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ABSTRACT

Fallout simulant particles ranging in size from 44 to 88, 88 to 177
and 590 to 1190 p were deposited at a rate of approximately 2 grams/
min/ft 2 for a period of 30 min on selected typim1 roof sections 48 ft
long by 8 ft wide, to determine the effect of water flow rate, slope,
and surface type on washdown effectiveness. A residual mass of less
than 10 % of the 590 to 1190 p particles was obtained on aluminum
shingles, composition shingles, roll roofing, corrugated metal and
fiberglass epoxy laminated roof with a maximum of 3.5 gallons of water
per minute per foot of roof width (gpm/ft) at a slope of 1:8 or greater.
Thirty-five to forty-five percent of the 88 to 177 p particles was re-
tained on the corrugated metal at this same slope with R water flow of
3.5 gpm/ft of width. A residual of 5 5 or less was obtained on roll
roofing at a slope of 1:8 or greater with a water flow of 3.5 gpm/ft of
width with both the 88 to 177 and the 590 to 1190 1 particles. With
the same two particle sizes, a residual of 5 % or less was obtained on
a fiberglass epoxy laminated roof with a maximum water flow of 1.0
gpm/ft of width at a slope of 1:12 or greater.
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PREFACE

{Extensive laooratory studies have been carried out to develop
design criteria for roof washdown systems. Following studies of the

basic mechanism of transporting particles in small-scale experiments,
full-size roof planes were constructed. Typical roofing surfaces were
installed on these planes to study vashdown effectiveness in removing
a wide range of fallout particle sizes.

Removal studies on particles ranging in size from 177 to 590 g were
reported previously in Reference .1. Removal effectiveness on 44 to 177
and 590 to 1190 p diameter particles is discussed in this report.

A complete roof washdown design, based on the design criteria
described here and in previous reports, will be developed and presented
with cost estimates in a forth-ominZ report.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Fall-scale roof washdonm studies were initiated at Camp Parks,
Pleasanton, Calif., to provide design data for an operational washdown
system. Pase I of these studies, Fallout Removal Studies on Typical

SRoofing Surfaces for the 177 to 350 V and 350 to 590 g particle size
range, was reported in Reference 1. This present report, Phase II,
gives the results of comparable tests on the 88 to 177 g and 590 to
3.190 g particle size ranges and a limited number of tests on the 44 to
88 p size particles.

1.2 OBJECTIVE

"To obtain the data required to develop engineering and performance
specifications for complete operational roof washdown systems for exist-

"ing and new construction.

The specific objective of the studies covered by this report is to
determine washdown effectiveness in removing fallout particles of speci-
fic size ranges from typical roofing surfaces at various slopes and
-,cater flow rates.

1.3 APPROACH

The washdown effectiveness in removing simulated fallout particles
from typical roofing surfaces was studied under various ccnditions to
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determine the optimum water flow rate and surface slope. Non-radioactive
silica particles were used and the removal effectiveness was determined
by gravimetric analytical methods. The test parameters included:

1. Test Surfaces: Aluminum shingles, composition shingles, fiber-
glass epoxy laminate, roll roofing, and corrugated metal roofing.

2. Water Flow rates :* Maximum, 7 gpm/ft of width; minimum, 0.5
gpm/ft of width.

3. Surface Slopes: 1:24 (1 ft vertical to 24 ft horizontal);
1:12; 1:8; 1:6; and 1:4.

4. Fallout simulant particle sizes. To simplify these series of
studies, the following five particle size ranges were selected.

Size Diameter Mess Median U.S. Bu. of
1 Diameter** Stds. Sieve

P No.

A 44 to 88 63 325 to 170
B 88 to 177 112 170 to 80
C 177 to 350 262 8o to 45
D 350 to 590 450 45 to 30
E 590 to 1190 910 30 to 16

Studies on sizes C and D were reported in Phase I report (Ref. 1) and
tests using sizes A, B and E are presented in this report. Sieve
analyses of the five sizes studied are given in Appendix A.

5. The simulant particles were deposited at a rate of approximately
2 grams/mmn/ft 2.

SAll water flow rates in this report are given in gallons per minute
per foot of roof width and will be abbreviated as =p/ft.

**These were obtained from a plot of Sieve Analyses (Appendix A).
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CHAPTER 2

TEST EQUIPMENT AND SURFACES

A brief description of the test equipment and surfaces is given in
this section. For a more detailed description, see References 1 and 2. 4

At the completion of Phase I of these studies (Ref. 1), the alumi-
num shingles and composition shingles had become badly dented and worn
and were replaced with new shingles which were obtained from the same
source as the original materials. In order to differentiate between
the original and replacement surfaces, the surfaces used during Phase I
are called Installation I and the replacement surfaces used during Phase
II are called Installation II. A series of runs with the same test con-
ditions using particle sizes C and E simulant was made on both installa-
tions for comparison of the percent residual remaining on the two sur-
faces. Any differences in results would then be due to slight variations
in the surfaces of the roofing materials and the installation.

2.1 TEST PLANE

The test surfaces were supported by rigid frames and were mounted
on two tilt planes, each 24 ft wide by 48 ft long. The planes could be
individually adjusted to any slope from 0 to 1:4 (Fig. 1) by a hydraulic
system. Each plane was divided into three sections, to give a total of
six testing areas each 8 ft wide by 48 ft long, with a different roofing
surface on each of 5 sections. The sixth section was not used in Phase
II studies.

The five surfaces studied in Phase II were:

1. Aluminum shingles* - commercial interlocking roofing.

a. Installation I - Original surface used in Phase I studies -

comparison tests made with Installation I1.

*M•fg. by Aluminum Lock Shingle Co., Oakland, Calif.
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b. Installation II - New surface installed for Phase II test.

2. Composition shingles - comnercial roofing shingles. Instal-
lation I was replaced with installation II at the same time as the
aluminum shingles test surface.

3. Fiberglass epoxy laminate - One sheet of fiberglass bonded to
a plywood base with an epoxy laminating resin, covered with a brush
coat of the laminating resin after the first coat bad cured.*

4. Roll roofing - 90 lb mineral paper applied on a mop-tarred
plywood base.

5. Corrugated galvanized steel - 2-1/2-in. corrugations with 1/2
in. trough depth.

2.2 TEE WATER SYSTEK

A recirculating water system was used for these tests. This
system consisted of a settling and filtration tank and piping for
returning the water to the test surfaces (Reference 1). The vashdovn
water was pumped from the tanks to pipe headers located across the 8-ft
width at the top of each test surface. Flooding type nozzles* were
used in the headers to create a continuous film of water on the surfaces.

2.3 FALLOUT DISPMSM

The fallout dispersal system consisted of 18 individual dispersers
mounted over each of the two tilt planes at a height of apprcximately
24 ft above the test surfaces. During opelation a continuously
metered amount of the particles was fed to the individual nozzlns,
where an air stream picked them up and blasted them against a deflector
plate (Reference 2).

However, when the air pressure to the individual nozzles was held
constant, the distribution patterns on the test surfaces varied when

* Construction details are given in Ref. 1.
*I"" series nosales, rwanufactured tV SpMtig Bwstemso Inc.

| | | | |
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the different size particles were dispersed. Accordingly, the following
air pressures to the nozzles were experimentallv determined as being
required to give approximately equivalent distribution patterns for each
of the particle sizes.

Size A - 30 psi
B - 20 psi
C - 15 psi
D - 15 psi
E - 10 psi

The lower air pressure gave uniform coverage of the test surfaces
with the larger particle sizes (C, D, and E) when 18 in. wide Laffles
were mounted at about 600 angles to the horizontal on all four sides of
the 4 ft by 4 ft plywood backing panels of each disperser (FIo. 2). The
higher air pressure was required on the small size larticles (A md B)
to give wider distribution and prevent high concentrations directly uuder
the individual dispersers. To prevent excessive dispersion of the fine
particles beyond the test surfaces at the higher air pressures, curtains
were hung on the outside edge of the individual dispersers that were
above the outer edges of the tilt planes. PoJyettVlene curtains 4 ft
wide by 10 ft long (Fig. 3) on each of these dispersers proved to be the
most satisfactory of the wide variety of sizes and methods of attachment
that were tested.
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CHAPTER 3

In all the vasbdown effectiveness studies, a fallout dispersal
period of 30 Din at a fallout rate of approximate3y 2 grams/min/ft 2 was
used. This rate and the total amount deposited vere used because they
represent an extreme case Vhich greatly exceeds the naxizum that mould
be expected from a land surface nuclear detonation. The fallout dis-
persal vas started after the wasbdown mater was turned on, and the test
surfaces vere completely vetted. The vashdovn mater flowed during the
30 ain dispersal period and for an additional 30 imn after the cessation
of fallout. The particles removed from each test surface during this
1-br period vere collected in a 325-mesah sieve (fef. 1). After the vash-
down period the sieves vere replaced vith clean ones, and the residual
fallout siiwlant on the surfaces was removed br careful flushing vith a
garden hose.

The dry •tight of the simulant fallout particles collected in the
sieves vas obtained by multiplication of the net vet veight of the par-
ticles by a ratio that vas constant for each particle size. This net
wet veigbt wae obtainad prior to the studies by submerging the sieves
and contents In vater, allowing them to drain for exactly 30 minutes,
and then veighing them and subtracting the veight of the sieves. The
ratio of the net vet veight to the dry weight of the particles vas
determined in calibration runs to be 1.25 for the 590 to 1393 pi particles
(Size 3), and 1.27 for both the 88 to 177 p& particles (Size B) and the
4 to88 p particles (Sise A).

6



RESULTS AND DISCUSSION

.1 R34OVAL OF SI23 B AND E FALLOMUT EMMICL

The vashdown effectiveness results for five surfaces at the various
slopes with different water flow rates are plotted as percent residual
vs water flow rate, and are shown in Figs. 4 through 8 for Size E par-
tidles (590 to 1190 P), and Figs. 9 through 13 for Size B particles
(88 to 177 P). The tabulated results are given in Appendix B.

Corrugated galvanized steel showed the highest percentage of resi-
dual mass remaining of the 5 surfaces tested. A flow of at least
3 gun/ft of width Vas required on hi surface., at a 1:8 slope, to re-
duce the residual mass of Bise lparticles to less than 105. At slopes
of 1:6 and 1:& however, a flow rate of 1.5 gm/ft of width was suffici.
ent to reduce the rosidual to less than 10 %. With 8ise B particles on
the corrupted, the residual nos vas appaciitely 25 to 30 % of the
total deposit with a flow of 7 ga/ft of width at aU three slopes
studied. The high residual with the fine particles Is due to the fall-
out s, o-•oG to the crest of the corruptions, whereas the larger par-
ticles roll off. It should also be noted for this surface that the
effect of slop3 on residual Is very sml. In other words, Increasing
the slope from 1:8 to l:4 isa little effect an the removal effectiveness.

A flow rate of aproxinte3y 2 gym/ft a width Is sufficient to
give 10 $ or less residual on all the other .surces except the aluminum
shingle surftaee at a 1:8 or h slope. nhe aluminum shingles at a
slope of 1:8 required a flow of 3.5 m/ft of width to reduce the Size I
particle residual to 10 5, while the sam flow at the same slope removed
only 70 % of the $ise 9 partieles., Tbe asabdown vas Ie effective on
the fiberglass epq surface tiam on any of the ot•e surfaces. A flow
rate of 2 VmPft, of width p vea 99• removal of tbe Si rtieles at
slopes of 1:6 or higher and 1 % removal of the Size 2 partieles at a
slope of 1:8 or highar.

7



I&.2 IMAL OF SIU A F AIL=1 RAIC'IS

M imaited niber of tests conducted using Size A particles (41-
88 p) a given In hable 1. T flow rates in Table 1 vere selected as
suff1icent to give less tban 10 % residual.

No definite c•nlusions vere drown from the test data for Size A
vpmticles beecame too few tests ye run. Generl.3y, hoever, the

•TUU 1

Vsmbdonm ae4ovl Efficiency vith Size A Particles (44 to 88 p) Mass
Nadian Diameter - 62 p

Residual Pate lhsid-1l Fate Residual Rate
a• ,,/ft*t M• gm/ft* M• gm=•ft*

Abzlum 4.21 3.0 10.5 5.3 - -

U)

Comositi 1 6o.3 3.0 9.1 5.0
(Znmst.l•tioa

Fibeawls 0o7 2.0 0.5 2.0 0.I 2,0

ImilatIe

RO1 awotl 4.0 3.0 8.2 3.0 15.6 5.5
2.0x•, . - .

stood

~V~ow inSMI U V2km pet A*.ut Pt Moot Vidth.

eWailtg c r e wC s1l M thai ton Sime 8 pa-

ticmlot £waIes cCemitiin



4.3 VARIATIONS IN ROOFI INSTALLATIONS

The comparison of two separate installations of aluminum shingles
and composition shingles are shown in Figs. 14 through 17 for Size C
and Size E particles. This is given to show how the washdown effective-
ness may vary between new and used (or well weathered) installations of
the same roofing surface. Composition shingles, Installation II, re-
tained a smaller percentage of both particle Sizes C and E than Instal-
lation I at all slopes (Figs. 14 and 15). Aluminum shingles, Instal-
lation II, however, gave a lower percentage residual at the 1:4 slope
only. At the 1:6 and 1:8 slope this trend showed a reversal in most
cases (Figs. 16 and 17). The variations in removal results are due to
slight variations in the surfaces of the roofing material and the
installation. The variations between the two surfaces serves to point
out the importance of using a sizable safety factor in designing an
operational vashdown system.

4.4 APpICATIo OF RiuIs

It is assumed by the authors that a 10 5 residual mass on the roof
(reduction factor (R.F.) of 10) is the maximum amount that ohould be
acceptable; that less than 5 % residual is desirable (R.F. of 20); and
that a 1 % or less residual (R.F. of 100) should be the design objective.

In order to determine the minimm water flow required to obtain
these percent residuals for the various test surfaces and slopes, data
taken from Figs. 4 through 17 was plotted in Figs. 18 through 22.
Figures 18-20 show the minimu= water flow required to obtain 10
residual of the fallout particles on the test surfaces with the particle
sizes tested at the slopes shown. Figures 21 through 23 show the mini-
mum water flow required for 5 5 residual was, aud Fig. 24 the minimum
water flow required to obtain 1 % residtal. Points on the gaphs are
shown where data was obtained. The absence of a point indicates that
the percent residual was higher than the specified amount for the test
conditions or that no test was made with that particular set of con-
ditions.

9



CAPTER 5

5.1 MOEU3I(•

A slope of at least 1:8 is required on almimn and ccmposition
shingles, and a water flow rate of at least 3.4 and 2.1 gym/ft of width,
respectivery, are required to reduce the Size E porticle residual to
less than 10 $. A flow rate of 5.8 and 5.0 ga/ft of width is required
on the alimu and composition shingles, respectively, to reduce the
particle Sse B residual to less than 10 %.

Ten percent residual can be accomplisbed on the roll rooting at a
slope as low as 1:12,9 with a flow of 3.1 ym/ft at width for the Size I
particles and 3.5 gpm/ft of width for the Size B particles.

On fiberglass-reinforced epooar roof required a flow rote of only
1.5 a/ft ot width to give 20 residual at slopes as low as 1:24 vith
both particle sizes.

Ohe Size 9 particles can be reduced to less than 10 % on oorruagted
metalVith & flov o 3•g /ft of vidth or less, at slOpes 1:8 or
bhlber. fe Size B particles, however, gave a residual or 5 at a
slope of 1:4 vith a flow of 7 ga/ft of width.

5o2 ENO I UMT 3Ia

it is Wed thet (1) studis be made of methods of app94ng
the madMown ater to the roof tbro•h the use of special nozzles and
placemt at asis, (2) a comparative cost stily be wide of the roof

as eoumrmmue v root sblelh3A req e to provide the same
damp ducti.n Iinthe interior of a build.ing

J1

• n 1 unu u I u u u 1 • l l l nue u



Fi.1 Test p2auae hais to a 1:4& slope
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Fig. 2 Individual Disperser Modified with Side Baffles
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Fig. 3 Fallout Dispersers with Pol.yethylene Deflector Curtains Mounted

Above a Test Plane
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Figs. 4-13 Wasbdown Effectiveness for Various Conditions
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Figs. 14-17 Washdown Effectiveness on New and Weathered Roofing Surfaces
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Figs. 18-24 Conditions for Achieving Various Percentages of Residual Was
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APPEPD A

SIME ANALYSI

Particle Si.z E Particle Size D
590-n19 p 350- 590 p

U. s. steve p % % U.S. Sieve I %
No. Cumia ative No. cuaiative

Wt. Vt.

16 1190 5.85 5.85 25 710 0.2 0.2
18 1000 15.98 21.83 30 590 1.1 1.3
20 890 41.28 63.11 35 500 13.8 15.1
25 710 18.43 81.54 140 420 39.4 514.5
30 590 6.6D 88.14 45 350 39.4 93.4
35 500 3.83 91.97 Pan 0 5.6 99.5
40 420 2.32 94.29
45 350 1.88 96.17 Mass Median Diameter 450

Pan 0 3.77 99.9

Naze Median Diameter 910 p

Particle Size C Particle Size B
177-350 v 88-177 p

U. S. Sieve % % U.S. Sieve 11 I%
No. Cumi3ative No. cuimaltive

Wt. Wt.

145 350 2.0 2.0 70 208 1.1 1.1
50 297 12.5 14.5 80 174 2.6 3.7
80 177 81.1 95.6 120 124 30.0 33.7

100 147 2.8 98.4 140 104 42.2 75.9
200 74 1.3 99.7 170 88 13.9 89.8
Pan 0 0.2 99.9 230 61 9.6 99.4

Pan 0 0.5 99.5
Mass Median Diameter 262 p

Mses Median Diameter 112

Particle Size A
44-88 p

U. S. Sieve % %
No. Cumulative

Vt

14o 104 0.1 0.1
170 88 4.2 4.3
200 74 6.6 10.9
230 61 50.8 61.7
270 53 10.1 71.8
325 44 21.3 93.1
Pan 0 7.0 100.0

Mas Median Diameter 63 is
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APPENDIX B

TAABhIATED DATA ON WASHDOWN EFFECTIVENESS FOR ROOFIIPG SURFACES
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TABLE B.1

Surface - Aluminum Shingle, Installation II
Particle Size - 88-177 p
Surface Dimension - 8 ft wide by 48 ft long
Fallout Deposition - 2 grams/min/sq ft for 30 min
Washdown Period - During fallout period plus 30 min after fallout period

Run No. Water Flow fallout Deposited Residual
gal/min/ft Total Grams Gm/mn/ft2 Grams Percent

Slope 1:8*

A-58 1.0 22,365 1.94 16,321 73.0
A-28 3.0 21,096 1.83 7,808 37.0
A-59 5.3 27,257 2.37 4,032 14.8
A-56 5.3 18, 358 1.59 1i,856 10.1
A-40 5.45 25,057 2 3,099 12.4

Ave. 1.98

Slope 1:6

A-43 1.0 20,507 1.78 12,629 61.6
A-42 3.0 25,895 2.25 2,556 9.9
A-41 5.5 20,417 1 , 130 5.5

Ave. 1.93

Smope 1:4

A-31 1.0 20,665 1.79 1,492 7.2
A-29 3.0 20,417 1.77 5& 2.8
A-30 5.3 21,005 1.8 405 1.9

Ave. 1.79

Wo runs made at slope of less than 1:8.
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TABLE B.2

Surface - Composition Shingle - Instal3ation II
Particle Size - 88-177 p
Surface Dimensions - 8 ft wide by 48 ft long
Fallout Deposition - 2 grams/min/sq ft for 30 min
Washdown Period - During fallout plus 30 min after fallout period

Run No. Water Flow Fallout Deposited Residual
gal/min/ft 2

Total Grams Gm/min/ft Grams Percent

Slope 1:8

A-58 1.0 23,836 2.07 8,262 34.7
A-28 1.0 23,628 2.05 7,556 32.0
A-27 3.0 20,074 1.74 2,712 13.5
A-56 5.0 19,377 1.68 l,947 10.0
A-59 5.0 24,387 2.12 2,407 9.9
A-40 5.0 25,779 2 2,327 9.0

Ave. 1.98

Slope 1:6

A-43 1.0 24,556 2.13 5,564 22.7
A-42 3.0 26,775 2.32 2,010 7.5
A-41 5.3 21,071 1.82 1,150 5.5

Ave. 2.09

Slope 1:4

A-29 1.0 24,485 2.12 3,252 13.3
A-30 3.0 21,388 1.85 1,286 6.0
A-31 4.9 20,776 1.80 1,127 5.4

Ave. 1.92

No runs mde with slope of less than 1:6
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TANL B.3

Surface - Fiberglass
Particle Size - 88-177 p
Surface Dimensions - 8 ft wide by 48 ft long
Fallout Deposition: 2 gams/min/sq ft for 30 min
Wasbdoin Period: During fallout and for 30 miin after fallout period

uhm No. Water Flow Fallout Deposited Residual
gal/mu/ft Total Grams Gm/mm/ft 2  Grams Percent

Slope 1:24

C-73 0.5 22,788 1.98 4,724 20.7
C-74 1.0 21,725 1.89 2,257 io.4
C-71 2.0 24,668 2.14 2,144 8.7
C-101 4.0 19,133 1.66 186 1.0

Ave. 1.92

Slope 1:12

C-78 0.5 28,9832 2.50 1,917 6.6
C-79 1.0 22,901 1.99 151 0.7
C-75 2.0 21,9o6 1.90 84 o.4
C-76 4.0 24,317 2.11 73 0.3

Ave. 2.13

Slope 1:8

c-46 0.5 24,674 2.14 249 1.0
c-" 1.0 23,044 2.00 113 0.5
c-55 1.0 21,460 1.86 68 0.3
C-57 1.0 18,381 1.6o 45 0.2
C-89 1.0 18,856 1.64 45 0.2
c-56 2.0 17,929 1.56 91 0.5
C-43 2.0 24,969 2.17 68 0.3
C-53 4.0 20,8914 1.81 91 o.4
C-84 4.0 22,008 1.91 73 0.3
C-47 4.o 28,409 2.47 45 0.2

Ave. 1.92

Slope 1:6

c-59 0.5 21,9091 1.83 265 1.3
C-58 2.0 20.,273 1.76 171 0.8
C-64 4.o 19,118 1.66 80 o.4

Continued Ave. 1.75
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TABLE B.3 (cont'd)

Run No. Water Flow Falout Deposited Residual
gal/min/ft T l Grm n/t2 Grams Percent

Slope 1:4

c-49 0.5 25,693 2.23 136 0.5
C-50 1.0 14,85o 1.29 45 0.3
C-51 2.0 20,056 1.74 90 0.4
c-81 2.0 19,303 1.68 84 o.4
c-82 2.0 18,635 1.62 61 0.3
c-61 4.0 18,971 1.63 46 0.2
C-52 4.0 19,446 1.69 46 0.2

Ave. 1.70
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M= B.4

Surface - Roll Roofing
Particle Size - 88-177 p
Surface Dimensions - 8 ft wide by 48 ft long
Fallout Deposition - 2 grams/;in/sq ft for 30 mrin
Washdown Period - During fallout plus 30 min after fallout period

Run No. Water Flow Fallout Deposited Residual
S•~allminlft Toa rm mmnf2aTotal Grams G/min/ft Grams Percent

Slope 1:24

C-101 1.0 23,193 2.01 12,191 52.6
C-71 2.0 25,344 2.20 12,441 49.1
C-74 4.0 21,996 1.91 5,265 23.9
C-72 5.5 28,473 2.47 4,342 15.2

Ave. 2.15

Slope 1:12

C-78 1.0 31,048 2.69 7,5o6 24.2
C-75 2.0 22,400 1.94 3,657 16.3
C-77 4.0 26,118 2.27 3,436 13.2
0-79 14.o 23,352 2.03 2,028 8.7
0-76 5.5 25,575 2.21 1,512 5.9

Ave. 2.23

Slope 1:8

C-89 1.0 20,712 1.80 3,599 17.3
C-44 1.0 26,553 2.30 4,165 15.7
C-55 1.0 24,539 2.13 3,690 15.0
0-57 1.0 22,491 1.95 3,363 15.0
0-56 2.0 21,822 1.89 2,535 11.6
c-45 2.0 31,329 2.72 2,467 7.9
C-53 4.o 24,788 2.15 838 3.4
c-46 5.5 28,567 2.48 611 2.1
0-90 5.5 20,713 1.80 385 1.9

Ave. 2.14
Continued
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TABLE B.4 (Cont'd)

Run No. Water Flow Fallout Deposited Residual
gal/min/ft Total Grams Gm/min/ft 2  Grams Percent

Slope 1:6

C-59 1.0 25,400 2.20 2,865 11.3
C-58 2.0 24,361 2.11 1,927 7.9
0-83 2.0 25,547 2.22 1,167 4.6
c-8o 4.0 21,840 1.90 425 1.9
C-60 5.5 23,399 2.03 286 1.2

Ave. 2.09

Slope 1:4

C-49 1.0 29,019 2.52 1,380 4.8
C-5o 2.0 17,384 1.51 452 2.6
c-81 4.o 2o,862 1.81 330 1.6
c-82 4.0 20,216 1.75 194 1.0
c-61 5.5 23,522 2.04 365 1.6
C-52 5.5 23,387 2.03 320 1.4

Ave. 1.94
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TABLE B.5

Surface - Corrugated Galvanized Steel
Particle Size - 88-177 V
Surface Dimensions - 8 ft wide by 48 ft lorg
Fallout Deposition - 2 grams/min/sq ft for 30 min
Washdown Period - During fallout plus 30 min after fallout period

Run No. Water Flow Fallout Deposited Residual
gal/min/ft Total Grams Gm/min/ft2 Grams Percent

Slope 1:8

C-57 1.0 20,653 1.79 12,775 61.9
C-55 1.0 22,215 1.93 13,590 61.2
c-89 1.0 17,997 1.56 10,300 57.2
C-56 2.0 20,110 1.75 11,123 55.3
C-54 2.0 25,113 2.18 13,681 54.5
C-53 2.0 22,633 1.96 11,258 49.7
C-90 3.0 17,521 1.52 8,127 46.4
C-47 3.4 28,614 2.48 12,292 43.0
c-84 5.0 21,415 1.86 8,557 40.0
c-48 7.0 21,391 1.86 6,496 30.0
c-45 7.0 27,866 2.42 6,995 25.1

Ave. 1.85

Slope 1:6

c-6o 1.0 20,856 1.81 12,096 58.0
C-80 1.4 21,215 1.84 11,092 52.3
c-:8 2.0 22,521 1.95 11,700 52.0
C-83 5.0 22,818 1.98 8,7 37.9
C-59 7.0 23,180 2.01 6,700 28.9

Ave. 1.92

Slope 1:4

C-52 0.8 21ý,69 1.88 10,715 49.5
c-81 1.4 19,q490 1.69 9,100 46.7
C-51 1.9 22,049 1.91 8,444 38.3
C-50 3.0 16,388 1.42 6,202 37.8
C-82 5.0 19,117 1.66 6,225 32.6
c-49 7.0 26,372 2.29 6,316 23.9

Ave. 1.81

No runs me with slope o& less thaM 1:S.
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TABLE B.6

Surface - Aluminum Shingle, Installation I
Particle size - 177-350 P
Surface Dimensions - 7.5 ft wide by 48 ft long
Fallout Deposition - 2 grams/min/sq ft for 30 min
Washdown Period - During fallout plus 30 min after fallout period

Run No. Water Flow Fallout Deposited Residual
gal/min/ft Total Grams gm/min/ft2 Grams Percent

The following results were extracted from Table B.2, Ref. 2.

Slope 1:8

119 1.95 26,243 2.43 1,989 7.6
117 3.0 27,616 2.56 1,262 4.6
116 4.0 24,265 2.25 838 3.5
ill 5.1 23,896 2.21 536 2.2

Ave. 2.38

Slope 1:6

231 1.0 21,953 2.03 2,022 9.2
128 2.0 22,455 2.08 1,o84 4.8
129 3.0 23,830 2.21 771 3.2
23* 5.0 22,433 2.08 369 i.6

Ave. 2.10

Slope 1:4

126 1.0 20•,075 1.86 1,195 6.o
125 2.0 22,757 2.11 637 2.8
124 3.0 17,619 1.63 425 2.4
123 4.o 21,104 1.95 358 1.7
121 5.5 22,388 2.07 391 1.7

Ave. 1.92
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TABIE B.7

Surface - Aluminum Shingles, Installation II
Particle size - 177-350
Surface Dimensions - 8 ft wide by 48 ft long
Fallout Deposition - 2 grams/min/sq ft for 30 min
Washdown Period - During fallout plus 30 min after fallout period

Run No. Water Flow Fallout Deposited Residual

gal/min/ft Total Grams gm/min/ft 2  Grams Percent

Slope 1:8

A-23 1.0 28,126 2.44 17,916 63.7
A-21-A 3.0 27,6&i 2.34 4,571 16.5
A-22 5.3 31,430 ?._7U1l,945 6.2

Ave. 2.50

Slope 1:6

A-24 1.0 17,794 1.55 7,002 39.4
A-25 5.3 23,101 2.01 500 2.2

Ave. 1.78

Slope 1:4

A-17 1.0 38,475 3.34 1,418 3.7
A-18 12.0 35,337 3.11 514 1.5
A-19 4.o 29,896 2.59 168 o.6
A-20 5.3 28,119 2.47 156 0.6

Ave. 2.88

No runs made with slope of less tiMn 1:5.
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TABLE B.8

Surface - Composition Shingle, Installation I
Particle Size - 177-350 4
Surface Dimensions - 8 ft wide by 48 ft long
Fallout Period - 2 grams/min/sq ft for 30 min
Washdown Period - During fallout plus 30 min after fallout period

Run No. Water Flow Fallout Deposited Residual
gal/min/ft Total Grams gm/min/ft2 Grams Percent

The following results were extracted from Table B.3, Ref. 1.

Slope 1:8

230 1.0 20,969 1.80 4,312 20.6
115 1.95 24,310 2.11 2,670 11.0
117 3.5 25,975 2.25 2,514 9.7
118 4.5 25,84o 2.24 2,4g9i 9.6

Ave. 2.10

Slope 1:6

128 1.0 20,266 1.76 2,927 14.4
232 2.0 20,a423 1.77 2,190 10.7
131 3.5 21,461 1.86 1,933 9.0
132 4.5 21,930 1.90 1,821 8.3

Ave. 1.82

Slope 1:4

125 1.0 21,025 1.82 2,726 13.0
234 2.0 22,980 1.99 2,033 8.8
122 3.5 22,523 1.95 1,553 6.9
121 4.5 2-1,763 189 1,553 7.1

Ave. 1.91
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TABLE B. 9

Surface - Composition Shingles, Installation II

Particle Size - 177-3>u 9

Surface Dimensions - 8 ft wide by 48 ft long
Fallout Deposition - 2 grams/min/sq ft for 30 min
Washdown Period - During fallout plus 30 min after fallout period

Slope 1:8

A-21-A 1.0 26,820 2.33 3,537 13.2
A-22 3.0 31,326 2.72 2,146 6.9
A-23 5.0 27,298 2.37 1,455 5.3

Ave. 2.47

Slope 1:6

A-25 1. 20,bt 1.81 2,307 11.1

A-24 5.3 17,814 L 833 4.7

Ave. i.68

Slope 1:4

A-20 1.0 24,154 2.13 1,732 7.2
A-18 2.0 34,655 3.05 1,575 4.5
A-19 4.o 28,.4 .46 1,117 3.9

Ave. 2.55
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TABLE B. 10

Surface - Aluminum Shingles, Installation I
Particle Size - 590-1190 t
Surface Dimensions - 8 ft wide by 48 ft long
Fallout Deposition - 2 grams/min/sq ft for 30 min
Washdown Period - During fallout plus 30 min after fallout period

Run No. Water Flow Fallout Residual
gal/min--n /ft Grams Percent

Slope 1:8

366 1.0 23,690 2.06 8,523 36.0
365 2.0 21,811 1.89 4,086 18.7
364 4.0 19,751 1.71 1,075 5.4
363 5.6 17,420 1.51 453 2.6

Ave. 1.79

Slope 1:6

359 1.0 19,366 1.68 5,263 27.2
36o 2.0 24,743 2.15 4,856 19.6
361 4.o 23,613 2.05 781 3.3
362 5.6 24,404 2.12 V46 1.3

Ave. 2.00

slope 1:4

358 1.0 21,656_ 1.88 4,380 20 .2
357 2.0 23,441 2.03 2,071 8.8
36 4•,.o 23,928 2.08 566 2.4
356B L.O 2).,267 1.85 350 1.6
356 4ý.0 29,010 2.52 396 1.4
355 5.5 1,977 LU147 0.7

Ave. 2.02

No runs made witn slope of less than 1:8.
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TABLE B.11

Surface - Aluminum Shingles, Installation II
Particle Size 590 - 1190 L

Surface Dimensions - 8 ft wide by 48 ft long
Fallout Deposition - 2 gmis/min/sq ft for 30 mill
Washdown Period - During fallout plus 30 min after fallout period

Run No. Water Flow Fallout Deposited Residue)
gal/min/ft Total Grams gm/mirjft2  Grams Percent

Slope 1:8

A-10 1.0 24,639 2.14 15,878 64.4
A-lI 2.0 27,9)A 2.43 7,369 26.4
A-12 4.o 23,599 2.05 1,958 8.3
A-13 5.3 27.83, 2.42 1,166 4.2

Ave. 2.26

S~IMp 1:6
A-9 1.0 24-,041 2.09 7,436 30.9

A-8 2.0 26,157 2.27 2,705 10.3
A-7 4.o 23,999 2.08 656 2.7
A-6 5.0 25,7-96 2. 24 453 1.8

Ave. 2.17

A-4 3.0 23,701 2.06 ",003 8,5A-3 2.0 21,574 .87 4.6
A-2 4.0 18,754 1.62 237 1.3
A-5 4.o 2,102 2.01 215 0.9
A-1 5.3 20,326 1.81. 181 0.9
A-14 5.3 22,445 L12 r.5

Ave. 1.89

No runs node vih slope of~ les than 3:.
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TABLE B. 12

Surface - Composition Shinre, Installation I
Particle Size - 590-1190 ýi
Surface Lhixensions - 3 ft wide by 48 ft long
Deposition Rate - 2 Grams/min/sq ft for 30 mrin
Washdonin Period - During fallout plus 30 min after lu

Run No. Water Fl3u Fallout Deposited Residual
gal/in.in/ft Total Grams gi/min/ft 2  Grams Percent

slope 1:8
366 1.0 24,007 2.08 13,322 55.5

365 2.0 21,019 1.82 3,090 14.7
3Gý. 4.0 19,) 76 2. 67 2, 366 12.3
363 5.0 16,662 2.45 2,366 14.2

Ave. 2.75

"Slope 1:6

359 1.0 19,Ilol 1.66 7,482 39.3
34,743 2.15 4,856 19.6

361 4.O 23,2124 .02 2,818 12.1
362 5.0 24,030 2 3,022 12.6

Ave. I.j3

3o 1:4

358 1.O )f,i73 I .6 3,747 .3
357 2.0 3 3,27 2")02 3,362 1.
35UA 4.0 25,4•9 2.2. 3,271 12.9
35113 14.0 13 55 1..61 1,913 10.3
15f I .. 70 3,301 6.6

Ave. 2.83

No runc -itde with slope of lecs th"in 1:
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TABLE B. 13

Surface - Composition Shingle, Installation II
Particle Size - 590-1190 P
Surface Dimensions - 8 ft wide by 48 ft 2•
Fallout Deposition - 2 grams/min/sq ft for 30 min
Washdown Period - During fallout plus 30 min after fallout

Run No. Water Flow Fallout Deposited Residual
gal/min/ft Total Grams gm/min/ft2 Grams Percent

Slope 1:8

A-10 1.0 23,962 2.08 6,271 26.2
A-I1 2.0 26,712 2.32 2,886 10.8
A-16 3.0 22,898 1.92 1,743 7.6
A-12 4.0 22,027 1.91 1,619 7.4
A-13 4.8 25,739 2.23 1,687 6.6

[ve. 2.11

Slope 1:6

A-9 1.0 23,034 2.00 5,422 23.5
A-8 2.0 24,754 2.15 1,834 7.4
A-7 4.0 22,276 1.93 804 3.6
A-6 5.0 25,082 2.18 939 3.7

Ave. 2.06

Slope 1:4

A-4 1.0 22,)648 1.97 3,248 14.3
A-3 2.0 19,479 1.69 486 2.5
A-5 4.o 22,525 1.96 555 2.5
A-2 4.0 18,314 1.59 283 1.5
A-1 4.5 19,909 1.73 407 2.0
A-14 4.6 022,456 441 2.0

Ave. 1.82

No runs made at slope of less than 1:8.
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TABLE B. 14

Surface - Fiberglass
Particle Size - 590-1190 g
Surface Dimensions - 8 ft wide by 48 ft long
Fallout Deposition - 2 grams/min/sq ft for 30 min
Washidown Period - During fallout plus 30 min after fallout period

Run No. Water Flow Fallout Dep:sited Residual
gal/min/ft Total Grams gm/min/ft2 Grams Percent

Slope 1:24

C-21 0.5 23,949 2.02 11 228 61.2
C-22 1.0 21,211 i.84 4,267 20.1
C-23 2.0 24,131 2.09 1,7r'f 7.3
c-24 4.0 26,056 2.26 32f, 1.3

Ave. 2.05

UloMe 1:12

C-20 0.5 23,340 2.C3 5,309 22.7
c-19 1.0 21,517 1.87 1,132 5.3
C-18 2.0 23, 0), 5 2.00 306 1.3
C-17 4.0 20,391 1.Wo 125 o.6

Ave. 1.92

Slope 1: 8

C-13 0.5 21,200 1.84 2,671 12.3
c-34 2.0 15,812 1.37 113 0.7
C-10 4.o 19,468 1 79 0.4

Ave. 1.63

Slope 1:6

C-8 0.5 3,9,038 1.65 1,098 5.8
c-6 1.0 18,042 1.57 170 0.9
C-7 -.0 20,351 1.77 102 0.5
c-9 4.o 22,298 1 102 0.5

Ave. 1.73
Continued
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¶

T•ML B.14 (Cont 'd)

Run No. Water Flow Fallout Deposited Residual
sal/mn/ft Total Grams gm/min/ft2 Grams Percent

Slop 1:4
c-4 0.5 24,969 2.17 283 1.1
C-5 1.0 21,619 1.88 102 0.5

C• -2 2.0 29,,61o 2.57 125 o.4
S O-1 4.o 23,848 2.07 45 0.2

SAve. 2.17
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TABLE B.15

Surface - Roll Roofing
Particle Size - 590-1190 p
Surface Dimensions - 8 ft wide by 48 ft long
Fallout Deposition - 2 grams/min/sq ft for 30 min
Washdown Period - During fallout plus 30 min after fallout period

Run No. Water Flow
gal/min/ft Fallout Deposited Residual

Total Grams gm/min/ft 2  Grams Percent

Slope 1:24

C-21 1.0 24,493 2.12 23,621 96.4
C-22 2.0 22,411 1.95 17,057 76.1
C-23 4.0 25,421 2.21 6,485 25.5
c-24 5.5 27,64o 2.40 2,999 10.8

Ave. 2.17

Slope 1:12

C-20 1.0 24,607 2.14 8,931 36.3
C-19 2.0 23,883 2.07 2,728 11.4
C-18 4.0 25,105 2.18 1,505 6.o
C-17 5.5 21,981 9 600 2.7

Ave. 2.07

Slope 1:8

C-13 1.0 24,075 2.09 3,407 14.2
C-12 2.0 24,894 2.16 1,551 6.2
c-i4 4.0 17,567 1.52 532 3.0
c-16 4.0 25,953 2.25 758 2.9
C-10 5.5 21,075 L 226 1.1

Ave. 1.97

Slop 1:6

C-7 1.0 21,302 1.85 1,743 8.2
c-6 2.0 18,642 1.62 1,007 5.4
C-8 4.0 21,596 1.87 294 1.4
0-9 5.5 23,984 2.08 192 0.8

Continued Ave. 1.85
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TABLE B.15 (cont'd)

Run No. Water Flow Fallout Deposited Residual
gal/min/ft Total Grams am/min/ft2 Grams Percent

Slope 1:4

C-25 1.0 25,274 2.19 1,256 5.0
C-3 2.0 22,751 1.97 634 2.8
c-4 2.0 26,146 2.27 611 2.3
C-2 2.0 30,277 2.63 69o 2.3
C-5 2.0 23,045 2.00 521 2.3
C-33 4.0 25,048 2.17 260 1.0
C-1 4.0 24,460 2.12 136 0.6
C-21 5.5 21,562 1.87 170 0.8
c-26 5-5 24,312 2.11 147 o.6

Ave. 2.15
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TABLE B.16

Surface - Corrugated Galvanized Steel
Particle Size - 590-1190 P
Surface Dimensions - 8 ft wide by 48 ft long
Fallout Deposition - 2 grams/mmn/sq ft for 30 min
Washdown Period - During fallout plus 30 min after fallout period

Run No. Water Flow Fallout Deposited Residual
gal/min/ft Total Grams gm/min/ft2 Grams Percent

Slope 1:8

C-37 1.0 24,913 2.16 4,924 19.8
C-13 1.0 21,63o 1.88 3,690 17.1
C-38 2.0 24,857 2.16 3,328 13.4
c-14 2.0 16,186 1.40 i,68( i0.4
C-29 2.0 24,754 2.15 2,388 9.6
C-39 4.o 24,619 2.09 2,015 8.2
c-16 4.0 25,285 2.19 1,731 6.8
C-40 7.0 20,770 1.80 1,347 6.5
C-10 7.0 19,966 1.73 1,098 5.5

Ave. 1.95

Slope 1:6

c-6 1.0 17,o46 1.48 2,320 13.6
C-7 2.0 20,690 1.80 1,754 8.5
C-8 4.o 19,921 1.73 1,302 6.5
C-34 7.0 27,027 2.35 1,437 5.3
C-9 7.0 23,147 2.01 1,177 5.1
C-32 7.0 27,120 2.25 1,143 4.2

Ave. 1.94

Slope 1:4

c-h 1.0 24,448 2.12 2,705 11.1
C-5 2.0 21,323 1.85 1,30L 6.1
C-3 2.0 21,019 1.82 1,00l4 5.1
C-2 4.0 28,523 2.48 1,913 6.7
c-i 7.0 22,423 917 4.1

Ave. 2.04

No runs nude st slope of less than 1:5.
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