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ABSTRACT

A conventional motorized street flusher vas evaluated as a suit-
able decontamination tool to be used in the operational recovery of
extensive paved areas contaminated with fallout from a land-surface
nuclear detonation. The selection of fallout parameters such as par-
tic'Le size and initial mass levels was based on a theoretical fallout
model.

The flusher nozzle orientation was adjusted for maximum de-ontami-
nation effectiveness. This adjustment can be applied to any flushe-
tr, be used for similar purposes. Using a fixed set of flusher adjust-
ments and constant-size test area, the effects of 4 particle size
ranges, 3 mass levels, and 2 types of surfaces on removal etfectiveness
were determined.

The least effective removal by flushing (2.2 g/ft
2 

residual mass)
for a given expenditure of effort was obtained at high initial mass
loadings (100 to 600 g/ft

2
) on asphalt surface using small particles

(44-88 g and 88-177 p). The best removal effectiveness by flushing
(0.06 g/ft

2 
residual mass) for the same expenditure of effort was

obtained using low initial mass loading (26 g/ft
2

) on concrete surface
with 350 to 700 p particle sizes.

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

• , i " I' I•i



SUIARY

The Problem

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

Findin•s

Using radionuclide-traced sand to simulate dry fallout tram a
nuclear weapon detonation on a land surface, motorized flushing
effectiveness data were obtained for one optimum combination of machine
and operational parameters. This optimum cambination was tested under
several environmental conditions including mass levels of 20, 100, and
6)0 g/ft2 , and particle size ranges of 44-853 p, 88-177? i's 177-350 Vi
and 350-700 P, on asphalt and concrete surfaces.

The effectiveness achieved depended upon the critical adjustment
of flusher parameters which included nozzle orientation and nozzle
Pattern adjustments. The highest degree of effectiveness achieved was
with low mass loadings (20 g/ft2 ) on concrete surface using large par-
ticle sizes (350-700 p and 177-350 P). The observed rate of removal
as well as final residual mass obtainable were a function of mass load-
Ing and particle size.
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fREOVAL EFEFr;VENkSS OF SIMUIA¶SD DRY FATIaJT F"14 PAVED ARFAS BY
C0OUVENTIONAL 14M'ORIZED S2¶ET nAJ1{

USNRDL-TR-797, dated 18 June 1 9 64
by D. E. Clark, Jr., and W. C. Cobbin

SPECIAL SUIMMRY (Pages A-D, inclusive; for (;CD use as detached
document)

PURPOSE AND OBJSC1VES

Recovery from a land-surface nuclear weapon detonation requires
that proper countermeasures be used during the various pinses of radio-
loGical recovery activity. In regions where enough water is available
for large-scale decontamination, motorized flushing could be applicable
to cleaning extensive paved areas such as streets. To detezain. the
decontamination capability of a ccmmercially available motorized street
flusher, one vas tested under controfled environments of siwjuated
fallout using optimum machine adjustments.

Previous evaluation of wet deccntamiratioa ptocedres and the
recently developed concepts of fallout environment slsAtion indicated
tbat the evaluation tests attempt to:

a. Verify previously established wet method contamination pam-
meter relationships, or establish new relationships.

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

{1) Deposited initial oas levels.
2) Particle size.
3) Surface roughness.

A study was made of the removal effectiveness of sifalated faflAt
from asplbalt and concrete surfaces by a motorized strect flusher, and
the following objectives were met;

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

b. Determine the decontamination effectiveness of motorized
street flushers performing at optima operating conditions of nowzle
orientation, vater pressure, and forward speed, in the uowal Or fall-
oat simualnt of -- r•ious particle sizes end mass loadins from nvaed
surfaces rf epbaýts and concrete.
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Optimum v,cntive conditions, and adjstment. %i nozzle orient-
tion and vater presure, vere Cetermined by snll-s.ole jrnlainlry
tests. T1hen 2: full-scale tests vere conducted at a interailate
upeed (6 mph) and the best operational procedure (involving flmusag
sequence and nozzle arragement) to deteraia• tie offect of surface
roughnuess and fallout parsaeters of moo lioeding and par"•cle siz on
decontainLaticn affeetiveness. The extent to vhlch these effect e
Iivesti6*ted by the 22 tests is ndic, tad in the table below.

Initial Mass Surface Particle Size & O W

2D A X X XX X
2D C X I )X X

100 A X X II I
100 C X X Il K
600 A IE

C - uoncretae

"IM - Indicates -m test run.

Tree tfpeu ot factor inbxence ,'lbmer cleaning effectiveneua:
(a) envrqmntnl c1itains, such as sutacte type sad ro sms, cs-
tmainant particle size, an ass loading; (b) aschi characteritica,
such as nozzle design and configuration, stream pattern, ana Wster prs-
sure; (c) operational or procedural qualities, such as fliusind sq-

unew, forward speed, ad directional comtrl.

a. ftr afl enviroimestal condittio, rans. effectivenea is
mlxms vhen both forward nozzles are orientated sAch that the two Jet
stress plansm intersect the surface in au stralght Urns, which is
canted at 55" with the direction of travel. T dip aaWa or the left
front nozzle is 100 an that of tin right front nozzle is WO, and the
dihedral eagles are zero.

b. Por a given smont of effort the rate of reawval as vwll as
lowest final residual ass obtairAble vs a direct function p•rti:Lcle
size and an immrse fLnction cC ans loading.

' ' '' I I l



c. re highest degree of effectiveness ue • aciteved on concrete

surf,=ces, at low fnes8 icuedinrs (20 g/ft2), and with the large particle
size Mnge (J-o-70o).

d. The pr-;iously developed theoretical cleanins equation (dea-

cribed below) fit the data for 13 Out of 22 of the tests.

The conclusioms suggested by the test results are as flows: f
a. The adJus1anto an orientation of the nozzles described In

Section 2.2 of this report can be applied beneficially to Mot c1m-
mrcial street flushers.

b. Under conditions similar to tbose tested, fallout parautarn
and surface type will probably influence flushing effectiveness in the
following way:

(i) High initial mass levels vill be larder to renove than low
Initial ms. levels.

(2) Sll particle sizes vill be maoe difficult, to nemora then
large particle sizes.

(3) Rough asplialt surfaces vill retain a greater residal ass
than screeded concrete surfaces.

c. Motorized f3.wblmg is an effective decontamination procedue
for recovery of extensive paved areae, If the folin "letn art
recoguised and overcame: (1) possible meter sbortage; (2) Insufficiest

oer of flusbers; (3) excessive accuLsatice of flushed ateral du
to high iitial mass levels, or the accelerated build-up cC C3•oad
aterial in an extensive area e.rig a low Initial wss level; atn (i)

the safe handling and ultimate disposal of the flushed aterial.

d. The performance of motorized street fliaher can be remmambly
described by the flasing equation:

M . M + (N'oW) e-3KOCI3"

where N is the residual a (W/t21after finite effort expmwiture 3
IP is the residual ss (g/t) at an infinite effort level
Mo Is the initial ass level (g/ft2 )
Ko is the proporticmalifl ccmsrtalt cx~veeain reux-% riats

E i efortexpended (equipmr, M 04t2)
e-Y-o 3 is the fraction of remoable ass remaliing after

expendivg effort, H.

C



REXRlETW1ION:

Since th, ~:rrr of t,, nonducted represents a very limited

effort, thin, . ic, ii; Inv",tinLatio•n are reconien•el' :

a. Vurther testts should be conducted to explore ponsiihe improve-
ments in flusher design and operating techniques.

b. investigations should be made to determine whether a ccubina-
tion method (such as sweeping followed by flushir3) might show improved

performance on higher mass luedings.

c. Additional tents should be made to determine the effects of
increased speed ani nozzle pressure upon flusher performance.

d. Since the present test data did rot completely substantiate

the cleaning equation, further investigations should be made to either
verify the equation or develop a new one.

e. large-scale tests should be performed on streets extending a

block or more to obtain planning information, incJuding turn-around
losses and 2 c dose factors.

D
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CHAPTER 1

lNTROWDCfION

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

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

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

I.; BACKGROVUD AND HISTORY

The usefulness of motorized flushers for decontamination was recog-
nized as early as 1952 when operations at San Bruno, 1 using radio-
tracer Y90 in a contaminant of seawater slurry at an initial mass of
78.5 g/ft 2 , required a flushing flow rate of 0.5 p1l/ft to reduce the
initial maos to 3 g/ft 2.



At Operation Stoneman 12 in 1956 conventional motorized flushing
was used on dry simulated fallout at a deposited mass level of 250 g/ft 2 .
Water consumption rates of 0.5 gal/ft 2 were used and produced 2 % resi-
dual mass levels.

At Operation Stoneman II3 in 1958, conventional and improvised
motorized flushing were tested using dry fallout simulant at 10, 33, and
100 g/ft2 initial deposit mass levels. Using improved nozzle adjustments
and higher water pressures than before, the vater consumption rates were
0.12 to 0.16 gal/ft 2 with a residual mass level from 1 to 6 % of the
initiaj mass level.

Motorized flushing at Cp Parks in 1959 and 1960 during Target
Complex Experiments I and II and III was an Integral part of the whole
recovery sequence, so that the individual effectiveness of the flusher
was not determined.

Recently developed concepts of fallout environment show a relation-
ship between deposited initial mass and particle size range. 6  These
model relationships have permitted the systematic selection of simulated
fallout environments for the present evaluation of a motorized street
flusher for decontamination. Previous evaluations of wet decontamination
procedures3, 4 05 and the recently developed concepts of talloaut environ-
ment sismulation6 indicate that the present tests should attempt the
following: (a) to verify previously established wet method decontami-
nation parameter relationships or establish new relationships; and
(b) to determine specifically and separately the effects of deposited
mass level, particle size, and surface roughness on decontamination
effectiveness.

1.2 OBJECTIVES

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

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

b. Determine the decontamination effectiveness of street flushers
per!orming at optiisam operating conditions of nozzle orientation, water
pressure, and fornard speed in the removal of fallout simulant of various
particle sizes and mass loading from paved surfaces of asphalt and con-
crete.

2



1.3 APPROACH

The bread scope of the objectives implies a large number of tests
to cover all combinations of parameters for flusher and expected fallout
envirornent. To reduce the number of tests, a fixed optimum combination
of machine parameters was first established. This combination was then
applied to a series )f different fallout environments to determine the
effect of several environmental factors in greater detail.

Optimum machine operating conditions were established as follows:

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

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

c. Previous experience and a series of preliminary tests were used
to establish the best nozzle attitude settings, location on flusher, and
use of individual or combinations of nozzles.

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

Environmental factor effects were then determined as follows:

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

b. Equal areas of asphalt and concrete were used to determine the
effects of surface roughness. Surface roughness of pavements can be
indicated only in a qualitative manner on ý relative basis, since there
is no standardized method of comparing two surfaces in different loca-
tions. For these tests, only one concrete area and one asphalt area
was used to provide an unchanging surface parameter while mass level and
particle size effects were determined.

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

3



tABL.E 1.1

Estimated Range of Fallout Environment Parameters

Particle Weapon Standard Intensity Initial Downwind Distance
Size Range Yield Masa from Detonation

(P) (KT) Cr/hr at 1 hr) (g/ft ) Point
(MO)

44- 88 -io05 1- 6,400 0.3-192 23 -18)
88-177 1-1o5 48-29,500 1.4-885 8.3-la)

177-350 i-io5 li0-24,000 3.3-72 Ii.o- 8;
350-700 .- 105 154-22,000 4.6-66o 2.2- 77

simulated. Corresponding to each of the size ranges used are the other
environmental factors: estimeted ranges of weapon yield, standard inten-
sity, initial mass level, and downwind distances. The three specific
mass levels (20, 100 and 60 g/ft,2 ) chosen for the tests were within the
estimated ranges predicted by the fallout model. These levels were held
constant so that particle size effects could be determined.

The tneoretical- mplications of test results were analyzed as follows:

An I34-704 computer vas used to correlate test data with the pre-
viously developed cleaning equation. The equation3 in the form

M r .' (M0 - r4) e5 $
1  ElV

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

i.1 SCOPE

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

Terms of the equation are defined in Section 3.5.i2



TA• E 1.2

Scope of Test Conditions

Mass Loading Particle Size Surface
(g/ft 2) 64) Type

20 4-488 A23 li-88 c
2D 88-177 A
20 88-177 C
20 177-350 A
20 177-350 C
23 350-700 A
20 350-700 C

100 44- 88 A
100 4- 88 c
0oo 88-177 A

100 88-177 a
100 177-350 A
100 177-350 C
100 350-700 A
100 350-700 C
68o 88-177 A
600 88-177 C

A - Asphalt
C = Concrete

effort. Seventy preliminary small-scale tests were run to determine
optimum machine adjustments of nozzle orientation and •ater pressure at
one intermediate speed and the best operational procedure (involving
flushing sequence on the test area and nozzle usage ccmbinaticcu). Then
22 tests vere run to determine the effect of fallout environment pars-
meters of mass level, particle size, and surface roughness on decontami-
nation effectiveness. Eighteen separate test conditions were met as
shown in Table 1.2 Four of the 22 tests were replications.

5



CHA.Ffl 2

TEST PROCIZAJHP AND I3ABURDUWS

Decontamination of paved areas covc:ed with particulate fallout
from a lazA surface burst involves the removal of radioactive particles
from the surface, and safe disposal of the material. The use of water
as a decontaminating agent can best be effected by the ur- of a motor-
ized flusher which washes the contaminant into a ditch or catch basin
or to some collection point where other methods must be used for ulti-
mate disposal. It is therefore of interest and necessary to study the
operating characteristics of motorized flushers to optimize their use
for wet decontamination.

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

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

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

6



'2.1 2T SITE

A special test area was constructed to provide rigid environmentalcontrol during the tests. A section 170 ft long 3n an existing 32-ft
wide asphalt street at Camp Parks, California, was used as a fouodation
for the test area shown in Figs. 2.1 and 2.10. New 8-in. concrete curbs
with 18-in. wide gutter aprons were constructed for lengths of 140 ft
on both sides of the street. One half of the street (16 x 140 ft) vas
paved with concrete, finished' to simulate freeway pavement, and the
other half was resurfaced with asphalt up to the level of the concrete.
A system with grid lines was painted to help with measurement and
identification of areas during the tests.

A system of drainage trenches was built around the periphery of the
newly paved areas, open along the curbs and covered vith steel gratings
across the street to permit unimpeded vehicular traffic. Fobur sus
associated with catch basin gratings in the curb apron were used for
accumulation and recovery of simulated fallout material flushed from
the test ares. Material could be flushed from the test surface for
recovery into 50-gtl drums suspended in each sump, while the excess
water drained to the low point of the system (uswp #2) where it as
pumped to a safe disposal area. FoPr-foot-high splash boards along the
back of the side trencAes controlled the material that splashed over
the curb.

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

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

"7



II

Fig. 2.1 Special TesL Area taor Evluation of Wet Decontamination
Procedure.
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The t2st area was large enough to permit taking sufficient radia-
ticn readings to establish average values and to sima2ate a possible
operational procedure for the flusher, yet it was small enough to allow
carrying out the tests with a moderate amount of materials and manpower,
and obtain reasonable values for water consumption per square foot.

2.2 DESCRIPTION AND AW1USTMET OF MUSHER

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

Pretest speed calibration runs with the flusher resulted in the
performance curves shown in Fig. 2.2. Low- and high-range rear axle
settings could be used with each of the 5 forward gears. 7b" 6-mph
forward speed with the truck engine operating at 1350 rp (transmission
gear L3) was used. An engine tachometer mounted in the cab enabled the
driver to maintain the exact rpa.

The design of a standard flusher nozzle was studied to determine
its applicability to decontamination where high pressure and velocity
with a low flow rate is desirable. Although the nozzle orifice gap
could be decreased to achieve desirable results, it was decided to use
newly purchased and unaltered standard nozzles at the two front nozzle
positions so that the test results would be representative of c ,rci-
ally available and extensively used equipment. The use of a standard
nozzle at the right rear posit' m was not desirable because It provided
neither sufficient pressure nor a confined stream pattern. Therefore a
specially de:;gned* nozzle was scaled up and adapted for use on the
flusher. This nozzle produced a 300 included angle of spray that was a
compromise between the 700 included angle of the standard flusher nozzle
and the narrow stream of a standard fire nozzle., The left rear nozzle
was a standard flusher nozzle used only to wash down the test area splash
boards (Fig. 2.12). The flow rate vs pressure peformance of each nozzle
is shown in Fig. 2.3.

*By W. L. Oven of this laborattwy.
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An infinite number of combinations of nozzle geometries and orien-
tratios vas pw5n ibi. IT*refore a systesitie apprrach to' the selection
of the one combination used for the tests was required. Previous flusher
evaitations indicated that good results --rere obtained when the spray
planes of the two front nozzles intersected the pavement in a -Ingle
straight line to produce a cleaning action similar to that of a road
grader with its blade at an angle t- the direction of travel (Figs. 2.4,
2.5, 2.6). To increase the path width flushed, the left front nozzle
was moved to the extreme left of the machine where it cleaned the full
tread width of the left tires and prevented tracking of contaminant to
clean areas. The procedure for nozzle orientation, applicable to aw
flusher, can be explained by reference to Fig. 2.4. To achieve a road
grader blade action, all compone-ns of the spray velocity should be
directed to the right or toward the gutter ct the street. Therefore t
the two front nozzles were oriented in azimuth so that the left edges
of the spray were parallel to the direction of travel. The dip angle
at which each of the spray planes is depressed from the horizontal was
adjusted so that both spray planes intersected the pavement in the same
straight line at 550 with the direction of travel. 7he 100 dip angle
of the left nozzle vas founM to be most effective from preliminary
sall-scale tests, and the 220 dip angle of the right nozzle was re-
quired to continue the straight line of impact. No nozzle rotation
around the cent•rline of the spriy was considered and the nozzles were
always set so that the dihedral angles were essentially zero. Table 2.1
shows optimum nozzle settings and pressures determined by preliminary
tests. Consistent nozzle orientation was maintained by using the bar
and protractor arrang•m•nt showm in Fig. 2.5. To reduce the number of
variables to be evelbnted, a series of preliminry tests was used to
determine what appeared to be the best procedural method of flushing
contaminant from the two paved test surfaces. The procedure adopted is
described later wwer Section 2.6 and was repeated in as nemrly identical
manner as possible for all tests.

2.3 PROUCJ'IMON OF TILFI S4UWNT

Bulk carrier material for fallout siailant was formulated froua two
types of commercial mend aving pbysical and chemical properties similar
to those of real fallout. hacn type was readily available and could be
easily processed so simulate tin fallouct eanvircents described in
Table 1.1. The medium-to-large particle size fqlout simulant vas ob-
tained from #60 mesh Del Monte sand, a smrfth, weathered, river bottom
material in the size range 105-700 M. h'he smaller particle size range
simnlants were sieved from 44-177 p Vedrou river bottom sand.

12
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Fig. 2.5 Front Nozzle Operation Showing Protractor Bar Used to Obtain
Proper Nozzle Orientation. Protractor points occur every 30 degrees.



Fig. 2.6 Three-nozzle Operation at Settings Used for Evaluation Tests.
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TA 2.1

Optimum Nozzle SettigBs and Pressures

Nozzle: Left Front Right Front Right Rear

Dip Angle: i0O° 220 100

Azimuth Angle: 350 350 150

Pressure (psi)

lit Pass: 40 40 -

2id Pass: 35 35 60

3rd Pass: - 35 60

Note: Forward speed is constant for all passes at 6 m;p.

The radionuci ide Ia140 used to tag the bulk carrier material is.
selected for several reasons. Its energetic gunma sa minimized the
shelf-shlelding effects of the simulant at high initial mass levels,
making the radiation measurements more nearly proporticnal to the mass
present if the specific activity (pc/g) was uniform. Radioactive decay
by a 40.2-hr half-life reduced the residual radiation levels to back-
ground in a few days and permitted reuse of the test apea. Existing
facilities for the preparation and handling of the 1&140 developed for
other reclamation proJects4 ,5 were available at Camp Parks,

Costing the togged bulk carrier with sodium silicate and baking
for 1 hr at 20OOF formed a waterproof glaze which assured that the
activity remained fixed to the bulk carrier so that it was not trans-
ferred to the test surface.

2.4 DISPEUSL OF FALWUT SDWIANT

One of the criteria imposed upon the test conditions was a uniformly
dispersed initial mass of fallout sixulant on the test area. The mass
loading depended upon the fallout environment being simulated.

16
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Uniform dispersal was achieved by using a calibrated, haMd-o.orated
garden spreader (Fig. 2.7; 0. 14. Scott end Sons, Wlrysville, Ohio). The
average initial mass level was determined by weighing the spreaders
before dispersal and again afterwards. The uniformity of dispersal was
vtsually better than that achieved previously with a dump% truck.

2.5 NFASUMPNT TECHNIQUI

All measurement Instrumentation was given an adequate warm-up
perid, and backgro'=nd and cal1bration readings were made whenever test
measurements were made.

Sinulant property measuremeutp wewe made with Rotap machine (W. S.
Tyler Co., Cleveland, Ohio) and standard •1er sieves. Six sieves and
a pan, nested with graduated mesh sizes, were thoroughly rotapped for
10 min to separate a l00-g sample into sieved fractions. Each fraction
was weighed and Its activity measured in the 4-pi ionization chamber
(Fig. 2.8) to determine its specific activity (jic/g). The properties
of each batch mixed are tabulated in Appendix B. Microscopic examina-
tion of the sieve fractions was also used to determin. the size distri-
bution as well as shape, and uniformity of the siealant batches.

Machine variables cf forward speed, nozzle water pressure, and
operational decontamination procedures were controlled for uniformity
in all tests using activity. Forward speed was measured with a cab-
mounted engine tachometer. Nozzle water pressure was measured by probes
at each nozzle. The probes were ni&folded to a pressure gauge in tie
cab where the pressure was manually controlled by the pump engine
throttle. Duplication of operational decontamination procedures for
each test was assured by operator pretest training and familiarization;
and by external direction as thm tests ware being run.

Radiation measurements were made by a specially built mobile,
shielded, guns scintillation detector (Fig. 2.9). Th. radiation de-
tection element was a NaI (Tl) scintillation crystal (1 in. diameter
by I in. thick) that was coupled to a photomLitiplier tube, all con-
tained within a 6-in.-thick lead shield. A collimated aperature per-
mitted entrance of radiation into the nensitive volume. The power
supply, associated electronics, end printout system, as well as the
shielded detector, ware trailer mounted for mobility.

The effectiveness of the decontamination procedure was determined
by ecoaring radiation masurments before and after each event.

17



Fig. 2.7 Dispersal of Synthetic Fallout on Test Area by Hand-pulled
Garden Spreader.
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Fig. 2.8 4-pi Ionization Clamber
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Pig. 2.9 Measuring Radiation Intensity of Synthetic N3J~out with
Scint±J-Jtiox Clountcer and H6ad-held radiac.



Reliability in the measuremenr.. .- de with theb shielded detector vas
provided for by recordlng a series of r ) 1-minute counts in the follow-
ing sequence:

a. Count a Co60 radiation standard; to determine the overall
response of the Instrument.

b. Cowut a sample from the synthetic fallout simulant batch to
check simulant decay.

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

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

The above four-step sequence was carried out for each test to measure
the bacgxj-und, initial sass, and mass rosining after successive flush-
ing passes. Time of day was recorded for each pair of counts to facili-
tate C.ecay correction.

Hane.-held portable radiacs, ANPDR-39 (TIm), were used as a che-ck
or the mobile skIdelded detector and for general monitoring pirposes,
sucn as controlling radiation dosage to personnel during preparation
and dispersal of the aimulant.

The 4-pi ionization chamber was used to assay the gross and sieved
samples of the fallout sisalant. It also followed the radioactive decay
of each simulant batch as a check on radionuclide parity.

a.6 =Tz picmus

Bach of the tests with radioactive fallout simulant was conducted

on a concrete or asphalt surface at initial -=ss level, particle size
range, forward speed, and operational sequence required by the test
conditions as follows:

a. Radiation background measurements were made as described in
Section 2.5.

b. Synthetic fallout material of the desired particle size range
and wass level was dispersed over ae aram 15.5 x 90 ft, as described in
Section 2.4.

21



c. Initial mass level radiation measurement were made as described
In Section 2.5.

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

i. First lsss at crown of 1alf-contaminated street, using both
front nozzles at 40 psi to flush contaminant forward and
toward the gutter.

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

3. Third pass in the gutter against the curb using two nozzles,
right front at 35 psi and right rear at 60 psi, to flush
material into catch basin or beyond test area.

4. All material flushed beyond test area vas washed by fire-
hose to catch basins and sumps, so that it would not con-
tribute to radiation readings on test area. Contaminant
vas flushed from side boards into drain ditches as shown
in Fig. 2.12, using left rear nozzle.

e. Radiation measurunents were made as in Section 2.5.

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

g. Final radiation was wmasured as in Section 2.5.

22
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Fig. 2.11 Second Flushing Pass at Curb Using Three Nozzles.



Fig. 2.12 Flushing Contaminant Fro Side Splash Boards into Drain Ditch
Before Taking Radiation Reading on Test Surface.
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CHU'= 3

RNSUzE AND DzSCUSSIzx

The variation of effort *Sat can be applied by a motorized flusher
is infinite, vithin the limits of the ranges of the machine parameters
of forward speed, iater pressure, nozzle orientaticm, and of tie opera-
tional procedures of nozzle usage nAl cowerage of the area to be decon-
taminated. All the machine parameters and operationl procedures were
determined and held constant for the tests as described in Section 2.2
because of the limited scope of this test series. Under these test
conditions distinct levels of effort were ayplied to the surface as
defined by integral numbers of three-pass flushing cycles (Section 2.2)
over the test area.

Effort Is defined as being inversely proportional to the forward
speed (or directly proportional to the time spent coanrlng a given ara).
The relationship can be represented mrthmatically as

K

vhere E a effort in equipment-•em/b' ft 2

S forward speed in ft/sin
and K is the proportionality factor.

In Reference 7 (the sweeper report), relative effort, BE, is de- A
fined as the ratio of actml effort N to a stmndaMd effort, which is
shown to be equivalent to the expression

a (3.1)

vhere i00 is an arbitrary speed selected to give H values greater
than 'mizd. Using this relationship the work described here can be
more easily caqjured with that of otber tests - for instance, sweeper
results in Reference 7*.

*uch a coparlson is shown in Section 3.6.
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The test condition prescribed a constant flusher speed of 6 mph or
528 ft/mnn. Therefore,

1200RE (flusher) Z58 2.2,

As long as the forward speed is held constant, 2.27 will be the HE for
a complete coverage of the test area, For two cverages the RE will
equal 2 x 2.27 = 4.54.

It wat explained earlier in Section 2.6 tiat one coverage required
a three pass flushing -!ycle. With a pass width of 9 ft (total frontal
width of flushing pattern for 3 nozzles), the single pass rate voald be
9 : 528 - 4752 ft 2/min. However, the test strip is 15.5 ft wide an-
tlhre passes are required for complete coverage. '0 tefore an average
pass width Is 15.5/3 or 5.2 ft, and the average f) Ing rate is only
5.2 ..E 528 or 2746 ft 2 /min.

Relative effort ME, then, is a function of speed only. It indicated
n-ither the actual cleaning rate nor the absolute effort required.
These two quantities are dependent upon the configuration of the area
cleaned and upon the bui)d-up of material which requires successive
flushing passes to clear the remaining area. In addition, any allow-
ances made for turn-around losses, tank-filling and post-flushing of
rede.'ocited material for ultimate disposal will further reduce the
above rate estimates.

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

3.1 CCMPARISC OF TESTS

The test results in Table 3.1 can be used foi. graphical presenta-
tion of data or to verify previously developed equations for the per-
formance of wet decontamination methods. Using relative efforts as
defined in Fq. 3.1 and corresponding residual mass levels determined
from radiation measurements, Figs. 3.1 through 3.21 were plotted in
three groups to show tie erfects of particle size, mass loading, and
surface roughness on decuntamination effectiveness.
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Figs. 3,1-3.4

Ccznarisons of Effects of Particle Size
on the Decontamination Performance of a
Conventlonal Motorized Street flunler,
Using Test Procedures Described in
Section 2.6.
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Figs. 3.5-3.12

Comparisons of Effects of Initial Mbss levels
on the Decontamination Performance of a Con-
ventiovmil Motorized Street Flusber, Using
Test Procedures Described in Section 2.6.

33



103 
NRDL-221-63

PARTICLE SIZE. 44-88. PARTICLE SIZE. .44-66.

SURiFACE. . , ASPHALT SURFACE. CONCRETE

102 "

-\

1-1
z

& 20 GM/SOFT A 20 GM/SQFT
o 100 GM/SQ FT 0 100 GMISQFT

0 1 2 3 4 50 1 2 3 4 5
RELATIVE EFFORT

Fig. 3.5 Fig. 3.6

3nI



a!

10~ NROL-221-63

IARMLCLASIZE. S.S.PARTICLE SIZE. .88-l17U

SURFACE. .ASPHALT SUFC CONCnRET

1024

cl
I0

a -_

- \ \ • ...... ..... . .• L ...... .... . .. • . r

I0-1

a 20 GM/SQFT a 20 GM/SQFT

o 100 GM/SQFT o 100GM/SOFT

0 600GM/SQFT 3 600GM/SQFT

10-2 1 I I 1 . I I
0 1 2 3 4 50 1 2 3 4 5

RELATIVE EFFORT

Fig. 3.7 FUg. 3.8

35



i03 NROL-2Z1-63

PARTICLE SIZE 7-350 PARTICLE SIZE. . so

SURFACE,. ASPHALT SFACE ..... CONCRETE

102

10

c- 1.0

10"1

A 20 GM/SQFT - 20 GIM/SQ FT
o 100 GIM/SQ FT - 0 100 GM/SO FT

zL

0 1 2 4 50 I 2 4

RELATIVE E.FFORT

M •. 3.9 Fig- 3.10

36

S- ' • , , i I • I I 2



105 3 _- NRDL-221-63

PARTICLE SIZE .35f-7OO PA9RTICLE SIZE., 350-700A

SURFACE. ASPRALT SIR.ACK. CONCRErt

IL-

& 2. 0 -\/QF A 0\ MS

•'• o 10.\S F 0 G/SF

I0" U• 3, U-31

37TA-
A 200 GM/SOFT , 200 GM/SO FT

o1100G/SOFT 100M/OF

RELATIVE EFFORT

F1. 3..f Fi. 3.12

-- . , , i I I I I l l



Pig.. 3.13-3.21

Ccmsariaons of the Effects of Surface Roughness
on the Decontamination Performance of a CGem-
tional Motorized Street Flumher, Using Test
Procedures Described in Sectior 2.6.
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Only two data points appear for each test representing the residual
mass after the 1st and ?•d cleaning cycles (each cleaning cycle repre-
senting three passes) so the shape of a smooth curve which fits the data
could not be drawn. All conclusions drawn from these curves are for
limited data from specific test conditions.

3.2 EFFECTS OF PARTICLE SIZE, MASS lEVElS ARTD
SURFACE MYPE

Particle Size effects on decontamination are shown in Figs. 3.l-3.4.
In all tests conducted the smallest particles were more difficult to
remove than the largest particles. In Fig. 3.1 and 3.3 for asphalt
surfaces, an inversion in the order of particle size vs. residual mass
is seen: the 44-88g particle size shows a lower residual mass than the
88-177[ particle size and the 177-350p particlc sizes (Fig. 3.1) shows
a lower residual mass than the 350-700g particle size. Although the
removal effectiveness indicates inconsistencies due to flusher steering
errors in the experimental results, the results as a whole shows small
particles to be more difficult to remove than large particles at the
same effort expenditure.

High initial Mass levels consistently showed a greater residual

mass level than lower mass levels after the same effort expenditure.
Figures 3.5-3.11 show the effects of initial mass on the decontamination
effectiveness of conventional motorized flushing. In addition to the
problem of moving a higher mass per unit area, the build-up of material
flushed to adjacent areas further compounds the mass removal problem;
as described in Section 3.5 and discussed further in Section 3.6.

Surface type effects on decontamination effectiveness were not as
conclusive as expected, due to the deceeloranion of tne concrete s ar-
face prior to and during the evaluation studies using radioactive simu-
lant. The concrete test surface had deep cracks at the expansion joints,
and several rough spots were formed due to disintegration of the con-
crete. However, of the 9 tests conducted to allow comparison of surface
type vs. effort, 5 showed that concrete was less difficult to clean than
asphalt. One test showed about the seme difficulty, and three tests
showed asphalt to be less difficult to clean than concrete. The last
three results were no doubt due to the contaminant retained in the large
expansion joint cracks. An example of this effect can be seen in Fig.
3.20, Note the residual mass 1.2 g/ft2 

remaining after the first pass
and the 1.02 g/ft

2 
remaining after the second pass. The flatness of the

curve indicates that a large amount of effort would be required to reach
the same residual mass as attained on the asphalt surface.
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It should be emphasized that although general conclusions may be
drawn on particle size, mass level, and surface type effects, they ý_re
the results from only one set of flusher adjustments.

3-3 WATER CONSU4PTION

The water consumption rate was 0.14 gal/ft 2 for each complete 3-pass
cleaning cycle used in the flusher evaluation tests. This rate is similar
to that of previous tests mentioned in Section 1.1 but applies only to
the present test procedure. Other flushing procedures would require
different consumption rates. An ideal flushing situation, where a single,
9-ft-vide path at higher speed (12 mph) is adequate, could have a water
consumption rate of 0.032 gal/ft using the two front nozzles. At the
other extreme, a heavy mass loading on a large area would require a
slower speed, multiple passes, and manual firehose clean-up after flush-
ing. This extreme situation might be handled more expeditiously by a
different or combination method, with flushing being the final clean-up
of low residual mass achieved by another method such as sweeping.

3.4 EXFERnm4U ERROR

The results of duplicate tests shown in Table 3.1 vary by as much
as a factor of 7. The differences are due almost entirely to variations
in operating techniques (mainly directional control of the flusher truck)
from test to test. The accuracy of direct measurements was + 3 % for
forward speed, + 5 % for inltig2 sass level, and + 15 % for the radiation
measurements used to determine residual mass level, thus these items did
not contribute significantly to observed differences.

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

For instance, residual mass is csIculated from the expressiono I
0

4,5
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where M0 = initial mass loading, g/ft2

R = residual radiation reading, mr/hr

Io t initial radiation reading, mr/hr

For the above-noted reasons, the residual radiation reading R will be
high, since a disproportionate amount of small but more radioactive
particles will be left after flushing. Therefore the estimates of mass
"will also be high.

Specific activity varied by a factor of 3 within each size range
of fallout simulant used, but the relatively narrow size ranges (a fac-
tor of 2) permitted a valid dete:cmiration of the effect of particle size
on flushing effectiveness.

Transfer of activity from the simulant to the test surfaces by

leaching or ion exchange contributed less than 0.1 % error to the
measurements and was therefore ignored as a source of exp0erimental error.

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

3.5 FLUSHING THEORY

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

M = + (M 4*) 3KoE/3 3.2)

where M is the residual mass (g/Ift
2

) after finite effort expenditure E.
M* is the residual mass (g/ft ) at an infinite effort level
MO is the initial mass level (g/ft

2
)

Ko is the proportionality constant expressing rusoval rate
E is the effort expended (equipment min/lo4 ftW)

e'3Kol/3 is the fraction of removable mass remaining after expern-
ing the effort, E.
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Equation 3.2 was solved for each test using data values of 1, M, &ad E,
and making successive approximations for M* and Ko for a fit through

the data points on an M -s E plot (see Fig. 3.22 for such a plot). The
existence of only two data points and a limited number of tests for each

surface-method combination made it impossible to evaluate other previously
derive, equations

3 
relating initial mass to residual mass at infinite

effort for a given decontamination method.

Of 22 test runs, 13 listed in Table 3.2 provided data which could
be fitted to equation 3.2. The vtriation of ultimate residual mass
attainable (M*) and rate of mass removal (K,) are consistent with results

piesented graphically in Section 3.1. The M* values indicate small par-
ticles are more difficult to rmanoe than large particles, concrete sur-
faces have lower residual mass than asphalt for the same test condition,
and higher initial mass levels require more effort to achieve the same
residual -ass level. The Ko values show faster removal rate for con-
crete surfaces ard lower mass levels. No clear cut trend of removal
rates with respect to particle size "as indicated.

3.6 ac4PABISOIu OF MOTORIZzED STREET FUsuiN AND
MOTORXZED STREET SWEEPING

Figure 3.22 compares the relative performance of street flushing
with street sweeping methods. Test results were taken for like condi-
tions of mass loading, particle size and surface type. Each curve was
plotted according to its respective cleaning equation.

From the distinct separatLon between the curves, it appears that
flushing is the superior method. However, comparing these two perform-
ances 4n this manner assumes both methods carry out their respective
cleaning task to a similar state ,f completeness. This occurs only in
one particular situation, the reclaiming of open roadways where flushing
does not create a disposal problem.

It is more likely that sweepers and flushers will be operating on
streets bordered by curbs or on extensive areas such as parking, lots and
industrial aprons. Under these conditions flushers usually cannot do a
complete job of reclamation. As the wor]. progresses tne flusher will
eventually reach the point where it can no longer push aside the mass
build-up of fallout material. A secondary method is then required to
get rid of this accumulation of spoil.
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TABLE 3.2

Fit of Equation 3.2 to Test Data

Test Conditions Equation 3.2 Parameters
Test No. Initial Mass - 3 Ko M*

M( 0 210/ f)t2 I/3 (&/ft 2 )
(g/ftequip miD

C-20-W 21.5 4.25 0.051
A-20-W 19.5 3.214 0.019
C-20-x 20-7 4.31 0.083
A-20-X 21.8 3.29 0.073
C-100-x 107.4 3.34 o.o76
C-20-Y 21.0 4.85 0.218
A-20-Y 22.1 2.56 0.328
C-100-Y 102.2 2.79 0.353
A-100-Y 101.9 3.34 0.507
A-20-Z 18.4 2.91 0.356
C-100-z 102.5 14.52 i.074
C-20-Z 18.6 3.81 0.259
A-100-A 103.5 3.45 0.192

Notes:
Test Code is: surface type n-manal initial mass

particle size

A = Aspbalt X = 177-350P
C = Concrete Y = 88-177"
W = 350-700P z = 44-88P

Equation 3.2: M = M* + (Mol-M*) e"3KE1I/3
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Fig. 3.22 Comparison, of Cleaning Performances of Motorized Street

Sweeping and Motorized Street Flushing.
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For this more general situation, a ecrvnyrison of the above curves

is misleading, since the flusher curve does not take into account the

additional effort required to complete the reclamation of a given area.

Thus, comparisons of these or similar plIr: of method perfozrmnce curves

must not be made without consideration of the inherent differences

between methods.
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cHAPw• 4

CONCWUSIONS MID RECMHENMATIONS

4.1i CNCWSIONS

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

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

Under the test conditions used, mass level bad the greatest influ-
ence on flushing effectiveness. Particle size lad the next greatest
effect and surface type lad the least effect. Some variations in uni-
formity of distribution were noted on the concrete surface when form
lines accumulated the material. Under comparable test conditions, high
initial mass levels were harder to remove then low initial mass levels,
small particles were barder to remove than large particles, and rough
asphalt surfaces retained a greater residual mass than smooth concrete
surfaces.

Motorized flushing is an effective decontamination procedure for
recovery of extensive areas if the following problems are recognized and
overcome: (a) a possible shortage of water; (b) an insufficient number
of flushers; (c) the accumulation of flushed material due to high initial
mass level and/or the accelerated build-up of flushed material in an
extensive area having a low initial mass level; and (d) the safe kandling
and ultimate disposal of the flushed material.

The consumption rates attained in the present evaluation tests are
ideal from the standpoint of water ecosma in that only consumption on
the test area was measured. Higher consumption rates under less care-
fully planned and executed procedures could easily increase the rate by
a factor of two or three, making the procedure impractical if the iater
supply were marginal.
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It is readily aplarent that careful planning is required for each
flusher situation to insure an integrated recovery system of optimum
performance. The complexity of handling and disposing of the flushed
material varies from an ideal situation where a single pass is sufficient
to the complex case where multiple lasses are required. In the simpler
cases, as on a narrow paved road with ditches an each side, a single
pass cleans the surface and disposes of the contamiant into the ditch
where its effects are sartiallly shielded out. Wide city streets dinn
multiple pass flushing cycles to overcome mass build-up and to move the
accumulated material from along cuibs and gutters to collection points.

4.2 RECO MNDATIONS

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

E'urther work should be done to determine whether a combination method
(such as sweeping followed by flushing) might show soe merit. Additi-
onal procedural variations of street flushing to suit various area con-
figurations should be investigated. Since the present test did not
verify the cleaning equation satisfactorily and the current data is not
sufficient to establish new equations, further investigations should be
made to verify previous eqiattons, or new equations should be developed.
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APFMI' A

PEWL4ARI TESTS

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

One series of tests was run to determine the upper limit of initial
mass level thit could be removed by the flusher. Table A.1 shows results
for six tests which indicate that the limiting mass level for the test
conditions uied is somewhere between 456 and 612 g/ft 2 . Test #14 at
the 612 gift initial mass level presents a serious buildup and drop-
out of the flushed material. Build-np and drop-out of flushed material
occurs when the mass loading and distance flushed is such that the
accumulated material can no longer be moved by the force of water.
The actual build-up of material begins when flushing begins. As the
flushing progresses the mass build-up of material eventually exceeds
the ability of the water jet to transport it any further. At this
point, drop out occurs and, the material is redeposited on the surface.

The increasing efficiency of removal (grams/gal) with a maximum at
the 4th pass is explained by the materials not being completely wetted
as the water or jet passed over. The speed, mass level, and water flow
rate were such that the fallout siaflant formed wet balls that rolled
across the dry sand below. The moat efficient flushing was achieved
at lower mass loadings because the fallout simulant was thoroughly
wetted before the main impact of the nozzle jet.
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TABLE A. 1

Effect af Initial M~ass loevel on Flushing Efficiency

Test: i15 #19 j16 i17 #52 #14

Initial I-ass: 199 193 308 312 456 612

Pass Grams nealaved/gal imter

1 2503 3106 326o 2972 924o 88&
2 2018 1-222 3361 3755 834
3 1374
4 1877
5 785
6 319

Test #52 was used to measure the loss of material with distance
flushed. Except tar a small residual mass, the 450 c/ft 2 cass loading
was ecompletely cleaned with one ptass of the flusher. The amount of
material coll~ected and weighed from areas beyond the 10-foot-loug test
area gave some indication of the ability of the flusher to transport
material beyond the immediate contaminated ares. For the single pass
aver the area the amount removed as a function of distance my be ex-
pressed in terms of the percent drop out beyond a given distance as
follows:

Dista-nce Flushed Drop-out
(ft) M%

5 7.2
10 28.4
15 51.6

25 78.0
30 86.7
Beyond 95.4

Due to the limite~d accuracy of -4c~ghing the drop-out to obtain! a
material balance, 4.6 % could not be accounted for. These results L.'ndi-
cate an operational problem associated with, flushing fallout, since
additonal 'work may be required to dispose of the flushed mraterial.
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APPENDIX B

PHYSICAL AND rADIOLOGICAL PROPERTIES OF FAILCUT SIMUIANT

Four batches of fallou±t setulant were used in the flusher evalua-
tion studies. Each batch was analyzed to determine its physical and
rsdiological properties. The results of these measurements are presented
in Tables B.I through B.4.

The simulants' nominal particle size ranges were determined as
detscribed in Section 2.5. A slight increase in particle size was
observed after the sodium silica÷te sealant was added to physically fix
the radionuclide to the sand; however these small increases in the par-
ticle size range did not affect the test conditions appreciably. The
specific activity (Vc/g) of each radioactive-tagged batch's sieve frac-
ttons was measured in the 4x ionization clamber (Fig. 2.8) to determine
the uniformity of tagging.

The intent of the radionuclide-tagging process in the production of
fallout simulant was to obtain a constant specific nctivity (1ac/g) for
all particles in a nominal particle size range. If ideal togging is
achieved, a direct relationship between radiation intensity and re-sidual
mass is obtained even after a decontamination method has been applied.

The theging process used consists of spraying a solution of radio-
active LalK0 onto the surface of the bulk carrier material. If uniform
coverage is achieved the amount (in pc) of radioactivity on a particle
will be proportional to the surface area. The radioactivity can be re-
lated to volume or mass (for uniform material density) for spherical
particles of diameter d as folJcows:

Activity S- K' d26 K (l/d) (B..)

where K is a proportionality constant between specific activity (pc/g)
and the reciprocal of the particle diameter (1/d), If this idealtied
relationship prevailed in practice, a plot of specific activity vs. the
reciprocal of particle diameter would be a straight line of slope K.
However, the above idealized activity-iass proportionality to particle
diameter is altered in the actual tagging process because particles are
non-spherical or agglomerated.

56



ThBIE B. 1

Physical and Radiological Properties of Fallout Situlant
Batch No. 1 Having a Nominal Particle Size Range 350 P

to 700 9

Sieve Size Weight Analsia (0 Radioactivity
U.S. Mesh Microns Raw Tagged Analysis

Material Material (M)

25 701 0.3 0.3 0.2
30 589 1.3 0.9 0.7
35 495 14.2 L2.4 10.9
40 417 33.6 30.2 27.7
45 350 48.1 51.4 52.4
50 295 2.1 3.1 4.9
Pan -295 o.4 1.7 3.2

Totals 100.00 100.00 100.00

Date Batch Mixed 8/28/61

Specific Activity (pc/g)
at Mixing Time 14.4
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TABLE B,2

Physical and Radiological Properties of Fallout Simuuant
Batch No. 2 Having a Nominal Particle Size Range 177 9

to 350 1

Sieve Size Weight Analysis (•) Radioactivity
U.S. Mesh Microns Raw Tagged Analysis

Material Material (%)

40 417 o.4 0.6 o.4
45 350 1.5 2.6 1.3
50 295 8.1 9.3 5.3
60 246 22.7 25.7 16.4
80 177 41.9 45.1 40.3
100 149 17.8 12.0 22.8
Pan -149 7.6 4.7 13.5

Totals 100.00 .00.00 100.00

Date Batch Mixed 9/6/61

Specific Activity (pc/g)
at Mixing Time 6.9
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TABLU B.3

Physical and Radiological Properties of Fallout

Simulant Batch No. 3 Having a Nominal Particle
Size Range 88 ý, to 177 u

Sieve Size Weight Analysis (h) Radioactivity
U.S. Mesh Microns Raw Tagged Analysis

Material Material (%)

70 208 0.9 0.8 0.9
80 177 1.3 1-3 1.8

100 ih9 io.6 28.6 25.7
120 124 25.6 25.8 21.1
170 88 52.8 [o.7 42.2
200 74 7.9 2.6 7.3
Pan -74 0.9 0.2 1.0

Totals 100.00 100.00 100.00

Date Batch Mixed 9/27/61

Specific Activity (pc/g) 9.7
at Mixing Time
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Physical and ladiological Properties of ftf2out Sis2.at
Batch No. I liring a Nmaixil Particle Size RaWe 4 p'

to 88P

Sieae size e.t 4BhIiMsJKEI icBtivitY
U.S. M•e microns EM AaM ,, Is

Mkterial• Material (%.

150 3& 2.6 7.6 10,2
n1o 88 I.o 1547 16.2
2a0 71  31.2 29.3 25.6
2m 62 28.2 25.71.

270n 8.7
325 9.9 113
pan -1 3.5 3.0 4.1

Totalls0.00 M00.00 100,00

hte Batch Mixed 1016161

Specific Activity (po/g)
at MiXIng TIMe2.7
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In Fig. 3.1 relative specific activity (% activity/% mass) for the
sieve fractions of each batch bas been plotted against (1/d), the latter
being determined from the sieve fraction aid size given in microns. The
straightness of the lines formed by segments connecting the data points
of each batch indicates how well Eq. B.1 applies, and provides a com-
parison of the various batches.
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APPENDL C

CORREC¶TW RAW TEST DAM

Table C.1 shows corrected counts/minute for each monitoring station
for all tests where radiation measurements were taken. The concrete
test surface coordinate stations were B 4-BU and C4-CII inclusive;
asphalt test surface stations were E5-.E12 and F5-FI2 inclusive as desig-
nated on Fig. 2.10. Two one-minute counts were averaged, and corrected
for instrument response and decay. Tests with the same zero time (same
simulant batch) may be compared directly, while tests from different
batches must be corrected for different specific activities given in
Tables B.l through B.4.

Conversion of radiation meesurements to mass was achieved as
follows:

(a) Counts at 16 stations were averaged to determine one count for
entire test surface for typical initial, 1st pass and 2nd pass counts.

(b) esidal (/ft2 .Cinitial g/ft 2 ) (residual count)
= initial count

The nozzle pressures used in the tables of Appendix 0 are as
follows:

Pass Nozzle (psi) Nozzle (psi) Nozzle (psi)
Left Front Right Front Right Rear

!st 40 40 0
2nd 35 35 6D
3rd 0 35 60

63



gOBBIrED Ra". DATA F25 anniftrflti

DOATt SpaL-

LMLamh.&s orPI Q1 E

alapa Z ~ ar 2219. A35a1

aoaCS If Lp' O ND 03744+ aW&J34& zzlfli4- etiflO7 NO

147 : /o774 I5W4e,7

If* AZj NV 4* /6 i3f" 737 Nob
A A" A

CyGLAD N43
. 4_______7_______vm____

fl~g A-Zn- W ~ F4~I TX &IEA4a
Q~~5- Wi -4tu0 No bz2

A _T A A"&Am A1rt A

473fiA 479~ (4E 53

£-yL 7*61 t241 to

A AA A A A _A

7a



COMM UMn RAW flaA N,1&At £A8Y=m1A0E&MJMa.

E&MiiA~AL& ilL ±Zr'fl~k4')
IuaOSgg frJu klu'itkl

1EV/El NDA £691 679f 304 39f I07Y"
a A4 4 ~ A Ap

a %d*'47 tZr I/CL7 41%

A A A A

jyjASIL-IM 21 Au.i (A,.

32729;jg 344**itj ZP4 0i..~ 41.14j 36940!iSM 359f9f

q';37f 21cc. 4IZW # 4t,/ 7 Sio 4F sf3f 41
AIA A A A~ A.A

A#4? A g7& ovSitza 9~

fliL33Z~. 2~~ i
A1044s 149 7/ZA

I //l?,3 34 5Cc 2 E*~65



oarILR RO ooni LLtJ±

PARTI-CLE SIZE iLLZL•±)-1

ZtRfl -iTk& ?.lO ABM.h A tADt3I

12i' o 1t 4272-7 -4 /yo/ /373f/ NO4c

141ft 16cT1 - 7 e fý f

2P74 8f4+~ 114 qZlq N

IA AA

6(. IV IDýe SO AfI ~3~ .yg 1tr N 0A

[4A- 2o' -~, Y.( ME"4 2O2yr- ARAIR

J2Th11 L k ASPa-A t- - A A M Ch k IV

IIUIIALMAU2I eq., (/r~ 3)8U &

hffiVIa /49/CS 14117? jie? 72 642. /7(-99r 4,1717 /9/194

'a 4 LI
C-7 4f0 72- 41734.6 1499 &4o 133 /V' et/

A47? A .- A -4 A¶

A A A a L c A & a A

A*4.& -3464 24-21 44 4 51ý7 et3Q *21 6Wq -q1 I
-A 4kA A A A

66



CCnRjEcrEV RAW Lft'ppJ-pg.. aaoroniltD VS-&uoH'4'

eABTICLS5 StIffAAVS

ZeRo rime JoJ0-l z.1-ZOp.Al4 AJSLCCFh4

26cr6 6&2,2 NO I1Wtr#fc /b1O>vkVWiI7,176 /&/4 1/o

6 --- -- - 4 1 -

C YC LE N6. (C/,t,)
Ilt ' ~ M a~ EO /f ZatoE0

StocL AS A l

173 Sof 174, 1 ,50V L

ND/~3 ~ n PZ2,4 go( 11Y -174-

,E2ArF-6 CA
111f A LMMI3 lir 32 (9Rwif IZ !!Ff&d

xZaas.J ILi /0p)Or )tý AEARAIZU/3i J~C Lt,0.

1/4 1(Zi 100 10.5 124., 14 ,'t.

?riao 297ý fl l/c •4Z'O 440-7

L2 211- 2 14-- or 7 3IF 7 447/ 2170

A -A - a A
73/41 &V-93"~ Z&6 724/ 3V 25-/41 3 z 7

66



-Comwclpt flas A FOR amnubfjgt4N

1la uflaiffizaL All)

01rILA4 a/ i ' A

t(AIDZ '474 /0 79 /049 741 /OIt c,3 3 f /4

7g o jggt4 a 1472 27

0 3' w V 0 1* z2w 40b" 140EA a z A A A A

SUI~f ATAPE A5EMAJr _

iAn.- A saan.nmAlua.

IMIAL nnREniil- W( n'-' /
i /ao4~ /tf 'n"9"7*7 1:32440* IIZ4,O /310 7 f''

411 374flr 4cq'447  54; -q394V /744.

A63 37 027 7z' /3t 43-97 C,
HA At Az A A I

a2 &go a a ! A 3z

430 -13 £&7 377 3Z30J

68



irAaJLp r
CQRIIt rp RL AfLPQ4 £.C"ovonl tLUaIN

DASr.IE - 9/n-il/hi _aa____

PAftnCLI SIZEL LztfllfaLi,)

Anaar-a.LAEA.DILala CcAtj
1q04973-EADK~ dq& // Nb Z/;13EQ,gvc 66g3fltw o2lgs4

No i49t3- I / fg

4L- . ~~~~ZUI~..
C IC Lr a2'MIk4("1M

.mn~ JL 41 1 6 ,j

a ap 44ai ao'1a7Ze+ NL LaJU ~ sZ Lt~tL.

496l &37V S99 2fW 7 T 4j~z 2ICýz4oC ZEZIf Z?& O

LEL.r /2i4t, ,79 /664& 1"1sr] hi;* §:

444I rrlc* 7/c 1"9 6V

AA A A aIA 4-J

69



N AO kT-V4 ltJi4.z L 4g M71 w

9- f? Na 7 dao9'ls £U r&BS06+ PsIf

L_ a A 6

6077 .~ 0490 4-79/6 j -

/169Z7 ~ 12Mne (by)"

xsrgfApl~ 1a1L/ZtwanIh1ny~
ZLOJMAT-110-9- B&ih l4/~f

99//5 i jAmo22/iv i i/4&Z o9 3ol,? iotqt*W ON-177Z-4

% & A A
109i0 r /0,7599 Yon4t4I/c&4z; q7leZft 94ý74J2J-
S_ I. ffi - L, LtWZ

793- Vl 5Z 934 1i37Z 14-;-4r 1/7Z'4
& A a 64 A

A72 40 Aoo 4A44
CYCLS$Oq Ciit *6 9Z&4 h i777i 'y'vtT vm V4ý 9 70 A

LA?9 4j JA L



CYCLEE N*.

&C0r16t NOjp6p60pA -&io (.114prpizELD 4LU*HI

LNTA.RAINE.IAl MA$n 6 -T.-T 2r -~ ,u

ITAL kjArM j A AA A A j
1b4 7 Z/05Z 4 aIzi W2~ /S_,z2,62 1/5p 10 64 3 I6W Zl 1151~ ,I/ 1471 { ND/677

A A 4 A&.~WA A
C YclE- NO.___

&,,Ogl?_- TTp~? ]4 6 r94Z 1 *

t p A1 A4g~ t A A A f
24/4444/o D ~ I3~7l4 f4A_4,/9 N

71 Ar A

CyLENO (~p~J-_ __ ________



COOnuRfin RAW DATA FOR MOnmatED r1,uAHINe

flAFAR 1aý6fl511

IW 19i 9FzzNdj7 4 v

Cyctml n4ov ___E _

NOg 3421 1675 1944 f 1 1 4 4'94; ] 24
a --- [- j -- 4_ 4g

Z44- 7o9 a
- L A

CYCLE N08,2 Y

A A I 4 4 4 4'

7t7



Ccý,RRnTcEo RAW DATA oga AdOTO~uZEAD rkYo$.LtM

DAME- -8U///

WMLMNA~S -PJ PATNiatLL2-

4 +(.Z.424 4 7A&ZO. qqI F 3 Sn

Alp ND 65#s42t fZi~

NO J0A7& A A AI

CYCLS NA*2(C/Vý)

LI As A a
3470 L77' r- I ?-344 I N

rET~in ZZ Ar LJ~1uat Ss'.1 flPi -A PUkALT-

IWITIALMASS frasi&Vf JWM&L&"
ZLBfo-EM 5/mc&71 tZoP0 -fjjf /395tr

I z~I4~a tas 2 3' 17 36bofj 641"; •4426 a/.

A A t2A! A IA I A

'Rol 3/ 9921 j.

A_ I 43

73



QP2RRSLTED R&w jPAT6 P~oP.LucmwiztDp FLUSHmI~gy

MrwDr N -Q ~ tw AUSEAWL-7YAL CagrsiXLT

spflxic (a flt L2,itAtVi

zzmflsi A-ztao 4lA -51Z&18 J314&I2.

3310147. ao noo 07NoZ

CVC-klN4I (CIAO)

A, Ali A ,41 -1f A A A

A Ar Aý A "

flggI -iX HOUd pE~fLpj.fTy^s ASPUALT-
DAZE- ~ dwhc

]±rrfIL JUeLPlTU r Six&l /77-35D (W
XL&LDTm& 71 aaLsal /395-- OC4~?

3" c,4 3413,9- 9cr2" 37039437+ 771l -374/e g 7S a7~ J75/1

4X,77 izi zIfl0l 34-4o /4ao 34- I14134 G11 -9iWi¶

I7ý 57 lsv5vz i4 74+ Z ~4 759'
z~?O AL 14294t, 4 6j "7'

/74-8 43r'v/ Z-34S a

lq Zo,2A, A4 130 zq4/ /470 0

74



APPEIXiE D

STE FLUSM SEECIFICAION

Truck: QKC Model (73
6-cylinder gasoline engine, 97 bp at 3450 FlM
6-10.OaX2O 12 ply tires - single at front; dual at rear
13,500 lb gross weight mut
28,500 lb gross vt v/2D00 gal water

tr" 2)00 gal capacity, oval cross.n:.- steel, electrical3y
welded, flat front head, in'.-A. ' braced v/beffle i -pltes

18 In. disamter mnhole v/gas'! t
overload indicator float
3 in. diameter overflow
2-1/2 diameter firehose filler v/coupling and swivel connection

Power PImP Unit: Mounted between taUk and truck cab, with engine choke,
ignition and starter switch in cab

Engine: Continental, 6 -cylinder, gasoline, water cooled 86 hp
at 3250 11W

Pump: Centrifugal, 500 GPM at 40 psi

Nozzles: Standard bronze 2-piece horizontaly split slot type 2-V2 in.
fiushing nozzles - swivel, adjustable and band locked in
position or angle of spray.

7he two at front used in tests - ome at left rear used for cleanup
of test area side spAsh boards.

Special water broom brass type scaled up t9 1-1/2 in. size from
1 in. firehose type developed by W. L. Oven of NIUL for
firebose decontesiration studies.

Valves: 2 in. size individually contruoled by lever - cable uyates
from cab for a•r operating combination.

Pi-----: 2-1/2 in. diameter mnifolded from pump outlet through walves
to nozzles.
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INITIAL DISTRINJTION

Copies

NAVY

2 Chief, Bureau of Ships (Code 21QL)
2 Chief; Bureau or Ships (Codes 320-361 A)
I Chief, Bureau of Naval Weapons (Code EaU-5)
1 Chli f of Naval Operations (Op-O7TIO)
I Chief, Bureau of Yards cre bcks
1 '÷L Cini.d -awemns Suppot-L Agency (Code 22)
1 Coordinator. Mar.lr Corps Landing Force Dwelovment Activities
1 CO-nir., Naval Civil Engineering Laboratory
I OiC, Naval School Civil Engineer Corps Officers

ARMY

1 CG, Combat Develonts Command, Fort Belvoir
1 Army Nuclear Defense Laboratory (J.sacaney)
3 Army Library, ijvil Defense Unit
1 Assistant Secretary of the Axw (Research and Development)
2 Ar'W Logistics Management Center
60 Office of Civil Defense (Ass't Dir. for Research)

AIR FORCE

1 Air Force Office of Civil Engineering (Bohannon)

OTIUM DOD ACTIVITIKS

1 Commander, Ft/DAMA, Albuquerque
1 Office of Emergency Plannin (Coker)
I Dir., Advanced Research Projects Agency
20 Defense Documentation Center

AEC ACTIVINS AND OrNS

1 Advance Research Inc. (Fernald)
I American Institute for Research
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1 Civil Defense Training Program (McConnell)
1 Engineering Science Incorporated (Ludwig)
1 Hanford Laboratories (Busted)

I Hudson Institute (Kahn)

1 IlT Research Foundation (Sevin)

1 Isotopes Incorporated (Kulp)
1 PARM Project
2 Research Triangle Institute (Parson, Ryan)
1 Robt. A. Taft Sanitary Engineering Center (Dir.)
2 Stanford Research Institute (Miller, Lee)
1 Technical Operations Incorporated (Clarke)

1 United Research Services (Kaplan)
I U.S. Department of Agriculture
1 U.S. Department of Comserce, Water and Sewage

1 U.S. Public Health Service (Terrell)

3 U.S. Public Health Service, Washington

1 Wheeler and Cenarano (M. csarano)
15 Technical Information Division, Oak Ridge

USUAL

35 Technical Informmtion Division

DIE=RZHYTIC DATE: 16 February 1965
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