city streets demand
multiple pass flushing cycles to oveccome mass build-up and to move the
accumuleted meterial from along curbts and gutters to collection points.

4.2 RECOMMENDATIONS

Since the present series of tests represents a very limited effort,
it is recommended that further tests be run to explore other combinations
of flusher adjustments and operating technigues. The first additional
tests should be made to determine some of the effects of forwerd speed
and whether it must be accounted for in some of the theoretical equatioms.

Further work should be dme to determine whether a combination method
{such ac sweeping followed by flushing) might show some merit. Additi-
onal procedural wvariations of street flushing to suit various area con-
figurations should be investigated. Since the present test did not
verify the cleaning equation satisfactorily and the current data is not
sufficient to establish new equations, furthex investigations should be
made to verify previous equations, or new equations should be developed.
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APPENDIX A

PRELIMINARY TESTS

7o determine motorized flusher adjustments that would give optimum
performance, a series of 70 preliminary small-scale tests was run. The
tests vere conducted on the coneret. half of the special test area using
nou-radioactive synthetic fallout of 177-350 p particle size range. The
following flushing procedure was used for all preliminary tests: (1) The
flusher speed was 6 mph. (2) One front nozzle was used at 40 psi. (3)
The area width selected was such that the cne -ozzle used would provide
complete coverage of the area with one pass. (4) Each pass was made at
the prescribed speed and the water jet was activated only within the
designated length of a specific test area. (5) A weight material bal-
ance technique yms used to obtain quantitative results. Although the
veighing technigque proved to be unsatisfactory for the main series of
the tests, it served well for the determination of optimum settings and
usage of the flusher nozzles, Significant results of a few tests are
discussed here.

One series of tests was run to determine trhe upper limit of initial
mass level that could be removed by the flusher. Table A.1 shows resulis
for six tests which indicate that the limiting mass level for the test
conditions used is somewhere between 456 and 612 g/fte. Test #il at
the 612 g/'ft initial mass level presents a serious buildup and drop-
out of the flushed material. Build-up and drop-out of flushed material
oceurs when the mass loading and distance flushed it such that the
accumulated material can no longer be moved by the force of water,

The actual build-up of material begins when flushing begins. As the
flushing progresses the mass build-up of mAterial eventually exceeds
the ability of the water jet to transport it any further. At this
point, drop ot occurs and the material is redeposited on the surface,

The increasing efficiency of removal (grams/gal) with a maximum at
the 4th pass is explained by the materials not being completely wetted
as the water or jet passed over. The speed, mass level, and water fiow
rate were such that the fallout simalant formed wet balls that rolled
across the dry sapd below, The most efficient flushing was achieved
at lower mass loadings because the fallout simulant was thoroughly
wetted before the main impact of the rozzle Jet.
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TABLE A.l

BEffect of Initiml Mass level on Flushing Efficiency

Test: #15 #9 #16 {17 #52 #1k

Initial Mags: 199 193 308 312 456 G2
(g/£t2)
Pass Grams_Temoved/gal water
1 2503 3106 3260 2972 9240 684
2 2018 1222 3361 3755 83
3 137k
4 1877
5 785
6 319

Test #52 was used to measure the loss of material with distance
flushed., PFxcept for & small residua) mess, the 450 g/ft2 mass loading
was conpletely cleaned with one pass of the flusher. The amount of
material col:ected and weighed from areas bevond the 10-foot-long test
area gave some indication of the ability of the flusher to transport
material beyond the immediate contaminated area. For the single pess
over the area the amount removed as a tunction of distance mey be ex-
pressed in terms of the percent drop out beyond a given distance as
follows:

Dista.ce Flushed Drop-out

(rt) (%
5 7.2
10 28.4
15 51.6
20 68.7
25 78.0
30 86.7
Beycnd 95.4

Due to the limitzd accuracy of we.ghing the drop-out to cbtair a
material balance, 4.6 % could not be accounted for. These results ‘ndi-
cate an operational problem associatad with flushing fallout, since
additona) work may be required to dispose of the flushed material.
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APPENDIX B

PHYSICAL AND RADIOIOGICAL PROPERTIES OF FALLOUT SIMULANT

Four batches of fallout similant were used in the flusher evalua-
tion studies. Each batch was analyzed to determine its physical amd
radiolugical properties. The results of these measurements sre presented
in Tebles B.l through B.i.

The simulants' nominal particle size ranges were determined as
described in Section 2.5. A slight increase in particle size vas
cbgerved after the sodium silicete sealant was added to physically fix
the radionuclide to the sand; however these small increases in the par=-
ticle size range did not affect the test conditions appreciably. The
specific activity {pe/g) of eech radioactive-tagged batch's sieve frac-
tions vas measured in the 4x ionization chamber (Fig. 2,8) to determine
the uniformity of tagging.

The intent of the radionuclide-tagging process in the production of
fallout simulant was to cbtein & constant specific nctivity (uc/g) for
all particles in & nominal particle size range. If ideal tagging is
achieved, a direct relationship between radiation intensity and residual
mass 16 obtained even after a decontamination method has been applied.

The tﬁgging process used consists of spraying & solution of radio-
active 18140 onto the surface of the bulk carrier material. If uniform
coverage is achieveG the amowunt (in pc) of redicactivity on a particle
will be proportional to the surface srea. The radioactivity can be re-
lated Lo voiume or mass {for uniform meterial density) for spherical
particles of dlameter d as follows:

2
Activity _ [., Surface nd - '
Mass = |\K Volume k! xd3/6 K (1/2) (B.1)

vhere K is a proportionality constant between specific activity (ue/g)
and the reciprocal of the particle diemeter (1/d). If this idealized
relationsiip preveiled in practice, a plot of specific activity vs. the
reciprocal of particle diemeter would be s straight line of slope X.
However, the above idealized activity-usss proporticnality to particle
diameter is altered in the ectunl tagging process because particles are
non-spherical or agglomerated.
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TABIE B.l

Physical and Radiclogicel Properties of Fallout Simulant
Batch No. 1 Having & Nominal Particle Size Range 350 ¢

to 700 p

Sieve Size Weight Analysis Sﬁ) Radioactivity
U.S. Mesh Microns Raw Tagged Anslysis
Material Material
(%

25 To1 0.3 0.3 0.2
30 589 1.3 0.9 0.7
35 k95 1,2 IR 10.9
Lo La7 33.6 30.2 7.7
45 350 48,1 S5l.4 52.4
50 295 2.1 3.1 .9
Pan =295 .l 1.7 3.2
Totals 100.00 100,00 100.00
Date Batch Mixed 8/28/61

Specific Activity (uc/g)
at Mixing Time b b
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TABIE B.2

Fhysical and Radiological Properties of Fallout Simulant
Batch Ne. 2 Having e Nomina) Particle Size Range 177 u

to 350 u
——
Sieve Size Weight Analysis (%) Radicactivity
U.5« Mesh Microns Raw Tagged Anelysis
Material Material (%)
Lo L7 0.4 0.6 (VR
L5 350 1.5 2,6 1.3
50 295 8.1 9.3 5.3
€0 k6 22.7 25,7 16.4
& 177 1.9 45,1 k0.3
100 149 17.8 12,0 22.8
Fan -149 7.6 L. 13.5
Totals 100.00 .00.00 100.00
Date Batch Mixed 9/6/61

Specific Aetivity (uc/g)
at Mixing Time 6.9
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TABLE B.3

Physicel end Radicloglcal Properties of Fallout
Simulant Batch No. 3 Having a Nominal Particle
Size Bange 88 u to 177 u

Sieve Size Weight Anglysis (%)  Radiocactivity
U.S. Mesh Microns Raw Tagged Analysis
Material  Material (%)

70 208 0.9 0.8 049
% 177 1.3 1.3 1.8
100 149 10.6 28.6 25,7
120 124 25.6 25.8 21.1
170 88 52,8 Lo.7 ka,2
200 h Te9 2.6 T.3
Pan -Th 0.9 0.2 1.0
Totals 100.00 100.00 100,00
Date Batch Mixed 9/21/61

Specific Activity (pe/e) 9.7
at Mixing Time
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TABLE B.U

Fhysical and Radiological Properties of Fallout Simulant
Batch No. It Baving a lanimsfé Particle Size Range Ul u
o »

Sieve Size ue&m Eﬁ'” SQ Radiceactivity
U.E. ﬁ;oh mm AMB'IM
Material Materisl (

150 104 2.6 7.6 10,2
170 88 11.0 15.7 16.2
a0 ™ L2 29.3 25,8
230 62 28.2 25.7 %.8
270 Eﬁ n.g 8.7 8
325 1. 9.9 11,3
Fan <l 3.5 3.0 .1

Totals 100.00 100.00 100,00

Date Batch Mixed 10/6/61

Specific Activity (iuc/g)

at Mixing Time W7
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In Fig. 3.1 relative specific activity (% activity/% msss) for the
| sieve fractions of each batch has been plotted sgainst (1/d), the latter
being determined from the sieve fraction mid size given in microns. The
straightness of the lines formed by segments connecting the data points
of each batch indicates how well Eq. B.l applies, and provides a com-
parison of the various batches.




APFENDIX C

CORRECTED RAW TEST DATA

Table C.1 shows corrected counts/mimite for each monitoring staticn
for all tests where radiation measurements were taken. The concrete
test surface coordinate stations were B k-Bll and Ch-C11 inclusive;
asphalt test surface stations were E5-El2 and F5-F12 inclusive as desige-
nated on Fig. 2.10. Two one-minute counts were averaged, and corrected
for instrument response and decay. Tests with the same zero time (same
simulant batch) may be compared directly, while tests from different
batehes must be corrested for different specific activities given in
Tables B.1l through B.4.

Conversion of radiation megsurements 40 mass was achleved as
follows:

(a) Counts at 16 stations were averaged to determine cne count for
entire test surface for typical initiaml, lst pess and 2nd pass counts.

(initial g/ft?)(residual count)

2y _
(b) Residual (g/ft®) = Initial count

The nozzle pressures used in the tables of Appendix C are as
follows:

Pass Nozzle (psi) Nozzle (psi) Nozzle (psi)
Left Front Right Front Right Rear
1st 4o Lo (¢}
2nd 35 35 €0
3rd 0 35 €0
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TJABLE L~
SORRIKTED RAw DATA FOR MOTORIZAD FRusHING
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JABLE C -1
SORRSCTED Raw PATA FOR sovomizED FhMaHING
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JABLE C-1
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S¢RRECTED FRAW. DATA FOR MOTORIZER FEUSHING
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TaBLE C -1
CORREBCTED RAW. PATA_FOR MCTORIZED FRUSHING
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APPENDIX D

STREET FLUSHER SPECIFICATIONS

Truck: GMC Model MT3
1linder gasoline engine, 97 hp at 3450 RPM
6-10.00X20 12 ply tires - single at front; dual st rear
13,500 1b gross weight emnty
28,500 1b gross wt w/2000 gal water

Sank: 2000 gal capecity, oval cross-s:.“i. ', steel, elecirically
- welded, flat front head, inwe: ~. v braced w/baffle plates
18 in, diameter manhole w/gar =t
overload indicetor float
3 in. diameter overflow
2-1/2 dimmeter firehoge filler w/coupling and swivel connection

Power Pump Unit: Mounted between tank and truck cab, with engine choke,
ignition and starter switch in cab
Engine: Continental, 6-cylinder, gasoline, water cooled 86 hp
at 3250 REM
Pump: Centrifugal, 500 GEM at L0 psi

Nozzles: Stapdaxd bronze 2-piece horizontally split slot type 2-1/2 in.
flushing nozzles - swivel, adjustable and hand locked in
position or angle of spray.

The two at front used in tests - one at laft rear used for cleamup
of test area side spiaeh boards.

Special water broam brass type scaled up to 1-1/2 in. sisze from
1l in. firehose type developad by W. L. Owen of NRDL for
firehose decontamimtion studies.

Valves: 2 in. size individually contrulled by lever - cable system
from cab for any operating combinmation.

Piping: 2-1/2 in. diameter manifolded from pump cutlet through valves
t0 nozzles,
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