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ABSTRACT

Four motorized sweepers were evaluated as waterless decontamination
procedures to be used in the operational recovery of extensive paved
areas contaminated with fallout from a land-surface nuclear detonation.
Numerical values of fallout particle size and deposited initial mass
levels obtained from a recently developed mathematical fallout model
were used in the experimental design.

Sweeping effectiveness was dependent upon both envirommental and
machine parameters. Ieast effective sweeping results were obtained on
rough surfaces with small particle sizes deposited at high initial mass
levels. The best sweeping effectiveness for a given effort expenditure
was done at the fastest forward speed. The effectiveness of sweeping was
dependent upon its degree of utilization of air-broom and vacuum dust-
control systems; the Tennant Model 100DS, a machine incorporating both
systems, showed the greatest sweeping effectiveness and the fastest re-
moval rate.

Three passes in 3rd gear, (11 mph, T100 Sweeper) showed a residual
mass less by a factor of 5 than that for an equivalent amount of effort
of one pass in lst gear, (2.3 mph, T100 Sweeper), where effort is defined
as being proportional to the time spent sweeping a given area.

Previously developed theoretical equations describing decontamination
in terms of residual mass as a function of expended effort were not valid
for the majority of the tests. This was because the equations were sensi-
tive to speed in the normal operating range of the machines (where it is
most important that speed apply), and because no allowance was made in
the equations for a change in effectiveness with rate of effort expendi-
ture.



SUMMARY

The Problem

Reclamation of extensive paved areas contaminated with fallout from
a land-surface nuclear detonation may be required. In regions of limited
water supply, decontamination procedures that can be effectively applied
will be restricted. Motorized street sweepers, potentially applicable to
the waterless decontamination methods, should be evaluated. Specifically,
these machines should be tested on typical paved surfaces under expected
fallout enviromments, to determine separately the effect of fallout par-
ticle size, deposited initial mass, surface roughness, machine speed, and
operating features on sweeping effectiveness. Limitations and advantages
of the machines should be determined so that improvements could be recom-
mended.,

Findiggs

Using radionuclide-traced sand to simulate dry fallout from nuclear
weapons detonated on a land surface, effectiveness and effort data were
obtained for four different sweeping machines on asphalt and concrete
surfaces for six particle-size ranges and eight initial-mass levels.

The sweeping effectiveness (defined as the residual mass in g/fte)
achieved depended upon the degree to which certain machine design features
were used. The Tennant Model 100DS, a machine especially designed for
decontamination, had the highest degree of effectiveness as well as the
fastest rate of removal. This performance substantiated an inference
from previous tests that a combination of two methods could retain the
good features of each separate method.

Previously developed theoretical mathematical equations describing
decontamination in terms of residual mass as a function of expended effort
were not valid for the majority of tests.

The general decontemination equation cannot include speed because
where one method may improve with speed another may .not. For sweepers,
effectiveness increased with spéed. The rate of removal as well as final
residual mass obtainable was a function of speed.
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CHAPTER I

INTRODUCTION

Survival and recovery during the various periods after a land-sur-
face nuclear-weapon detonation requires proper countermeasures. Decon-
tamination is the major countermeasure to be used during the operational
recovery period, which occurs after the emergency period of shelter pro-
tection and before the long-term recovery period of contamination control.

The decontamination procedure to be used after each conteminating
event depends upon the fallout characteristics, the decontamination
meterials and equipment available, and the nature of the surfaces requir-
ing decontamination. For a land-surface detonation, the radiocactivity
is associated with the fallout particles in such a way that the prime
eriteria for decontamination are mass removal and disposal. 1In regions
where enough water is not available, waterless methods must be used to
remove and dispose of the fallout mass. Street sweepers of various de-
signs and operating characteristics are commonly available for waterless
cleaning of extensive paved areas.

Because most sweepers are designed and used for sweeping leaves and
street debris, they may not be capable of effectively removing fallout
particles. To determine their decontamination capability, a group of
four sweepers (namely - W450, T100, T1OOAB and T100DS described in 2.1)
was tested under controlled, simulated-fallout conditions.

1.1 HISTORY

The usefulness of street sweepers in decontamination procedures
was recognized as early as 1948. Operation Streetsweepl initiated a
series of evaluations based on the continually increasing awareness of the
problem and a need for its solution. Operation Streetsweep, using fero-
magnetic particles of two size ranges to simulate fallout, established
that large particles are more easily removed by sweeping than are small
particles under the same conditions. In 1948, Operation Supersweep,2



using three sizes of radiotantalum particles, showed that small particles
are the most difficult to remove from macadam and concrete test-sample
surfaces. These surfaces were manually swept with brooms. Firehosing
proved more effective than manual sweeping where effectiveness is measured
by the residual in mass on the surface after application of the cleaning
procedure (usually as percent of the initial mass). In Operation Stone-
man I3 (1956 at Camp Stoneman, California), a motorized sweeper was evalu-
ated on asphalt and concrete surfaces that were contaminated with a dry
synthetic fallout material dispersed at an initial mass level of 250 g/ftg.
A removal of 87-90 % of the initial mass from the surface was achieved.,

In Operation Stoneman IT* (1958)more extensive sweeper tests were con-
ducted on asphalt and concrete surfaces using three initial mass levels
and a fallout simulent covering a broad particle-size range. Motorized
and vacuum-equipped motorized sweepers removed more than 95 % of the
initial mass. An improvised air broom, consisting of a manifold with air
nozzles mounted close to the pavement at the rear of an air compressor
truck was also tested. It produced a high removal effectiveness (greater
than 99 %), but it created a dust cloud and redispersed the contaminant
onto downwind areas.

1.2 PRACKGROUND

Recently developed concepts of fallout characteristics show a rela-.
tionship between deposited initial mass and particle-size range.5;6 The
application of these concepts has permitted the systematic selection of
similated fallout enviromment during the present evaluation of street
sweepers for use in waterless decontamination.

When combined with decontamination datah from previous sweeper tests,
the concepts suggest that: (a) Optimum and limiting sweeper speeds in
relation to mass level, particle size, and surface type should be estab-
lished to aid in radiological recovery planning. (b) Previously derived
theoretical equations as shown below describing decontamination by sweep-
ers should either be verified or new equations should be established.

M= M¢ o+ (M) K (1.2)

where M is the residual mass after effort expenditure E (g/ftg)
M¥ is the residual mass at an infinite effort level (g/fta)
Mo is the initial mass level g/ft2
e~ is the fraction of removab&e mass remaining after expending
the effort, E equip-min/lo £t and X is proportionality
constant.



(c) The promising air-broom and vacuum-equipped, motorized sweeper
combination should be tested to see if the good features of each method
can be retained in the combined method.

1.3 OBJECTIVES

The present series of sweeper tests was.designed to answer most of
the questions raised by previous test results. The genersl objectives
of this sweeper evaluation series were:

() To determine the sweeping effectiveness of motorized and "vacu-
umized" street sweepers for waterless decontamination procedures, in the
light of recently developed concepts of fallout particle size and initial
mass level.,

(b) To esteblish the limitations of existing street sweepers for
decontamination with respect to the most recent concepts of fallout
characteristics.

(c) To reveal sweeper design or operational improvements which
would increase their effectiveness in decontamination procedures.

1.4 APPROACH

The following approach was taken to determine the effect of fallout
characteristics on the effectiveness of several machines in decontami-
nation procedures.

Four different machines (as described in 2.6) were tested: (1)
Wayne Model 450 motorized sweeper (W450); (2) Tennant Model 100 "vacuum-
ized" sweeper (T100); (3) Tennant Model 100 "vacuumized" sweeper with
improvised air broom attachment (T100AB); and (4) Tennant Model 100DS
"vacuumized" sweeper with air broom (T100DS).

Each of the four machines was tested at three forward speeds to
determine the optimum rate of effort expenditure in relation to effective-
ness achieved for the several fallout conditions simulated. The forward
speeds were determined by the transmission gear used when the engine was



run at the governed speed required for efficient broom and/or vacuum
system operation. ;

Sweeping effectiveness was measured in terms of the absolute re-
sidual mass (g/ft2). The machine that left the least residual mass for
the same effort expenditure and initial conditions was rated the most
effective. The use of residual number or fraction remaining cen be
readily obtained from the date for planning reclamation operations.
They can be misleading if the initial conditions are not specified.

Asphalt and concrete surfaces were used to determine how surface
roughness affects sweeping effectiveness. Surface roughness of pave- -
ments can be indicated only in a qualitative manner because no gbsolute
measurement for gross roughness is available. For these sweeping evalu-
ation tests all surfaces of each type used were considered typical but
not idential.

Six particle-size ranges were used in combination with § initial
mass levels in conformance with recently developed concepts of fallout
characteristics.”? The size ranges were nominally selected according to
particulate material readily classified by sieving from commercially
available sand. Table 1.1 shows the estimate of fallout characteristics
simulated; corresponding to each of the nominal size material are the
estimated ranges of weapon yield, standard intensity, initial mass level,
and downwind distence. The several specific mass levels chosen were
held constant so that perticle size effect could be measured. Only one
size range (750-1000 p) used was not estimated by the strictest interpre-
tation of the model. However, it can be included by broader interpretation
of the model and shows how particle size affects sweeping effectiveness.

TABIE 1.1

Estimated Fallout Characteristics

Available Weapon Yield Std. Intensity Initial Mass Downwind
Material (xT) (r/nr at 1 hr) (g/£t2) Distance
Part%c}e Size (mi)
11
Ly - 74 1 - 105 1 - k,koo 0.03 - 130 24 - 28
™ - 177 1 - 102 Lo - 27,500 1.3 - 825 9.2- 125
177 - 300 1 - 10 100 ~ 24,500 3.0 - 735 k,3- 90
200 - Loo 1 - 102 120 - 23,000 3.6 - 690  3.5- 83
300 = 500 1 - 10?2 140 - 22,500 L2 -675 2.7- 79
750 -1000 1 - 107 117 - 22,000 3.5 - 660 1.8- 75




Verification of empirical and theoretical equations fitted to data
of previous tests was attempted by obtaining residual mass values at high
values of effort. This was necessary because certain constants in the
empirical curves of residual mass vs effort expended were dependent upon
an extrapolation to the ultimate residusl mass achieved with infinite
effort. -

Although the present series of tests were designed primarily for
sweeper evaluation studies the data obtained was also used to verify
Egq. 1.2. Therefore environmental factors were controlled as closely as
possible to eliminate any ambiguity in the results.

1.5 SCOFE

Although over 100 individual tests were performed, it was not pos-
sible to cover all combinations of machine and envirommental parameters.
To get as much data as possible with a limited number of tests,required
a Jjudicious selection of test parameters where the results of one test
were analyzed to determine which test should be done next. This procedure
applied particularly to the determination of optimum operating speeds and
the effective removal of high initial mass levels. Certain tests were
repeated at different times to determine the consistency of repetition.



CHAPTER 2

DESCRIPTION OF TEST PROCEDURES AND MEASURRMENTS

Two factors affect motorized sweeping effectiveness. The first is
environmental and includes weapon detonation conditions, surface type and
roughness, and contaminant particle size and initial mass level. The
second 1s operational and includes machine design features such as broam
material, rotational speed, equipment maneuverability, operator convenience,
forward speed, width, as well as the methods of handling and storing the
swept material.

2.1 DESCRIPTION OF MACHINES

A general description of the four sweepers tested is presented in
this section. Detailed specifications of each machine are presented in
Appendix D.

The Standard Wayne Model 450 Street Sweeper (Fig. 2.1) was used for
motorized sweeping. This machine utilizes a 58-in.-wide, 36-in.-diameter,
floating~-type main broom made of palmyra stalk. It has a conveyor system
that deposits the swept material into a 3-yd3 hopper. It has four speeds
forward and one in reverse. This machine has neither a vacuum system for
dust control nor an air broom for blowing dust out of cracks and crevices.

The Tennant Model 100 Street Sweeper (Fig. 2.2) was used for vacuum-
ized sweeping. This machine utilizes a L8-in.-wide, 29-in.diameter, fixed-
mounting-type main broom, that is expandable to compensate for bristle
wear. The broom is located forward of a l—3/h-yd3 hopper. The hopper
may be dumped by a hydraulic system. The machine is equipped with a
sealed vacuum system with filter bags to collect the dust. The filter

bags are cleaned by a hydraulically operated shaker. The machine has
four speeds forward, one in reverse.

The Vacuumized Sweeper TI0OAB (Improvised Air Broom) (Fig. 2.3) is
the Tennant 100 machine, except for an improvised air broom. The air




Fig. 2.1 Wayne Model 450 Motorized Sweeper



Fig. 2.2 Tennant Model 100 Vacuumized Sweeper



Fig. 2.3 Tennant Model 100AB Vacuumized Sweeper With Auxiliary
Air Supply for Improvised Air Broom



broom is a 46-in.-long, 2-1/2-in.-diameter manifold, centrally fitted
with a high-pressure air-hose connector. The manifold has 42 air
nozzles on l-in. centers. These l/l6-in.-diameter nozzles are directed
forward toward the surface at a L45° angle. The manifold is in a fixed
position at the rear and parallel to the main broom within the vacuum
system (Fig. 2.4).

The air broom is activated via 50-ft length of high-pressure air
hose from a 105-CIM compressor. During a sweeping pass the compressor
is towed by an auxiliary wvehicle beside the sweeper. The compressor is
run at a static gauge pressure of 100 psi, which drops to a dynamic pres-
sure of 4O psi and remains constant when the air broom is in operation.

The Vacuumized Sweeper T100DS wes designgd for the USAF by G. H.
Tennant Co. specifically for decorntamination (Fig. 2.5). It is equip-
ped with a vacuum system and dust collector filters and built-in air
broom. It has four speeds forward and one in reverse. It utilizes a
87-in.-long, 36-in.-diameter, fixed mounting-type main broom with
adjustable expanding brushes to maintain a constant diameter. It has

a k-yd3 hydraulically-operated hopper.

This machine may be operated manually or by remote control, which
allows the operator to stay completely out of the radiation field.

2.2 SEIECTION OF TEST SITE

A physical inspection of the available paved surfaces at Camp Parks,
Calif., was made to determine their suitability for the tests. Those
selected were an exposed concrete floor of an old building, and an
adjacent asphalt surface. Their proximity to one another made it con-
venient to conduct tests with minimum equipment, sirmulant, and manpower.

The use of several narrow test strips 2 ft wide x 100 ft long (Fig.
2.6) on these two areas further reduced requirements for simulant,
logistic, and manpower. The multiple test strips, three on the concrete
and three on the asphalt surfaces, were used sequentially to allow time
for decay of the radionuclide tracer. The low background thus achieved
permitted meaningful radiation measurements while using a simulant of
low specific activity. The radiation dose to the investigators under
these conditions was minimized.

10



Fig. 2.4 Detail of Improvised Air Broam (not installed)
Used on Tennant Model 100

11



Fig. 2.5 Tennant Model 100DS Vacuumized-Air Broom Sweeper. Remote
control center in background.
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The concrete surface had an expension joint (called crack #30)
across the three test strips. The asphalt filler material had decom-
Posed to the point where repair was necessary. The decomposed materisl
was removed and a patching grout of latex, sand, and cement was used
to £ill the crack.

After a few tests had been conducted over the area it was noted
that the patch material was cracking and pulling loose, due to the
shifting and settling of the sections caused by the motion of the heavy
sweepers. No further repairs to the cracks were made, and it wes de-
cided to determine their effect on the sweeping effectiveness. Cracks
#30, #1, and #3 were 24 in. long, 1 in. wide, 3/4 in. deep. Crack #2
was a hairline surface crack and no measurements of it were made.

2.3 EQUIPMENT ADAPTATION TO TEST REQUIREMENTS

The W450 and the T100 sweepers were not designed for decontamination
purposes. Minor modifications and adjustments were made for consistent
test comparisons.

The gutter brooms were removed from both sweepers because the test
conditions simulating large areas do not include gutters or curbs. Also,
it was found during Operation Stoneman IT, that the gutter brooms created
air currents which could cause re-contamination. This made the gutter
brooms undesirable for decontamination of large areas.

The water spray system on the W450 is nomally used as a means of
dust control. This system, as at Operation Stoneman IT, was deactivated
to satisfy the condition that decontamination be waterless. Since this
feature for dust control was not used, tests with fine particles requir-
ing dust control were not conducted with the WL50.

Several operators were trained to drive the sweepers, operate the
brooms, dump the hoppers, operate the shakers, and become consistently
proficient in machine operation.

To insure the best possible performance, each machine was operated '
at speeds that were reproducible and in accordance to manufacturerts
suggestions. This required (1) selecting the proper gear for a sweep-
ing event, and (2) operating in that gear at full throttle. This pro-
cedure insured the best performance of the main broom and the maximum
vacuum for the dust control system.

1k



Speed calibration runs were made on all mschines in their different
gears to establish consistent speeds for the length of the test strip.
Such consistency was important because speed was directly related to

the "relative-effort" used in comparing the effectiveness of the four
sweepers.

Preventive maintenance was provided in accordance with the manufsc-
turer's specifications. Prior to testing, the machines were adjusted
to prepare them for operational conditions deemed necessary for decon-
temination purposes. The overhaul included replacing worn tires, worn
brushes, rubber skirts, and other parts. Perilodic routine msintenance

was performed during the test series to retain the initial performance
conditions.

2.4 PRODUCTION OF SYNTHETIC FALIOUT

Non-radicactive bulk carrier materials used for sweeper evalustion
studies prior to the development of an adequate fallout model,> were
Cemp Stonemen soil (Ambrose Clay Loam) and sandblast sand in two grades.
The effectiveness of the sweepers tested with these materials was deter-
mined by the material weight balance technique described in Section 2.5.

Radiocactively tagged bulk-carrier materials (see Appendix A) were
used after the development of an adequate fallout model. Two grades
of (river bottom) #60 mesh and #1 ground Del Monte sand were selected
because these raw materials contained a large percentage of the size
fractions predicted by the fallout model.

The radionuclide Lalho was selected as the particle contaminant for
several reasons. Its energetic gamma rays minimized the self-shielding
effects of the simulant at high initial-mass levels, making the radiation
measurements more nearly proportional to the mass present if the specific
activity (pc/g) was uniform. Radicactive decay by & 40.2-hr half-life
reduced the residual radiation levels to background in a few days and
permitted reuse of the test area.

2.5 DISPERSAL OF SYNTHETIC FALLOUT

One of the criteria imposed upon the test conditions was a uniformly
dispersed initial mass of material on the test area. The amount of

15



material dispersed depended upon the fallout conditions being simulated
in a given test.

Uniform dispersal was accomplished by using a calibrated, hand-
pulled garden spreader (O.M. Scott and Sons, Marysville, Ohio; Fig. 2.7).
The average initial-mass level per unit area was determined by weighing
the loaded spreaders (Fig. 2.8) both before and after dispersal and divid-
ing the difference by the area covered.

Different nominal particle-size fraction ranges required a different
rate of speed and setting to achieve the same unit mass loading.

2.6 MEASUREMENT TECHNIQUE

To insure uniformity of test results, the following routine was
initiated: (l) a 15~ to- 30-min warm-up period was allowed for electronic
equipment stabilization prior to test time. (2) An initial background
reading was taken prior to bringing the radiocactive contaminant near
the test areas, to establish the residual background in the test area.
This allowed determining the quantity of contaminant that could be
brought into the area for a day's run, as well as how long testing
could continue in the general test area without background building up.

Radiation measurements were made by a mobile, shielded, garma-scin-
tillation detector (Fig. 2.9). The principle detection element of this
instrument was a 1l-in.-diameter, 1 in.-thick, NaI (T1) scintillation
crystal coupled to a photomultiplier tube. These were contained within
a L-in.-thick lead shield so that the center of the detector was 1 meter
above the ground. A collimated l-in.-diameter aperature subtending a
14© cone of view permitted entrance of radistion into the sensitive
volume. The power supply, aseociated electronics, and printout system as
well as the shielded detector were trailer-mounted for mobility.

The effectiveness of the decontamination procedures was determined
by the comperison of radiation measurements converted to mass remaining.
Reliability in the measurement was provided for by recording two l-min.
counts for each in the following sequence:

a. A radiation standard, to determine the over-all response of
the instrument.

b. The crystal looking straight up, to determine cosmic background
radiation in the atmosphere while minimizing residual counts from the
test area.

16



1

AT T T AR
nnuunnullun
prsbe e

Fig. 2.7 Dispersing Fallout Simulant with Calibrated lawn Spreader
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Fig. 2.8 Weighing Fallout Simulant Disperser. Shielded mobile storage
hopper in background.
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Fig. 2.9 Mobile Shielded Radiation Detector Measuring Initial Radiation
Ievel on Test Strip
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c. At each of the five monitoring points on the test strip, to
collect data.

d. Another radiation standard, to further check and correct for
the drift in response of the instrument during the monitoring cycle.

The above four-step sequence was carried out for each test to
measure the background, initial mess, and mass remasining after successive
sweeping pesses. Radiation counts were recorded with time of day so that
radioactive decay corrections could be made.

A by ion chamber (Fig. 2.10) was used to determine the specific
activity (uc/g) of the sieved simulant freactions and to follow the decay
of samples from each simulant batch.

Similant physical property measurements were made using a Rotap
(W. S. Tyler Co., Cleveland, Ohio) machine and standard Tyler sieves.
Six sieves and a pan, ranging in standard mesh sizes determined by the
particle-size range being analysed, were thoroughly cleaned and nested.
A 100-g sample of material was placed on the top sieve and rotapped for
10-min,and each sieve fraction was weighed, to determine the size dis-
tribution within a nominal perticle-size range.

Microscopic inspection was used as a further check of the size dis-
tribution and to determine particle shape.

Time measurements were recorded for the four sweepers during each
sweeping pass to determine the speed and effort required.

2.7 TEST PROCEDURE

The sweeping effectiveness in early tests was determined with non-
radioactive simulant using & material weight-balance technique. This
consisted of (a) weighing the initial mass dispersed, and (b) dumping
the sweeper hopper and weighing the swept material after each successive
pass. Tests conducted with non-radiocactive simulant showed a 90 to 98 %
material accountability when used to determine sweeping effectiveness
for high initial-mass levels (> 100 g/ft2) and small amounts of effort
(1 to 2 passes). However, motorized sweeping, using large amounts of
effort, removes more than 98 % of the initial mess and requires a more
sensitive measuring technique. When radiocactive simulant was used in
later tests, a direct measurement of residual mass levels of less than
one percent of the initial mass could be made.
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Fig. 2.10 L-x Ionization Chamber

21



The following sequence was followed for each test conducted with
redicactive sirmlant:

2. Radistion background measurements were made as described in
Section 2.6.

be. Synthetic fallout material of the proper particle size range
was dispersed as described in Section 2.5.

c. Initial mass level radiation measurements were made as described
in Section 2.6.

d. The first sweeping pass was made over the test area at a constant
selected speed achieved by starting some distance before the beginning of
the test strip.

e. Radiation measurements were made as in step c.
f. A second pass was made over test area as in step d.
8. Radiation measurements were made as in step c.

he Third and fourth sweeping passes were made over the test area
as in step d.

i. Radiation measurements were made after the fourth pass as in
step c.

Jje Fifth through eighth sweeping passes were made over the test
area as in step 4.

k. Final radiation measurements were made after the eighth pass as
in step c.

Bach pass was clocked to determine the time taken to sweep the length
of the test strip. Radiation measurements were taken after only the 1st,
2nd, 4th and 8th passes. This provided data for large increments of
effort and reduced the number of half-hour monitoring periods. The
machines were driven from the immediate area while radiation measurements
were made. Table 2.1 summarizes the test conditions. Detailed results
of all tests are given in Appendix B.

A series of special measurements was also made to determine the
effectiveness of sweeping material accumulating in cracks in concrete.
Radiation measurements were made over crack #30 during tests of all
machines except the T100DS. Special tests were made with the T100DS.
The results of all crack tests are presented in Appendix B.
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CHAPTER IIT

RESUITS AND DISCUSSION

Effort as applied by & street sweeper is not s continuous function
which can be truly represented by curves or mathematical equations. This
is because sweepers are designed to operate at the governed engine speed
which produces the most effective broom operation. The series of discrete
forward speeds obtained with a set of transmission gears combine with
integral numbers of passes over the surface swept to produce distinct
levels of effort that can be applied.

Effort as defined here is inversely proportional to the forward speed
and directly proportional to the time spent covering a given area. To
compere the sweeping effectiveness of different sweepers independent of
broom width, a concept of relative effort is defined as

1200 (FRM
RE = #d Speed '(le ) (3.1)

The 1200-FPM value was chosen arbitrarily so that none of the sweepers
had a RE < 1.0 at the fastest speed (3rd. gear) tested. Relative effort
values for each gear of each machine tested are given in Table 3.3. Unit
relative effort corresponds to a forward speed of 1200 FPM and when the
broom width of each of the machines is considered, the following theore-
tical area coverage rates are achieved:

Machine Broom Width Area Coverage Rate

(in.) (£t2/min)
w50 58 5,800
T100 and 48 L, 800
T100AB
T100DS 87 8,700

The area coverage rates for unit relative effort are directly calculated
for the 1200 FPM forward speed and do not account for the overlap of

sweeper passes or the turn around or dump cycle time. As defined RE
values are additive.
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3.1 CQMPARISONS OF MACHINE PERFORMANCES

Using relative effort, as defined in Eq. 3.1, and corresponding
residual mass levels, determined by material weight balance techniques
or from radiation measurements, Figs. 3.1-3.25 were plotted showing
performance comparisons of the four machines tested. Each figure cam-
pares the machines for similar test conditions of effort expenditure
rate (forward speed), surface type, and fallout characteristics of par-
ticle size and initial mass level. The curves drawn are derived from &
least-squares straight-line fit of the data. The solid line portion of
the curve is the region where the test data was taken. Starting from &
minimum amount of effort expended in making a single sweeping pess, it
continues to higher effort values determined by the additional passes
made over the area. In some figures the curves have been extrapolated
beyond the measured effort to permit comparisons between machines.

Each of the four machines tested can be ranked in order of decreas-
ing effectiveness by inspecting Figs. 3.1-3.25. Although there are some
variations in ranking among the 25 sets of test conditions, a majority
of the sets show the following order of decreasing effectiveness within
the operating range of effort values: (1) T100DS; (2) T100AB; (3) T100;
and (%) Wkso.

3.2 EFFECTS OF MACHINE, SURFACE TYPE, AND FALIOUT SIMUIANT PARAMETERS

The influence of forward speed, air broom, vacuum system, surface
type, initial mass level, and particle size on sweeping effectiveness,
determined from the masses remaining at three effort values for each
machine, were compared. Realistic effort values were chosen which cor-
responded to integral numbers of passes at the normal operating speeds
of each machine, Three levels of approximately equal effort expenditure
were compared: (1) one pass in 3rd gear or highest speed of each machine;
(2) one pass in 2nd gear or intermediate speed, or two passes in 3rd gear;
and (3) one pass in 1st gear or lowest speed, 2 passes in 2nd gear, or 3
passes in 3rd gear. Tables 3.1, 3.2 and 3.3, derived from Figures 3.1-
3.25, summarize the mass remaining for the six procedures contributing
three levels of effort expenditure. These tables show the influence of
machine, surface type, and fallout simulant parameters on sweeping effec-
tiveness. .
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Inspection of Figs. 3.1-3.25 shows for a majority of tests that
effort beyond that shown in Table 3.3 would not significantly increase
the effectiveness. Exceptions appear in a few of the TI100AB and T100DS
tests on asphalt surfaces which show an extrapolated trend. No further
tests were conducted to validate this trend. The low radiation count
of the residuel mass (0.1 g/fte) in most of these cases approached the
threshold of detection of the radiation monitoring instrument. 1In a
real fallout situation, 0.1 g/ft° produces & standard intensity of 3 r/hr
at 1 hr if the mass contour ratio of 0.030 g/ft2/r/hr at 1 hr from the
model> is correct.

Forvard speed of all machines tested, being inversely proportional
to effort as defined in Eq. 3.1, had an important effect on sweeping
effectiveness. Higher sweeping effectiveness was achieved at faster
forward speeds for equivalent effort except at the highest initigl-mass
levels. This indicates that the majority of fellout conditions simulated
did not overload the sweepers and that the optimum rate of effort expen-
diture for effective sweeping was achieved when the fastest forward speed
wvas used. Figure 3.26 shows a typical relationship between forward speed
and sweeping effectiveness.

The consistency in forward speed of all machines tested is indicated
in Table 3.4. The forward speeds of each machine measured for each pass
were uniform because of governed engine speeds. However, comparable gears
in different machines provided different forward speeds which were compen-
sated for by comparing the sweeping effectiveness on a relative effort
basis.

Certain combinations of machine and environmental conditions limit
the use of maximum forward speed for optimum performance. The Tennant
machines have their main brooms mounted in fixed bearings and the ten-
dency of the machines to bounce at high speeds over undulations in the
pavement surfaces leaves unswept areas. The bouncing also breaks the
vecuum sesl enclosing the broom. This reduces the desirable dust control
capabllity built into the machines.

Other factors that limited the use of maximum forward speed were the
size, weight, and maneuverability of the machine in relation to the con-
figuration of the area swept.

The vacuum dust control systems on the Tennant machines were effec-
tive in minimizing the re-deposition of airborne particles on swept sur-
faces. The airflow creasted by the vacuum system purged and entrained
many perticles from the main broom bristles that would otherwise have
been thrown from the brush and re-deposited in the area already swept.
This re-depositing process was observed in the operation of the exposed

26



Figs. 3.1-3.25. Comparisons of Machine Effectiveness Resulting From
Various Combinations of Particle Size, Mass Level, Surface Roughness,
and Forward Speed
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TABIE 3,3

Mass Remaining Am\?mv for High Equivalent Effort With Each Machine
3 Passes in 3rd Cear

s fop g P

2
Machine Gear Relative 20 m\?m 30 g/ft
Effort I~y 177-300u 177-300p  300-500u
Asph. Conc. Asph. Conc. Asph.  Asph.

L.32 i 70,85 10.88 ©8 "
4.3k iy 0,72

L, 17
5.83

5.76
k.89
5.83
5.76

4,89
3.33

3.46

k.29
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TABIE 3.1

Mass Remaining Am\wamv for Minimum Equivalent Effort witp Each 1
1o

zmowHum n.mmn. mﬂba?d mo m\mdm wo m\w.am mo mmw.om u.oo.mm
Effort 177-300p  I77-300p 300-5001 O0n =177, L

Asph. Conc.  Asph. Asph. Asph. Asph. Conc, pa

TABLE 3.2

Mass Remaining Am\?mv for Intermediate Equivalent with Fach Machine, for 1

Gear Relative 20 g/rt> 30 g/£t? 60 g/tt> . 164
Effort LT 177-300u 177-300u 300-500p 300-500 y  200-400p  fl=Thu
Asph. Asph., Conc., Asph. Asph. Asph. Asph. Asph, Cones
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brush of the W450 machine, wherein the lack of vacuum dust control

accounted for its generally lower sweeping effectiveness of small
particles.

Sixteen figures among Figs. 3.,1-3.25 permit direct comparison of
sweeping effectiveness with and without dust control, as produced with
the T100 and Wk50 machines, respectively. Of these, nine figures indi-
cate greater effectiveness for the T100 at effort expenditures up to the
point of diminishing return, presented in Table 3.3. The WL50 swept
more effectively in the remaining seven tests but was ultimately surpes-
sed by the T100 in six of the tests after extensive effort expenditure.
A vacuum dust control system therefore improves sweepling effectiveness
and reduces the dust problem associated with sweeping small particles.

The air broom improved the sweeping effectiveness for nearly all the
tests by factors ranging between 2 and 20. The influence of the air
broom on sweeping effectiveness was determined by comparisons of the
7100 mechine with and without the improvised ailr broom. Of the 21 figures
in the 3.1-3.25 group which permit direct comparison of sweeping effective-
ness between the T100 and T100AB, 17 figures indicate greater effectiveness
for the T100AB. The other four figures show better performsnce for the
T100 in tests done on concrete surfaces, indicating that the air broom
improved the sweeping effectiveness most on the rougher asphalt surfaces.
The air broom was also effective on localized roughness such as form lines
and surface cracks in concrete.

Surface roughness was the environmental characteristic that had the
most effect on sweeping effectiveness. Concrete surfaces were smoother
and more easily cleaned than asphalt surfaces, although irregularities
such as form lines and cracks presented severe localized cleaning problems.
These cracks and form lines retained enough fallout simulant to signifi-
cantly affect the minimum average residual-mass level that could be
achieved at reasonable effort. The performance curve for a concrete sur-
face in Fig. 3.27 shows a rapid initial-removal rate and a small, rela-
tively irreducible average residual mass level. The problem of cleaning
the cracks was investigated in a special series of tests discussed in
Section 3.5.

Because of the cracks, the asphalt surfaces tested had a greater but
more regular roughness than concrete. This surface chsracteristic made
the rate of mass removal slower than for concrete, but lower average
residual-mass levels could be achieved at extended effort vaelues, as
observed in Fig. 3.27. A considerable variation in surface roughness
existed among the several asphalt surfaces tested. This varied from &
newly paved area, quite smooth, but heving small, sharp depressions
which trapped the small fallout simulant used, to a less smooth weathered
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street pavements that were more easily swept. These differences in
roughness of the same type of surface influenced the sweeping effective-
ness of all machines tested. The difficulty of defining surface rough-
ness limits the extrapolation of the test results quantitatively to
surfaces other than those tested.

Higher initial-mass levels in nearly all cases required more effort
to reach a given residual mass level. The highest mass levels tested
vere beyond the normal sweeping capability of any of the machines and
50 overloaded the broom that much of the material was either not picked
up or not retained in the broom bristles and was redeposited in the swept
area. In the TI100AB and T100DS machines, the air broom-vacuum system
combination purged most of the material from the broom so that it was not
redeposited. This accounts for the higher effectiveness of the TI100AB
and TIOODS for the same expenditure of effort at high initial-mass levels.
Figures 3.28 and 3.28a show the influence of initial mass on sweeping
effectiveness.

The effect of particle size on all simulated fallout environments
tested was that small particles were more difficult to remove than large
particles. Figure 3.29 shows influence of particle size on sweeping
effectiveness. The removal rate was slower and the residual mass for
equal effort expenditure was higher. Small particle sizes reduced sweep-
ing effectiveness more on asphalt than on concrete. The smallest particle
sizes tested (LL-Thu) were an order of magnitude more difficult to remove
than any of the larger particle sizes tested. Thig difficulty may not be
as serious as it appears from these dats because in a real fallout situa-
tion smaller particle sizes are associated with lower radiation intensities.

3.3 EVALUATION OF MACHINE OPERATING FEATURES

Basically, each of the machines had the capability to travel at
several speeds, sweep the area traversed, store the swept material, and
dump the stored material at some point remote from the area swept. All
machines had certain design features in common, intended to achieve these
basic capabilities. Although all the machines had the same basic capas-
bilities, their effectiveness as a decontamination procedure was markedly
influenced by certain detailed design differences.

The principal advantage of the W450 machine is its floating broom
which permits it to easily negotiate uneven Pavements while maintaining
its sweeping effectiveness. Its rugged design and good road clearance
enables it to travel at high speed (15-20 mph), when it is not sweeping,
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over bumps, dips and railroad tracks found in the average city street.
This high travel speed could be an advantage » operationally, if the
dump area is far removed from the swept area.

The disadvantages of using the W450 in a decontamination procedure
are due chiefly to design based on different performance criteria. The
sand fallout simulant leaks through the gaps in the storage hopper,
which is designed to retain trash and leaves. The loss by leakage is
minimized by the material being reswept because the hopper is in front
of the main broom. The water spray dust control system, adequate in its
usual application, is not suitable for fallout removal.

An important feature of the T100 is the vacuum dust control system
which works well for the smallest-sized simulant used. The moderate
size and weight of this machine suits it well for maneuvering in areas
the size of city streets.,

The most undesirable operating characteristic of this machine is
its tendency to bounce in 3rd gear (10.6 mph) over undulations in the
pavement. The bouncing, due in part to the short wheel base , allows the
rigidly mounted main broom and rubber skirt vacuum seals to leave the
ravement. This break in broom contact with the surface leaves patches
of unswept surface. The small road clearance discourages 3rd or 4th gear
travel except on extremely smooth surfaces.

The improvised air broom tends to improve the T100 performance so
that it compares favorably with the T100DS, a mechine specifically de-
signed for decontamination. Most of the undesirable operating features
of the TIOOAB are the same as the T100. However, the improvised air
broom severely limits the travel speed because of its limited road
clearance when combined with the tendency of the machine to bounce.
This limitation would not exist if a design similar to the T100DS were
used with the air supply included as an integral unit of the machine.

The advantages of the T100DS are the specific features incorporated
in its design as a decontamination procedure. These features were high
forward speed, a wide broom for rapid coverage of large areas, a vacuum
system for dust control, and the air broom to scour the pavement and
suspend fine particle for capture in the vacuum system air stream.

Aside from a few mechanical troubles inherent in any experimental
machine, the T100DS is well suited for the purpose for which it was de-
signed: cleaning extensive areas where its large size and weight do not
limit its usefulness.
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3.4t EFFECT OF CONCRETE CRACKS ON SWEEPING EFFECTIVENESS

A series of special tests were conducted to specifically measure
the retention of fallout material trapped in form cracks. Data for
these special tests are shown in Tables B-6 and B-7, Appendix B. These
contamination build-up histories show that significant amounts of material
do accumulate in the cracks, while the smooth areas are being swept clean.
This accumulation limits the minimum achievable radiation dose-rate at
reasonable effort values. Figure 3.27 shows a comparison of sweeping
effectiveness of an asphalt surface and a concrete surface using typical
values of fallout environment parameters. The large cracks found in the
concrete strip account for the inability to reach M¥ values as low as
those found for asphalt.

The concrete surface residual mass is more easily reduced to a
certain level, after which further reduction is extremely difficult to
achieve. The asphalt surface residual mass is reduced more slowly,

initially, but reaches no plateau like that exhibited by the concrete
for effort levels used here.

The difficulties presented by cracks and similar discontinuities in
surfaces indicate that decontamination of cracked surfaces by sweeping
should be carefully planned. Traversing of cracks should be avoided if
possible by sweeping parallel to them until most of the area has been

swept. This will avoid filling them with material pushed from the sur-
rounding areas.

3.5 EXPERIMENTAL ERROR

The results of repeated tests in Tables 3.1, 3.2 and 3.3 reveal
variations as high as a factor of 10 orders of magnitude between suppo=~
sedly identical tests., These variations could be due to changes in
either machine or envirommental conditions during the time interval of
several months between tests. Inconsistency of machine operation could be
due to unsuspected changes in mechanical adjustments since the operating
techniques were quite uniform for each set of repeated tests. Wind and
moisture content of the synthetic fallout are possible environmental
contributions to the inconsistencies.
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Errors in test measurements to determine forward speed, initial-mass
levels, and residusl mass by radiation intensity measurements were much
less than those mentioned above. The accuracy of the measurements was
+ 3 % for forward speed, + 5 % for initial mass level, and + 15 % for
the radiation measurements used to determine residual-mass levels.

Some error was introduced into the residual mass level measurements
by the non-uniformity of the specific activity of the simulant material.
Figure A.l, Appendix A, shows how specific activity increases for the
smaller particles within each size group. Thus, a higher residual mass
is indicated for small perticles, causing them to be more difficult to
remove than large particles. Specific activity varies by a factor of
3 within each size range of fallout simulant used, but the factor-of-2-
variation in particle size for each range limits the effect of particle
size on sweeping effectiveness. The particle size effect is most notice-
able when the 4li-Thp size range is compared with the TU-177un and 177-350p
material.

3.6 VERIFICATION OF SWEEPING THEORY

Previous evaluation studiesh derived the following equation:

M= Mk (M%) e E (3.2)
where M is the residual mass after effort expenditure E (g/fte)
M¥* is the residual mass at an infinite effort level (g/fte)
M_ is the initial mass level (g/ft%)
e= is the fraction of removable mass remaining after expending
the effort, E equip-min/lo fte, and K is proportionality
constant

Equation 3.2 was solved for each test, by using data values of M, My, and
E and by meking successive approximations for M¥ and K for a fit through
the dats points on a M vs E plot.

Of the 133 test runs, only the 43 listed in Table 3.5 provided dats
which could be fitted to Eq. 3.2 within a factor of 2 of the measured
values of the mass remaining. The fit of the equation to the data for
each test can be judged by considering the number of data points and
the percent variation of computed residual mass from measured residual
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TABIE 3.5

Fit of Equation 3.2 to Test Data

E‘est Conditions

Equation 3.2 Parameters

Test WX o
No. Initial Surface Particle Gear No. Maxinum 10" ft M#
Mass Size Data  Variation eguipment (g/ft2)
(g/ft}gg (w) Points From Dete min.
(%)
Wayne Model 450
20.4 100 o] Th- 177 2 3 <1 1.30 0.789
20.5 100 c - 177 3 3 <1 2.51 0.820
21.1 20 A 177- 300 1 5 +73 0.h46 0.140
23.1 100 A Th- 177 2 L +55 0.453 0.750
Tennant Model 100
2.2 250 A 750-1000 2 3 <1 1.41 0.001
2.4 400 A 750-1000 3 b -6 0.846 2,04
2.5 koo A 750-1000 2 3 <1 0.612 3.11
2.6 L4oo A 750-1000 1 2 + 2 0.615 9.10
3.1 4oo A 300~ 500 1 2 0 0.890 3.94
L Loo A 300- 500 2 3 +5 0.645 2.30
5.1 &0 A 200- Loo 2 y +37 0.664+ 0.070
6.3 150 A 200- 4oo 1 3 <1 0.418 0.165
7.2 60 A 300- 500 2 3 <1 0.587 1.84
8.1 30 A 300- 500 2 " +0 0.399 1.80
8.3 30 A 300- 500 3 4 +58 0.637 0.905
9.2 30 A 177- 300 3 3 +99 1.39 0.048
13.6 20 A - T4 2 8 i1 0.154 1.8
13.7 20 A b 7L 1 5 -6 0.205 2,20
.7 100 (o] 177- 300 3 5 -20 0.hk20 0.279
14.8 100 A 177- 300 2 5 +36 0.163 0.120
15.1 100 A he 177 1 5 +25 0.113 0.088
16.12 100 A 177- 300 3 5 +5 0477 0.270
22,1 100 A Th- 177 3 5 -37 0.285 0.450
Tennant Model I00AB
13.4 20 A bh- 7h 1 3 <1 0.325 0.736
13.5 20 A b 74 2 5 +20 0.312 1.20
14.9 100 A 177- 300 1 3 +12 0.585 0.110
16.10 100 A 177~ 300 2 3 -8 1.05 0.110
18.1 100 A - 177 1 3 +30 0.535 0.100
18.4 100 A h- 177 3 4 +75 0.719 0.199
18.6 600 A - 177 1 3 <1 0.398 0.2hY
21.9 100 c 177- 300 3 3 +37 1.96 0.690
22,4 600 A he 277 2 3 <1 0.428 0.925
23.4 100 o - 277 3 3 -7 2.10 0.640
Tennant Model 100DS
10.1 20 A 177- 300 2 3 + 2 2.57 0.028
10.2 20 A 177- 300 3 3 <1 3.71 0.049
10.4 100 A 177- 300 2 5 -19 2.66 0.058
10.8 100 c 177- 300 2 3 -1 3.91 0.209
10.9 100 A 177- 300 1 3 <1 1.19 0.250
1.1 100 A Th- 177 2 5 +23 1.65 0.160
1.2 100 A The 177 3 5 -23 1.95 0.498
114 100 c T4~ 177 3 3 -2 4.35 0.480
1.5 100 A h- 177 1 L +64 1.01 1.00
13.1 20 A hyo 7h 2 6 +19 0.820 0.537
13.2 20 A by 7h 1 5 =37 0.631  0.127
NOTES: Surface Types: A = Asphalt

C = Concret

e

Gear number indicated is transmission gear used with governed engine speed.
Equation 3.2: M = M* + (MO-M*) e-KE
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mass. The best fit is the equation that matches the most data points
with the least percent variation from the data. In approximating vaelues
for M¥ and K it was found that the best fits of the data occurred at

E = 0 (where M = Mg by definition) and at extended values of effort
where M approached M* asymptotically. The value of K is sensitive to
small changes in M at intermediate and low effort values (where the pro-
cedures would normally be used). Variations in observed M values in
these regions make a computer solution of Eq. 3.2 non-convergent.

The M* and K values of 43 tests, in which a solution of Eq. 3.2
fits the data within a factor of 2, are shown in Table 3.5. The data
is also used for correlation with trends in machine and environmental
parameters. A summary of the variations of ultimate residual mass
attaineble (M*), and the rate of mass removal (K), with several machine
and envirommental parameters is in Table 3.6.

From Table 3.5 the variastions show that the T100DS, & machine
especially designed for decontamination, was best because it had the
fastest rate of removel as well as the lowest ultimate residual mass.
An accurate ranking of the remaining procedures should not be attempted
with the limited number of comparisons possible in Table 3.6.

TABLE 3.6

Variation and Trends of M¥ and K with Test Parameters

Parameters M¥ K
Forward Speed Directly Directly
Relative Magnitude for Surface Iower for Higher for Asphalt
Type Asphalt
Initial Mass level Directly Inversely
Particle Size Inversely Directly
Decreasing Magnitude for 1, Wk50 1, T100DS
Machines 2, T1O0AB 2, T100AB
3, T100 35 W50
4, T100DS 4, T100

Equation 3.3 developed ea.rlierl‘L accounts for variations in initial
mass level but assumes an infinite amount of effort expended:

MK = MX (1 + e o) (3.3)
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where M¥ = residual mass at an 1nf1n1te effort level, g/ft2
Mo = initial mass level (g/ft2)
M% = the limiting upper value for M¥, a constant for a given

surface method combination (g/ft )
O = spreading coefficient dependent upon the surface-method
combination and the particle size, and density of the fallout
material (£t2/g)

Equation 3.3 assumes that rate of effort expenditure has no influence
on effectiveness. Ideally, this may be true. The limited number of test
results in Tables 3.2 and 3.5 show that M*¥ increases with forward speed.
Because of this variation of M¥ with forward speed, no solution for M0
and & in Eq. 3.3 could be found. The present data covers a range of -for-
ward speeds higher than previously tested. These higher speeds are opera-
tionally feasible and will be shown later to be best for attaining the
highest effectiveness for a given epxenditure of effort. The principal
adverse effect of high forward speed on most of the procedures is the
loss of effectiveness for certain fallout enviromments. This is parti-
cularly true on the first pass over the test strip that has a high initial
mass level, has uneven surfaces, or is conteminated with small particle
sizes. Relatively poor performance on the first pass at high speed is
usually compensated by successive high speed passes which give a net in-
crease in effectiveness for the same time expenditure. This non-uniform
sweeping performance in which the machines are overloaded during the
first pass may help to explain the unsatisfactory fit of Egs. 3.2 and 3.3
to the data. A better fit of the data to the equations might have been
achieved if a larger test area had been used or if more radiation measure-
ments had been made along the test strip to get a more representative
average of residual mass after sweeping high initial mass levels.
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CHAPTER IV

CONCLUSIONS AND RECOMMENDATIONS

L.1 CONCLUSIONS

Previously developed theoretical decontaminetion equations did not
fit the data in a majority of the tests conducted. However, instances
where the equations matched, these data were consistent with the data
from the curve-fitting used for all the tests. The conclusions and re-
commendations suggested by the test results are presented below.

The effectiveness of the four machines evaluated for dry decontami-
nation of large paved areas was found to be dependent upon the extent of
utilizaetion of certain machine design and operating features including:
(1) a vacuumized dust control system; (2) an air broom for loosening and
removing particles from surface cracks combined with the vacuum dust
control system; and (3) high forward speed. These features gave better
results for a given effort expenditure.

Limitations were imposed upon sweeping effectiveness by other machine
desien and operating features. The W450 had a dust control problem because
the usual method for dust control was not used. The TI100 and T1O0OAB had
a tendency to bounce at high speed, causing a loss in sweeping effective-
ness by the fixed main broom leaving the surface and by leakage under the
vaecuum sealing skirts. The physical size and weight of the T100DS was
unsuitable for maneuvering in confined areas and required strong paved
surfaces to support its weight.

The performance of all four machines was influenced by environmental
parameters as follows: (1) rough surfaces were more difficult to clean
than smooth surfaces, with localized roughness such as expension joint
cracks especially difficult; (2) high initial mass levels required more
effort to achieve the same residuasl mess levels; (3) small particles were
more difficult to remove than large particles.
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An ideal machine for dry decontamination of peved areas should have
the following features: (1) a vacuum dust control system; (2) an air broom
for cleaning cracks and crevices; (3) a Tloating type main broom, or sta-
bility at high speed to maintain broom contact with the surface; (4) good
maneuverability and capability to operate on any paved surfaces; and (5)
ability to travel over uneven roads at good speed, when not sweeping, to
minimize dose and time expended in travel to and from the area to be swept;
and (6) shielded hopper to reduced dose to operator.

k,2 RECOMMENDATIONS

Existing street sweepers should be used as dry decontamination pro-
cedures on paved areas in a region of critical water supply. Because of
their ability to remove high initial-mass levels, sweepers may be used
as the first in a sequence of different methods.

The feasibility of providing vacuum dust control systems and air
brooms on existing sweepers should be investigated. Future sweeper de-
sign changes and new concepts of fallout enviromment should be anslyzed
and evaluated to determine their influence on dry decontamination.

Further work is required to verify existing equations or derive
more applicable equations to determine effectiveness.

58



REFERENCES

1. R. A. Ieughlin, J. Howell, et al. Operation Streetsweep. U. S.
Naval Radiological Defense Ieboratory Report ADX-39, 2 December 1948.

2. F. R. Holden, R. A. Iaughlin, et al. Operation Supersweep, U. S.
Naval Radiological Defense Iaboratory Report ADZ-42, L4 October 1948.

3. J. D. Sartor, H. B. Curtis, et al. Cost and Effectiveness of Decon-
tamination Procedures for Iand Targets. U. S. Naval Radiological
Defense laboratory Report USNRDL-TR-196, 27 December 1957.

4. H. Iee, J. D. Sartor, W. H. Van Horn. Performance Characteristics of
Dry Decontemination Procedures. U. S. Naval Radiological Defense
Iaboratory Report USNRDL-TR-336, 6 June 1959.

5. D. E. Clark Jr., W. C. Cobbin. Some Relationships Among Particle Size,
Mass Ievel, and Radiation Intensity of Fallout From a Iand Surface
Nuclear Detonation. U. S. Naval Radiological Defense Iaboratory
Report, USNRDL-TR-639, 21 March 1963,

6. C. F. Miller, Theory of Decontamination, Part I. U. S. Naval Radio-
logical Defense Iaboratory Report USNRDL-TR-460, 15 July 1958.

7+ W. L. Owen, J. D. Sartor. Radiological Recovery of Land Target Com-
ponents - Complex I and IT. U. S. Naval Radiological Defense Iabora-
tory Report USNRDL-TR-570, 25 May 1962.

8. C. L. Schlemm, Captain USAF, A. E. Anthony Jr. 1lst It. USAF. The
Feasibility of Using Remotely Controlled Vehicles to Decontaminate
Large Paved Areas. A.F. Special Weapons Center, SWC-TN-60-25,
October 19€0.

59



APPENDIX A

CHARACTERISTICS OF SYNTHETIC FALIOUTI' MATERIAL

A.1 NON-RADIOACTIVE BUIK-CARRIER RAW MATERIAL

Send processing was done with a Novo sieving machine. This machine,
a vibratory type, fed the sand from a storage hopper onto a screen where
two fractions were obtained, one greater and one smaller than the screen
mesh opening. Selected screens were used to produce the various simulant
sizes used. The sieving rate of the Novo machine is about 100 lb/hr for
88-t0-177-p material and will vary with particle-size range, smaller
sizes requiring more time.

The bulk carrier material described in Section 2.4 was sieved on the
Novo sieving machine in the following sequence:

1. Ambrose clay loam Stoneman soil; 170-mesh screen (88 n), pro-
ducing two fractions: < 88 p and > 88 .

2. Rough sharp sandblast sand of two grades:

a. Fine, 48 mesh (300 u) screen producing < 300 p > 300 p
b. Coarse, 16 mesh screen (1000 p), producing < 1000 p > 1000 p

The fractions were sieved with the screens, as indicated, several
times to get the purest size distribution possible within the nominal

particle size range. Size distribution control was mainteined by fre-
quent sampling and sieve analysis of the product.

A.2 RADIOACTIVE TRACED BUIK-CARRIER MATERIAL

New concepts of bulk-carrier characteristics for contaminant used
in decontamination studies were evolved with the development of the
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fallout model. Two types of Del Monte river bottom sand were obtained:
(1) Smooth, rounded, naturally weathered 60-mesh sand with a particle
size range from 105 to 600 p with a sieve analyses as shown in Table A.l.
(2)‘No. 1 ground sand with a particle size range from sub-sieve to 350 p,
with a sieve analyses as shown in Table A.2. Particles < T4 p were sharp
and irregular from the grinding process. No. 1 ground masterial had the
desired fractions listed in Table 1.l. Figure A.l shows how the size
fractions were obtained and Table A.2 shows their sieve anslysise

A.3 FALIOUT SIMULANT PHYSICAL AND RADIOLOGICAL PROPERTIES

Each of the 23 batches of fallout simmlant used in the post fallout
model sweeper evaluation tests was analyzed to determine its physical
and radiological properties.

The simulant size ranges were determined as described in Section 2.5.
A slight shift in particle size was observed after the sodium silicate
was added to seal the radioactivity to the sand but it did not affect
the test conditions appreciably.

The specific activity (uc/g) of each of the radioactively traced
batch sieve fractions was measured with the Yn gamms ionization chamber
(Fig. 2.10) to determine the wuniformity of tagging of the simulant. The
physical and radiological properties of .each of the simulant batches are
presented in Table A.3.

A.3.1 Relation of Specific Activity to Particle Size

The intent of the radionuclide-tagging process in the production
of fallout simulant was to obtain a constant specific activity (uc/g)
for all particle sizes. This would establish a direct relationship
between radiation intensity and residual mass after decontamination.

The tagging process consisted of spraying & solution of the
radionuclide onto the surface of the bulk carrier material. If unifom
surface coverage is achieved, the amount (uc) of radiocactivity on a
particle will be proportional to its surface area. The radiocactivity
can be related to volume or mass (for uniform material density) for
spherical particles of diameter d as follows:
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TABIE A.l

Sieve Analysis for 60 Mesh Del Monte River Bottom Sand

Tyler Mesh % Cumlative % less
gzsgalrv'i. (()iiligi) Retained Than Stated Size
35 420 8.2 91.8
48 297 L8.4 3.4
60 250 21.3 22.1
8o 277 19.9 2.2
100 1h9 1.3 0.9
150 105 0.9
Pan 105 0
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TABIE A.2

Sieve Analysls of No. 1, Ground Del Monte Sand

Tyler Sieve Raw Material Test Material 8ieved From Rawv Material
Mesh  Microms _ #1 Greund Sand =300, + 177 1T+ Th o =T, + bl p
% Cum ® % Cum % $ Cum (3B % Cum
Retained < Stated Retained < Stated Retained <« Stated Retained <« Stated
Size Size Size Sisze
k5 350 0.4k 99.42
48 297 3.8 96.3 3.57 95.85
& 250 17.71 T78.1h
65 20 29.46 18.68 1.30 98.71
8o 177 20.8 5.5 35.00 13.68 8.35 90.36
100 149 13.% 62.1 12.89 0.79 23.60 66.76
150 105 35.57 31.19 3.90 96.1
200 ™ 32.2 29.9 19.80 11.39 0.70 95.%
230 & 6.39 5.00 8.70 86.7
210 53 12.2 7.7 19.30 67.40
325 Ly 7.2 10.5 h3.k0 24 .00
Pan Lk 10.5 0.79 5.00 2400
Total 100.1 99.86 100.00 100.0
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NO.1 GROUND SAND

48 MESH = +300u
SCREEN

¥

-300u

80 MESH—" gy 177-300u

SCREEN TEST
MATERIAL

7

177

200 MESH—" Wgy———74-177p

7"

SCREEN TEST
MATERIAL
-74p
325 MESH o= 44-74p
SCREEN TEST
MATERIAL

-44u

Fig. A.1 Procedure for Sieving No. 1l Ground Bulk-Carrier Raw Material
With the Novo Sieving Machine



i d2

s 3
tivit; Surf: d
LMY o0 Smate TS -k (1/a) (a.1)

vhere K is a proportionality constant between specific activity (uc/g)
and the reciprocal of the particle diameter (1/d). If this idealized
relationship prevailed in practice Eq. A.l would be a straight line with
slope K in linear coordinates. However, the above idealized activity-
mass proportionality to particle diameter is altered in the actual tag-
ging operation because particles are non-spherical or agglomerated.

Figure A.2 shows the observed variation of specific activity with
particle size for simulant batches of two of the particle size ranges
used in the sweeper evaluation tests. Relative specific activity
(% activity/% mass for the averaged sieve fractions of each batch) has
been plotted against the reciprocal (l/d) of the sieve fraction mid size,
(b). The streightness of the lines formed by segments connecting the
data points of the averaged batches indicates how well Eq. A.]l applies.
The consistency of the batches! size distribution in each size range can
be gauged by their standard deviation as well as their proximity to the
least-squares-fit of a straight line through all the data points.
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TABLE A-3

Physical and Rediological Analyses of Synthetie Faly

Sieve Size Ratch No.l Bateh No.2 Batch. No.3 Batch No.lt  Bateh No.5 g
.5, Mesh Microns Wt.%» Act. % Wi. % Act. % Wt.% Act.% Wt.% Act.p g __.:.....

il
16
20
25
30

35
Lo
L5
50
60

o
I
o
.

o
(o]
=

.
n

. .
oawwwon WFOOH

Bl\)l\)
W D
« o s
n o
W oy

. .
NN
P—'\J'IQ.A’O\I\)

[

O O Fwun

1

2
b
1
0
0

70

80
100
120
140

.
) .
oWwwwon WFOOor

oWwwwon WFOoOoH
[
o oK EO;

No Activity Measurements Made
No Activity Measurements Made

170

200 0.
230 57.
270

325 33.
Pan 8.3

Totals 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.
Dete Mixed 8/4/59 8/4/59 9/1/59 9/23/59 10/21/59

uc/gm No Activity No Activity  No Activity 20.k4 8.2
Continued
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TABLE A-3 (Cont'd)

Physical and Radiological Analyses of Synthetic Falloyt Wnorom

Sleve Size Batch No. 12 Batch No.13 Batch No.1lit Batch No.15 Batch No.16 Batch No.17 g
U.S5. Mesh Microns Wt.% Act.% Wt.$ Act.% Wt.% Act.b Wt.% Act.% Wt.% Act.% Wt.4 Act.$

1k 1190
16 1000
20 80
25 710
30 590

35 500
Lo k2o
45 350
50 297
€0 250

70 250
80 177
100 149
120 125
1

88
T
62
53
Lk 5.4 10.6
1.2 0.3
0

100.0 100.
7/5/60 7/26/60 8/5/60 8/12/60 12/9/60 1/3/€1
28.1 67.1 76.7 92.3 53.3 57.7

RSB oo w

WP~V O

3.
0.
0.
8,
18,
38.
29.

6.5 8.6 3.5 6.4 0.8 1.7 0.5 1.0

100.0 100.0 100.0 100.0 100.0 100.0 100.0 X0.0 100.0 100.0
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APPENDIX B

RESULTS OF DRY DECONTAMINATION SWEEFER TESTS

Table B.1 is & survey of tests and their simulant batches. It also
serves as an index for the data presented in Tables B.2-B.5.

Tables B.2-B.5 lists the results of the evaluation studies using
non-radiocactive and radicactive simulant. All radiation measurements
were taken with the mobile, shielded gamme detector unit described in
Chapter II.

Tables B.6 and B.T7 present the results of special tests conducted
to determine the influence of surface cracks on sweeping effectiveness.

B.1 CONVERSION OF RADIATION MEASUREMENTS TO MASS UNITS

The use of a radionuclide-traced synthetic fallout simulant offered
advantages in the evaluation of sweepers as decontaminating methods.
The high sensitivity of detection equipment affords a means of accurately
measuring small amounts of residual mass through the use of high specific
activity.

The natural background was established by taking a series of one
minute counts during two and four hour periods. These counts were aver-
aged to get the natural background of the general area. After obtaining
radiation measurements as described in Chapter II, the following compu-
tational steps were taken to determine the residual mass:

(1) Average the two rew counts at each of five stations.

(2) Compute arithmetic means of stations 1-5 inclusive (x).

(3) Compute decay time from arbitrary zero time at noon on day batch
was mixed to mid-time for measurements at stations 1-5 inclusive.

(4) Compute decay factor (Residual) for Ial40 (40.2 hr half life)
at decay time in step 3.
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TABLE B.1l

Index of Test Numbers for Post Fallout Model Test Conditions for Simulent Batches 1-9

Initiel Mass: 30 g/ft2 60 g/ft2 150 g/ft2 250 g/ft2 hoo g/ft2
Particle Size Range: 177-300n 300-500p  300-500p 200-400u  200-0Op 750-1000p -7y 750-1000p 300-500u
Surface Type: A A A A A A A A ¢ A c
Sweeper Gear
Tennant 100 1 7.1 b2 6.3 2.1 1.1 2.6 2.7 3.1 6.1
2 8.1 7.2 L.3
9.1 8.2 7.3 5.1 2.2 2.5 2.8 3.2 6.2
b1
3 9.2 8.3 5.2 2.3 2.k 2.9 4Lk 5.3

A- Asphalt; C- Concrete

Index of Test Numbers for Post Fallout Test Conditions for Simulant Batches 10-23

Initial Mass: 20 g/rt? 100 g/rt° 600 g/ft°
Particle Size Range: [ 177-300u bh-hp Th-177u 177-300u Th=1770
Surface Type: A c A [ A o A C A C A C

Sweeper Gear

Wayne 450 il 21.1 21.3 19.1 20.2 17.7 21.5 22.3
2 21.2 19.2 20.4 17.8 21.h 20.6
23.1 21.10
3 20.1 20.5 17.9 21.6
Tennant 100 1 13.7 1.2 13.8 15.1 15.k k.11 2.7 18.5 23.6
16.1 16.4
2 13.6 k.1 14.3 13.12 18.2 15.3 4.8 14.6 22,2 23.5
16.2 © o 16.5 16.6
3 k.5 k.4 22,1 23.2 16.12  1k.7
16.3 17.5 16.7
Tennant 100 1 13.4 17.1 13.9 18.1 23,3 k.9 21.8 18.6
w/air Broom 16.9
17.6
2 13.5 17.2 17.%  13.10 13.11 18.3 15.2 k.10 16.8 22.4
20.3 16.10
3 17.3 18,4 23.% 16.11  21.9
Tennant 100 DS 1 13.2 13.3 u.g 10.9 12.2 12.3
11,
2 13.1 10.1 10.5 11.1 11.3 10.4 10.8 12.4 12,1
12.5
12.6
3 1.2 10.6 11.2 114 10.3 10.7

A - Aspbalt; C - Concrete
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TABLE B.2

Test Results for Motorized Sweeping, Wayne 450

Test Test Date Pags . Forwerd E M Standard
No. Test Area X Speed Relative Mass Deviation
-.E?.;rjhicle Size (f‘t/mip] Effort Remeining. of M

~ (g_/if_t2) ) ®)

7.7 1/10/61 0 .0 ) 123.0 5 k.0
A-3 1 & -|2(£ 6.00 1.3 0578.1
177-300u 2 1 12.12 0.72 37.7

34 202 24,00 0.57 4\ 23.0
5-8 202 k7.76 0.220 "\ 8.3

17.8  1/10/61 0 0 0 51.0 4+ 10.0
A-3 1 @52 2,6k 1.6 Zlask.7
177-300un 2 1 5.52 0.70, , 33.0

3-k 35 11.04 0.1 ™ + 25.8
5-8 Lyl 21.84 0.31 “%11.9

17.9 1/11/61 0 0 0 117.0 5 6.9

11\_-(;( - é "¢—§) 833 1.hy b5 o0 33.t
-300p { 71 3.12 1.3 35.

3-L b 870 5.88 0.851’5 20.7

5-8 1025 10.56 0.6: 22 31.3

19.1 1/2h/61 0 0 0 106.0% 6.1

e 2 26 L0 e T 83
=177 . 1.77 35.

34 @, #7810 18.12 0.59%6* 20.0
5-8 280 35.28 0.37 3 27.0
9 250 40.08 0.25 5218.7
19.2 1/27/61 0 0 0 99.9 &% 16.1
Poar 2 tgg 23V i 1351 21
=177 5. 3.1 39.5
3 @ L35 10.80 1.5-% 38.0
5-8 b70 21.0 0.95 29.6

20.1  2/7/61 0 0 0 99.9q 5.1
A-3 1 83k 1.k 3.0 k2.9
=170 2 8k ;\Q  2.88 2.1 59,0

34 @ 83l+6 5.76 0:89"1/&:9
5-8 740 12.2h 0.3 sb 54.8

20.2 2/14/61 0 0 o} 91.9ay 6.3
c-2 1 «© 227 .4 s5.28 3.y 281
Th-177n 2h 222 V 10.68 3.2 ¢ 27.4

3- 232 21.0 0.65 17.3

20.k  2/16/61 0 0 b‘co‘é 0 87.4 42 8.4
c-2 1 g 476 2,52 1.1 9@ k1.3
Th-17T1 2 500 L.g92 0.79 6.9

0.5 2/16/61 0 o A 0 85.1 q% 10.5
c-2 1 f@ 823 qVv 1.kb 1.0 \g 25.1
Th-177p 2 823 2.88 0.82 17.3

20.6 2/17/61 0 0 0 663.0 g% 7.k
A-2 1 3 556 2.16 5.70‘0 48.4
h-177u e (@ 5645 Y L 2.3% 36.6

34 @ 556 8.6 1:5?:(1 35:2
5-8 540 17.52 1.2 21.2

21.1 2/28/61 0 0 0 23.8 45 10.5
A-1 1 e 357 3.36 1.2 (i 27.8
177-300p 2 (W 3hs 6.84 0.41, . 33.9

34 T 357 13.56 0.14 Y7 34,3

Continued
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TABLE B.2 (Cont'd)

Test Results for Motorized Sweeping, Weyne 450

Test Test Date Pass Forward E M Standard
No. Test Area Speed Relative Mass Deviation
Particle Size (ft/min) Effort Remaining of M

(e/1t2) (%)

21.2  3/1/61 0 0 0 26.1 47 an
A-2 1 - 666 1.8 2.0 (4 37.6
177-300u 2 A, 666 3.60 0.72.53 21.1

34\ €06 7.56 0.48 3 U9
5-8 635 15.12 0.16 b 2.9

21.3  3/3/61 0 0 0 204 9k 53
c-2 1 250 k.80 0.88._"1‘ 3.0
177-3004 2 303 B8.76 0.21 e k1.8

3-4 309 16.32 0.09 3, 30.0
5-8 328 30.96 0.06 10.6

21.4 3/7/61 0 0 0 112.0 a8 5.2
c-2 1 — 625 1.92 0.98,4  53.3
177-300n 2 ({588 3.96 0.39 7\ ko7

3-h = 645 7.68 0.31 30.9

2.5  3/7/61 0 0 0 107.0 qq 6.9
c-2 1 322 3.72 0.9% %o\ 20.2
177-300p 2 @ 322 7.4 0.37 12.8

34 328 .76 0.29 ¥+ 157

21.6  3/7/61 0 o 0 106.0 94 1.7
c-2 1 e, 910 1.32 1.2 ag T7.4
177-300p 2 '-@910 2.64 0.66 20 17.h

34 \¥ 910 5.28 0.52 © 1k

21.10 3/9/61 0 0 0 96.50 @& 3.1
A< 1 594 2.04 k.7 20 46.4
177-300p 2 1) 5% 4.08 Lh S0 .3

34 625 7.56 0.96 13.9
5-8 615 15.36 0.691% 158

22.3 3/29/61 0 0 0 627.0 18 5.4
A-2 1 322 23 3.72 9.7 Ag 4o.9
Th-17T 2 312 7.56 5-3 Y 27.1

34 317 15.12 3.3% 3h.2

23.1  W/5/61 o} 0 0 91.9 gl 9.3
A-2 1 625 1.92 12,5 /o 55.6
TH-177n 2 588 [ 1 3.9 b3 Ve 532

3-h €05 7.92 1.5 b 43.8
5-8 &5 15.84 0.75 5% 23.h
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TABLE B.3

Test Results for Vacuumized Sweeping, T100

Test Test Date Pass Forward E M Standard
No. Test Area Speed Relative Mass Deviation
Particle Size (ft/min) Effort Remaining of M

(e/1%2) (%)

1.1 8/31/59 0 ] 0 38
A-1 1 200-7..\va 6.00 11.0 77
Eh"?k“_ R e
2.1 9/10/59 0 0 0 276
A{1 1 20l 5.88 9.1 " 97~
750-1000p 2 204 11.76 6.8
2.2 9/10/59 o 6 o 25k
A-1 1 Loo 3.00 k.5
750-10001 2 416 5.88 ©
2.3 9/10/59 0 0 0 254
A-1 1 768 1.56 119.0
750-10001 2 768 3.12 27.0
2.4 9/11/59 o 0 o 473 -
A-1 1 768 1.56 22.0 ~ 457/,
T50-1000u 2 T1h 3.2 5.7
3 768 heo 21
2,5 9/12/59 o Q 0 169
A-1 1 333 3.60 50.0
750-1000p 2 a7 9.13 k.5
2.6 9/11/59 0 0 0 hé2 ;
-1 1 200 6.00 9.1
T50-10001
2.7 9/11/59 o .0 o 1 g
c-1 1 20k 5.88 16.0
T50-1000p
2.8 9/11/5% 0 0 0 k20
c-1 1 666 1.80 11.k
750-10001t
2.9 9/11/59 o 0 0 418
c-1 1 666 1.80 22.7
750-1000p === == =
3.1 9/23/59 0 0 0 400
A-1 1 339 3.54 b.5
200-400p
3.2 9/23/59 ) ) ) 400
A-1 1 Loo 3.00 146.0
200-4+00p 2 koo 6.00 53.3
ka 9/24/59 0 0 o koo 50.6
A= 1 20k 5.88  0.36 0.11
200100y 2 208 1.66  0.23 0.11
L,2 9/25/59 0 0 0 51.1 32.1
A-1 1 200 6.00 0.22 .7
200-400p
Continued
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TABLE B.3 (Cont'd)

Test Results for Vacuumized Sweeping, T100

Test Test Date Pass Forward E M Standard
Test Area Speed Relative Mass Deviation
Particle Size (ft/min) Effort Remaining of M

(e/£%2) 6]

4.3 9/28/59 0 0 0 400 8.7
A-1 1 416 2,88 123.0 65.0
200-400p 2 k16 5.76 3.38 103.5
3 416 8.64 0.22 .8
b} 9/30/59 0 0 0 koo 16.5 0
A1 1 Tk 1.68 325 25.3 - \& <
200-400p 2 Tk 3.36 103 63.8
3 71k 5.0k 10.8 63.7
y 666 6.8 2.4 55.3
5 Tk 8.52 1.6 70.6
5.1 10/21/59 0 0 0 52.2 10.7
A-2 1 L6 2.88 0.76 63.1
200-400p 2 k16 5.76 0.11 28.4
3 [ Tels} 8.76 0.07 23.k
5.2 10/23/59 0 0 o h7.7 12.0 __ %5
A-3 1 714 1.68 2.3 8.2
200-t00p 2 770 3.2 0.32 35.9
3 20k 9.12 0.13 31.3
5.3 10/21/59 0 0 ) 380 k.1
c-3 1 71k 1.68 0.70 115.6
200-400p 2 666 3.48 0.11 108.1
3 20k 9.36 0.06 148.8
6.1 11/6/59 o 0 0 377 11.7 e s/
C-1 1 200 6.00 0.05 57.5 S
200-h00p
6.2 11/9/59 o 0 0 376 11.0
c-2 1 koo 3.00 0.0k 105.9
200-%00p
6.3 11/12/59 0 0 0 149 5.9
A-1 1 200 6.00 0.96 49.8
200-400p 2 20l 111.88 _ 017 661
7.1 1/28/60 0 0 0 61.3 12.2
A-Plaza 1 208 5.76 6.2 75.3
300-500p
7.2 2/16/¢60 0 0 0 53.3 9.2
A-Plaza 1 435 2.76 3.6 108.3
300-500u 2 435 5.52 1.9 223.0
7.3 2/17/60 o 0 o 59.0 6.0
A-10 1 L35 2.76 0 -
300-500p
8.1 2/12/60 0 0 0 28.4 5.2
A-Plaza 1 435 2.76 3.2 26.6
300-500p 2 L35 5.52 2.5 30.5
3 213 11.16 1.8 29.8
Continued
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Standard
of M
(%)

Deviation

M
Mass
Remaining

(g/£t2)

E
Relative

Effort

(ft/min)

Forward
Speed

TABLE B.3 (Cont'd)

Pass

Test Results for Vacuumized Sweeping, T100

Test Date
Test Area
Particle Size

Test

w ;N

38

[TaNal]

o

2.76

L35

o
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TABIE B.3 (Cont'd)

Test Resulte for Vacuumized Sweeping, T100

Test

Test Date Pass Forvard E M Standard
No. Test Area Speed Relative Mass Deviation
Particle Size (£t/min) Effort Remaining of M
(e/££2) (%)
1.3 8/10/60 0 0 (o] 32.9 5.5
c-3 1 416 2.88 0.11 27.1
177-300u 2 Loo 5.88 0.07 29.6
34 Lot 11.76 0.07 23.7
5-8 k21 23.16 0.07 bhy.3
.4 8/10/60 0 0 o 26.1 2.6
c-3 1 T70 1.56 23.8 k6.6
I77-300p 2 770 3.12 1.5 85.5
3=k T70 6.2h 0.13 25.9
5-8 T70 12.48 0.11 18.5
k.5  8/10/60 0 0 0 25.0 9.75
A-2 1 71k 1.68 1.5 53.85
177-300 2 714 3.36 0.48 33.39
3 71k 6.72 0.14 13.21
5-8 727 13.32 0.10 11.05
m.6 8/11/é0 0 0 0 131 25.0
c-2 1 k16 2.88 0.51 53.9
177-3001 2 sy 5.52 0.21 k5.1
3-h 435 11.0k 0.15 35.2
5-8 ] 22,32 0.1 30.5
k.7 8/11/60 0 0 0 88.5 5.7
c-2 1 770 1.56 224 108
177-300p 2 T70 3.12 7.6 121
34 770 6.2 0.54 72.5
5-8 4o 12,72 0.28 29.4
.8  8/12/60 0 0 0 97.6 ‘7.2
A-1 1 116 2,88 39.9 101
177-300u 2 416 5.76 15.7 161
3 416 11,52 1.5 15
5-8 408 23.28 0.16 25.4
%11 8/15/60 0 0 0 93.1 6.7
A-1 1 20 5.88 9.0 w3 -
177-3001 2 213 11.52 0.61 73.8
34 213 22,8 0.23 37.0
5-8 213 45.36 0.22 k3.3
15.1  8/15/é0 o 0 0 106 3.0
A-2 1 208 5.76 26,1 135
Th=1TTn 2 208 11.52 8.9 151
3 208 23.0 0.4y 85
5-8 208 k6.08 0.09 37.2
15.3  8/16/¢é0 0 0 o 104 L.y
c-3 1 L6 2.88 2.7 109.0
Th217TR 2 k16 5.76 0.79 89.0
. 3L 416 11.52 0.19 61.0
ik 5-8 k16 23.04 0.05 k8.0
Continued

79

o

Ve



TABIE B.3 (Cont'd)

Test Reaults for Vacuumized Sweeping, T100

Standard

M
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Speed

Test Date Pass
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Test

Deviation

Mass

Reminéng
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Test Results for Vacuumized Sweeping, T100

TABIE B.3 (Cont'd)

Test Test Date Pass Forvard E M Standard
No. Test Area Speed Relative Mass Deviation
Farticle Size (ft/min) Effort Remeining of M
(e/£t°) (%)
18.2  1/18/61 0 0 o 99.9 8.9
A-3 1 koo 3,00 6.1 66.2
The17T -] k16 5.88 1.6 100.0
34 hos 11.52 0.31 26.7
5-8 435 22.56 0.20 25.2
18.5  1/19/61 0 0 0 608.0 2.1
A-1 1 208 5.76 b3.0 83.6
U177 2 208 11.52 0.96 54,3
3-4 208 23.0b 0.23 15.7
5-8 214 46.08 0.18 18.2
2.7 3/8/é1 0 0 0 115.0 h.7
c-2 1 204 5.88 0.58 13.6
177-300pn
22.1  3/22/61 0 0 0 102.0 15.5 o,
A-2 1 71 1.68 39.1 1.1 — b7 /°
Th-1TTn 2 714 3.36 17.9 100.0
3k T4 6.72 1.7 79.2
5-8 jal’ 13.4% 0.k9 26.9
22.2  3/22/61 0 : 0 0 599 3.2
A-2 1 4oo 3.00 20.6 37.7
Th=1771 2 koo 6.00 3.5 38.7
3-4 Loo 12.00 1.1 29.3
5-8 395 24,12 0.53 2.6
23.2  Lhf16/61 0 0 0 112.0 9.6
c-2 1 70 1.56 0.79 59.5 =
Th=1T7Tn 2 770 3.12 0.66 47.1
3-k Tho 6.36 0.53 36.5
5-8 Tho 12.84 0.4k3 7.8
23.5 uf10/61 0 0 o 608.0 18.4
C-2 1 b6 2.88 k6. 2.1
The1TTu 2 K16 5.76 1.3 4.9
23.6 L/10/61 0 [ 0 597 5.6 o/
c-2/ 1 20k 5.88 57.3 56.8 Qo /o
TH-1TTn 2 20k 11.76 1.4 29.7
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TABIE B.h

Test Results for Vacuumized Sweeping, T100-AB

Test Test Date Pass Forward E M Standard
No. Test Area Speed Relative Mass Deviation
Particle Size (£t/min) Effort Remeining of M
(e/£t2) (%)
13.k  8/1/60 0 0 0 23.8 19.8
A-533 1 208 5.76 1.2 Lo.2
Lyl 2 232 10.92 0.75 39.1
13.5 8/1/60 0 0 0 26.1 26.0
A-533 1 347 2,88 h.2 50.2
Whyo7hy 2 347 5.76 1.7 k9.0
3 3b7 8.6 1.4 58.7
4 208 1h.bo 1.2 49.3
13.9 8/L /60 0 0 0 150.0 4.6
A-533 1 208 5.76 5.3 57.7
hhoThp 2 208 11.52 2,2 L6.7
3-h 208 23,04 2.0 k3.8
5-8 200 47,04 2.1 k3.2
13.10 8/u/é0 o 0 0 150.0 8.0
A-533 1 435 2.76 13.5 43.8
W7l 2 435 5.52 L.3 Sh.4
3-b 435 11.04 3.2 50.0
5-8 435 22.08 3.1 50.7
13.11  8/5/60 0 0 0 154.0 6.5
c-2 1 k16 2,88 2,1 119.0
by ohy 2 435 5.64 0.39 19.9
3=k 416 11.%0 0.31 26.3
5-8 435 22,80 0.27 20.7
k.9  8/12/60 0 0 0 89.7 7.4
A-1 1 208 5.76 0.17 34,5
177-300p 2 208 11.52 0.11 26.4
k.10 8/12/60 0 0 o} 90.8 7.6
A-1 1 6 2.88 .7 128.0
177-300p 2 k16 5.76 0.54 101.0
3-b Lo7 11.6+ 0.15 25.2
15.2  8/16/60 0 0 (o} 11k.0 8.0
c-3 1 416 2.88 1h.5 1640
Th=17T1 2 k16 5.76 0.32 €0.0
3=l K16 1.52 0.28 63.0
5-8 b2 23.16 0.25 53.2
16.8  12/20/60 0 0 ] 100.0 L.y
c-1 1 416 2.88 0.47 29.3
177-300u 2 416 5.76 0.26 30.8
3-4 k16 11.52 0.26 53.4
5-8 k1o 23.16 0.27 38.6
16.9  12/21/60 0 0 o 04,0 11.1
A-1 1 200 6.00 0.13 3k.7
177-300p
16.10 12/21/60 0 o 0 104.0 1.5
A-1 1 h16 2.88 0.32 25,1
177-300p 2 416 5.76 0.11 53.4
Continued
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Standard

Deviation
of M
(C))

Mass

M
Remaining
(8/£42)

Effort

Relative

Forvard
Speed
(rt/min)

Te812 B.4 (Cont'a)

Test Results for Vacuumized Sweeplng, T100-AB
Pass

Test Date
Particle Size

Test Ares

No.

Test
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Surface
gm/ft2

Comparative

gn/tt2

Residual Mass

TABIE B.6
Total Grams Crack

Effort Crack #30

Relative

Using Wi50, T100, and T100AB Machines

Contamination Build-up (Summary) of Crack "30"
Pags

and

Test No.

Machine

FAdeo
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TABLE B.6 (Cont'd)

Contamination Build-up (Summry) of Crack "30"

Using Wk50, T100, and TI0OAB Machines

Machine Pass Relative Residual Mass
and Effort Creck #30 Comperstive
Test No. Total Crack Surface
Grams gm/ £t2 em/ 12
T100 0 108.4 650.0 111.2
15.% 1 5.64 300.6 1804.0 0.97
2 11.28 291.0 1746.0 0.3h
3-h 22,92 266.0 1596.0 0.19
5-8 45.96 261.0 1556.0 0.14
TI00% 0 15.5 93.0 86.3
16.6 1 2.88 461.0 2766.0 0.2k
2 5.76 467.0 2802.0 0.25
34 439.0 263L4.0
5-8 §26.0 2556.0
T100% 0 439.0 2634.0 111.2
16.7 1 1.68 1102.0 6612.0 0.52
2 3.24 833.0 4998.0 0.42
3-4 6.48 813.0 4878.0
5-8 12.96 798.0 4788.0 0.30
T100 0 830.0 k980.0 99.9
16.8 1 2.88 1016.0 €096.0 0.4y
2 5.76 790.0 4740.0 0.26
3-4 11.52 650.0 3900.0 0.26
5-8 23.16 477.0 2862.0 0.27
TI00AB 0 L.0 24,0 25.0
17.4 1 5.76 14.2 85.0 0.0k
2 11.52 12.9 7.0 0.04
whs0 0 128.0 768.0 91.9
20.2 1 5.28 234,0 140k .0 3.h43
2 10.68 209.0 1254 .0 3.16
3-4 21.00 191.0 1146.0 0.65
T100AB* 0 499.0 2994.0 81.7
20.3 1 2.88 593.0 3558.0 0.3
2 5.76 528.0 3168.0 0.37
34 11.52 k79.0 2874.0
4-8 23.04 418.0 2508.0
whs0 0 271.0 1626.0 87.4
20.4 1 2.52 343.0 2058.0 1.05
2 h.g2 333.0 1998.0 0.79
whks0 0 349.0 2094.0 85.1
20.5 1 1.4 3k7.0 2082.0 0.92
2 2.88 354.0 2124.0 0.82
wks0 0 4.0 24.0 20.4
21.3 1 4.80 k1.0 2h6,0 0.88
2 8.76 39.0 234.0 0.21
34 16.32 35.0 210.0 0.09
5-8 30.96 38.0 228.0 0.06
whso 0 70.0 420.0 112.4
21.4 1 1.92 319.0 191k.0 0.98
2 3.96 307.0 1842.0 0.39
34 7.68 269.0 161k .0 0.31
Continued
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TABLE B.6 (Cont*d)

Using W4S0, T100, and T100AB Machines

Contamination Build-up (Summary) of Crack "30"

Machine Pass Relative Residual Mass
and Effort Crack #30 Comparative
Test No. Total Crack 2 Su:('f‘t'i.ce2
Grams gm/ £t gm/ft
whso 0 288.0 1728.0 106.7
21.5 1 3.72 381.0 2286.0 0.94
2 7.k 320.0 1920.0 0.37
3-4 1L.76 312.0 1872.0 0.29
whks0 0 332.0 1992.0 105.6
21.6 1 1.32 367.0 2202,0 1.16
2 2.64 389.0 2334.,0 0.66
3=k 5.28 371.0 2226.0 0.52
T100% o] 51.0 306.0 114.6
21,/ 1 5.88 427.0 2562.0 0.58
2 11.76 k93.0 2958.0
34 23,52 510.0 3060.0
5-8 h7.0k 502.0 3012.0
T100AB 0 h.0 Lk o 99.9
21.8 1 6.00 277.0 1662,0 o.hhy
2 12.00 222,0 1332.0
34 24,00 211.0 1266.0
4.8 48.00 162.0 972.0 0.37
T100AB 0 60.0 360.0 112.2
21.9 1 1.56 279.0 1674.0 0.63
2 3.12 200.0 1200.0 0.69
T100 0 20.0 120.0 112.%
23.2 1 1.56 125.0 750.0 0.79
2 3.12 127.0 762.0 0.66
3k 6.36 13hk.0 80k.0 0.53
5-8 12.84 10k.0 624.0 0.43
T100AB 0 161.0 972.0 97.6
23.3 1 6.00 467.0 2802.0 0.65
2 12,00 308.0 1848.0 0.46
T100AB o] 325.0 1950.0 104 .4
23.4 1 1.68 389.0 2334.0 0.76
2 3.36 368.0 2208.0 0.6
T100 o] 505.0 3030.0 608,14
23.5 1 2.88 762.0 k572.0 L6.4
2 5.76 L186.0 2916.0 1.3
T100 o] 585.0 3510.0 597.0
23.6 1 5.88 713.0 4278.0 57.3
2 11.76 534.0 320%.0 1.k

Q0



TABIE B.7

Contamination Build-up in Cracks Using the T100DS Machine

W—‘;

Test Crack Pass Relative Residual Mass
No. Effort Crack Crack Surface
stal  em/1£t2  gm/1 £t2
10.5 1 0 0 142.3 854 .,0 32.9
2 0 0 4.3 25.8 32.9
3 0] 0 87.5 525.0 32.9
1 1 1.80 13.8 82.8 0.7
2 1 1.8 4.3 25.8 0.7
3 1 1.80 1.5 87.0 0.7
12.1 1 0 0 2k, 0 1464 .0 €03.8
2 0 0 10.4 62.4 603.8
3 0 0 255.0 1530.0 €03.8
1 1 1.80 7.0 882.0 243.L
2 1 1.80 T.2 L3,2 2434
3 1 1.80 169.0 1014.0 243.h4
12.3 1 0 0 803.0 4818.0 628.8
2 0 0 825.0 L950.0 628.8
3 0 0 812.0 4872.0 628.8
1 1 3.30 19.9 119.0 0.36
2 1 3.30 8.1 48,6 0.36
3 1 3.30 2.2 13.2 0.36
1 2 6.60 1k.0 84.0 0.35
2 2 6.60 5.1 30.6 0.35
3 2 6.60 1.9 11.4 0.35
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(5) Compute std. factor = 36000/Avg 0060 1 min counts or
12000/Avg Ra std. 1 min counts
Giving correction factor for overall instrument response.
(6) Compute corrected zero time count =[(X)(Std. Factor) -(Nat.bkg.) 1/
Decay Factor minus artificial bkg at zero time from residual radiation
from previous tests. o
(7) Residual (g/ft2) = (initial g/ft<)(residual count)/(initial count).

B.2 SWEEPER TEST RESULTS

The test results for four machines: Motorized Sweeping WhSO, Vacuum-
ized Sweeping T100, Vacuumized Sweeping with improvised airbroom T100 AB
and Vacuumized Sweeping T100DS listed in Chapter II are summarized in
Tables B.l, B.2, B.3, B.4 and B.5 respectively.

Each test is identified by a number. The whole number designates the
simulant batch, and the decimal part designates the specific number of the
test conducted, with that batch. Size and specific activity of each batch
are tabulated in Appendix A.

The two test surfaces, asphalt (A) and concrete (C) are followed by
numbers designating the test strip used. All surfaces were assumed to
be typical of their type. However, surface irregularities such as undu-
lations, decayed form line cracks, and surface cracks had a marked
influence on sweeping of some machines as described in Section B.3.

The nominal particle size range shown for each test is described in
Chapter 1, and is listed in the data from analyses of the batches in
Appendix A.

The pass number and relative effort described in Chapter IT are desig-
nated for each sweeping pass. To obtain procedure effectiveness at extended
amounts of relative effort,multiple passes were made between radiation
measurements as described in Chapter II.

The forward speed (ft/min) as shown was determined as described in
Chapter II.

Relative effort was determined as described in Chapter III.

The average initial mass level (M,) was computed from weighed emounts
of fallout simulant as described in Chapter II. The final mass levels (M)
were computed as described in Section B.l.
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The percent standard deviation (+ or -) indicates the consistency
of the individual residual mass measurements for each successive sweep-
ing pass.

B.3 CONTAMINATION BUILD-UP HISTORY IN SURFACE IRREGUIARITIES

Crack "30" is located on the concrete test strips approximately
30 £t from the end of the test strips between monitoring stations #3
and #.,

This crack developed from the decaying and decomposition of the
expansion joints. After a few tests had been conducted on the test
strips the decomposed material was dislodged and swept up leaving a
crack about one inch wide, 3/4 in. deep and 24 in. long. Table B.6
shows a history of the build-up of the (conta.minant) mass in the crack
in relation to tlmt on the surface during a series of tests conducted
with the T100, T100 A/B and W450 procedures.

Table B.7 shows a special study of cracks #1 and #3, similar to
crack #30, and a surface line, crack #2 with the T100 DS Sweeper. Test
12.3 shows an extended amount of effort being used to compare the diffi-
culty of removing the (contaminant) mass from the cracks in relationship
to the surface.
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APPENDIX C

DESIGN SPECIFICATION OF SWEEPERS

C.1l The design specifications of the sweepers evaluated are given in
the following tables. The information listed was obteined from manu-
facturer's information brochures describing the -equipment, except for
the improvised air broom. The improvised air broom used on the Tennant
Model 100 was designed by D. E. Clark, Jr. and built at USNRDL.



TABLE c.1
OPERATING CHARACTERISTICS OF WAYNE MODEL kso
Trpe

Manufacture - Wayne Manufacturing Co., Newark 5, New Jersey
Model No. Wayne 450

Sweeping Speeds

Maximmm 10 - 12 mph
(Travel 20-25 mpn)
Minimom 2 - 4 mph

Sveeping Path
Pickup Broom k10"

With one gutter broam 7' 6"
With two gutter brooms 10°

Broam Charascteristics

Main (pickup) Broam

Diameter 36"

Length 58"

Broom Material Palmyra Stalk

Drive Chain Drive

Mounting Full Floating Spring Suspended

Control (Iift) Hydreulic
Reversible Yes

Speeds 2 fyd, 1 reverse
6ide Brooms (Gutter)
Diameter L
Broam Material Standerd 26" Steel Wire
Drive Direct Drive
Mounting Free Floating

Control (Iift) Hydraulic
Speeds 2 Fwd, 1 Reverse

Conveyor System

Type Iadder Type - Rubber

Drive Rubber Chain

Speeds 2 Fwd, 1 Reverse

Dirt Hopper

Capacity 3 cubic yards (located Forward)
Dump Control Bydraulic

Dump Doors Clam Type

Water Sm System

Tank Capacity 170 gallons

Nozzles Brass atomizing nozzles
Pump Centrifugal
Operating Comtrols At Driver's Position

Physical Dimensions

Wheel Base 9 - 1"
Length Overall 15 - 8"
Height 6' - 11"
Width Overall gr - 8"
Weight 10,000 lbs
Turning Radius 1
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TABIE C.2

OPERATING CHARACTERISTICS8 OF TENNANT MODEL 100 AND MODEL 100 AB

Type
Manufacturer G. H. Tenmant Co., Minneapolis, Minn.
Model No. Model 100

Swee Speeds

Meocimum 15.0 mph
Minimm 2.3 mph
Swee Path

Pickup Broom v o"
With two gutter brooms T 4"

Broom Characteristics

Mein (Pickup) Broom

Diameter 29"

Fixed Mounting Length 8"
Plastic Filled (availables)
¥ire Filled (used for tests)

Type Constant diameter with expansion adjustment
for bristle wear
Broom Material African Bass Filled (available)
Palmyra Stalk Filled (available)
Drive Chain.Drive, non reversible, constant speed
8ide Brooms (Gutter)
Diameter 32"
Broam Material Plat Wire, or Plastic
Engine Engine Driven Gears
Mounting Free Floating
Control (1ift) Bydraulic
Speed 1

Vacuum tem

Type Suction Type Dust Collection Through Bags
Material Cloth Bags - 540 ft sq

Adr Flow 2200 cfm

Dirt Hopper

Capacity 1-3/4 cubic yards

Dump Controls Hydraulic

Dump Dooars Rear Iift

Continued
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TABIE C.2 (Cont'd)
Physical Dimensions

Wheel Bage L
Iength Overall 9' - 91 /4"
Height T 2"
Width Overall AR S
Weight 7600 1bs
Turning Redius 9t on
Adrbroom (Improvised for TI004B)
Type Manifold
Physical Dimensioms
Length 46"
Dismeter 2.1/2"
Rumber of Airjets k2
Jet Spring 1" center
Diameter Airjets converging-diverging 1/16 dia throat
Mounting Fixed
Position on Sweeper Rear - beneath sweeper parallel to main (piekup)
broom at & 45 degree angle pointing forwverd toward
the surface
Source of Airpressure
Compressor 105 cfm
Connection 50' length of high pressure hose
Adapters 2 quick fitting connectors
Alrpressure
Gauge before activating airbroom 100 psi
Gauge after activating airbroom 40 pei (constent)

Speed )
Toveq with vehicle at Sweeper's speed
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TABIE T.3
OPERATING CHARACTERISTICS OF TENFANT MODEL 00 DS

Iype

Mamufacturer G. H. Tennant Co., Minneapolis, Minnesota

Model No. Model 100 DS

Sweeping S

Transmission Gear Speed Range

1st 0- 5 mph
2nd 0- 10 mph
3rd 0- 15 mph
hth 0- 35 mph
Reverse 0- S mph

Sweeping Path

Pick up Broam T 3"

Broom Characteristics

Main (Pickup) Broam
Diameter 36"
Iength err
Type -~ Adjustable expanding brush, resulting in constant diameter

Replacement - Brush is in ten sections and may be replaced individually or
in sets of ten

Broom Material Plastic
African Bass
Palmyra Stalk
Wire (used for tests)
Drive Engine
Mounting Fixed
Control (1ift) Hydreulic
Speed (variable) 0-35 mph the same as the transmission gear speed range

Yacuum tem

Type Suction-type dust collection through fabric emvelopes 1180 rt2 filter
surface area

Shaker Mechanism - shakes dirt into hopper - dumps with hopper

Dirt Hopper

Capacity Maximm of 4 yards

Control Hydraulically operated dump door

Operation Dirt load dumps at rear and is clear of machine

Dumping angle is steep enough to clean hopper of all types of dirt collected.

Physical Dimensions

Wheel Bese ol
Length Overall 15* 3-1/8"
Height 9t 9"
Width Overall 96"
Weight 20,0007
Tumming Redius 20"
Clearance Turning 21*

Radius

98



oCD

INTTTAL DISTRIBUTION

Cogies

HHEHEPERLDP

ANHWH K

N

NAVY

Chief, Bureau of Ships (Code 210L)

Chief, Bureau of Ships (Code 320-36L4A)

Chief, Bureau of Naval Weapons (Code RRRE-5)

Chief of Naval Operations (OP-O7T10)

Chief Buresu of Yards and Docks

Naval Command Systems Support Agency (Code 22)
Coordinator, Marine Corps Landing Force Dev. Activities
Navy Training Publications Center (Ely)

CO-Dir., Naval Civil Engineering Lab. (Cdr. Christenson)

ARMY

CG., Combat Developments Command, Fort Belvoir
U.S. Army Material Office (Schmidt)

Army Nuclear Defense Laboratory (Maloney)

Army Library, Civil Defense Unit

Assistant Secretary of the Army (R&D)

Army Logistics Management Center (Robbins)

Office of Civil Defense (Ass't Dir. for Research)

AIR FORCE
Air Force Office of Civil Engineering (Bohannon)

OTHER DOD ACTIVITIES

Commander, FC/DASA, Albuquerque

Office of Emergency Planning (Coker)
Defense Documentation Center

U.S. Dept. of Agriculture (Todd)

U.S. Dept. of Commerce, Water & Sewage
Advanced Research Projects Agency
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AEC ACTIVITIES AND OTHERS

Hanford Laboratories (Bustad)

Advance Research Inc. (Fernald)

American Institute for Research

Civil Defense Training Program (McConnell)
Engineering Science Inc. (Ludwig)

Hudson Institute (Kahn)

IIT Research Foundation (Sevin)

Isotopes Incorporated (Kulp)

National Academy of Sciences (Park)

PARM Project

Research Triangle Institute (Parsons)
Stanford Research Institute (Miller)
Technical Operstions Inc. (Clarke)

United Research Services (Kaplan)

U. S. Public Health Service (Terrell)

U.S. Public Health Service, Washington
Office of Advanced Research & Technology (NASA)
Technical Information Division, Oak Ridge

USNRDL

Technical Informstion Division

DISTRIBUTION DATE: 30 July 1964
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