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ABSTRACT

Roof washdown studies were conducted on typical roofing surfaces
and a basic washdown system was developed. An analysis of the roof
washdown countermeassure showed it to be valusble only on buildings with
heavily shielded walls or where the occupants are confined to the center
of & building with a very large floor area. A complete recirculating
roof washdown system will cost only 45 % of the cost of a concrete roof
that would give a similar reduction of 98 % in the roof contribution to
gamma radiation exposure inside the structure.




SUMMARY

Problem
To develop design specification for a roof wagshdown system.

Findings

A complete recirculating roof weshiown system on a fiberglass epoxy
leminated roof will cost only 45 % of the cost of a 12-inch concrete roof
that would give a similar reduction in the roof contribution to the total
ganma radiation exposure inside the bullding.

Rotary lawn type sprinklers when properly installed in sufficient

number will remove 95 to 98 % of fallout particles from all five of the
standard roofing surfaces tested at most slopes.
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INTRQUCTION

Many installations have a requirement for continuous 24-howr-a-day
operation of certain facilities. During a nuclear attack or subsequent
to a nuclear detonation, these installations may be located in & highly
radiocsctive fallout area. The personnel operating the essential facili-
ties therefore mist be protected from the high-level radiation field
that may result. 7This can be accowplished by constructing the building
with beavy shilelding in the walls and roof.

Roof washdown has been proposed as a method of removing the con- -
temination from bullding roofs, thus reducing the amount of costly
shielding that would otherwise be necessary for comparable dosage reduc~
tion. Roof washiown is a system for transporting the fallout particles
from the roof by a continuous flow of water. A recirculating water
system was recommended in Ref. 1 which would re-use the washdown water
after running it through a settling and filtration tank. A roof wash-
down system utilizing recirculated water has the advantage of being ablse
to supply the relatively large volume of water required and keep the
system operative even though the water supply to the building may ve cut
off &8 a result of a nuclear detonation.

1.1 BACXGROUND

The flushing of building roofs with water to remove radiological
tallout was yroposed a mumiber of years ago as a radiological counterw
megsure, but the first develomment work on a washdown system was
directed towards its applicetion to Navy ships. Development tests wvere
conducted in 1949 with gimlants of contaminated seavater sprayed onto
vertically mounted 1-ft© plates; 99 % of the liquid simulant was re-

moved when the surracs was covered with a sheet of water, prior to and
during contamination.



In June 1951, tests were comdueted by the Bureau ¢f Ships on a
destroyer to determine whetbher the salt-water pumpling capacity of a
ship vere sufficient to adequately decontaminate its weather surfaces.
Tests were then conducted by MRDL on the USS Worcester (CL-144) during
January 1952, using non~radiosctive dyes as simalants.3 The results of
the Worcester tests conf the 994 effectiveness results obbained
in lsborstory tests on 185" pilstes. In these tests . the creation of a
watar cwrtain wes aceanplishbed chiefly by varying the placement of the
spray nozzles and visually cbserving their effectiveness until maxlimmm
wetting of the surface was obtained. Later, in July 1952, similaer
qualitative tests were carried ocut on the ajrcraft carrier USS Shangri-Ia
{cv-38). fhe seme arder of effectiveness was reported.” At Operation
CASTLE, installed washdown eystems on test ships were found to be 87 to
94 ¢ effective in removing the radicastive fallout from a thermonuclear
detonation.’ The contaminant deposited on the ships during these tests
contained a nigh percentage of insoluble radicactive coral particles as
well ss liquid conteminant. Since these coral yarticles closely resem-
ble the type of particulaste material that may be deposited on building
roofs, it was realized, when attention was focused on roof washdown,
that the development of an effective roof washdown system might be more
difficult to accomplish than originally thought.

1.2 STUDIES (F BASIC PRINCIPLES OF TRANSP(RT BY WATER FIIMS

A series of laboratury studies was conducted to provide g better
understanding of the basic principles involved in the transport of
particulate matter by vater films. These studies were conducted on
Plate glass which provided an ideally smooth surface to investigate the
effect of the many varigbles other than swrface roughness.

It was observed, for a near borizontal surface, (Ref. 6) that
irregularly shaped silica particles of the fallout particle-size range
moved with starts and stope, witbh pauses of various lengths of time.
There was no spparent pattern in the length of the pauses or the dis-
tance traveled while in motion.

Raising the plane to the slightest slope produced gravity or sur-
face waves which contributed greatly to the movement of the particles.
Studies of this vave action on the transport of particulate matter were
reported in references 7 t¢ 10 api summarized in reference ll.




A typlcal wave formation is shown in Pilg. 1. The waves induced a
pulsing action on the particles as they passed over them. The particles
at rest vere Jarred loose by the waves and were moved along gt the same
velocity a8 the wave for a short distance. The transport velocity of the
particles which were in motion at the tine m wave passed over theam was
increased to the velocity of the waves for a short distance. After the
particles vere given such a boost by the wave passing over, they con-
tinued to move with stsrts and sicps as descrived above.

At all slopes the gravity wave action becomes the biggest fgctor in
the transport of particulate matter on any surface. As the slope in-
creases the water film thins out. The thinning ocut of the film resulted
in the increase in the frequency of the waves as shown in Fig. 2 which
is a typical plct of a water surface profile. It was also shown in
these studies that the wave development is sccomplished with relatively
low water flow rate which points ocut that effective transport of fallout
particles does not necessarily result from large volumes of washdown
water, but efficient use of the water. This alsc indicates the possi-
bility of developing more efficient washdown systems through the use of
special methods of applying the water to the rocfing surface.

1.3 SCOPE (F THE ROQF WASHDOWN DEVELOPMENT PROJECT

The effectiveness of a roof washdown system is dependent upon the
following design variables - Roofing Surface Type, Roof Slope, and Wash-
down Water Flow Rate. The architect of a new building could change all
of these within certain specification limitations; however, if washdown
is being considered for an existing structure the surface type and roof
slope may be fixed and the washdown water will be the only variadle
which can be changed in the washdown design to give maximum removal
efficiency. Another uncontrollable varigble which will contribute to
the effectivenaess of a roof washdown system in removing fallout is the
particle size of the mgterial being removed. The size of the particles
falling on a certain building is dependent, of course, on the size of
the nuclear detonation, the mrevailing wind conditions, and distance
from that detonation. Since this variable is uncontrolleble the wash-~
down system must be capable of removing any size particle that might be
deposited on the roof.

To develop optimim roof washdown designs a full-scale test facility
was constructed at the NRDL field station at Camp Parke, Pleasanton,
Calif. to determine the relationship of the many variables to particle-
removal effectiveness on typical roofing surfaces. Irregularly shaped




< el

1 . - - had " -

.

A. Water Surface Waves on Glass Plane
B. Typical Wave Front

Fig. 1 VWater Surface Waves
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river-bed silica (sp. gr. 2.3) with rounded corners was used as the
fallout simulant in these studies. This material, vhich ranged from U4
t0 1190 microns in diameter, was separsted into five fractions, and a
series of tests was conducted on each fraction. Paase I of these tests
was conducted using 177 to 350 micron (average - 262 p} end 350 to 590
micron {average - 450 u) particles and the results are reported in Ref.
12. Phase II of these tests was conducted using 590 to 1190 micron
(average - 910 u), 88 to 177 micron (average - 112 u) and 44 to 88
micron {average - 63 p) particles and the results are reported in Ref.
13. :

In all of these tests, flcoding nozzles were used as the means of
delivering the washdown water onto the test swrface. This method of
applying water to the test surface was not intended to be the ideal
method for use in & roof washdown system, but rather to provide a free-
flowing sheet of water over the entire test surface for the study of
varisbles such as roofing surface, roof slope, water-volume requirements,
and fallout particle size.

During the course of these studies, consideration was given to
other types of nozzles for spplying water to the roof. A commercially
avallable rotary lawn-sprinkling nozzle was selected for evaluation and
a series of tests was conducted to determine the effectiveness of this
nozzle. : .

1.4 SCOPE OF THIS REPCRT

This report includes:

a. A summary of asll previous work on the study of basic design
requirements for roof washdown systems and gives a comparison of effec-~
tiveness on five typical roofing surfaces.

b. Evaluation results on 8 superior method of applying the wash-
down water to a building roof.

c¢. An analysis of roof washdown limitations.
d. A complete basic roof washiown system for & properly shielded

building which could be occupied during a heavy radioasctive fallout and
continuously, axround the clock, after the nuclear detonation.



e. An analysis of reduction in the roof contributior to interior
gamme, radigtion exposure provided by roof washdown on a variety of

bullding sizes.

f. Bstimated comparative construction cost of s roof washdowm
system on & light roof of zero shielding mass to a high mass roof which
would give an equivalent intericr radiation reduction.




CHAPTER 2

SUMMARY OF ROOF WASHDOWN EXPERIMENTS

2.1 EXPERIMENTAL SET-UP

2.1.1 Roofing Surfaces

The roofing surfaces were mounted on two planes, each 24 £t wide
by 48 ft long. Each plane could be tilted to any slope from O to l:k
by & hydraulic system (Fig. 3). Each plane was divided into three sec~
tions, forming a total of six areas each 8 x U8 ft to accommodate the
following Tive different roofing materials and one experimental surface:

Aluminun shingles.

Composition saingles.

Roll roofing.

Tar and gravel roofing.

Corrugated galvanized steel.

Fiberglass epoxy laminate - exXperimental surface.

Specifications for the surfaces are given in references 1 and 2.

2.1.2 Water Systen

A recirculating water system was used during all tests. The
wash down water from the test surfaces ran into settling and filtration
tanks. The water was then pumped back to the test surfaces for re-use.

Two types of nozzles were used to deliver the washdown water to
the test surfaces. Flooding nozzles were used t¢ establish the water
flow requirements on the various roofing surfaces. These nozzles were
mounted in a header across the 8 ft width at the top of each test sec-
tion and provide a continucus sheet flow of water at the test surfaces
(Fig. 4). Complete details of the flooding nozzle installation are
given in References 12 and 13. Rotary lawn sprinkling nozzles were
tested as s more efficient means of distributing the washdown water.
These nozzles were suspended in an inverted position (at 12 ft intervals)
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Fig. 3 Test Plane Raised to a 1l:4 Slope
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Fig. 4 Flooding Nozzle Manifold.

At top of roll roofing test surface.
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from a water supply line running lengthwise down the center of each test
surface. (Fig. 5) The lowest portion of the nozzles was about 8" above
the test surface and were set to oscillate only 90° to each side of the
lengthwise centerline.

2.1.3 Fallout Disperser

The fallout disperser system consisted of 18 individusl disper-
sers mounted over each of the two tilt planess, approximately 24 £
above the planes when the planes were in a horizontal position. During
operation, continuously metered amounts of the simulent particles were
fed to the sand blast nozzles in the individusl dispersers, where an
alr stream picked them up and blasted them against & deflector plate
(Fig. 6). The particles then scattered anl fell over the 8 by 8-ft area
covered by each disperser.

Regulation of the working air pressure and the addition of de-
flector panels and curtains to the individual dispersers were required
to obtain uniform distribution of the particles on the test surfaces.

Further detalls of the fallout dispersers are given in References
12, 13, and 1k,

2.2 EXPERIMENTAL PROCEDURES

In all the washdown-effectiveness studies, a fallout dispersal peri-
od of 30 min at & fallout rate of approximately 2 g/min/ft° was used.
This rate and the total amount deposited were used because they repre-
sent an extreme case which greatly sxceeds the paximum that would be
expected from a land surface nuclear detomation.

The fallout simulant dispersal was started after the washdown water
was turned on, and the test surfaces had been completely vetted. The
washdown water flowed during the 30-min dispersal period and for 30 min
af'ter the cessation of deposition.

The particles removed from each test surface during this l-hour
period were collected in sieves (Fig. 7). After the washdown period,
the sieves were replaced with clean ones, and the residual fallout sinu-
lant on the surfaces was removed by manual flushing with a gerden hose
for 30 min. Ionger and repeated flushing removed more material, but the
additional percentage removed was only a fraction of a percent aftexr the
first 15 min of flushing with the garden hose.

11
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Fig. 6 Individual Fallout Disperser
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Tig. T Sieve Used to Collect Particles Removed from Roof
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The simulated falloul particles removed during the washdown period
and the residuel particles later removed with the gerden bose were
veighed wet by submerging the sieves and simulated fallout particles in
water, allowing them to drain far exactly 10 min, and then weighing them
on a platform scale. This technigue elimingted the time delay in drying
the samples. The wet welght factor of the particles was determined in
calibration tests to be 1.25 for the 590 to 1190 p particles, and 1.27
for the 117 to 350 u, 88 to 177 u and the 4k to 88 p particles.

2.3 RESULTS AND DISCUSSION

2.3.1 Flooding Nozzle Results

The effectiveness of washdown on any roofing surface is dependent
upon the roof slope and water flow rate and this effectiveness will vary
with the size of the fallout particles deposited on the roof. A roof
must be at maximum slope for optimum washdown effectiveness dui installa-
tion on an existing roof where the slope could not be increase’ appreci-~
ably would require adjustment of other variables to obtain maximum effec-
tiveness. The incorporation of roof washdown into a new building design
may permit more freedom in the selection of critical varisbles such as
roof slope, but all buildings will have certain architectural fesgtures

or basic design requirements that will limit the use of optimum roof
slope.

To provide data for the design of a washdown system for both old
and new buildings it was necessary 0 make a thorough study of all the
variables involved. A series of washdown tests were conducted on each
of 5 different slopes to determine the residusl mass with 5 different
fallout particle size fractions from 44 to 1190 p and various water flow
rates. From this data presented in references 12 anxd 13 it is possible
to develop design specifications for a variety of roof surfaces under a
wide variety of building design limitations.

The effect of fallout particle size on the residual retained on &
roof was more pronounced on the corrugated galvanized roofing than any
surface tested. Lass than 10 % residual could be obtained over a wide
range of water flow rates with the 590 to 1190 u particles, but with the
88 to 177 u particles the residual mass could not be reduced below 25 to
30 ¢ of the total deposit at all slopes with a water flow as high as
7 gom/ft of width. The high residual with the fire particles is due to
the fallout sticking to the crest of the corrugations, whereas the larger
particles roll down into the troughs where the washdown water is flowing.

15




The smallest effect of fallout particle size was shown on the
fiberglass epoxy roof. The 590 to 1i90 p particles required a flow rate
of 2 gpa/ft of width on the 1:24 slope to glive e residual of 0.5 % as
comparad to a residual variation of only 0.3 to 0.7 % for the other four
slzes. At the 1:4 slope, however, a water flow of only 0.5 gmm/f%t of
width gave equally low reducticn with the largest fallout particles.

n roll roofing, ¢ itlion shingles and aluminum shingles the
k4 to 88 p particles were the most difficult to remove at all slopes
studied and on these three surfaces elther the 17T to 350 or 350 to 590
f# particles gave lower residuasl than any of the other sizeg including
the 590 to 1190 py particles. Slope, however, affected the residual much
mere than particle size.

Corrugeted galvanized steel showed the highest percen*age resi-
dual mass remaining of the 6 surfaces tested with the exception of tar
and gravel roofing which is impractical as a roofing surface where wash-
down is to be usci. This was particularly true with the 83 to 177 u
size particles. A flow of 7 gpm/ft of width was required on the corru-
gated roof at all three slopes tested (1:8, 1:6 and 1:4) to remove as
much a8 75 % of the fallout deposit.

Composition shingles surface was the next most difficult to decon-
taminate. A slope of 1:8 or higher and a water flow rate of at least
4 grm/ft of width were required to reduce the residual mass to less than
10 %. These same conditions on the aluminum shingles reduced the resi-
dual to 5 % o less. A flow of only 2 gpm/ft of width was required on
the composition shingles, at a slope of 1:8, to reduce the residual mass
of the 590 to 1190 u particles to less than 10 % as compared to 3 gmu/ft
of width for the carrugated surface. At the 1:6 and 1:4 slope a flow of
1.5 and 1.1 gpm/ft of width respectively reduced the residual to 10 % on
the composition shingles.

The fiberglass epoxy roofing surface was the easiest surface to
dec-ntaminate. At most elopes a flow of only 1/2 gpm/ft of width was
required to give better tkan 90 % removal of the fallout.

The aluminum shingle surface was slightly ecasier to decontaminate
than the roll roofing surface at most conditions but they were both
easier to decontaminate than the camposition shingle surface.

2.3.2 Rotary Nozzle Results

The removal effectiveness of the rotery nozzles on 5 roofing sur-
faces is shown in Tables 1 to 5. The values given are percent residual
remaining at the conclusion of the washdown period. The values shown in
the perentheses in these tgbles are the percent residual obtained with

16




w8

"

the flooding nozzles opersating at the same total flow as the rotary
nozzles. The rotary nozzles tested are designed to operate at 40 psi.
Since the flow of water through the nozzles movides the power far rota~
tion they function more effectively when operated at this pressure. A
limited number of tests were conducted, however, at 20 pgi to show the
comparative removal effectiveness.

The total amount of water dslivered by the 4 rotary nozzles on
each roofing surface was 15.2 and 21.6 gallons per minute at 20 and 4O
pel operating pressure, respectively or 1.9 and 2.7 gallons per minute.
These flow rates are the actual volume of water coming off the end of
tha plane and is the accumulation of the flow from the Pour nozzles.
There wags no evidence that the removal was less effective on the upper
gections of the rocfs vwhere only one nozzle was operating with a flow of
0.48 and 6.8 gallons per minute per foot of width respectively. 1If
the removal effectiveness of the flooding nozzles for these flow
rates were used for comparison, the rotary nozzles would look
even betier. The data presented, however, showed the rotary nozzles
t0 be much more effective than the flooding nozzles on all surfaces.
The improvement on the fiberglass laminate, where the residual values
were very small, wes not as pronounced as on the other surfaces. The
rotary nozzles did not remove as much fallout, however, when operated at
20 psi on the 88-177 mieron perticles as the flooding nozzles. The
largest difference in the two nozzles is shown at the 1:24 slope on all
surfaces where the rotary nozzles operating at 40 psi are far more
superior to the flooding nozzles. In fact, slope becomes a much less
important varisble with the rotary nozzles. For example, on the roll
roofing surface the rotary nozzles gave on 88-177 u particles a residual
of 0.2 % at the 1:4 slope and 1.3 and 1.6 % respectively at 1:8 and 1:6
slope compared to 2.1, 6.8 and 13.0 % respectively with the flooding
nozzles. At the 1l:2k slope the residual was 4.5 % with the rotary
nozzles compared to 33.0 % with the flooding nozzles. The effect of slope
was even less with the 590 to 1190 u particles. The residual was 0.3 %
at 1l:4, 0.4 % at 1:8, and 3.6 % at 1:24 compared to 1.6, 5.0 and
55.0 % respectively with the flooding nozzles.

g (1 ARSI TV AR AT ST

The effect of particle size was practically eliminated on the
corrugated roof by the rotary nozzles. The 88 to 177 u particles left
only 0.7 % residusl compered to 50 % witbh the flooding nozzles.

The type of water film produced by the rotary nozzles accounts
for their effectiveness. They mroduce a water stream that hits the sur-
face with a Torce which is effective in Jarring particles loose, and as
the stream rotates across tne surface the water film thins out to pro-
duce an abundance of surface waves which keep the particles in motion.
Before all the water flows off the surface, the rotary nozzle makes
enother pess and the mrocess is repeated.

17



P LK N

TABIE 1}

Washdoum Effectiveness of Rotaxy Nozzle Compared to that of Fiooding
Nozzles Giving the Same Flow

Surfeace: Mberglass-Epoxy lLeminate

Particle Percent Residual
Size

1:k 1:8 1:24 1:4 1:8 1:12 1:24

Rotary Nozzles Only

Rotary Nozzles at 40 psi  Rotary Nozzles at 20 psi
Water Flow - 2.7 gpm/ft  Water Flow - 1.9 gpm/ft

414.88 1.2 0.9 1.4

(0.7)8 (0.5) (- )
88-177 0.4 0.5 0.9 0.6 0.8 0.7 9.8
(0.3)  (0.2) (2.3) (0.3) (0.3) (o.4) (k.2)

350-590 2.3 0.2 0.3 - - - -
(0.6) (1.0) (1.2)

500-1190 0.1 0.3 O.h - - - -
(0.3) (0.5) (2.8)

Rotary Nozzles in Combination with Flooding Nozzles
(Flooding Nozzles Delivering - 1 gmm/ft)

Rotary Nozzles at LO psi  Rotary Nozzles at 20 psi
Total Water Flow - 3.7 Total Water Flow - 2.9

gpm/ £t gpm/Tt
88-177 0.5 0.k 0.k 0.6 0.9 0.5 1.8
(0.2) (0.2) (1.2) (0.2) (0.2) (0.3) (2.0)

8. Parentheses indicate values for flooding nozzles giving same
total flow.
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TABLE 2

Washiown Effectiveness of Rotary Nozzle Compered to that of Flooding
Nozzles Giving the Same Flow

Surface: Roll Roofing

Particle Percent Residual
Size 1:k 1:8 1:12 1:2% 1:4 1:8 1:2h
Rotary Nozzles Only
Rotary Nozzles at L0 psi Rotery Nozzles at 20 psi
Water Flow - 2.7 gpm/ft Water Flow - 1.9 gm/ft
4} .88 3.2 2.3 - 5.5 - - -
_(Lc.c))a (8.2) (- )
88-177 0.2 1.3 1.6 3.1 52.7
(2.1) (6.8) (13.0) (3'*’ 0) (2 7) (9.6) (41.0)
350-590 0.6 0.3 - 0.6 - - -
(2.3) (5.5 (12.5)
5%"11% o 3 OOI“ - 3.6 - Ld -
1.6)  (5.0) (55.0)
Rotary Nozzles in Combinstion with Flooding Nozzles
(Flooding Nozzles Delivering - 1 gmm/ft)
Rotary Nozzles at L0 psi Rotary Nozzles at 20 psi
Total Water Flow - 3.7 Total Water Flow - 2.9
g/t gpu/ £t
88-177 1.8 24,7

0.1 0.3 0.k 1.3
(z.7) (&.0) (9.5) (25.0)

0.9
(2.0) (6.0) (32.0)

a. Parentheses indicate velues for flooding nozzies giving same total

flow.
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TABLE 3

Washdowm Effectiveness of Rotary Nozzle Compared to that of Flooding
- Nozzles Giving the Same Flow

Surfece: Aluminum Shingles Installation IX

Particle Percent Residual

Size 1:k 1:6 1:8 1k 1:6 1:8

Rotary Nozzles Only

“Rotery Nozzles at &0 pel Rotary Nozzles at 20 psi
Water Flow - 2.7 gm/ft Water Flov - 1.9 gpm/ft
44-88 2.6 - 3.1 . - ]
(k.2)® -
88"177 109 2-1 6.24' 2.’4‘ 3.1 8.6
(3.0) (12.0) (40.0) (4.0) (23.0) (52.0)
350-590 0.7 - 1.3
(2.5) (12.0)

S%"l]-% 101 1.3
(3.0) (15.0)

Rotary Nozzles in Combination with Flooding Nozzles
{Flooding Nozzles Delivering -~ 1 gpm/ft)

Rotary Nozzles at 40 psi Rotary Nozzles at 20 psi
Total Water Flow - 3.7 gpm/ft Total Water Flow - 2.9 gmm/ft
88"177 1.1" lt6 11'08 102 1.5 3.1
(2.4) (7.8) (28.0) (2.9) (11.0) (38.0)
a. Parentheses indicate values for flooding nozzles giving same total
flOW. )
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TABLE U

Washdown Effectiveness of Rotary RNogzle Compered to that of Flooding
Nozzles Giving the Ssme Flow

Surface: Composition Shingles Installation IX

Particle Percent Residual

Size 1ek 1:6 1:8 1:k 1:6 1:8

Rotary Nozzles Only

“Rotary Nozzles at 4O psi Rotary Nozzles at 20 psi
Water Flow - 2.7 gpm/£t Water Flow - 1.9 gpm/ft
L,.88 97 o - 1.1 - - -
(10.3) - )
88-177 3.5 3.9 5.1 5.3 6.7 10.3
(6.2) (-) - ) (7.8) (0.1) (19.0)
350'5% 3'1“ = ?-2 - - -
(8.8) (15.0)
590-1190 3.2 - 5.9 - - -
2.2) (8.0)
Rotary Nozzles in Combination with Flooding Nozzles
(Flooding Nozzles Delivering - 1 gpm/ft)
Rotary Nozzles at B0 psi Rotary Nozzles at 20 psi
Total Water Flow-3.7 gpm/ft Total Water Flow-2.9 gpm/ft
88"'177 2.8 208 lh2 303 307 8.7
(5.6) (7.6) (12.0) (6.0) (7.6) (14.0)
a. Parentheses indicate values for flooding nozzles giving same total
flow.
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TABLE 5

Washiown Effectiveness of Rotary Nogzzle Compared to that of Floocding
Fozzles Giving the Same Flow

Surface: Corrugsted Gelvanized Steel

Particle Percent Residual

1:4 1:8 1:4 1:8

Rotaxry Nozzles Only
Rotary Nozzles at LO psi Rotary Nozzies at 20 psi

Water Flow - 2.7 gm/ft Water Flow - 1.9 gm/ft
M"% 2-8 0.8 - -
(57.0)a (-)
88-177 1.3 0.7 0.5 0.8
(ko.0) (50.0) (44.0) (55.0)
350=-590 0.3 Ok -
(-) (-) -
590-1190 0.5 0.3 - -
(5.2) (10.1)
Rotary NozZles in Combination with Flooding Nozzles
(Flooding Nozzles Delivering - 1 gm/f't)
Rotary Nozzles at LO psi “Rotary Nozzies at 20 psi
Total Water Flow - 3.7 gpm/ft Total Water Flow - 2.9 gom/ft
88-177 1.0 0.4 0.7 0.6
(35.0) (44.0) (38.0) (48.0)

a. DParentheses indicate values for flooding nozzles giving seame total
flow.
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There is the possibility that fallout particles will lodge in the
rotary nozzles, thus preventing rotation. A protective cover was designed
for the nozzles and an effective roof washdown system bullt around these
nozzles should have a low flow admitted at the erest of the roof with
flooding nozzles to assure transport in the event that one of the rotary
nozzles will fail to rotate. A test was conducted on the 88 to 177 mi-
cron particles with s combination of rotaxy and Tlooding mozzies. A low
flow of only 1 gpm per £t of width was delivered by the flooding nozzles
in these tests. On all 5 surfaces the residual showed g greater reduc-
tion with the combinagtion of nozsgles. -

2.3.3 Effect of Deposition on Dry Surfaces veé Wetted Surfaces

In all of these studies the washdown water was turned on priar to
the initiation of fallout. It was originally planned to study the effect
of removal from dry surfaces vs wetted surfaces.* It was found, however,
that approximately the same residual was obtained when the washdown was
turned on after the fallout had ceased and most of the material was re-
moved in the first 15 minutes of washdown as shown in Table 6.

Since it is desirable to remove the fallout from a roof as soon
as possible, particularly at early times after the nuclear detonation,
operation persconnel should be instructed to turn on the wasbdown system
prior to the arrival of fallout or shortly after fallout starts. For a
very small additional expense s radistion alarm system or an automatic
electric pump switch operated by a rediation sensing device could be in-
stalled.

2.3.% Effect of Obstructions on Washdown Effectiveness

In the early studles of the transport of perticulate matter by
water films (Reference 6) it was observed that cbjects placed in the
vater stream rroduced eddy currents which actually caused particles to
move upstream and collect behind the objects. It was alsc observed that
large particles affect the transport of smaller perticles as shown in
Fig. 8. 1In this perticular case the sphericel particle was stationary
and the smaller particles started collecting around it and here again
the eddy currents caused the particles passing nearby to be pulled up-
stream and to be deposited behind the larger particle.

The proper placement of obstructions on a roof, such as skylights
and vents, should be considered in the design of an efficient washdown
system.

% R. H. Heiskell, R. H. Black; H. L. Burge. Transport of Contaminant
by Water Film Studies. U. S. Naval Radiological Defense Laboratory
Reviews and Lectures No. 68, February 1958.

Qe

23

e




TABLE 6

¥Yashdowm Turned on After Fallout was Deposited
Fallout Particle Size - 88 to 177
Fallout Disperser on for 15 minutes at approx 2 grams/min/ft

Surface Washdown Water % of Total % of Total
Flow Rate Removal in Removal in
g/t of width ist 15 min 2nd 15 min
of Washbdown of Washdown
Aluminum 4.0 97.5 2.5
Shingles
Composition 4.0 08.3 1.7
Shingles
Fiverglass 2.0 95.8 0.2
Laminate
Roll Roofing .0 g9.5 ¢.5
Corrugsted k.0 99.6 0.4
24




Fig. 8 Build-Up of Swmall Particles Around lLarger
Spherical Particles.
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CHAPTER 3

ROOF WASHDOWN DESIGN

3.1 WASHDOWN LIMITATIONS

Reduction of a buillding'!s interior gamma radiastion by roof washdown
caen be effective only when the roof contamination is the dominant source
of gamma radiation. Adequate protection can be rrovided in a bullding
with high-mass walls and light roof structure by removing the roof con-
tamination with an effective washdown system. However, washdown would
be of little value on a bullding with light wall construction when the
occupants are required to remain in close proximity to the walls. The
protection furnished by such a building structure may be adequate if the
occupants are confined to the center of the building which has a large
floor area. The majority of buildings where protection is needed have a
floor ares mich smaller than would be required to provide adequate pro-

tection by distance. Therefore, heavily shielded walls would be necessary.

3.2 BASIC DESIGN

The roof washdown experiments (descrived in Chapter 2) provided the
following basic design information that will assure effective removal of
redioactive fallout particles from building roofs:

1. Rotary lawm sprinklers are the most effective type of nozzle
tested to date.

2. The rotary sprinklers should be spaced 10 £t apart across the
roof and in rows 12 £t apart down the roof, from crest to trough. Each
nozzle should be operasted at a pressure of approximately 40 psi to deli-
ver ebout 5.4 gpm.

3. Flooding-type nozzles should be installed across the width of
the roof at the crest to deliver 1 gallon of water per ft of width.

26
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The sheet flow produced by these nozzles will act as insurance in the
event that a rotary nozzle falls to rotate.

4. A lsminated fiberglass epoxy roof is the most desirsble surface
for a washdown system.

5. Roll roofing 1s the second best roofing surface for a roof
equipped with washdown.

6. A roof slope of 1l:24k is adequate for the rotary nozzles on
either laminsted fiberglass or roll rocfing.

T. The building should have a parapet to minimize water loss to the
wind.

8. A recirculsting water system is desireble and will make the sys-

tem indepenizat of the regular water supply, which might be interrupted
by a nuclear detonation.

9. A shielded tank must be provided to contain the rsdioactive
contamination washed from the roof.

A building design incorporsting these design features is shown in
Figures 9 and 10. This is a complete basic design for a radioclogically
protected bullding with a reduction factor of 350 for the 18 inch thick
concrete shielding walls. This particular bullding design is similar to
that of the Federal Aviation Agency bulldings at Fremont, Calif.; Fort
Worth, Texas; and Jacksonville, Florida. (NRDL was consulted in the de-
sign of the roof washdown spray system for these buildings.)} The 30 £t
high walls reduce the skyshine and transit exposure contributions. The
exposure contribution from the roof without the washdown operating is
78 % of the total interior exposure as described in Section 3.3 below.

No experimental data ls presently available on the transport of
large masses of fallout particles with large volumes of water in drainage
gutters and pipes. The FAA radiologically-protected building at Fremont,
Calif., for example, was designed with the aid of standard engineering
deta, but when the washdown system was tested with a depogit of simu-
lated fallout on the roof the drains were found to be inadequate to
handle the flow. It was necessary to increase the number of drain lines.

Weshdownu can be used to advantage on existing buildings if certain
requirements are met.

1. The building must have high mass walls or be of such design
that the mass thickness can be increased easily and economically, or be
large enough that the occupants could be confined to a center section
of the bullding after a nuclear attack.
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The mass thickness of toe Air Force Radar Station at Alumeda, Calif.
vas increascd by putting up walls outside the exisiing walls and f£1illing
the 16 inch cavity between witk soil. A felse roof was then installed
to give proper slope and washdown was instslled. These design features
were based on datsa supplied to th~e Alxr Force* and mrivate conferences
with Alr Force Engineers in San Franoisco.

2. The roof must have a slope of at least 1:8 if the roofing sur-
face is composgition shingles, aluminum shingles, or corrugeted metal.

3. If the roofing surface is tar and gravel or is similarly rough,
the surface must be removed and replaced with a surface camparsble in
smoothness to that of the other surfaces tested in these roof washdown
experiments.

4. The drain gutters on the building must be of sufficient size
and slope to handle the volume of wabter required and the mass of fallout
perticles.

3.3 REDUCTION QF RADIATION EXPOSURE

The sources which contiibute to the radiation exposure of personnel
inside a bullding at some distance from a nuclear detonation are
(1) ground contribution (direct radiation from fallout on the ground
surrounding the building), (2) roof contribution (direct radiastion from
fallout on the roof), (3) skyshine (an effect produced by the scattering
of rediation by the air) and (4) transit exposure (the exposure from the
fallout cloud as it passes near the building).

The exposure can be reduced by means of shielding in the walls or
roof, & roof washdown system, or a combination of the two. The impor-
tance of shielding in the exterior walls of a building, which reduces
mainly the ground contribution to the interior, is shown in Table T.

The date are taker from Ref. 15 and are based on the assumption that the
detector is 3 ft sbove the floor in the center of the building.

The roof contribution, skyshine, and transit exposure all can be
reduced by shielding with a concrete roof. The effectiveness of this
method depends upon the thickness of the roof, which makes it less
attractive since a concrete roof is comparstively expensive.

* R, H. Heiskell. Air Force Conference on AC&W Fallout Protection.
U. S. Naval Radiological Defense Laboratory Trip Report, 933, RHH,
17 May 1963.
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The roof washdown system can reduce the roof contribution, but can-
not reduce the skyshine or transit exposwre. However, since only a nin-
imu thickmese of roof is required to support the wasbdown system, the
reduced cost of the roof and bullding ic one of the maln reasbns for the
uge of the washdowm.

Table 8 gives the fraction of the free~field exposure for each of
the contributing factors for bulldings of three different sizes. These
buildings are assumed to be windowless and to have 2 roof of negliglble
mass thickness so the total roof contribution is 71 to 79 % of the total
interior exposwre. The buildings have 1B-inch-thick concrete walls up
to the roof, which is 30 ft above the ground floor. The skyshine contri-
bution as given in Ref. 15 is 0.15 of the roof contribution, and the
exterior transit exposure is assumed to be 3 % of the total free-field
exposure, as discussed in Appendix A.

Table 9 gives the total accumlated exposure far personnel in the
center of the buildings without the washdown system, and with a wasbdown
system that reduces the roof contamination to 10, 5 and 2 $ of the total
amount deposited. The free-field accumulated exposure is to be 5,000 r,
and could be asccuwmulated during the period from 1 r to 30 days after
detonation time in an area where the free-field exposure rate at H + 1
is about 1500 r/hr at 1 hr. It is assumed that reclamation operations
outside the buildings will reduce the radiation field after 30 days so
the buildings can be occupled without further concern.

This table shows that the roof contribution increases with an in-
crease of the bullding size, and the effectiveness of roof washdown
increases accordingly. In the hypothetical case vwhere the free-field
exposure rate is 1500 r/or at 1 by, an interior exposure of only 235 r
would be asccumilated in a 1000-£t° building without washdown, so & wash-
down system is desirable but not required. However, washdown would be
required on a building of thic size if an initial exposure rate of 4,000
to 5,000 r/hr at 1 hr were anticipated.

If the larger buildings are located in an area vwhere a radiation
field of 1500 r/br &t 1 hr és anticipated, roof washdown is essential on
both the 4000 and 10,000 £t< buildingn in order to reduce the interior
exposure to a safe level.
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TABIE 7
Ground Contribution Through Wealls as Fraction of Free Fleld -Exposure

Wall Mass Fraction of Free-Field B E.“{p_osmea’
Thickness Thickness Floor Area of Building
(inches of  (Ib/ft2)  j50, w2 4ooo £t2 10,000 £t2

conereve; (25 x b0 £6) (50 x 80 £t} (60 x 170 £t)

0 0 0.6 0.4k 0.32
6 75 0.09% 0.06 0.0h
12 150 0.024 0.015 0.0095
18 225 0.0045 0.0028 0.0019

a. free-fleld exposure is the exposure in g fieid free of buildings
or other shieldings.

TABLE 8

Factors Contribubting to the Interior Exposure of Windowless
Buildings with 30 £t High, 18-inch-thick Concrete Walls

Fraction of Free-Field Exposurea

Floor Area of Bullding

1000 £t2 Looo £t2 10,000 f£t2
(25 x 4o £t) (50 x 8 £t) (60 x 170 ft)

Roof Contributionb 0.033 0.0960 0. 1500
Skyshine 0.005 0.0l 0.0225
Ground Contribution 0.0045 0.0028 0.0019
Transit Dose 0.00&Q 0.0102 0.0128
Total Contribution® 0.0468 0.1234 0.1902
Total Roof Contribution

in Percent of Total

Interior Dose 71 % 78 % 79 %

a. The methods of calculation are given in Appendix A.

b. Roof is assumed to have zero mass thickness, and no allow-
ance is made for partitions or intermediate floors.

c. Detector 1s located 3 £t above the center of the ground floor.
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TABIE 9
Total Accumlated Exposure to Personnel in the Center of the Ground

Flocr of Windowless Buildings#*, Based on an Accumulated Free-Fleld
Bxposure of 5,000 r.

Fraction of Total Accumulated Exposure in r
Free~Field Without  Percent Residual, with
Contribution Washdown Washdown

10 5 2

1,000 £t° Floor Aree

Roof Contribution 0.033 165 17 8 3
Skyshine 0.005 25 25 25 25
Wall Contribution 0.00k5 23 23 23 23
Transit 0.00k 22 22 22 22

Total 0. 235 97 78 73

5,000 P£° Floor Area

Roof Contribution 0.096 480 48 2h 10
Skyshine 0.01%k 72 T2 T2 72
Wall Contribution 0.0028 b1t ik 1% k18

= S & @ & B

Roof Contribution 0.15 750 75 38 15
Skyshine 0.0225 113 113 113 113
Wall Contribution 0.0019 10 10 10 10
Transit £.0158 19 9

Total 0.1902 952 —2'1?% EZB _2-1{%

¥Bulldings have 1B inch concrete walls (mass thickness of 225 1bs/TtZ)
up to the roofs, which are 30 £t above the ground floor level.
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3.4 COST OF ROOF WASHDOWN VS CONCRETE ROUFS

The primary purpose of roof washdown is to reduce the exposure re-
ceived in a building interior for a minimus exXpenditure. A c¢oncrete
roof which gives an equivalent reduction in radiation exposure rate is
used for ¢ost comparison with the roof washdown system. A conorete
root approximately & inches thick is required to provide a 95 % reduc~
tion of the roof contribution and apmroximately 12 inches of concrete
is required to provide 98 % reduction {Ref. 1}.

The installation cost of a roof wasbdown system on a hypothetical
building design bas_been calculated for buildings of three sizes, 1,000,
4,000 and 10,000 fta. These bulldings are single-story structures with
18-inch-thick conerete walls up to the roof vhich is 30 £t sbove the
floor. fThie design is similar to that of Pederel Aviation Agency buil-
dings at Fremont, Calif.; Fort Worth, Texas; and Jacksonville, Florida.
Only two types of roofing surfaces, flberglass epoxy laminate and roll
roofing are considered in these comparisons.

Table 10 gives the cost for installation of a roo£ washdown system
on existing buildings with 1,000, 4,000, and 10,000 £t<. These figures
include the cost of the entire system, consisting of piping, nozzles,
water supply, settling and filtration tank, concrete pit for supply tank,
drainage system, pump, and installation. A summary of the cost of the
various components is given in Appendix B.

The cost of 8 new roof structure prior to instsllation of a wash-
down system is given in Table 11. The roof structure considered here is
of light-weight, minimum construction. Two types of roofing surfaces
are considered, fiberglass laminate and roll roofing. The fiberglass
epoxy laminate is recammended as the ideal roofing surface to be used
with roof washdown; it will provide a long-life, trouble-free roof. The
roll roofing is presented as the best of the commercial surfacings of
low initial cecst.

The fiberglass laminated rooﬁng is about 50 % more expensive than
roll roofing on the 100Q and LOOO-ft< building, but only about 30 %
higher on the 10,000-1’1:2 building. The cost figure on_the :I.O,OOO-f'!;2
building is based on a conservative figure of $1.10/ft< for the fiber-
glass epoxy laminate installed on a plywood sub~base. The coust of in-
stallingethe fiberglass laminate should actually go down to 75 or 80
cents/ft< on a roof of this size, which would make it only 18 % higher.
Therefore it is highly recommended that the fiberglass epoxy laminate be
used because of the increased washdown effectiveness, durability, and
low mgintenance cost of this type of roof.
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TABIE 10

Cost of Installing & Roof Washdown System on an Existing Roof

Building Size (£t2)

1,000 §,000 10,200
(25 x 40 £f£) (50 x 80 £t) (60 X 170 ft)
Total Cost $2805 $6702 $1%,175
Cost per sq. ft. $2.80 $1.68 $1.k2
TABLE 11

Comparison of Roofing Material Cost

Building Size (£t%)

1000 LOG0 10,200
(25 x 4O £t) (50 x 80 £t) (60 x 170 £%)

Fiberglass Epoxy Laminate on Structural Steel
Trusses and Wood Roof

Total Cost $3170 $10,516 §25,560
Cost per sq. £t. $3.17 $2.63 2,56
Roll Roofing on Structural Steel Trusses and Wood
Roof
Total Cost $2060 $6996 $19,356
Cost per sq. ft. $2.06 $1.75 $1.9%
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Table 12 gives the comparative costs for 6-inch- and 12-inch-thick
concrete roof slabs for the 4000 £t2 building which are approximately
equivalent in radiation dose reduction to 95- and 98-%-effective roof
washdown systems respectively.

T™is table shows that roof washdown installed on a fiberglass epoxy
laminated roof will cost only 45 $ of the cost of & 12-inch concrete
ool that would give an equivalent reduction in roof contribution to
interior exposure.

3.5 LIMITATION OF ESTIMATES

The estimates given in this study are based strictly on an “open
bay" type building wherein the roof section is completely cantilevered
from outside wall to outside wall. It is to be noted spmreciable
savings could be effected, particularly in the larger-size buildings, by
dividing a building into two or even three bays. The heavy structural
requirements based on long-spen supports could then be reduced consider~

ably. :

All estimgtes are subject to scrutiny, as the local conditions of
labor and material costs vary over a range of 10 to 25 %. 7The estimates
quoted for this report reflect the comparatively high values of the
San Francisco area.

Costs are further based on the latest practice of using the prefab-
ricated lightweight long-span Joists with the Warren trussing. For
standard structural-steel practices, costs should be increased by 50 %
based on a comparison of steel weigbts, the factor most used in estims-
ting steel work.

The washdown system will also vary in cost, as the gutter design is
based on the sizes used in the roof washdown studies. Inasmuch as no
studies have been made regarding the sizing of gutters and piping, the
estimates for the drainage system should be regarded as only preliminary,
subject to experimental corroboration.
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TABIE 12

Comparative Costs of Concrete Roo£ and Roof Washdown on Light
Roof Structure for a 4000 £t¢ (50 x 80 £t) Building

Protective Roof 95 % Reduction 98 % Reduction

Concrete, with Tar and

Gravel Roofing (6-inch Thickness) (12-inch Thickness)
Total Cost &2’4 ,075 238 , 1400
Cost per sq ft .02 .62

Washdown on Roll
Roofing Surface

Total Cost §13 698 98 % reduction not
Cost per sq ft 3.ﬁ3 likely with roll
% saved 43 roofing

Washdown on Fiberglass

Surface

Total Cost 98 % reduction $17,218

Cost per sq ft obtained with $4.31

% saved this surface 55




CHAPTER L

CONCLUSIONS AND RECOMMENDATIONS
4.1 CONCLUSIONS

Roof washdown is of value as a radiological countermeasure only on
bulldings with heavily sbhielded walls or where the occupants a.e con-
fined to the center of a building with a very large floor srea. XNo
benefit would be gained from the installation of a roof washdown system
on & c¢ivilian building such as & home with s thin wall structure. Roof
washdown therefare, is of value only in reducing bullding construction
coat by eliminating the need for bigh mess concrete roofs. A complete
recirculating roof washdown system installed on a fiberglass epoxy
laminated roof which will reduce the roof contamination to less than 1 %
will cost only 45 % of the cost of a 12 inch concrete roof that would
give a similar reduction {98 %) in roof contribution to interior exposure.

Corrugsted palvanized steel showed the highest percentage residual
mass remaining of the 6 swfaces tested using the flooding type nozzles,
particularly with the 88 tu 177 p size particles. A water flow of
7 gpo/ft of width was required at all three slopes tested to reduce the
residual to as low as 25 %.

Corposition shingle was the next most difficult surface to decontam-
inate with the system fitted with flooding nozzles. A slope of 1:8 or
higher and a water flow rate of at least 4 gpm/ft of width were required
to reduce the residual mass to less than 10 $. These same conditions on
the gluminum shingles reduced the residual to 5 % or less.

The fiberglass epoxy laminated roof was the easiest surface to de-
contaminate. At most slopes a flow from the flooding nozzles of only

0.5 gmm/ft of width was required to give better than 90 % removel of
the fallout.

The aluminum shingle surface was slightly easier to decontaminate
than the roll roofing surface at most conditions but they were both
earier {C decontaminate than the composition shingle surface.
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The effect of fallout partlcle size on the residual retained on a
roof was more proacunced on the corrugated galvanized roofing than any
other surface tested. The high residusal with the smaller particles is
due to the felloutls sticking to the crest of the corrugations, whereas

the larger particles roll down into the trough vwhere the weshdown waste
is flowing.

The smallest effect of Ffallout particles on removal rate with the
flooding nozzles was shown on the filberglass epoxy laminated roof.

Slope affected the residual on all surfaces with the flooding
nozzles much more than particle size diq.

The rotary lawn type sprinklers were much more effective than the
flooding nozzles on all surfaces. The largest difference in the two
nozzles is shown at the 1:24 slope on all swfaces where the rotary

nozzler are far superior. Slope becomes a much less important variable
with the rotary nozzles.

The effect of particle size on washdown efficiency was practically
eliminated by the rotary nozzles on the ~orrugated roof.

Rotary type lawn sprinklers are effective in removing 95 to 98 % of

the fallout from all five of the standard roofing surfaces tested at
most slopes.

A fibergliass epoxy laminated roofing swrface is the most desirable
surface tested for a roofing system and roll roofing is the second best.
A roof slope of 1:24 is sdequate for both of these surfaces. Design
criteria have been estaplished for the complete roof washdown system
with the exception of the drainage gutters.

(bstructions in the path of flow of thin water films actuslly causes
particles to move upstream and concentrate in back of the obstruction.
Large particles which failed to move had the same effect on the trans-
port of smaller particles as a fixed obstruction.

4.2 RECOM ENDATIONS

If definite needs for roof washdown systems are developed in the
future, it is recommended that laboratury studles be made to supply the

- I gV

tional data required for the design of a complate washdown systen.




R

These studies should be designed to determine (1) the optimum size,
shape, and slcepe of gutters and drain pipes required to transport toe
mass of fallout particles and wasbdown water from the roof to the setting
and filtration tank, and (2) the optimum configuration; size, and method

of attaching common cbstructions {such as skylights and vent pipes) to a
roof for effective washdown removal.
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APPENDIX A

CALCULATION OF DOSAGE REDUCTION FACT(RS IN SIMPLE WINDOWLESS
ABOVE-GROUND BUILDINGS

Method of calculation is given in Supplement A (Part 2 and 3) and
Supplement B (Part 2,3 and 7) of Ref. 15. Charts and tebles cited in
this appendix are from Ref. 15.

The following specificstions and assumptions are used:

1. Roofs are 30 ft sbove ground floor.

2. W&l%s are 18-inch concrete up to roof and have a mess thickness
of 225 1b/ft=.

3. Detectors are located 3 ft above the center of the ground floar.

4. Roofs are sssumed to have zero mass thickness.
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TABLE A.l

Calculation of Exposure Reduction Factors in Simple, Windowless,
Above-Ground Buildings*

Floor Area

1,000 £t2 L,000 £t2 10,000 £t
25 xhkoft 30 x8 L & x 170 It

Roof Contribution

Total Area (£L2) 1,000 4,000 10,000
Distance - roof to detector (ft) 27 27 27
Distance correction factor 0.1k 0.1h4 0.4
Adjusted total area (£t2) 1.0 560 1,400
Overhead mass thickness 0 0 0
Roof contribution (from Chart 2) 0.033 - 0.096 0.15
Skyshine (from Table CF-2) 0.0050 0.0144 0.0225
Ground Contribution
Ground fiocor area (ft2) 1,000 4,000 10,000
Exterior wall mass thickness

(1p/££2) 225 225 225
Percent of wall which is solid 100 % 100 % 100 %
Height of detector (ft) 3 3 3
Ground contribution (from Chart 3) 0.0045 0.0028 0.0019
Total contribution of roof,

ground, and skyshine 0.0425 0.1132 0.17h4k
Transit Dose
Building snielding factor#*

through roof 0.1380 0.336?5 0.5:/23?3

through walls 0.0037 0.00 0.002

Total Shielding Factor 0.1417 0.339 0.5258

Fraction of total free-field

accunulated doseder 0.03 0.03 0.03
Transit dose fraction 0.0043 0.0102 0.0158

* (Calculation for Roof Contribution, Skyshine, and Ground Contribution
made in accordance with the method described in Ref. 15.

¥* Determined by Endel Laumets. Graphic Method for Computing Steel-Slab
Attenuation of Gemme Radiation From Air Volume-Source Configursetion.
U.S. Navel Radiclogical Defense laboratory Technical Report in
preparation.

W ¥Transit and Depcsition dese was calculated using the method presented
in** for a 5-Megaton surface burst in a 15-knot wind using Nevada
particle~size-activity distribution. The rate of cloud rise and ex-
pansion used in the computer program wes in accordance with Ref. 16.
The calculations showed the transit dose to be 2.5 to 3 % of the
total infinite dose.

”



APPENDIX B

CONSTRUCTION COST ESTIMATES
(References 17 and 18 used as & guide in meking these cost calculations)

Bullding Size (££2)
ljow ,000 10,3)0
(25 x bo ££) (50 x 80 £3) (60 x 170 f£t)

Washdown System Only
Piping, Nozzles & Fittings

Installed § 660 $2,176 $4,920
Drainsge System 230 L6l 870
VWater Supply Tank Including

Filters¥* 750 1,200 2,210
Concrete Pit for Tank 560 1,:323 3, g"o?g
Pump Installed 350 1,

2,550 $6,093 $13,37T7

10% Contingency 255 60 1,338
Total $z, £5 $6,702 $14,715

Roof on New Structure

Structural Steel Trusses and Wood Roof

Steel Trusses¥¥ $1,100 $2,890 $7,600
Purlins {2 in. x 3/4% in.
Plywood
Ma;erial and Labor 65 2 ,67(% 5,636
10% Contingency 175 1,324
Total $1,920 $6,115 $14,5
Roofing Surface
Roll Roofing $ 1o $ 8% $4,796
Fiberglass Epoxy Leminate 1,250 4,400 11,000
Total Washdown Syssem and Roof Cost
Roll Roofing $4,865 $13,698 $34,071
Fiberglass Epoxy Leaminate 5,975 17,218 ko,275

¥ Supply Tenk Sizes, respectively: 170, B00 and two &t 550 PtJ.

**longspan nailable Jolsts with a Warren-type web system similar,or
equal to Sheffield Division, Armco Steel Corporation, Kansas City, Mo.
Model No, 16HS, 20H5, and 26H9 for 1,000, 4,000, and 10,000 £t build-
ings.
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PURPOBE

The purpose of this report is to describe an operational roof wash-
down system for the removal of radivactive fallout particles. A roof
vashdown system can be used instead of costly roof shielding to reduce
radistion exposure to personnel inside the building.

OBJECTIVE

To develop design specifications for a rcof washdown system from
experimental data.

SCOPE

This report covers:

a. A summary of all previous work on the study of basic design
reguirements for roof washdown systems and gives s comparison of
effectiveness on five typical roofing surfaces.

b. BEvalustion results on a superior method of applying the wash-
down water to s building roof.

¢. An analysis of roof washdown limitations.

d. A complete basic roof washdown system for a properly shielded
building which could be occupied during a heavy radioactive fallout and
continuously, around the clock, after the nuclear detonamtion.

e. An analysis of reduction in interior dosage by roof washdown
on a variety of building sizes.

f. Estimated coaparative construction cost of a roof washdown
system on & light roof of zeroc shielding mass to a high mass roof which
would give an equivalent interior dosage reduction.

SIGNIFICANT FINDINGS AND CONCLUSIONS

Roof vashdown is of value as a radiological countermeasure only on
buildings with heavily shielded walls or where the occupants ere con-
fined to the center of a building with a very large floor area.
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The rotary lawn type sprinklers when installed in sufficient number
with proper apacing will remove 95 to 98 % of fallout particles from all
five of the standard roofing surfaces tested at most slopes.

A fiberglass epoxy laminated roofing surface is the most desirable
surface tested for a roofing system and roll roofing is the second best.

The effect of particle size on washdown efficiency was practically
eliminated by the rotary nozzles on most of the stendard roofing sur-
faces. Slope was also found to be of much less importance with the

rotary nozzles.

A complete recirculating roof washdown system on a fiberglass epoxy
laminated roof will cost only 45 % of the cost of a 12 inch. concrete
roof that would give a similar reduction of 98 % in the roof contribu-
tion to gamma reduction exposure inside the structure.

RBCCGMENDATIONS

If definite needs for roof washdown systems are developed in the
future, it io reccmmended that studies be made to develop (1) the opti-
mum design specifications for gutters and drain pipes to handle the mass
of rallcut particles and washdown water and (2) the optimum specifica-
tions for protrusions and obstructions on the roof which will permit

effective washdown removal.
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words but will be followed by an indicetion of technical con-
text. The assignment of links, rales, and weights is optional.
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from a water supply line running lengthwise down the center of each test
surface. (Fig. S) The lowest portion of the nozzles was asbout 8" gbove
the test surface and vere set to osecillagte only 90° to each side of the
lengthwise centerline,

2.1.3 PFallout Disperser

The fallout disperser system consisted of 18 individual disper-
sers mounted over each of the two tilt planes, approximately 24 ft
above the planes when the planes were in a horizontal position. During
operation, continuocusly metered amounts of the gimulant particles were
fed tc the sand blast nozzles in the individual dispersers, where an
alr stream picked them up and blasted them against a deflector plate
(Fig. 6). The particles then scattered and fell over the 8 by 8-ft area
covered by each disperser.

Regulation of the working air pressure and the addition of de-
flector panels and curtains to the individual dispersers were required
to obtain uniform distribution of the particles on the test surfaces.

Further details of the fallout dispersers are given in References
12, 13, and 14.

2.2 EXPERIMENTAL PROCEDURES

In a1 *he washaown-cffectiveness studies, & Julliout dispersal peri-
od of 30 min at a fallout rate of approximately 2 g/min/ft2 was used.
This rate and the total amount denoszited were used because they repre-
sent an extreme case which greatly exceeds the maximum that would be
expected from a land surface nuclear detomation.

The fallout simulant dispersal was started after the washdown water
was turned on, and the test surfaces had been completely wetted. The
washdown water flowed during the 30-min disperssl period and for 30 min
after the cessation of deposition.

The particles removed from each test surface during this l-hour
period were collected in sieves (Fig. 7). After the washdown period,
the sieves were replaced with clean ones, and the residual fallout simu-
lant on the surfaces was removed by manual flushing with a garden hose
for 30 min. Longer and repeated flushing removed more material, but the
additional percentage removed was only a fraction of a percent after the
first 15 min of flushing with the garden hose.

11



Fig. 5 Rotary Nozzle. Mounted over corrugated roofing surface.




