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ABSTRACT

The objectives of this project were to investigate:

1. the contaminability of widely used building materials,

2. the effectiveness of practical decontamination techniques,

3, the effectivenesy of painting and sealing of joints in
reducing contaminsation,

L. the effect of slope on contamination retentivity, ard

S. the effectiveness of pre-attack surface washdown in reducing
contamination,

Test panels, four ft square, of 1L building materials were
mounted on the weather surfaces of two remotely controlled liberty
shipe and on a stationary barge. One of the ships was protected by a
washdown system,

All surfaces were contaminated significantly with tenacious
fallout, Vertical surfaces facing upwind became equally or more
highly contaminated than horizontal or pitched surfaces, probably due
to wind currents impacting the tenacious contaminant onto surfaces
normal to it, A sequence of hosing and vigorous scrubbing operations
resulted in contamination reductions of LO to 70 per cent, bwut with
reductions on most surfaces being less than 50 per cent, The most
effective decontamination method was scrubbing. Under the conditions
of this test, painting and joint sealing had little effect while the
washdown countermeasure reduced the initial contamination over 90
per cent,

It is concluded that contamination from fallout encountered in
these tests presents a serious decontamination problem on buildings
and paved areas and further development of effective countermeasurea
is necessary, i T et S

NOTICi: When government or other dravings, speci-
fications or other dstas are used for any purpose
other than in connection with a definitely relsated
government procurement operation, the U. S. !
Government thereby incurs no responsibility, nor any
obligation whatsocever; and the fact that the Govera-
ment may have formulated, furnished, or in any way

zsupplied the said drawings, specifications, or other
! data is not to be regarded by implication or other-

. Wwise as in any manner licensing the holder or any

~ other person or corporation, or conveying any rights -
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto. , ——
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FOREWORD

This report is one of the reports presenting the results of the
3l projects participating in the Military Effects Tests Program of
Operation CASTLE, which included six test detonations. For readers
interested in other pertinent test information, reference is made to
WI-93k, Summary Report of the Commander, Task Unit 13, Programs 1 - 9,
Mlitary Effects Program. This summary report includes the following
information of possible general interest.

a. An over-all description of each detonation, including
yield, height of burst, ground zero location, time of
detonation, ambient atmospheric conditions at detona- .
tion, etc., for the six shots,

b, Discussion of all project results,

¢. A summary of each project, including objectives and
results.

d. A complete listing of all reports covering the Military
Effects Tests Program,
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R CONFIDENTIAL

I | CHAPTER 1

[ INTRODUCTION

S 1.1 OBJECTIVES .
. The objectives of Project 6,5 were:

A a., 7To determine the relative contaminability of widely used
; ~ building construction materials exposed to the type of wet contaminant-

- ,/ fallout which, it is believed, would result from nuclear detonations
7 in harbors. .

s b, To evaluate the effectiveness of various practical decone
Vo tamination techniques, particularly readily available methods, and to

estimate the practicability of such techniques in the tactical amd
industrial recovery of military installations. )
c. To evaluate the relative effectiveness of simple protective
- measures such as painting of surfaces and sealing cf joints, in
reducing the contaminability and/or facilitating the decontamination
L of such surfaces, A
/" d. To ascertain the .effect of slope on the contamination
" retentivity of surfaces. )
e, 7To evaluate the effectiveness of pre-attack surface washdown
counterrmeasures in reducing the contaminaion of surfaces.

S 1,2  BACKGROUND

The contaminating effects of Shot Baker at Operation CROSSROADS
demonstrated that the wet contamination resulting from a shallow
underwater detonation of an atomic weapon, such as in a harbor, would
present a serious and complex problem of decontamination of ships as

ST well as of buildirg structures of nearby shore installations. This

- ‘trerd has also been indicated in subsequent laboratory studies
conducted at the Army Chemical Center and the United States Naval
Radiological Defense Laboratory. However, with the exception of

.- Operation JANGLE, which produced a dry particulate contamivation, all
subsequent field tests were conducted under essentially noncontamie
nating conditions. No contamination-decontamination studies were
conduct«-d at Operation IVY where the first thermonuclear device was
detonated, Operation CASTLE provided the much needed opportunity to

CONFIDENTIAL
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study the contamination-decontamination problems associated with
building construction materials subjected to wet contamination under
field conditions reasonably equivalent to those which would be
produced by the detonation of a nuclear weapon in a harbor or in
shellow coastal waters,

While CROSSROADS yielded some information relative to the
contaminability of surfaces, no systematic study of these effects or
of specific decontamination techniques was conducted.l,2 Decontami- -
nation efforts were of an emergency nature only.3 On the other hand,
at Operation GREENHOUSE, some effort was made to study contamination
effects by mounting small-scale pansls of a limited variety of
construction material surfaces on the wings of drone aircraft which
were flown through the radioactive clouds of relatively high yield
fission detonations.,4 It was found that the roughest surfaces became
contaminated to the highest levels and were the least responsive to
decontamination., Surface parameters such as porosity, contact angle,
and dye retentivity appeared to be of lesser effect. However, due to
the high impact velocity of the contaminant on these surfaces, the
contamination effects so obtained were not too realistic and wexe not,
therefore, of direct value in the developient of practical recovery
criteria,

An extension of the GREENHOUSE studies was conducted at JANGLE
where similar panels, but of larger scgle, were exposed to the fallout
from a shallow underground detonation.” VWhile the roughest surfaces
again became more highly contaminsted, the ¢&uy, powder-like contaminant
was loosely adherent and could be removed readily with water.
Candidate RW agents of the dry particulate type, during tests
conducted at the Arrny Chemical Center® have exhibited similar
decontamination chzracteristics as JANGLE contaminants, The effect of
swface slope was such that horizontal surfaces retained from five to
three hundred times the activity retained on vertical surfaces.

1.3 BASIC THEORY

At CASTLE, it was anticipated that the contaminant would.
consist of liquid droplets containing fission products, bomb debris,
and other debris depending on the detonation ground zero environment,
In the case of barge detonatlion over shallow water, it was believed
that iron from the barge and calcium carbonate bottem material would
be in the fallout. From a land surface detonation, larger percentages
of calcium carbonate -Srom the island soil would be present., It was
believed that most of this debris would arrive as calcium hydroxide
resulting from the hydration of calcium oxide which was formed by
the heat of the detonation from the original caleium csrbonate.7s8
These particles would have a calcium cartonate sw.-face layer.
Subsequent wetting of deposited fallout rarticles by sea water was
believed to produce outer layers of precipitated magnesium hydroxide,
hydrated calcium sulfate, and calcium carbonate,! Experimental
evidence indicated that this form of ceontaminant would be extremely
retentive, ' :

The Stanford Rese:zrch Institute, under Chemical Corps contract,
has deduced from available data that the ‘average type of wet clay

12
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contaminant expected in the typical harbor detonation, but not en=
countered on this operation, would cause a very difficult decontami.
nation problem.9 It is felt that the data obtained in CASTLE
approximates this condition; however, these data should only be used
as interim yardsticks in planning protective criteria and decontamie.
nation counterreasures for harbor installations, subject to subsequent
verification, :

At present work is being conducted to prepare simulants of
contaminants resulting from nuclear detonations in harbors in order
to conduct further laboratory studies on this problem.lo

13 :
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- CHAPTER 2

EXPERIMENTAL DESIGN

2.1 OPERATIONAL CONCEPT

Project 6.5 was conducted in close coordination with Project 6.4
which operated two especially equipped liberty ships by remote radio
control through regions of high intensity fallout following each of
several surface thermonuclear detonations on land and over relatively
shallow water. The two ships, designated as the YAG 39 (Transit Able)
and the YAG 4O (Transit Bakers, respectively, were identical
externally except that the YAG 39 was equipped with a salt water
washdown countermeasure system, designed to operate prior to and
during the contaminating event, to minimjze the residual contamination
level, Previous work in the la‘ooratoryl and in field tests on
shipsi2,13 using simulants indicates that washdown countermeasures are
highly effective, ' ‘

Sets of 1, four foot square test panels (Tsble 2.1) of widely
used building construction surfaces were mcunted on tubular steel
racks (to facilitate removal from the ships). These racks were
mounted on the weather surfaces of each of the two ships, near the
stern, in such manner as to be exposed to the fallout, Fig. 2,1 shows
the rack and panel set on board the YAG 4O, After the contaminating
event and following recovery of the ships, the panels were
transferred to a clean land area on Parry Island where decontamination
operations were performed free from the excessive radiation background
found on the ships,

Participation of Project 6.5 on board the above ships included
Shots 1, 2 and 4. Shot 1 occurred on land and the remaining two
shots were on barges in shallow water. Shots 2 and L produced
desirable amounts of contamination on the panels while the levels
resulting from Shot 1 were negligible and of mractically no value for
analytical purposes, For participation in Shot 6, a complete set of
the same panels, mounted on one of the racks, was placed on a Navy
Type YIC 500 ton barge which was anchored in the Eniwetok Lagoon at
Station 650, This location was estimated to be beyond serious thermal
and blast effects, but well within the area of fallout. An
additional set of small scale (16 in. x 32 in.) painted wood panels

ik
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-TABLE 2,1 Construction Materials Panels
PaneX Comments and Protective
No, Material Slope Countermeasures
1 |Asphalt Pavenment Horizontal | Control 3¢
One section - Control _
2 |[Concrete Pavement | Horizcntal | One section - Transparent seal
coat )
Asphalt and Gravel Three fourths of panel-Controlss¢
3 |[Built-up Roofing Horizontal | One fourth of panel ~ PVA %
pigmented coating
Smooth Surface Half of panel - Control #*
L ,Boll Roofing 3" per £t | Half of panel - PVA *
: pigmented coating
sphalt Protected o
S |[Corrugated Metal 3% per £t | Control ¢
ofing ~
Mineral Surface Half of panel - Control #%

6 |Strip Shingle 6" per £t | Half of panel - Vertical joints
Roofing caulked ‘
Asbestos Cement . Half of panel = Control ¢

7 {Shingles Vertical Half of panel -~ Vertical joints

' — caulked

8 [Wood Siding - Half of panel ~ Control

& jClapboard Vertical lialf of panel - Alkyd resin

9 |(2 panels) coating

Half of panel-Lead and 0il Coating
Half of panel - Phenolic resin
coating
Half of panel-Alkyd resin coating
10 {Sheet Metal Vertical Half of panel = Phenolic resin
coating
Brick-Medium One section - Control
11 [Density Vertical One section-Resin emulsion coating
One section « Contxrol 3¢
12 iConcrete Block Vertical | One section-Resin emulsion coating
' One section = Control %
13 iCinder Block Vertical One section-Resin emulsion coating -
Geometry Effects One fourth of panel-Plane, alkyd
1 {(wood) Vertical resin coating
Three fourths of panel-Raised and
-milled configurations,
- alkyd resin coating

* Polyvinyl Alcohol
#% "Control" surfaces were untreated and represented basic material,

15
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was mounted on the barge to obtain information relative to the effect
of slope (pitch) on the retentivity of contamination. These panels
were arranged in 10 degree increments of slope ranging from
horizontal to vertical as shown in Fig. 2,2. The barge participation
was originally contemplated for Shot Echo, and the barge was moored
in a favorable downwind location with respect to ground zero selected
for this shot. In view of the cancellation of this shot, however,
the barge was moved to as favorable an anchorage as possible for
participation in Shot 6, Besides the data expected to be derived
from the panels themselves, additional operational decontamination
infoermation was expectzd to be obtained from the clean-up of the
barge itself,

2,2 TSCR IPTION OF TEST SURFACES AND EQUIPMENT

2.2,1 Test Panels

Four identical sets of* test panels were fabricated. Each set
cousisted of ili, four foot sjuare panels of widely used outside
construction material surfaces., Table 2.l contains a description of
the type c¢f surfaces, preprotection measure, and mounting pesition of
each uf the panels. The relatively heavy masonry and concrete
pavement panels were fabricated in two sections to facilitate handling,
but their moun’ing was in pairs for proper comparison purposes.
Figures A.1 through A.lhi show a vizw of each panel. These photo-
graphs were taken subsequent to decontamination and on some surfaces
clearly show the effects of weathering and decontamination efferts.

2,2,2 Panel Mounting Racks

To expedite handling, and thereby to reduce the exposure of
recovery personnel to a minimum, each set of panels was mounted on a
lightweight tubular steel rack designed to fit a predetermined space
on board ship. The test panels were mounted in such manner as to
retain their normal orientation under fallout exposure conditions,
i.e., pavement panels were placed horizontally, wall panels vertically,
and roofing panels on slopes consistent with their normal use, Each
rack was equipped with a lifting ring and a quick unfastening device
to facilitate recovery under contaminated conditions, This assembly
was handled as a single unit from shore to ship initially, and from
ship to shore following contamination.

2.2.3 Panel Weather Covers

It was anticipated that several dayvs would e=lapse following
exposure to contamination before the panels could be recovered from
the ships., To preserve the original contamination patcerns on the
panels of the YAG LO (unprotected ship) from the effects of weather
during this period, delayed action, flexible, waterproof covers were
provided, These covers, similar in operation and general appearance
to conventional window shades, were rolled up and suspended above the
panels. Metal guides were provided along the edges of each panel.

17
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Each cover was secured in a rolled-up position by a short length of
nickelechromium (n-c) wire. Release of the spring tension
raintained by this wire was controlled by a battery operated, alarm
clock timing mechanism which, at a predetermined time, applied an
overload current to the wire. This fused the wire which in turn
released the springs and permitted the cover to close over the face
of the panel, Unfortunately, the long delay which occurred between
the time of set*ing of the clock mechanism and the firing of the shot
so depleted the battery that insufficient current remained to actuate
the fusing mechanism, No attempt was made to use the weather covers
following this experience on Shot 2,

2.2.4 Decontamination Stands

After recovery, the contaminated panels were mounted on simple
2 in, x L in, wood stands at the Parry Island decontamination area,
ready for decontamination opzsrations., During Shot 2 decontamination
operations, it was found that the ground underneath the panels became
significantly contaminated, Therefore, a drainage ditch for
contaminated run-off liquid was provided for all subseyuent decone
tamiration operations,

2.2.5 Decontamination Apparatus

The apparatus for decontamination consisted of the following
items:

1, Pump, centrifugal, gasoline engine driven, Engineer Stock
#11-4619,.240,100,

2, Vapor Clarkson Heavy Duty Cleaner, Model X1-4992 with
Sellers Hi-Pressure Jet Clcsner. :
.3, Decontaminating pparatus Power-Driven Truck-Mounted
M3A2, TM 3-223,
o Brush, GI scrub, with handle,
5. Detergent, household, trade name "Tide".

2.2.6 Radiological Instrumentation

The following radiological survey instruments were used:

1. Radiac Training Set AN-PDR/T1B

2. Beta Directional Instrument, NRDL Model RBl-12, (This is
a light, self-contained, battery operated portable instrument with
al in, x4 in. window, which measures beta activity when placed
against a surface. Four sensitivity ranges in decades provide
readings from O to 20,000 microcuries,)

18
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CHAPTER 3

OPERATIONS

3.1 CONTAMINATION

Panels were placed on the YAG 39 and the YAG LO tor Shot 1 and
Shot 2, and on the YAG 40 only for Shot L. Panels were not placed on
the YAG 39 for Shot L since the effect of a contaminating situation
involving an immovable structure was desired. Therefore, arrangements
were made for the placement of these panels on an anchored barge for
participation in Shot Echo as herein before described. When Shot Echo
was canceled, this partic¢ipation was changed to Shot 6.

Details ol the YAG maneuvers and the intensity levels encountered
on board ship during Shots 1, 2, and L are recorded in the report of
Project 6,4, Following Shot 2 the YAG 39 and the YAG LO received
different amounts of contamination. It has been estimated by Project
6.4 that the YAG 39 reccived approximately 10 per cent as much fallout
as the YAG 10 (12% based on gamma surveys, 9.2% based on beta surveys).
The average radiation level on the barge for Shot 6 was 15 mr/hr at
H +10 hr., The initial contamination level of the panels for Shots
2, b, and 6 are summarized in Table L.l.

3.2 RECOVERY

Following the above referenced maneuvers in the fallout areas,
the ships were recovered by Navy craft and towed to anchorage in the
Eniwetok Lagoon off Parry Island, This was accomplished in each case
within a few days after detonation,

_ Shot 1 - Panel contamination was so low as not to warrant
unloading from the ships, .

Shot 2 - All panels were removed from the ships and monitored.
The extremely light contamination found on the YAG 39 panels did not
Justify thelr further investigation. However, a complete series of
. decontamination operations was performed on the panels from the YAG L0,

Shot L « The panels, which had bean placed on the YAG LO only,
were removed to the deccntamination site, monitored, and decontami-
nation operations performed,

Shot 6 = The panels on the barge were unloaded, monitored, and
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limited decontamination operations performed.
3.3 DECONTAMINATION

3 03. 1 Honi‘borggg

Each panel was monitored for beta and gamma radiation
separately at 16 equally spaced points marked on the panel on
approximately a one foot grid. This was done initially before decone
tamination operations were begun, after each such operation, and af,
the beginning and end of each day, An NRDL designed instrument was
used for mezsuring beta radiation, and the Radiac Training Set
AN-PDR/T1B was utilized for gamma measurements. Beta radiation was
measured directly on the surface and gamma radiation was measured
1 in, above the surface, An instrument mounting jig was attached to
the gamma instrument to insure accuracy of position for all readings,
Background readings were taken periodically for purposes of data
correction.

3.3.2 Decontamination Methods

Each panel was subjected to a variety of decontamination
techniques, applied in the order given below. This order was based
on initial employment of the mildest method known « as determined
by previous laboratory investigations - progressing to more and more
severe treatments., (Economic considerations and limited availa-
bility of space on the test skips precluded the furnishing of a
separate panel for each decontamination operation.) In several
instances two trials were made with identical techniques in an effort
to determine the optimum efficiency of each such technique.

3.3.2.1 _ Decontamination Methods Employed

S

a. low pressure hosing - for a period of 1 minute/panel,
(1/h in. nozzle, with a nozzle pressure of 8 psi).

b, Water scrubbing, followed by a low pressure water rinse,
for a period of 1 mimite/panel. :

c. Fire pressure hosing, for a period of 30 sec/panel,
(1/k in. nozzle with a nozzle pressure of LO psi). .

d. Water and detergent (Tide 0.3 per cent solution)
scrubbing, followed by a low pressure water rinse, for a period of
1 min/panel.

e. High pressure hosing for a period of 30 sec/panel,
(Chemical Corps Decontamination Truck, 350 psi hoce pressure),

f. Hot rinse for a period of 30 sec/panel (Sellers Hi-
Pressure Jet Cleaner, 200 psi hose pressure),

Shot 6 panels were treated by applying high pressure hosing
and then water scrubbing (methods "e" and "“b" above% only. Low
contamination and inclement weather precluded additional decontami-
nation effort, The order of hosing and scrubbing was reversed to
check an observation made during previous panel decontamination to
the effect that hosing seemed inefficient following water scrubbing,
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3.4 OPERATIONS AT ARMY CHEMICAL CENTER

After completion of operations in the forward area, selected
panels were returned to the Arry Chemical Center for investigations
concerned with the nature of the residual contaminant, Attempts were
made to determine the particle s.-.: and distribution of activity over
the surfaces by radiocautographs and optical methods., Iimited :
investigations were conductad in decontamination by brushing with
detergents and complexing agents; and determination of depth of
penetration of the contaminant into protective coatings, '
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CHAPTER 4

RESULTS

L.l RESULTS
Lkol.1 Calculations .

Radiation intensity readings for each surface wers averaged
and corrected for background. These were then corrected for decay
to H + 24 hr, Decay corrections plotted from Project 6.4 date (see
Fig. L.1) were applied to Shot 2 and Shot L data, and the =1.Z decay
law was utilized for Shot 6 data, In order to be able to compare the
YAC 39 panel contamination levels with the YAG 40 levels for -Shot 2,
the intensity levels of the YAG 39 panels were multiplied by tae ratio
of the activity of the fallout to which th) ships were exposed.

Average residual percentages for ech surface were calculated
by dividing the average residual intensity (times 100) after decon-
tamination by the average initial intensity as received in the decon-
tamination area, all intensities having been corrected to a common’
time basis of H + 24 hr, Some of the contamination as originally
retained on the panels may have been removed by weathering and handling
prior to the initial survey. It is bellieved that this removal, if any,
is emall and of such a noan-tenacious nature that low pressure hosing
would have removed it. Also, it is quite possible in & real situation

- that there would be weathering effects during the emergency and
waiting periods between detonation and the start of recovery operations

In view of these facts, it 1s believed that data presented are
realistic, Residual percentages for the washdown protected panels on
the YAG 32 were calculated by dividing the normalized YAG 39 panel
average imitial intensities (times 100) by the YAG LO panel aversgs
initial intensities,

k.1.2 Summary

Table 4.1 is a summary of average gamma initial intensities
per panel for Shots 2, L, and 6 corrected to H + 2l hr,

Tables L.2, k.3, ard h.h summerize residual percentages after
decontamination based on gamma data for surfaces contaminated after
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TABIE 4.1 Average Gamma Initial Contamination Per Panel

INITIAL CONTAMINATION
(Corrected to H + 24 h:?)

me
Shot, #¢ Shot #L ] ohot #6 |
MATERTAL SURFACE YAG 39 | YAG LO] YAG LO | STA. 650 -
LAsp)xalt. Pavement Control 2 5760 L2s 8
Control 0 gﬁio 570 -9
Concrete Pavement {Seal Coa 00 650 11
sphalt and Gravel [Control ) 3770 LOO | o»] 7%
uilt-up Roofi PVA et %0 2550 376 | o | 7%
mooth Surface lLontrol 10 11070 335 i
oll Roofi PVA 3% () 9330 265 8
[orrugated Roof Control 7210 230 8_
'r—&trip Sbingle Control -8 8290 oLo 1 310
Roof - Sealed Joints | 3n0 8120 205 10
sbestos chingle  |Control 830__|1B010 | W:70 16
- Sealed Joints | L,90_ 115130 | 1300 15
lw Control 34,0 18840 920 11
ood Siding Alkyd Resin 300 18120 690 9
Lead and Oil 22830 1Ll0 9
enolic Resin 60 | 18670 515 7
Alkyd Resin 0} 770 ) 11
Shest Matal henolic Resin | 10 16380 I L
Control 10 ﬁélO i%g 9
Brick Resin Emilsion | 1 27320 oLo 10
[Control 105 1 18640 1470 10
Concrete Block Resin Emulsion | 60 0 765 10
Control 85 | 12050 1290 )0
Cinder Block Resin Emuision | L3 1}7%0 1 10
Plane -85 2000 280 6
Geometry Effects Configurations 60 2060 320 8

# Two identical panels were exposed
#+ Polyvinyl Alcohol
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San Shots 2, L, and 6 respectively.
, Table 4.5 compares averaged residual percentages of panels
grouped into usage and surface characteristics.

Ly Table 4.6 lists residual gamma percentages of washdowm
5" protected panels compared to unprotected panels exposed to Shot 2.
s g Figure 4.2 is an illustration of initial gamma contamination
SR versus panel slope. Initial contamination levels of all panels of
‘,//5"7 the same slope were averaged for each shot, These averages were

compared with the average intensity level of horizontal panels, and
the corresponding ratios were plotted against panel angle,
e Figure 4.3, L.4, and 4.5 represent graphically the initial
’ gamma intensities and residual percentages of panels for Shots 2, L, -
and 6 respectively. )

- Appendix B summarizes the data obtalned from beta readings.
These results were not used because they were felt to be misleading,
Further discussion on this point is contained in Chapter 5.

These charts and graphs, in a few cases, indicate higher
activity levels after decontsmination than before. This is attribute
able to instrument error, decay correction error, and changes in
instrument geometry due to redistribution of contaminant. In all
o cases, however, the actual deviation is less than instrument tolerance
- error alone.
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TABLE 4.2 Shot 2-Residual Percentages After Decontamination -7

Shot & « Residual Percentages

(Corrected for Decay & Background)

g 3 g
0 O [*]
g lgs [F £
[ § [7] [ [ ]
¢l |25 | 5
Q g ?) ﬁ = z,j 5 + g Q
gl 2 o2 |® g g o |a
[ ] &: § &: o0 th ot
. B G a o & . -2
' g9l |25 12183 18 Is
MATERIAL SURFACE 23 3 (8& K 1ad | |2
Asphalt Pavement |Control 100 | 7L =72 %] 66=6l33¢ ) 63 t 56
; Control 100172~75 147-lhs | LOILO L9 1LB
Concrete Pavemenf{Seal Coat 100163=72 | ho-05 [ L9 |h8 3 |51
Asphalt and Control 100{86=77 {62=-56 <§9 62 |66 |63
Gravel Builteup [PVA # 100]79=73 | 50650 | 54}61 6L }6
Roofing :
Smooth Surface |Control 0 1B0=70 | 39-37 [31{25-26%| 2L |21
Roll R°°§i§§, PVA % 10018176 [L46=L6 | 38137=L0 138 |23 4
Corrugated Roof [Control. 100}98=83 [6l~63 | 61]55=-06 JL5 {L
Strip Shingle Control 100193-73 j6L-54 {53 56 Bg
Roof ‘ Sealed Joints 1100]05=71 {62-53 | 53152 61 |55
Control 100 [68-60 [56-52 |48 {50 L | LI
sbestos Shingle [Sealed Joints 10-00 158-55 150152 o4 {LL
7 Control 100[61-58 [50=38 |39 135-35%{37 |34
Wood Siding Alkyd Resin 100172-69 |h2-32 | 32 {25-26 127 t2L
Lead and 0il 100 [58=53 |3L-23 |22 |20=-17 |17 15
Phenolic Kesin [100}156-55 [33=24 |22 }lLh-1l 15_4 i)
Alkyd Resin 1001118.53 [23-27 123110-8 7T 7
Sheet Metal Phenolic Resin |100]4b-it §22-21 121110-10 | 8 ¢}
Controi 100}75-69 [52-L43 |43 lul 55 U6
Brick Resin Emulsion [100]67-61 JLb-U0 | 4135 L8 1L5
Control 100]63-64 | 36-37 {LO 41 L3 145
Concrete Block [Resin Emulsion [100{65«71 |38-34 {LO {LO L3 142
Control 100168-58 {L0-L5 L5151 LI, {43
Cinder Block esin Emulsion [100]69-58 | 37«40 {LO (U5 LI 136
Plane 10018484 | L47-33 |25 {30 31 |32
Geometry Effects [Configuration [100{80-79 [L5-33 {24 {27 30 {33
# When two (2) percentages are listed in the same column, the second

percentage represents the result of repeating the operation,
st Polyvinyl Alcohol
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TABLE 4.3 Shot Lh-Residual Percentages After Deccntamination - 7
Shot 4 Residual Percentages ,
(Corrected For Decay and Background)
3 2 2
‘@ o o
o = =
o < 3]
& o |2 & &
HERER R E AT
gl |gel s |z5|e |2
oa| k& Bl & 2 | & -l
4 o a - P2
— ___18El | el |EEls |3
MATERIAL SURFACE 2318 (a8l @ (8812 |2 |
Asphalt Pavement |Control 100 | 93 | 86 ]88 |60 6L |69 &
Control 100 | 92 65 166 |57 58 | 58
Concrete PavementSeal Coat 100 { 93 66 {7 65 66 | 66
Asphalt and Control 100 { 83 83 :76 {68 68 | 71
Gravel Built-up |PVA # 100f97 | 8 (8175 (707N
Roofing _ j :
Smooth Surface  |control 100 | 07 %_1_%9 311 30 |32
Roll Roofi VA 100 1 93 | 52 1652 [h2 T L2 |37
Eorrugated oof |Control 100 1100 70 t 68 153 63 |58
Strip Shingle Control 100 { 89 71 167 |52 353 | 57
Roof Sealed Joints {100 | B85 69 165 153 53 | 60
Control 100 1 99 |88 r87 183 138 &
Asbestos Shingle [Sealed Joints |100 1102 | B85 fB7 [ B3 1 B3 | B1
Control 100 { 95 77 7L | 87 | 62
Wood Siding Alkyd Resin 300 1103 7L _t73 | 56 55 156
Tead and 0il [100 | 93 o8 ;62 |52 . L8 |L8
Phenolic Resin{100 | 94 85 7L | 60 L8 |52
Alkyd Resin 1CO0 t 81 69 371 {29 32 130
Sheet Metal henolic nesini 100 ; 63 61 (59 130 . 31 |32
Control 100 : 89 78 372 173 .68 |67
Brick Resin Emulsionf100 97 | 90 180 {73 71 {75
Control 100 197 1 74 s7h |72 73 |74
Concrete Block  [Resin Emulsion!100 | 85 | 86 186 |83 . B5 |88
, Control 100 | 98 83 781 |78 77 17
Cinder Block Resin Emulsion) 100 102 8L |66 | 80 82_]1082
Plane 100 121 | 93 187 {73 169 |67
Georetry Effects [Configurations]100 (116 85 183 {80 168 [70
# Polyvinyl Alcohol
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TABIE 4.4  Shot 6 Residual Percentages After Decontamination-y

Shot & RESIDUAL PERCENTAGES R
(Corrected for Decay and Background)

Before Decon-|High Scrub With
e tamination Pressure |[Low Prescsure
MATERIAL SURFACE Hose Rinse
Asphalt Pavement  }Control 100 100 98
' Control 100 86 71
Concrete Pavement {Seal Coat 100 92 | G52
Asphalt and Gravel [Control 100 BL#[w79_[7o% [B3%*
Built-up Roofing |PVA #x 100 B2 [#77 175% |63#
Smooth Surface Control 100 Th '
Roll Roofi% PUA W 100, 71 g
orrugated Roof Control 100 86
Strip Shingle Control 100 a0 92
[Roof .,A Sealed Joints 100 8% 8
Asbestos Shingle Control 100 ~ 99 89
Sealed Joints 100 99 8L
Gontrol. 100 87 7€
Wood Siding Alkyd Resin 100. 73 ul
Lead and Oil 100 8l _ 68
Phenolic Resin 100 89 70
Alkyd Resin 100 93 L6
Sheet Metal Phenolic Resin 100 97 68
Control 100 90 85
Brick Resin Emulsion 100 12 o7
‘ Control 100 89 70
Concrete Block Resin Emulsion 100 89 “ 01
Control 10C 92 92
Cinder Block Resin Emulsion 100 92 75
Plane 100 78 37
Geometry Effects . |Configurations 100 66 L3

# Two identical panels were exposed, -
3¢ Polyvinyl Alcohol
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TABLE 4.5 Comparison of Panel Residual Percentages Grouped
Into Usage and Surface Characteristics - y

RESIDUAL PERCENTAGES

(Corrected for Decay and Background)

CONFIDENTIAL — RESTRICTED DATA |

A 8 8 g [}
[+] [~
2NN EHIERERE
' S B § 212 lo |8 |o
g [ ] J: g 2 g ; (=] a
i - - [ -
§51818 |55(5818 (5|8
oh g s | = E » 3:" & |= |& ] 5
8 5 g ()] g -] s [ ] 4 e
Shot <F aal go R: H A Y
No,| PANEL GROUP 28 .§ sl a& |23 |2 |8 |H |2
2 |All Panels 100 |72 | 67 | é 42 gl 4O | L1 | 38
Pavement Panels {100 }70 1 3 71 55 | 52
Roof Panels 100 §86 1 0O {50 ]51 {47
Wall Panels 100 |66 LT 136 135 [ 33 (36 | 32
Uncoated 1100 {72 6 L7 ly L3 kS 1 L
Coated 100 {88 | 65 1 L2 ’3';; 35 LBQF 3J :3%—
Open Joints 100 |81 | 67 | 60 %3 51 Sg: o 151
| Sealed Joints 00178 1 & | 60 L 1652 |5 8 | 50
Permeable 1006 | 61 | 37 133 {32 |23 120 {19
Impermeable 100 3 70 68 | L9 u7 48 { L8 |51 | LB
L ] All Panels 100 {94 76 711‘ 63 | 61 | 62
Pavement Panels {100 {93 72 76 1 61 |63 | oL
Roof Panels Y00 19T 5] Z 1331538
Wall Panels 100 {90 B0 77 | 67 [ 65 | 65
Uncoated 100 {92 73 70 | 6L | 62 | 63
Coated 100 {95 71 74 1 65 163 | 64
Open Joints 100 194 80 77 168 169 | 71
Sealed Joints 100 194 77 76 | 68 | 68 | &8
Permeable 100 |88 72 69 | L6 | Ll | U6
Impermeable 100 1 94 77 76 | 68 | 68 | 69
29



TABLE 4.6 Residual Percentages of Washdown Protected Panels = ¥

RESIDUAL PERCENTAGES
VATERIAL SURFACE ' (After Washdown)

Asphalt Pavement Control Lk
Control 1.5

Concrete Pavement Seal Coat . 1,6 -
Asphalt and Uravel Control 2.3
Built-up Roofing “PVA 2.0
 Smooth Surface Control — 1.0
Roll Roofing PVA # 1.6
Corrugated Roof Control ‘ 0.9
Control 4.6
Strip Shingle Roof ~Sealed Joints 4.2
Control 3.71;

Asbestos Shingle Sealed Joint 3.

Control 1.8
Alkyd Resin 1.0
Wood Siding Tead and Oil T.1
Phenolic Resin 0.3
. Alkyd Resin 1.0
. A Sheet Metal Phenolic Resin 0.6
|_Control 4 0.6
. Brick Resin Emulsion 0.h
_Control 0.5

Concrete Block Resin Emulsion 0.5
Control 0.7

Cinder Block Resin Emulsion 0.3
: Plane - L.3
Geometry Effects Configurations 3.0

# Polyvinyl Alcokrol
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Shot 4 Initial Gamma Contamination and Residual
Percentages After Decontamination Operations
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CHAPTER §

DISCUSSION

5.1 RESULTS

Subject to certain technical limitations, participation in
CASTLE has produced information suitable fcr direct application to a
military situation involving the detonation of thermonuclear weapons
in harbors and in relatively shallow coastal waters contiguous to ,
strategically important shore installations. The information obtained
is also expected to be applicable, by suitable extrapolation, to
surface arnd shallow water detonations of moderate yield fission type
weapons,

One of the technical limitations to unreserved accertance of
CASTLE data lies in the atypical, calcareous nature of the contaminant
residues, - )

The contaminant resulting from Shote 2, L, and 6 was very’
tenacious and on most surfaces resisted hosing and scrubbing decon.
tamination efforts which were effective at JANGLE, This difference
seems to be largely a function of the nature of the contaminant which
in this case was predominantly liquid, It is believed that the ad-
herence characteristics observed resulted from adsorption of the
fission product ions found in this liquid. The following is
experimental evidence to support the above theory:

1, Radioautographs showed a smear of contamination with a more
or less uniform distribution of diffused "hot spots". No particulates
were found to be associated with these "hot spots",

2. The application of carriers such as strontium, cerium, and
iron effectively decontaminated these surfaces., This is the result
of lon exchange,

3. A complexing agent for a similar reason (in this case 3
per cent "Versene") was also effective in decontamination.

4. Contaminant penetration into the surfaces of painted and
unpainted wood was approximately the same., This is characteristic

-of ion exchange but would not apply to particulates,

The explanation presented in referencelli relative to the
tenacious nature of the contaminant found on the rafts in IVY appears
doubtful in view of the above evidence. This reference indicates
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that the fallout particles originated as calcium carbonate (coral)
which was converted to calcium oxide by the heat of the detonation.
This rapidly changed to calcium hydroxide with the formation of a
very thin layer of calcium carbonate on the outer surfaces. Particles
were influenced by a sea water enviromment which caused the formation
of an insoluble shell of magnesium hydrcxide, surrounded by calcium
carbonate, On the interior of the shell, welledeveloped hydrated
calcium sulfate crystals (gypsum) were formed. This leaching effect,
by causing partial solution and reprecipitation of the soluble
calcium compounds, was felt to account for the adherence of the
particles, As indicated above, experimental evidence supports the
view that ion exchange is primarily responsible for the adherence of
the contamination at CASTLE, However, the role of ion axcharge in the
wet contamination-decontamination behavior of materials will require
further exploration befors its implications are fully understood,

Appreciable differences in initial contamination levels existed
among the various panel surfaces with no evident correlation to
surface properties. Vertical surfaces facing upwind became equally
or more highly contaminated than pitched or horizontal surfaces,
probably due to the combined action of wind currents and tenacious
contaminant, '

A possible explanation for this phenomenon is that deposition
of wet contaminant was irfluenced by wind currents which tended to -
impact the contaminant onto surfaces normsl to the wind, Although
this effect was most pronounced on shipboard contaminated panels
following Shots 2 and L wnere ship speed into the wind and ship
structural georetries may increase the impact, the contamination
of panels on the stationary burge following Shot 6 exhibited similar
relaticnships. The effect of slope panels used during Shot 6 were
all of the same material and had similar contamirnation character-
istics, The construction material penels were placed at the same
mounting slopes as practizced in building construction. No direct
comparison of identical surfaces at different slopes can be made with
these panels, but it is important to ccmpare the conamination of
materials at the slopes as they are encountered in actual buildings.

The experimentsl decontamination work was done in a sequence of
operations and only qualitative comparisons between decontamination
methods can be made. If a less efficient method were applied after’
a more efficient one, it is believed that only negligible removal
would result., The selection of the sequence of the different
decontamination methodg was predicated on laboratory tests as
suggested in reference®,

The basic physical parameters which appear to affect resistance
to wet or slurry forms of contamination and/or ease of decontamination
are impermeability to moisture, non-absorptivity, and hardness,
Results illustrating the effects of these parameters are presentad as
part of Table 4.6. Smoothness of surface did not appesr to be as
important for wet and slurry forms of contaminant as it was for the
dry form found at JANGLE,

Scrubbing followed by flushing seems to have been the most
effective and economical of the reclamation techniques employed. -
Furthermore, the addition of a detergemt increased the effectiveness
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of scrubbing, especially on Shot 4 panels, Hot liquid and high
pressure hosing techniques did not seem to be as effective. That
high pressure hosing was less effective was further confirmed by
employing this method initially on Shot 6 panels,

Repetition of hosing, either low or high pressure, does not
seem to be profitable; however, repetition of scrubbing did yield
somewhat lower residual percentages in some cases. This is believed
to be simply the result of mechanical abrasion of the surface.

Subsequent tests were conducted at the Army Chemical Center,
Samples one inch square were cut from the Shot U4 alkyd resin painted
wood geometry panel and decontaminated by brushing with various <
solutions, Results are presented in Table 5.1, “Versene" and "Tide"
and ‘"Cheer" (household detergents) removed over 90 per cent of the
five month old contamination which remained after operations at
Eniwetok, These tests were extended by scrubbing one foot square
areas of available panels with brushes and solutions. Results are
presented in Table 5.2 and show that although the reductions are not
as large as those obtained with the inch square samples, the use of
detergents is beneficial,

It was noted that intrinsically impermeable surfaces such as
asphalt and tar would derive little or no benefit from protective
coatings insofar as contaminability and decontaminability were
concerned, However, absorptive, permeable, and porous materials such
as wood, concrete, and asvestos cement were benefited to some extent
by the use of coatings or sealing of joints, Of the several
coatings employed, the phenolic and alkyd formulations were the most
satisfactory and showed sufficient merit to justify further
experimentation in the laboratory. It is a matter of interest to
note that the phenolic coating was snlected initially because of its
satisfactory resistance to chemical agents and their highly corrosive
decontaminants.

It was observed that the decontamination operations contributed.
materially to the failure of some of the coatings, notably the
polyvinyl alcohol applied to the roll roofing panels and the lead
and oil paint applied to wood panels, Also, the addition of "Versene"
to the scrubbing operation resulted in a visible run-off of asphaltic
material from roof surfaces tested which would contribute toward a
shorter service life of these materials. Further evidence of.
coating failure was indicated in several instances by chemical
analysis at Army Chemical Center. For example, the top ccating of
the Shot L alkyd resin wood panel was deteriorated to such extent that
only the primer coating ingredients could be identified. However,
it is recognized that the use of strong acids will be even more
destructive,

The usual sequence formerly prescribed for reclamation by
scrubbing called for a preliminary hosing to reduce the field,
followed by the application of the detergent, scrubbing, and a final
flushing. In view of the greater effectiveness of scrubbing as
compared to hosing, and in view of the limits normally placed on .

- available water at many shore installations, it is believed that

serious consideration should be given to eliminatiny the preliminary
hosing and substituting the sluicing on of a limited quantity of water
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TABLE 5.1

Effectiveness of Brushing With Cleaning Agents On

Decontamination of One-Inch Square Samples of Alkyd Resin {

Painted Wood
NG AGEN RESfﬁUAL PERCENTAGE #
Water 99
10% Citric Acid Lo
1% Versene 2
1% Tide
1% Cheer 10

#* Percentages are based on final levels compared
with contamination levels as received at Army
Chemical Center five months after operations
at Eniwetok,

TABLE 5,2

One~Foot Square Areas Of Selected Materials

Effectiveness of Cleaning Agents On Decontamination Of

RESIDUAL PERCENTAGES %
Cleaning Agents
MATERIAL SURFACE 1% Tide +
Water |18 Tide!1/2% Versene|1/2% Ver
Concrete Pavement {Control 100 67 67 81 .
Asphalt and Gravel |Control 80 | 85 82 83
ilv-up Roofing |PVA 100 67 50 60
Corrugated Roof _ |Control 83 | 55 27 10
Strip Shingle Control 92 | 92 79 74
Roof Sealed Joints 79 93 79 67
- Control 89 gl 85 T4
Wood Siding Alkyd Resin &5 | 67 55 %h
lead and 0il 86 09 63 2
Phenolic Resin| 100 (2¥) 56
Brick Control 100 89 7C 88
Concrete Block Control 100 80 85 83
inder Block Control 92 91 B2 8t
eometry Effects {.'lane 82 35 63 PN

# Percentages ars based on final levels compared with contamination
" levels as received at Army Chemical Center five months after
operations at Eniwetok,

##¢ Polyvinyl Alcohol

L
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containing a detergent and a complexing agent. This is immediately
followed by scrubbing and then flushing. The additlonal dose
received by workers during this scrubbing operation, because of the
higher field present during the operation, may well be compensated
for by the fact that only two operatious are required instead of
three (scrub, flush, instead of hose, scrub, flush), As indicated
elsewhere in this report, it is felt that consideration should algo
be given to the use of detergent systems without water.

The washdown countermeasure operation conducted on the YAC 39
panels was more effective in minimizing final contamination levels
than post-attack decontamination operations on unprotected panels.
However the practicability of exterior water sprays on fixed
structures with surface irregularities cannot be ascertained at this
time. -
Residual percei.tages obtained from beta activity measurements
deviated significantly from percentages obtained from gamma measure-
ments, This deviation generally indicated lower residusls, sometimes
by as much as a factor of two on very rough and porous surfaces.

(See Tables B.2 and B.3) It is believed that the decontamination
operations which were conducted tended to drive the contaminant into
the surface, which had the effect of masking the beta activity. In
view of this condition, the results based on the beta activity are
considered to be grossly misleading and are included in this report
for informational purposes only.

While the tabulated results show some evidence of "saturation
effects" - which theory postulates that the higher the initial
contaminant activity, the lower the residual percentage that can be
obtained - the levels recorded were not high enough to justify a firm
conclusion, If the saturation effec’ theory is valid, it would mean
that under contaminated conditions of real military interest
(thousands of roentgens per hour at H + 1 hour) lower residual
percentages than were obtained in this operstion would be achieved
by use of the same decontamination methods,

5.2 PHYSICAL AND CHENICAL INVESTIGATIONS OF SURFACES

In continuation of investigations initiated at the test site,
several test surfaces were radicautographed and examined
microscopically at the Army Chexdcal Center to determine residual
particle size and contamination distribution. In every case
investigated, there appeared to be a smear of contamination with a
more or less uniform distribution of "hot spots", (See Fig. 5.1 and
5.2) However, these investigations failed to detect any particulates
associated with this activity. By slicing off surface layers of
bare wood and the alkyd resin coating with a microtome, it was
determined that the contaminant had penetrated into the surface., In
both cases, removal of 200 microns effected complete decontamination,
Figures 5.3 and 5.4 show the radioautographs of the alkyd resin
coating initially, after 10C microns had been sliced off, and after
a total of 200 microns had been removed, Figure 5.5 illustrates
the effect of slicing off successive surface layers in contaminant
removal.

L2
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Fig. 5.). Radioautograph of Brick Panel Surface

Fig. 5.2 Radioautograph of Wood Panel Surface (Left
Side Unpainted, Right Side Aikyd Resin)
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Fig. 5.3 Radicautographs of Alkyd Resin Coated Wood Before
Surface Removel .

s Fig. 5.4 Radioautographs of Fig. 5.3 Surfaces After Removal of

100 Microns (Left) and 290 Microns (Right)

100

80

60

40+—

0o

Per Cent Removed

20

l | | l

30 60 90 120 150 180 20 240
Thickness Removed (u)

Fig. 5.5 Effect of Surface Removal in Decontamination of
Alkyd Resin Painted Woed
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Since the contaminant appeared to be ionic, some ion exchange
tests were made. Strontium, cerium, and iron carriers were applied
to small surface areas of unpainted and painted wood. Abcut 60
per cent decontamination was achieved on painted surfaces by this
method with two hour contact, However, as previously indicated,
further studies of the effects of ion exchange should be conducted.

5.3 DOSE RATE INSIDE BUILDINGS

Since vertical surfaces became contaminated, on the windward
side at least, to an equal or greater extent than roofs and
horizontal surfaces, it was felt that previously calculated and
experimental building dose_rates may be in error as no wall
contamination was assumed.15 Accordingly, as an illustrative example,
the relative dose rates at the center of the standard 20 ft x 100 ft
Army Theatre of Operations unlined frame building, TM 5-280, have
been calculated for three conditions:

1. Unit contamination on roof and ground, no wall contamination.

2. Unit contamination on roof, ground, and one long wall. '

3. Unit contamination on roof and ground, and three times unit
contamination on one long wall (as suggested by Shot 2 data, Fig.

L.1).

The dose rates for these three conditions, normalized to the
first condition, vary as factors of 1, 1,02, and 1,05 for the order
given above, at a distance 10 ft from the contaminated long wall.

Corresponding factors for dosage at 2 ft from the contaminated wall

are 1, 1,26, and 1,79 respectively. These calculations were made
using methods and equations suggested in referencel®, Similar
calculations relating to other type buildings are considered beyond
the scope of this report, but very worthy of further investigation,

5.4 OTHER DECONTAMINATION METHODS

Dry sweeping as a method of decontamination was attempted on
the smootk painted wood back of one peanel that had light contami-
nation, The method was completely without merit, Wet scrubving
methods on other lightly contaminated panel backs of the same material
were many times as effective,

Tha effectiveness of reclamation of unpaved ground areas is
appsrently independent of the nature of the contaminant, This is
be3ed on the effectiveness of the crude scraping performed on the
porous coral surface underneath the experimental panels, This porous
coral soil became contaminated by wash liquids, Physical removal of
the top 3 to L inches of soil gave the same effective decontamination

- a8 similar operations in Nevada where the area was contaminated by

dry fallout.
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CHAPTER 6

CCNCLUSlONS AND. RECOMMENDATIONS

6.1 CONCLUSIONS

l. Contamination of shore facilities after detonation of a
thermonuclear weapon in a harbor would present severe decontamination
problems in areas considerably beyond the range of blast and thermal
damage.

2. Hosing and dry sweeping decontamination technigques are
relatively ineffective in reducing residual contamination levels on
structures exposed to wet or slurry forms of contamination.

3. Scrubbing operations utilizing the proper combinations of
detergents and complexing agents are the best practical methods in
reducing contamination levels on most construction meterials;
especially on those having impermeable surfaces.

L4, While the use of some of the protective coatings employed
was of slight value, phenolic and alkyd formulations showed
sufficient merit to justify further experimentation in the laboratory.

Se The differences in initial contamination level of the panels
appear to be more a function of orientation of the panels than of
the characteristics of the panel surfaces themselves. Vertical
surfaces facing upwind were found to be equally or more highly
contaminated than pitched or horizontal surfaces, This may
significantly increase dosage rates on the inside of structures,

6. The use of unpaved buffer zones around structures is
preferable to paved areas, particulariy if adequate mechanized dirt
moving machinery is available,

7. Residual contamination percentages on surfaces appear to
decrease with increasing initial contamination levels,

8. The submicron size and ionic nature of the contaminant
might be the reason for the tenaciousness of the contaminaat
encountered. ‘ :

9, Washdown countermeasures are effective in minimizing initial
contamination of panels of construction materials surfaces. However,
the practicability of exterior water sprays on fixed structures with
surface irregularities cannot be ascertained at this time,

10, Beta detection instruments are not suitable for measuring

: W6 :
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decontardnation effectiveness, They may be of value however in
locatin; high intensity areas in a contarinsted field where buildings
or sbrupt changes in surface contours may cause non-uniform settling
of fallout,

6.2 RECOMMENDATIONS

1, 7The resicual percentages given in the literature for the
variovs decontamination operations should be reviewed in the light
of the results of this operation, and reclamation planning of target
complexes should be adjusted accordingly.

2. In view of the adde< effectiveness of detergents for
descontaminntion; and the probability of serious water shortages on
contaminated installaticns, the development of effective low cost
detergent systems may be advisable,

3. The effect on construction materisl surfaces of the forms
of contamination resulting from typical harbo:* bottom msterials should
be determined on & comparison basia with the calcareous bottom
materials found at CASTLE,

L. The implications of increased dose ~ates in building
interiors caused by wall contamination should be investigated,

S. The influence of high intensity-level contamination on
residual percentages following decontamination 7perations should be
determined for comparison with relatively low-level contamination,

6. Investigations concerned witli the development of easily
removable protective coatings having weather resistant 'qualities
should be accelierated,

7« The effectiveness and practicability of axterior water
sprays should be evaluated on fixed structures where immovability and
surface irregularlities may seriously reduce the effectiveness
compared to test results with maneuvering ships.
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APPENDIX A

e CONSTRUCTION MATERIAL PANEL PHOTOGRAPHS

../ : -
’ Fig. A.1 Panel No, 1 Asphalt Pavement

Y . 5 ; N ?’i‘
. e . - . . Ire’
B .o 3 %_/~

Fg. A,2 Panel No. 2 Concrete Pavement
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o - Fig. A.3  Panel No, 3 Asphalt and Gravel Built-Up Roofing
-
Fig. Ay  Panel No. L Smooth Surface Roll Roofing
‘ L9
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/.
’ Fig, A.S Panel Nc. 5 Asphalt Protected Corrugated Metal Roofing
/
B
- Fig. A.6 Panel No, 6 Mineral Surface Strip Shingle Roofing
P 50
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Fig. A.8 Panel No., 8 Wood Siding
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Fig. A.9 Panel No. 9 Wood Siding

Fig. A,10 Panel No. 10 Sheet Metal
52
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Fig, A.11  Panel No. 11 Brick-Medium Densiv,
) )
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' ' Fig., A,12 -Panei No, 12 Concrete Block
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Fig. A.13 Panel No. 13 Cinder Block

' Fig, A,14 Panel No, 1 Geometry Effects
o 5l
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APPENDIX B

DATA BASED ON BETA MEASUREMENTS

TABLE B,1 Average Beta Initial Contamination Per Panel
INITIAL CONTAMINATION
(Corrected to H + 24 hr) ‘
ue
“Shot #2 Shot #4 | Shot #6
1IA URFA YAG 391 YAG L4O | YAG 4O | STA,

Asphalt Pavement Control 6%0 22510 630 8.7
Control 700 2330 17.1
Concrete Pavement |Seal Coat 725 }5990 2150 19..2

Asphalt and Gravel |Control 870 | 10370 505 B.7% 11,
uilt-up Roofing  |PVA s oud | 6030 1 NEE
Smooth Surface Control 840 | 52380 1050 22,0
~ Roll Roofing PVA 1390 | 57560 79% 27.1
Corrugated Roof Control 670 | L3150 960 19.7
Strip Shingle Control 1170 | 22900 805 18.0.
Roof Sealed Joints | 1060 | 23560 . 775 16.0
; Contro. 3790 | 84980 3990 30,1
Asbestos Shingle  |{Sealed Joints | 2790 | 75560 3510 32,5
Control 1620 { 92140 3270 26.2
Wood Siding Alkyd Rezin 3790 (111730 3110 31.)
Lead and 0il 2950 11295L0 5670 18.6
Phenoliec Resin] 1120 | 97320 73 13.9

. Alkyd Resin 2340 [ 92610 35650; 177 ‘
Sheet Metal Phenolic Resin] 945 | 90260 705 13.7
Control 395 1 88090 3L80 1%%
Brick Resin Emulsion] 330 [185810 2590 25,

Control 725 1103350 0 2542
Concrete Block Resin Emulsion) 500 | 61430 3260 30,1
Control 500 | 52470 395G 18,5
Cinder Block Resin Emulsion} 1395 [ 7L620 3530 20.4
Plane 3060 | 15070__| 1930 2L.0
Ceometry Effects Configurations] 945 | 12820 1530 23,0

# Two identical panels were exposed.
## Polyvinyl Alcohol
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TABLE B,2 - Shot 2-Residual Percentages After Deconcamination - B

h Shot 2 RESIDUAL PERCENTAGES
(Corrected fcr Decay and Background)
o 8 £
1
L2 1EE ] °
- ] g
8al 8 oy n|a
29 So o |5E ® §
0% 5 =5 K1 | &1 5
I A 5 LD 0 F- (-
SE §3 H §8 S| o
FATERTAL smeree—— 83| & |8& | 2|83 | |8
Asphalt Pavement |Control 100 154 -39#} 26-25% 25 123 23 |17
Control 00]75-71 L1-36 | 35 |34 _25_
Seal Coat 100]7 -Zs 43 {38 0
Control 100 9 150-49 | L2 137 2_5_%
PVA 6% 100173 943 | 38 |37 3
Control 1008873 | =30 | 27 [i7-1i| 12 |11
Roll Roofing PVA ¢ 100|86-8 {L5-43 | O |36-32 | 31 |13 |
{Corrugated Roof {Control 100{90-85 157-h9 | 43 {3325 | 2 %_i
Strip Shingle Control 100]76-66_{56<50 | L5 9
Roof Sealed Jointa | 100]80=88 156=650 | L7 |uL LI _3;
Control 100{07=b9 |10~ 3L [34 29 12
Asbestos Shingle [Sealed Joints | 100142« E?‘-Eg EB 3613213
Contrcl - 100170 =33 ) 32
[Wood Siding Alkyd Resin _ 1100(93=B9 (L5<3 | Ll [33=2L | 26 |2
Yead and Ol | 100161-56 |31~27 ’zr'lﬁ-rr. 12
Phenolic Resir| 100 0= 15 | oo ;:
Alkyd Resin__ 1100 2626 1 26 | 6= 3
Sheet Metal enolic Resin]100 L 17-16 § 14 | 3-2 21 2]
Control 100 {70 36~ 39 133 32 {33
Brick Resin kmulsion] 100]67«64 {Ll=37 | 40 .{36 2 ?
l; Control 100 [56=56 | 37=35 1 30 133 9
oncrete Blecck  |Resin Emilsion}100]65-6L {L3-L0 { 39 136 38 135
Control 10015741 ﬁ-ﬂs 2 32 30 130
Cindsr Block Resin Emulsion] 10015719 |304=30 § 33 |32 31 130
Plane 10091-89 {o2-l2 | 12 3L 33
Geometry Effects jConfiguration }100(78-82 J48-il § L1 |32 030 131

# When two (2) percentages are
percentsge represents the result of repeating the operation
#¢ Polyvinyl Alcohol

listed in the same column, the
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TABLE B,3 Shot L-Residual Percentages After Decontaminution - B

Shot 4 RESIDUAL PRRCENTAGES
(Corrected for Decay and Background)
2 2 2
2 x| & =
[} 3 b2} . [
s 1t (S8 8], | ¢
o £ § 5 x -]
R332 | 52 | 58] 2| @
low| & |ZE| & | =91 &1 F
EElE |ad] o fe =
SElax |E9 8 B8l B o
MATERIAL SURFACE A3 .83 okl & j 3R o 2
lAsphalt Paveient |Control 100 97 1 77 | 81 | L { kS | 35
Control 100 13100 | 72 | 71 | 71 | 67 | 62
Concrete Pavement [Seal Coat 100 | 98 | &6 67 | 66 1 57 | 62
Asphalt and Control 100 { 92 | &L 78 .1 66 ol 9
Oravel Built-up |FUR 100100 | 72 | 35 | 58 | oo | 4B
ofi
moothn%urface Control 100 (105 | 66 | 68 | 23 | 21 | 23
011 Roofing PVA 1001 99 { 65 | 62 | 5L 1 51 | 38
Corrugated Roof |[Control c0f{101 | 70 | 72 Ll L8 | L7
Strip Shingle Control 100 1108 | 91 | B8 | 69 | 61 | 58
Roof Sealed Joints 1100 113 | 95 89 &0 62 | 60 |
Control 100 99 | 86 | 86 | B0 { B7 | 72
Asbestos Shingle |Sealed Joints | 100 | 102 | 90 87 8l 88 | 76
Control 100 95 | 83 | 6L { 65 ) 68 | 56
Wood Siding Alkyd Resin  [100 [ 102 | 70 | 7L | 60 1 62 [ 56
lead and 011 1100 98 1 71 71 54 3 55 1 50
Phenolic Resinj100| 97 | 81 89 1 35 1 L3
Alkyd Resin 1300307 | 91 | B9 1 32 1 33 | 32
Sheet Metal Phenolic Resiri 100 {103 { 70 BO 30 ; 29 | 26
Control 100f 98 1 75 | 79 69 71 | 6f
rick Resin tmulsion] 100 | 105 | 8L 90 80 8L 1 79
) Control 100 1300 | 82 | B1 1 78 t 75 1 75 1
Concrete Block [Resin Fmulsiond 100§ 104 | 95 | 96 { 91 } B8 | 91 |
[Coritrol 100 (101 | 79 1 81 | 7h | 70 [ 72 |
Cinder Block Resin Hnulsionf 100 | 102 | 83 82 76 T7 1 72 1
Plane 1001103 ; 71 75 . 63 | 60
Geometry Effects [Coniigurations|io | w00 { 74 ¢ 79 | 6L | 6L | 65

# When two (2) percentages are
percentage represents the result of repeating the operation,
33 Folyvinyl Alcohol

listed in the same column, the second
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TABLE B./ Shot 2--Beta/Gemma Ratio
Shot 2 Beta/Gamma Ratios (ue/m)
[ ] ®
a 3 3
2 2@ = =
1 3 g [ [ ]
g 5 2 | 2| s 2
[T - £ N
25| 2 s | 2l 82 |51
vE| & - & 2 |& |3
2 F p
g 2e | 2| 23 |8 |5
MATERIAL SURFACE X3 S o & b - E] =
sphalt Pavement [Control 2.72[2.00-1.48%]1,08-1,02%{1,07 |1.05 1.0 j0.82
Control 1,700 9L-L.15 |1.12=3.57 13,50 (3.7 3.28 13,12
Concrete Pavement {Seal Coat 5,.,6215.57-4.68 14.,78-4,0 h.gb .f;i 3,504 ‘3.§§
Asphalt and Contrcl 1,9211,73-1,74 l.?h-l.3§ 1,36]1, 1.0 2,07
PVA #» X loéh 1052-103'5 1. 13'1007 1.15]0,99 0093 0.63
Control 320 ] 3,00=3e013 124882418 1201 12.23=1.00% 1,6311.73
A ¥ 4,29 11.68-04,75 {L.22-04.30 JLLE[L.24=3.39 |3,.50 [2.0
COntrol 21017 3‘83-,"'25 3.68’3. o 2095 2;50‘2.23 2.16 203
Strip Shingle Control 1.92 1.58-1'.75-——53__21. 1,78 _|1.65]1.18 1.33[1.19
[Roof' Sealed Joints [2,02]1,90-1.95 [1,8L2,73 J1,77[1.71 1,45 11,33
Control 3.2012.25=240C {2.32=1.91 12,3512.27 1,77 {1.9
Asbestos Shingle |Sealed Joints [3.u7[2,08-2,90 12.57-1.87 ]2.6012.39 202 12,55
Control 3-1‘0 3090-305h 3-0'30h 3098 3.71-3018* 2.97 202.g—
WWd Siding Alkyd Resin Ll.25 5&53‘5-57 h058.15086 So 5-58-3096 Ilols hoap _J
Iead and il [3.95{h.11<3,42 [3.6-3.78 |h.23}0.58-3.11 2,91 2.92_ ]
Phenolic Resinf3.6213,3L«2,85 [2,16-2,03 {2.54{1.19-0.33 { 0.84 10,80
Alkvd Resin 1630]5.67wu,95 {1.97=3.92 {L.9772,A8-1.47 1,72]1.71
Sheet Metal Phenolic nesin 3.83 3.81-3oﬁ 3.66-2033 2_0; 1.1 -0.80 0073 OAW
Control 3,701 3.18<3,3¢8 [2,50-2.48 13.3612.62 2, L1255
Brick Resin Emulsion|h,.23[4,25-04.39 [3.33~3,L0 [L.10]3.87 2,00 13.18
Control 3,80) 3, 1ls=3,39 | 3.74-2,07 13,31]3.00 2.6l 12,50
Concrete Block Resin bmulsion] 3,5213,53-3,13 {3.99-3.47 |3.43/3,17 2,9512.91
. Control 3,02}12.50=2.17 { 2.67=2,11 [2.18]1.71 2,0012.09
Cinder Block Resin brulsion| 3,$0]3.22-3.29 1 3.656-.3,06 §3,3012.8% 2.9313.20L
Plane 5025 5.72‘5059 5085‘5.89 9.0 uoo 5:52 §.82
Geometry Effects {Configuration {h.33[4.25-4.L7 [ L.60-0.89 [7.L45]5.25 L4.331L.0

# Wren two (2) ratios are listed in the same column, the sesond ratio represents
the result of repeating the operation,
#* Polyvinyl Alcohol
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TABLE B.5 Shot L Beta/Gamma Ratios
Shot , Beta/Carma Ratios (uc/rr)
Q@ ]
3 ] e
NERE IS o
g @ 5 8 g
8 [~ 5 £ 3 5 (7] .
13| 8|52 E|=%| 2 |2
ENERFH AT
MATERIAL SURFACE 83 .§ vkl & 18] 2 |28
fAsphalt Pavement |Control 1.31{1,36}1.,1111,12]0,92 }0.86
Control 631 3.9213,76]3.66114.25 3.8
Concrete Pavement |Seal Coat . 501 3,14} 2,81 .%;_ 3.13
sphalt and Control o111 1,16 ] 1,05 | 1.06 ] 1,02 | 0.97
avel Built-up |PVA 1,83 101 [ 1.38 [ 1.31 [ 1.32
oofl
ooth Surface |Control 1 g.gh 20 13.0 12,0 |1.78]
Eprrugated Roof [Control 3.81{ 3.51]3.6812.93|3.22
Strip Shingle Control 1,351 1,32 11,36 11,18 | 1.17
Roof Sealed Joints 1,51 | 1,45 | 1.5 1 1.23 | 1,20
Control 239 ] 2.38 (2,20 12.22 12,18 | 2,
Asbestos Shingle |Sealed Joints ,30 | 2,29 § 2,20 | 2.k } 2,20 | 2,25
Control .15 | 3,22 | 3,17 | 3.28 § 2,90 | 3.19]
Hood Siding Alkyd Hesin J.0 | 3,911 3,60 13, L.OL | 1.20
Tead and 011 PB.LB 1 3,60 3.39 |3.72{ 3.35 | 3.70]
Phenolic Resinl.27 | 1,291 1,12 11,421 0,7€ | 0,87
Alkyd Resin o AT h.52 1h.27 1 3,891 3.
Sheet Metal enolic Hesin{l.50 { 2, 41§ 1,66 1,91} 1.38}1.31
Control .20 | 3,50 2.89 13,23 2,8l | 3.08
Brick Resin Fmulsion|3,58 | 3,001 3,32 | 3.761 3.70 | 3.74]
Control _ .52 ] 3.63 3.65'"2'%5'3. 3.58]3.32
Conerete Block Resin Emulsion{3.77 { L.58 ] 3.90 ] 3,90 3,921t 3,62
Control T2 12,791 2.2 j2.54) 2.42 ) 2,27
Cinder Block Resin Emulsion(3. 3,79 1 3.52 13.39§ 3.L6]3.3L
, Plane . 9,181 1,37 |L,B8 1 L.30]5.13
Beometry Effects {Configurationshi.2b ! 3.72 I 348 | 3.78 | 3.08 | 3.75]

# When two (2) ratios are listed in the same column, the second
ratio represents the result of repeating the operation.
#* Polyvinyl Alcohol
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