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ABSTRACT
The proof test of existing and proposed radiological countermeasures

for naval ships aud aircraft not in flight is presented in detail. In
this part of Operation Castle, two test vessels, one equipped with a
complete washdown system and the other not, were guided by remc.te control
along relatively close courses through the fallout regions of four nuclear
detonations.

Operation of wachdown during faJ.lout, until approximately 10 hr after
detonation, achieved a reduction in dose rate of 90 to 96 percent and a
reduction in accumulated dose of 87 to 94 percent at exposed locations.
Subsequent washing for 2 hr only increased these reductions to 93 to 97
percent for dose rate and. 89 to 95 percent for accumulated dose. The
accumulated dose at expooed locations avas as much as 300 r at 10 hr after
detonation. The transit dose (dose from fallout prior to deposition)
was estimated to have minor significance on a nonwashdown ship.

In the ship-shielding studies, the overall shielding factor was
defined as the ratio of the dose rate in a compartment to that measured
at an unshielded location above the weather deck. Sources of radiation
were deposits of radioactivity on weather surfacet, the activity in the
air during fallout, aud the activity in the sea water. It was found that
the overall shielding factor decreased with time and thicknest of steel.
This factor was greater for the washicown ship. Apparent absorption
coefficients were found to increase regularly with time. Use of these
coefficients in computing the shielding from activity deposited on the
nonwashdown ship gave relatirely close agreement with observed values.

Ship decontamination covered an extended period which affected the
results as follows: (1) decontamination effectiveness exclusive of decay,
76 percent; (2) decontamination effectiveness plus decay, 80 to 90 percent.
Thus it appears that tactical decontamination of a ship should be a mass
operation in which all contaminated surfaces are attacked simultaneously
to minisize unnecessary additional dosage to exposed personnel. It is
concluded that a washdown system is the most effective tactical decontami-
nation counteriw.asure presently available and that for ships not so
equipped a combination of firehosing and scrubbing with detergent is a
satisfactory literim decontamination procedure. Strippable protective
coatings must be further developed and improved before they can meet the
-requirements for a tactical decontamination procedure.

The interior contamination study indicated that the average airborne
activity concentration in cubicles ventilated by unprotected duct systems
was of the order of 0.02 percent of the average weatherside concentration.
The paper-filter nnd electrostatic-precipitator protective devices in tbh
ventilation system reduz'e- this value by a factor of 94 to 98 percent.

The aircraft studies rei.'aled that the washdown reduced the cockpit

dose rate by 94 to 95 percent. <'e imediate effect of salt water from
the washdovn or decontamination orneations was not serious to the planes;
if their ignition systems are protecteu, '.he planes will remain in flight
condition. Decontamination effectiveness on nircraft unprotected by
washdcwn was 50 -o 60 percent by firehosing o-. hot-liquid-jet cleaning.
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A subsequent scrubbing with detergent or solvent emulsion should increase
these figures to 75 to 90 percent. Contaminant distribution was not uni-
form over the planes but depended greatly on the relative dir*ction and
velocity of the wind as well as the type of contaminant.

Evaluation of the air monitor shoved that the present design could
be used to indicate the presence of 10-9 curies of beta activity per cubic
meter of air in fields up to 0.5 r/hr. This should give satisfactory
warning of the presence of beta emitters or incipient build-up of ga
emitters in regions where game background is le3s than 0.5 r/hr.

The gamma recording system used on the test ships proved basically
sound but needs improving for simplicity and reliability.

Adequate survey information was obtained within dosage limitations
by large numbers of unskilled monitors who were briefly instructed o.A the
use of monitoring instruments in a standardized procedure..

For personnel protection, a procedure is presented by which the
average radiation level aboard a contaminated ship may be estimated on the
basis of dose-rate measurements taken from a neighboring vessel. Extensive
recommendations concerning radiological safety instrumentat on, procedures,
and equipment are given.

Three general categories of recoiendations are given in the report.
These are: (1) use of equipment or procedures; (2) need for further
investigation in specific areas; and (3) improvement of testing techniques.

C
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FOREWORD

This report is one of the reports presenting the results of the 34 proj-
ects participating in the Military Effects Tests Prograr of Operation
Castle, which included six test detonations. For readers interested in
other pertinent test information, refererce is made to WT-934, "Summa y
Report of the Commander, Task Unit 13, Programs 1-9," Military Effects
Program. This summary report includes the following information of pos-
sible general interest.

a. An overall description of each detonation, Licludine yieldg
hei6ht of burst, 6round zero locationg time of detonation,, ambient at-
mospheric conditions at detonation, etc., for the six shots.

b. Discussion of all project results.
c. A summary of each project. including objectives and results.
d. A compieta listing of all reports covering the Military Effect,-,

Tests Program.

PRE FACE

This report presents the results of a group of experimental
investigations which are a part of a continuing program to develop
adequate shipboard damage-control measures against the radiological
effects of nuclear weapons. Because no precise quantitative information
on the extent or magnitude of the types of radiation to be encountered
and their biological effects was available, every effort has been made
to present complete data, together with the circumstances under whIch
they were obtained. The result is an extensive report, even though many
operational and logistic details have been omitted. Tts length appears
justified, since adequate test background information is made available
for any future evaluation of the results- IL is hoped that the details
present,-d may prove uReful in planning other countermeasure field tests.

The introductory chapter gives the background of the investigation,
its specific objectives, the plan of attack, and the extent of the opera-
tion. Each of the other chapters treats a specific objective and consti-
tutes a complete report W-ritten by the individuad responsible for that
phase of the investigation. Each of these chapters has a 8enarate
appendix containing pertinent sup-lomentary material. Hence, a -,-eader
whose concern is with a particular problem may satisfy his needs by
rf ing the introductory chapter and the appropriate subsequent chapter
W1L"'_ its appendix.
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Chapter I

INTRODUCTION

1.1 BACKGROUND

Studies had beef made at U. S. Naval Radiological Defense
Laboratory (NRDL) concerning ships contaminated by underwater atomic
detonations at sea; radiological hazards from harbor detonations on
both ships and shore installations; and the contaminating effects of
atomic detonations on aircraft parked on the flight decks of carriers.
Conclusions from these studies were tentative, because of uncertainties
in the basic data, most of which were based on either laboraiory
results or theoretical extrapolations from the inadequate measurements
of the Baker test at Operation Crossroads. However, these studies had
indicated, even at distances well beyond those where serious physical
damage to ships and installations could occur, a radiological hazard
sufficiently severe to warrant full-scale testing.

Laboratory tests and ship trials, using simulants, had indicated
that a semi-automatic washdown of the ship's weather surfaces was a
rapid and effective means of reducing the radiation hazard to pl-sonnel
during and after a contaminating attack. To evaluate the washdown
perfor•-ance in terms of reduction in radiation dosage during an actual
falloat event required a full-scale test. Also, such a test was needed
to supplement calculations which indicated substantial reductions in
radiation dosage below decKs from radioactivity deposited on weather
surfaces and from airborne activity during the fallout.

Data on the entry of airborne radioactive material through ventila-
tion and boiler air systems were needed to evaluate the hazard from
interior contamination and to establish the requirements for counter-
measures. Field testing of existing and proposed decontamination
methods was required to determine their performance in minimizing the
long-term hazard on shipboard. Finally, since contamination of
aircraft on flight decks prevents use of undamaged planes after Ft
contaminating attack, a full-scale test of the effectivteness of the
washdown system and of decontamination methods on aircraft was needed.
Project 6.4, Operation Castle. was designed to meet these needs.

1.2 OBJECTIVE

The general objective of Project 6.4 was to proof-test existing
arid proposed radiological countermeasures for naval ships and aircraft
not in flight and to obtain basic knowledge of the radiological situ-
ation on ships and aircraft for further countermeasures development.
This project also provided operational support for Project 6.5, which
obtained infor"mation related to radiological contamination and counter-
measures for shore targets.
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The general objective of Project.6.4 was divided into nine specific
problems: (1) evaluation of washdown countermeasure on ships;
(2) determination of shielding effectiveness of ships' structures;
(3) determination of tactical and industrial radiological recovery
procedures of ships; (4) determination of inverior ship contamination
and the suitability of ventilation protective devices; (5) study of
airborne contaminatiorA and air monitoring systems; (6) study of aircraft
contamination and decontamination, with and without washdown counter-
measure; (7) provision for the reý,ording of gamma radiation intensity vs
time and reduction of the data obtained; (8) procurement of radiological
survey data and fallout photography; and (9) provisiop of radiological
safety control and evaluation of existing radiological safety procedures
and devices.

1.3 PLAN OF ATTACK

To accomplish the objective of Project 6.4, two test vessels were
guided in relatively close company by remote control through the fallout
regions of four nuclear detonations.

The vessels were the Iiberty Ships YAG 39 and YAG 40. The YAG 39
was fully equipped with a washdown system; the YAG 40 had none. Struc-
tural modifications included the installation of a sec' 'on of wood
flight deck forward on both ships and a deck house forward of the
superstructure to house equipment for ventilation studies. Both ships
were equipped with automatic controls for speed and steering. The ships'
propulsion machinery was timed to shut down automatically at any time
up to 24 hr after setting the time at debarkation. Operation of the
washdown system of the YAG 39 vas accomplished by radio linkage.

After each shot, both ships were retrieved by tugs and towed
unmanned to Eniwetok Lagoon and moored. Here the samples and recorded
data were recovered; decontamiration studies were made; monitoring and
essential decontamination were accomplished in preparation for partici-
pation in the next shot. Deviations from this planned procedure are
detailed in a subsequent section.

1.4 ORGANIZATION

Project 6.4 was a Joint BuShips-NRDL effort. The organization chart
in Figure 1.1 shows the principal billets and assignments. The connected
areas numbered 1 through 9 indicate the problems into which the project
objective was divided and the individuals in charge of the work on them.

1.5 OPERATIONS

Project C.4 participated in Shots 1, 2, 4, and 5. Shot 1 was a
land-surface shot; Shots 2, 4, &nd 5 were water surface shots. For the
first two shots, both ships were unmanned and vere controlled from a
P2V-5 aircraft, with a secondary control party stationed aboard the
USS BAIROKO (CVE-115). Experience from these tests indicated that
manning the YAG 39 was both desirable and feasible. The YAG 39 was
manned during Shots 4 and 5 by a special party who received instructions
as to the course from the secondary control party on the BAIROKO, either
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Figure 1.1 Organization chart for Project 6.4.

by voice radio via the P2V-5 (which served as communications relay
station) or directly by code.

The timer for tht ships' propulsion machinery was set at debarka-
tion time, which was between H - 4 and H - 2 hr. For Shots i and 2, the
timer was set for 231 br; for Shots 4 and 5, it was set for 12 hr on the
unmanned YAG 40.

On Shot 1 both ships were retrieved by tugs and towed unmanned from
Bikini to Eni-detok Lagoon. On Shots 2, 14, and 5, the YAG 39 was manned
and brought back under her own power, while the YAG 40 was retrieved by
a tug and towed from Bikini to Eniwetok.

1.5.1 Ships' Courses and Fallout Predictions. Selection of ships'
courses was particularly difficult, because of four conditions which had
to be met. First, it was considered desirable to accumulate an amount
of activity on deck of the unprotected ship that amounted to a peak dose
rate of between 300 to 1000 r/hr when extrapolated back to 1 hr. Posi-
tioning of the ships to obtain these levels depended on the wind struc-
ture, which generally changed considerably between successive soundings
conducted at 3-hr intervals. Second, for optimum performance of the
vashdown system, a course heading generally into the surfac-, winds was
necessary. Third, the ships had to keep beyond the 1-psi air-blast
overpressure range at the shot time. Fourth, during the unmanmed runs,
Task Group 7.3 insisted that the course not be directed toward eny of
the islands of the atoll.

Gamma intensity-time data from a station on YAG 40 were telemetered
[ during each run, either to the aircraft during unmanned runa or to YAG 39

during manned runs. This information assisted control parties in deter-
mining course changes during the run. Records from this station located
on No. 4 hatch are shown in Figure 1.2.
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The range of~ peak dose rates needed to have as highi contamination
levelt as possible without Jeopardizing decontamination operations between
shots is indicated by the decay lines in Figure 1.2.

Few useful results were obtained from Shot 1. 'While the ships
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and YAG 40 did not follow the same course; hence, the fallout events
were different for the two ships. Peak dose rate on YAG 40 was within
the range of desired levels. Operations for Shot 4 were successful;
both ships traversed the same course, within about 2,000 yd of each other.
Although peak dnse rates on YAG 40 were somewhat lower than desired, they
were high enough to give useful data. Operations for Shot 5 were com-
pletely successful. Spacing between the vessels varied somewhat more
than during Shot 4 but was generally within 3,000 yd. Peak dose rates on
YAG 40 were within the desired range.

1.5.2 Shot 1 Operations. The course for Shot 1 was selected on the
basis of forecast winds, particularly at the lower levels. These were
generally easterly with shear toward westerlies with increasing height.
A change toward more-westerly winds before shot time made the possibility
of a successful ruik on the west side of the atoll dubious; however, there
was insufficient time to change the ships' initial position. Planned and
actual YAG tracks are shown in Figure 1.3, together with forecast and
actual directions of the winds. Wind hodographs, as plotted, represent
a line on the surface along which particles falling at 10,000 ft/hr would

L //
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-_ _ X Ships Track `

Winds (K=1000ft) 20

\/
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/X 30K.

-_ /.) r . - -

- b~rH-.5'- -•

\-- 9-
Fiur 13 !hp' 020K -Soti

<//

"4bebark/
H-1.5

DOebark
H-2 \X-

Figure 1.3 Ship's course -Shot 1.

land starting frmthe indicated heights above ground zero. Particles4
falling at other rates, from a given height, lie along radial lines
drawn from ground zero through the given elevation on the hodograph.

From Figure 1.3, it is apparent that the fallout pattern lies almost
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Figure 1.1 Ship's course - Shot 2.

entirely to the east of the shot point and mainly to the south of the
hodograph.

1.5.3 Shot 2 Operations. As the result of Shot 1 fallout data, the

course for Sbot 2 was se>ected on the basis of forecast winds at levels
in the vicinity of 30,0QOC ft. The actual tracks of the ships, together
with forecast and observed directions of the winds, are shown inFigure 1.4. The proposed course was 80°, but because of an operator's

error which occurred prior to debarking, it was impossible to turn YAf 140.
It was decided to keep the YAG 39 with the YAG h0; but this attempt "

r failed, because of a malfunction of radio-control apparatus which con-•

verted a speed change to a shutdown signal on YAG 39. Experience on this
and the previous test indicated that a successful run, with ships operating
as close together as possible, would be difficult to achieve with primary"
control aboard the aircraft. Dosage time histories obtained from this
test indicated tha•t the YAG 39 could be safely manned, even for a mu~ch
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more highly contaminating event because of the washdown system and because
of the very effective shl~eJAing provided by the 12-in. concrete slab
protecting the instrument recording room, to which personnel could retire.
Accordingly, priuary control was shifted to YAG 39 during subsequent runs.

1.5.4 Shot 4 Operations. Operati~ms were conducted to the east of
the atoll with a course toward the shot Doint inwdiatýely after H hour
to an initial position for Shot k. Instead of using 30,000-ft wind data
to select 71 course for Shot 4., the following procedure was used. Shot-
time distance was selected on the basis of blast overpressu-e and the
bearing, on the basis of forecast winds and wind soundings. The winds
were used to estimate the sector in which fallout from elevations corres-
ponding to the lower part of the mushroom would occur. Within this
sector arrival times for" particles of various sizes falling from these
elevations were estimated. As nearly as practicable, a run was then

X-X Ships TakH5

, Winds ( K : 000 ft) )e_

S /'1G 40 Trackin Fallout HH +

-• __ Start: H + O.9 hr 1 i
Sto 2.9 hr rAG 40 - Shutdown

10 K-_ Deba'rk / J

\ /.

Figure 1.5 Ship's co,'rse - Shot 4.

chosen such that the ships would intersec-. the sector at the onset of
fallout and that the rate of advanct of fallo':t along the run would
approximately equal the ships' spee' . In this way *he ships were
excpected to remain within the probable region of fallout for the
maxiaum time. Ships' couraes which ýitre generally in a northeasterly
direction and shot-time viL, soundings are shown in figure 1.5. B-ciAuse
of an incorrect position report from the aircraft, instructions given to
YAG 39 resulted in a more norther)y course during the first 3 hr than
anticipated. Wind soundings made at H e 3 hr indicated v considerabl]b
shift of the wind pattern toward the south; accordingly, when these data
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had been received, a course change toward the southeast was instituted
at about H 1 5-2 hr. This course was intended to intercept some possible
late fallout at about 8 hr.

XFX Ships Trck / . o

in F6llout a n in

ThelegndgivSta the tiH of star offlot(acmltonoris

=_Stop: H+t 12 hr " H+7- sox.

0.1rnrmeaure 3Ftiabverhe1 deck and' iots en as esotimte ro

The. proSshown5 arerathens tOtealtioes zfo the rnipalswr famlaouto.
Duringfo thot perSiods tercourded intensity-time curve patrn both ships

irregurtesv lindicatewthat the falout on the YGhips Fiurs neiher1.

dcntyuos orretdpo of unif herm intensity and ma hve ceaeodinsevrl.ie

during thee periods given Aicrde sapingtenslt- abordeshi indicatedhshp

similar irregularities.

1.6.1 Gross Description of Fallout Aboard Ships. Limited observa-
tions from a helicopter during Shot 2 fallout and from the deck of YAG 39
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during Shot 14 fallouti as well as fragmentary data from fallout photo-
graphy and air sampling indicate that the fallout was not visible as a
mist or fog and that i.t had a very low Particle concentration.

In Shots 14 and 5, no visible deposits of material were found on the
test ships; in Shot 2, the aircraft on YAG 140 carried uneven patches of
a chalky substance on its windward surfaces.* This chalky substance was
associat~ed with the highest intensities found in the post-shot aircraft
survey and was readily removed by non-destructive decontamination methods.

1.6.2 Maximum Accimulated DosaM. Accumulated dosage for times up
to 50 hr is presented in Figure 1.7 for the YAGs, Shot 5, when maximum
intensities were encountered aboard the test ships.

1000

-TELEMETERED STATION__

S100 fzTELEMETERED STATION

04- PRTCTED SHI

i .... ...... ......

9 V. HEEL HOUSE

C 10203 40 0

Figure 1.7 Accurnu~ated dosage fIX r YAG 39 and YAG 4o af~ter
Shot.
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The significance of these dosage figures in terms of medical effects
will not be discussed in this report. They are presented simply to show
that a significant ganma radiation hazard existed and that protection for
personnel is required.

The YAG 40 telemetered station data are representative of the average
of dose data from the various topside weather areas; the wheelhouse station
data are given to show the accumulated dose at an important duty station
in a lightly shielded area. Similar curves for YAG 39 (adjusted for
fallout differences due to the separation of the courses of the two ships)
are presented for direct comparison. The area surrounding the telemetered
station on YAG 39 was the most poorly washed on the ship.

1.6.3 Decay. Decay curves were derived from information received
from Projects 2.5a and 2.6a. Figure 1.8 shows the gross gamma ionization
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Figure 1.8 Gamma ionization decay curve, Operation Castle,
based on information from Projects 2.5a and 2.6a.
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decay curves used in some 3ections of this report. Other groups used
decay curves derived from tiheir own data.

Beta :Ionization decay ciurves were alsc derived from information
received from Projects 2.5a and 2.6a. The beta decay curve,
R = R t-l.4, has been used throughout the report for the period after
3 days.

Disintegration decay rates dc-ived from information from Plrojt,!cts
2.5a and 2.6a were used in the interior contamination studies.

1.7 ILAN OF FINAL MEPORT FOR PROJECT 6.4

Discussion of the nine problems into which the objective of
Project 6.4 vJas divided constitutes the subsequent chapters of this
report. Each individual responsible for the work on a particular pro-
blem (See Figure 1.1) has written his chapter as a complete :eport.
At the beginning of each chapter, its salient features are set forth in
an abstract. The bulk of raw data in most cases prevented its inclusion
in the report. Selected daza and summaries are presented where appli-
cablu and complete field data are on file at MRDL.

1.7.1 Limitations of tVe Report. The fallout region of ailitary
interest is defined as that area beyond immobilizing shock ranges where
incapacitating or serious rediation hazards exist. The ships' travel

through this region represents only a small fraction of the contaminated
area of military interest, and data from these tests are directly
applicable only to che unique set of conditions existing along tae siips'
line of travel. Extrapolation r" test results to other conditLons or
contamin&ting events and deatiled application to combatant ship situa-
tions mast await further study and correlation with data from other
projects, other weapon tests, and laboratory work,

47

CONFIDENTIAL



Chapter 2

SHIP- WASHDOWN COUNTERMEASURES
H. R. Rinnert

Two remotely controlled ships, one of which was protected by a
vasbdown countermeasure and both of which bad special structural con-
figur&.tons to simulate typical contaminant-collection surfaces, were
guided through regions of contaminated fallout to determine the
effectiveness of a washdown countermeasure aboard a ship caught in a
contaminating event of the type encountered at Operation Castle.
Recording gamma-radiaticn detectors and postshot radiation surveys
supplied data on the resulting radiation fields at various locations
aboard ship.

The data showed that gamma radiation doses of 300 r could have been
received within 10 hr after burst by personnel at exposed locations.
The washdown countermeasure was found to cause a 87 to 94 percent reduc-
tion of accunmulated ganma dose and a 90 to 96 percent reduction of gamma
radiation field at exposed locations by the time the fallout ended.
Subsequent washing for 2 hr increased only these reductions to 89 to 95
percent for dose and 93 to 97 percent for dose rate. The transit dose
was estimated to have minor significance on an unprotected ship for this
type of event. The washdown effectiveness was found to adversely
influenced by poor drainage, low flaw rates, and by lack of maneuvering
when the wind was abeam.

The washdovan countermeasure had a high effectivenss against fallout
of the type encountered during these tests, but it should also be field
tested for effectiveness against other types of contaminating events,
such as base surges. The possibility that washdown may cause significant
increases in radiation fields from high-capacity boiler systeas merits
investigation.

2.1 BACKGROUND AhD THEORY

Laboratory tests and ship trials (References 1, 2, 3) using simulants,
have indicated that a semi-automatic washdown of the ship's weather
surfaces is a rapid and effective means of reducing the radiation hazard
to personnel during and after a contaminating attack.

During a contaminating event, several sources contribute to the
gamma radiation intensity level at any particular location aboard ship.
These sources are the contaminant: (1) actually on the weather surfaces;
(2) in the air envelope surrounacing the ship; (3) dispersed in the water
envelope surrounding the ship; and (4) passing through or settling out
in the ventilacion and boiler air systems. The relative contributions
to the overall intensity level at any point will depend upon the
strergth of the individual sources and the attenuation afforded by

48

CONFIDENTIAL



intervening structures and distance. It was expected that the washdown
would be effective only against that contaminant actually on the weather
surfaces. Therefore, even if the washdovn entirely removed or prevented
the accumulation of contaminant on weather surfaces, it was still possible
'o have a significant radiation intensity at verious locations aboard
ship. Tests performed with simulants had considered on?.y effects upon
some types of surface contaminants. Therefore, proof-testing during an
actual contaminating event was required to evaluate the washdown perform-
ance in terms of reduction in radiation dosage from all sources of
contamination.

The gamma radiation fields and integrated doses were studied as a
function of time to give a better understanding of washdown action. The
washdown was expected to suppress the buildup of contaminant on the
ship's weather surfaces during the event. Following the ship's emergence
from the contaminating event, the effect was expected to approach a
limiting value, indicating that further washdown would serve no practical
purpose. A hypothetical case for gamma dose rates on t'ie deck of a ship
caught in radioactive fallout is illustrated in Figure 2.1. A similar
figure could be presented for integrated gamma doses.

The percentage reduction in integrated dose at any time is a measure

// •WITHOUT WASHDOWN

' BY WASHDOWN

WJ (n

0 o T WITH WASH DOWN

< CONTRIBUTED
- BY SHIP/

0 /L

a- 0 -r>- • ,l '..END OF WASHDOWN

S,•-CONTRIBUTED BY

. END OF FALLOUT

-... /'
t, t2 ts

TIME AFTER DETONATION (NO SCALE)

Figure 2.1 Hypothetical gamma dose rates on deck of ship
caught in radioactive fallout from a nuclear weapon.

of the washdown effectiveness with respect to the total whole-body gamma-
radiation dose already received by personnel at the given location.

Use of the percentage reduction in dose rate as a measure of washdown
effectiveness results in somewhat different interpretations at various
times. After the end of washdown and of fallout (i.e., later than t 3 ,
Figure 2.1), the ratio of dose rates is equal to the ratio of doses yet
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to be accumulated, if it is assumed that the decay is unaffected by the
washdown; therefore, the effectivenss based upon dose rate is equal to
the effectiveness with respect to future gamma radiation dose expected
at that location. After the end of fallout (i.e., later than s2), the
ratio of dose rates approximates the ratio of amounts of contaminant on
the ship's weather surfaces; therefore, during this period the effective-
ness based upon dose rates is a measure of effectiveness with respect to
physical removal of contaminants from the weather surfaces and permits
correlation with prior tests in which simulants had been uaed. During
the fallout (i.e., prior to t 2 ), no special interpretation exists, the
effectiveness with respect to dose rates simply is a measure of the
suppression of radiation fields set up by any and all sources of gamma
radiation.

To have a basis for evaluation of the washdown effect, two ships
with similar configuarations and surfaces, one protected by an installed
washdown system, were instrumented alike and sent through the contaminating
event as close together as possible. The initital assumption of equal
fallout on the two ships was investigated by means of instrumentation
atop the forward kingpost on each ship (see Appendix A for details).
Determination of effectiveness required that the two ships have equal dose
rates and equal accumalated doses at any given time, assuming that neither
ship had been washed. Where this requirement was not met, data were
adjusted to account for the differences.

2.2 OBJECTIVE

The problem of evaluating waskidown countermeasures on ships caught
in a radioactive ,ontaminating event like that encoauntered at Operation
Castle was divided into four subordinate tasks. These were: (1) investi-
gation of the relative magnitude of radioactive fallout on the two test
ships; (2) deteruination of the gamma radiation dose rates and integrated
doses at different times for comparable locations aborrd the test ships;
(3) utilization of this informwtiozi to determine t1e effectiveness of the
washdown system in terms of tbe re&dction of the integrated gamma radia-
tion doses and the reduction of the gamm, radiation fields at various
times afte.: detonation and at locatioiis simulating configurations and
surfaces typical of combatant ships; and (4) determination of the influ-
ence of the distribution of the washdown water, the relative speed and
direction of thi ved,s and the maneuvers of the test ships upon the
dashdovn effectiveness.

2.3 INSTRUMENTATION

Details of the washdown and drainage systems are given in this
section, together with the location of the stations for recording gamma
intensity-time data. No description of the construction and circuitry
of the gamma detectors 9nd recording system is given, since this
mateiial is covered in Chapter 8.

2.3.1 Washdown System. Three l000-gpm pumps took sea-water suction
at a depth of approximately 20 ft below the waterline and fed a main
piping loop located on the main deck. Smaller pipes extended from this
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main loop and ran to various portions of the decks and superstructure,
where they terminated in spray nozzles. The locations of the nozzles
were determined by a cut-and- 'ry process which resulted in a fair visual
water coverage of the weather surfaces (Figure 2.2). Some areas were
covered better than others to permit study of the dependence of washdown
effectiveness upon flow rate. The flush-deck nozzle used in the flight
deck is shown in Figure 2.3. The spray nozzle used elsewhere is shown
in Figure 2.4.

The flow rate was recorded by means of a disc-type electri-contact
water meter installed in a bypass of the main water-supply line. The
electri-contact meter closed and broke an electrical circuit whenever a
given quantity of water had passed through it. The electrical pulse -as
recorded as a blip on paper running at constant speed. This record
permitted determination of quantity and flow rate of water as a function
of time.

2.3.2 Drainage Systems. The flight deck, boat deck, and after
part of the top of the house were each surrounded by drainage troughs
designed to catch all surface runoff, which was gravity fed to individual
measuring systems located in the holds. These systems consisted of
strainers and disc-type electri-contact water meters which fed water into
vented float chambers, which in turn were drained by centrifugal pumps.
The float in the chamber actuated a proportioning valve, which permitted
the pump to take sea suction to the extent that it was under constant
load without affecting the gravity feed of drainage water to the meter.
The schematic arrangement is shown in Figure 2.5.

2.3.3 Recording Gaw Radiation Detector Stations. All gama-
radiation detector stations were able to measure intensity levels ranging
between 15 mr/hr and 360 r/hr. Some stations could detect intensities as
low as 0.15 mr/hr; others could detect intensities as high as 36,000 r/hr.

The general locations of the various detector stations for washdown
evaluation are indicated in Figures 2.6 and 2.7. All weatherside detector
stations and their associated shielding were covered with plastic or
aluminum domes extending to the surface on which they were located. The
domes had an integral washing system installed in order to minimize the
undesired buildup of contaminant on their surfaces. Flow rates were of
the order of 6 gpm per dome. On the YAG 40O, this dome wash water was
caught in troughs, installed around the bases of the domes, and led
overboard by interior drainage systems. This was done to prevent the
water from disturbing the contaminant on the ship's weather surfaces.
On the YAG 39, the dome wash water was allowed to run off on the decks,
because the flow rate was negligible compared to that of the ship's
washdown system on any area.

Stations in the fireroom were enclosed in copper Jackets which had
cooling water coils installed to keep the temperature below the point
at which damage to detectors and their circuits would occur.

Station 10, on top of the forward kingpost of each ship, was
enclosed in a 2-in.-thick lead cylinder open only at the top. The
adjacent Station 9 on each kingpost was unshielded.

Stations 45 and 46, on top of the house, were shielded from radia-
tion originating at the stack and the forward part of the top
of the house by lead 2 in. thick.
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Figure 2.3 Flushdeck nozzle.

Figure 2.4 Spray nozzle.
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Stations 55 and 56, which were adjacent to the fireroom casing on
the second deck, were shielded from the. boilers by steel 3 in. thick
which simulated an armored deck.

Station 59, close to the starboard boiler and in the firing aisle,
was shielded from the port boiler and from overhead by 2 in. of lead.
Adjacent Station 58 was unshielded.

Station 64 was located in the recorder room, which was shielded
from the weather surfaces by 12-in. thick concrete and several deck
thicknesses of steel. Station 64 was equipped with a dome washing
system similar to those on weatherside stations but had an intermittent
washing action controlled by a timer to permit determination of radiation
contribution from the dome wash T,.ater.

With few exceptions, the geometrical centers of the sensitive
volumes (,f the radiation detectors pertinent to this chapter were 3 ft
above the surfaces on which they were located. Stations 9 and 10 were
as close to the masthead surface as was practical, Stations 55 and 56
were about 1 ft above the second deck, and station 28 was about 6 ft
above the bottom of No. 2 hold.

2.3.4 Recording Wind-Velocity Indicator. A standard Naval wind
direction-and-intensity indicating system was installed on tne second
kingpost of each ship. The associated recording unit was placed in the
between-deck recorder area of No. 3 hold.

2.4 OPERATIONS

The dcme wash system and the recorders for water flow, wind veloci-
ties, and gamma radiation were readied and set into operation several
hours before detonation of the nuclear weapon. 'This was accomplished
by the personnel of the Instrument and interior Contamination groups,
who cooperated to keep the special test crew to a minimum. Crew members
of the YAG 39 readied the washdown system and started the pumps prior
to detonation time. The water was pwmped over the side until the tele-
metering station indicated that the test ships were entering the radio-
active-fallout area, at which time the water was fed to the washdown
system. The washdown continued for several hours past the time of
estimated cessation of fallout as indicated by the telemetering station.

After the teat. ships had returned to their anchorage and as soon
as radiatior aafety permitted, the personnel of the Instriument Group
retriev.ýd the records, and reloaded and restarted the radiation recorders
to provide a cont'iiuous history of the gainn radiation aboard the test
ships. Reduction of the recorded data was begun imediately. As soon
as conditioris permitted, the instrumentation and washdown system were
readied for participation -n the following shot.

2.5 RESULTS AND DISCUSSION

Although the test ships participated in four shots, only Shots 4 and
5 yielded significant washdown-effectiveness data.

During Shot 1, the two ships were barely contaminated. The ships
were widely separated during Shot 2 and received radically different
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amounts of, fallout; consequently, no direct compa~rison could be made. Pre-
liminary estimates, based upon insufficient data, gý_..:e a washdoiv-a effective-
ness with respect to dose rate of about 70 percent for Shot 1 and of greater
than 90 percent for Shot 2. Lack of confidence in the data discourage"--
spending more time on evaluating washdovn effectiveness for Shots 1 and 2.

2.5.1 Relative Magnitude of Fallout on the Test Ships. In the initial
planning of the test, it was assumed that the two test ships would receive
similar fallout because of the size of the contaminating event and the proxi-
mity of the ships. During tVest operations, it was realized that the two
ships could not operate as close together as plaaintzA and some of the dose
rate data from the kingpost stations indicated the probability of different
amounts of fallout having been received on the two ships. The kingpost
stations had been set up originally to estimate the radiological effects
frc~i the contaminants in the air envelope surrounding the ship. Data frc.n
these kingpost stations were found to serve for estimating differences in
fallout by the technique described in Appendix A.

It was estimated that the two ships received similar amounts of
fallout for Shot 4.

For Shot 5, the estimates for the effects cf dissimilar fallout are
presented in Figure 2.8.

Since the two sh--s uýre some distance apart, there were differences

2.4_

02.

0 '

0RATIO L'S!N G "'0RRECTED GAMMA DOSE RATE

< 1.4

U].2 _ -\TIO, USING CORRECTED -

CUMULATIVE GAMMA DOSE

101
2 4 6 8 10 12 14 16 l8 20 22 24 26

TIME AFTER SHOT 5 (HR)

li gure 2.8 Estimated YAG 39/YAG 4(1 ratio of fallout
effects as a function of Line after Shot 5, based
on shielded masthead stations.

in the rates and times )f arrival of fallout. Because dose is cumulative
and dose rate is instantaneous, the ratios of fallout effect based upon
dose and those based upon dose rate were not identical at any given time.

The dose and dose rate data of YAG 39 were divided by the pertinent
ratios in Figure 2.8 to adjust the data 1,o the point where the two shins
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could be considered to have received similar fallout. The unadjusted
data for YAG 39 are tabulated in Appendix A.

2.5.2 Periods of Fallout and Estimate of Transit Dose. Figure 2.9
shows the data from the masthead station that were mainly affected by the
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contaminant on the station dome and in the air envelope. These data were
corrected for decay, using the decay curve in Figure 1.8, and were also
corrected for the contributions from the deck areas. No adjustment for
differences in fallout was made in this case. Figure 2.9 is useful for
estimating periods of fallout on the two ships.

The start of fallout (not deducible from this figure), occurred at
approximately- 0.85 hr after shot time for both Shots 4 and 5.

During Shot 4, the figure indicates several distinct periods of
fallout, the last of which ends 3 hr after shot time. The magnitudes
of the peaks on the YAG 40 curve are in doubt, but the fact that the
peaks occurred is undisputed. Because the masthead station domes were
washed only on YAG 39, a direct comparison of magnitude of fallout
effects is impractical. Note the effect of rain which occurred at
approximately 5.5 hr after Shot 4. Because the rain removed contaminant
from the surfaces of the two ships, the presentation of data and effective-
ness for Shot 4 has been limited to the first 5 hr after burst.

During Shot 5, the masthead stations did receive similar dome-wash
treatment; therefore, the differences observed in Figure 2.9 should be
due to di.fferences in fallout. Apparently, the magnitudes and durations
of fallout differ on the two ships. The estimated end of fallout on
YAG 40 was at 12 hr after shot time, whereas the fallout appears to have
continued for some time after this on YAG 39. Because the washdown was
turned off at approximately ii hr after shot time, i.e., before the
estimated end of fallout, the presentation of data and effectiveness has
been limited to the first 11 or 12 hr after burst for Shot 5.

Figure 2.9 has another feature which may be of interest. Looking
at the YAG 40 curve of Shot 5 as an example, it should be noted that
the ordinates of the shaded area represent minimum estimates of the decay-
corrected dose-rate contribution of the contaminant in the air envelope
at the station. Lack of time and lack of knowledge of the shape of the
curve of contaminant buildup on the masthead dome prior to end of fallout
prevents rigorous estimation of the "transit dose," i.e., the dose due to
contaminants in the air envelope. A crude estimate may be obtained by
putting decay back into the ordinates of the shaded area and performing
a numerical integration. For what they are worth, the crude results were
doses at least greater than 0.8 r at 3 hr after Shot 4 on YAG 39 and
doses greater than 23 r at 12 hr after Shot 5. Taking estimated differ-
ences in geometry into account, these figures lead to an estimate that
as much as half of the dose accumulated on the weather decks of the wash-
down protected ship at the end of fallout may be due to the transit dose.
Consequently, the washdown based u on reduction in gamma doses will always
be less than 100 percent, even if all contaminants are kept from the
weather surfaces. Washdown effectiveness values based upon reductions in
dose were always less than effectiveness based upon reductions in dose
rate; ccmpare Figure 2.22 with Figure 2.24 and compare Figure 2.23 with
Figure 2.25.

2.5.3 Gamma Dose and Gama Dose Rates. The aJjusted dos"• and dose
rate averages for exterior areas are shown In Figures 2.10 through 2.13.
Arithmetic averages were used in all cases. The data for individual
stations are 9hown in Tables A.1 through A.12, Appendix A. As early as
10 hr after burst on Shot 5, the average dose received at exposed loca-
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tions was 300 r, which indicates that dangerou3 radiation effects may be
encountered in contaminating events of this type. The exterior locations
were: the flight deck area, which simulated a portion of a windswept
Essex Class CV flight deck; the boat deck area, which simulated wooden
main decks adjacent to structures aboard large combatant ships; the
forward main deck area, which simvulated a complex of steel deck including
open areas, gun tube, and deck houses; the after main deck area (No. 4
hatch area), which sirmulated steel deck in the lees of superstructures;
and the top of house area, which simulated unobstructed windswept steel
decks. Detailed study of data from Station 64 in the recorder room
indicated that the dome wash water did not affect the radiation data to
a detectable degree. The detector stations on top of the house were
partially shielded and had a geometry roughly half that of other stations
on the decks; this fact precludes direct comparison of dose and dose-rate
data with that of other exterior areas.

The adjusted dose and dose-rate averages for interior areas are
shown in Figures 2.14 through 2.21. The data for individual stations
are shown in Tables A.13 through A.19, Appendix A. The interior areas
were: the stateroom area, which simulated compartments near or adjacent
to weather surfaces; the second deck area, which simulated compartments
near boiler air ducts above armored decks but fairly remote from weather
surfaces; the bottom of No. 2 hold area, which simulated compartments
remote from weather surfaces but without much intervening structure; the
recorder room area, which simulated compartments below the waterline,
adjacent to the shell, and well shielded from weather surfaces; the
boiler firing aisle area, which simulated a fireroom lover level duty
station between boilers; and the starboard boiler station, which measured
the radiation contribution from the lower level front of the boiler
located cver the first plenum chamber from which both boilers drew air.

2.5.4 Washdown Effectiveness for Exterior Areas. The washdown
effectiveness, defined as the percentage reduction in accumulated gain
dose at exterior locations, is presented in Figures 2.22 and 2.23. The
values range between 87 to 94 percent at the end of the fallout period,
considering both Shots 4 and 5. The values have only increased to a range
between 89 to 95 percent as late as 2 hr after end of fallout from Shot 4.
Figure 2.22 shows that there are only minor improvements in effectiveness
values after the end of the fallout that occurred at 3 hr after Shot 4.
Figure 2.23 shows that there are only minor improvements in effectiveness
values later than 3 hr after Shot 5 and that these values are about the
same as those for Shot 4, even though there was fallout as late as 12 hr
after Shot 5. It vold appear that, for this type of contaminating event,
a major benefit of the washdown was the suppression of accumulated gaimm
dose during the fallout phase.

The washdcwn effectiveness defined as the percentage reduction in
gazmm dose rates at exterior locations is presented in Figures 2.24 and
2.25. The values r--ge between 90 to 96 percent at the end of the fall-
out period, considering both Shota 4 and 5. The values have only increased
to a range between 93 to 97 percent as late as 2 hr after end of fallout
from Shot 4. The effectiveness based upon lose rates shows a greater
dependence upon the rate of arrival of fallout than aoes the effectiveness
based upon dose; however, the vashdovn does suppress the radiation fields
to a large extent, even during the maximum fallout periods.
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Figure 2.26 shows how the washdown effectiveness varies with the
decay-corrected dose rates, which represent the amounts of contaminant
on the surface and in the air envelope, using the flight deck area
during Shot 5 as an example.

2.5.5 vlashdown Effectiveness for Interior Areas. In the recorder
room and fireroom stations, the term "washdown effecti-reness" has no
meaning. For these areas the YAG 39/YAG 40 ratios of dose and of dose
rate are presented in Figures 2.27 through 2.30. There areas are so
well shielded from the weather surfaces that they are almost unaffected
by the removal of contaminants from the decks. The results of the radia-
tion contributions from the starboard boiler (Station 59) were soMewhat
unexpected. These results would tend to indicate that the washdown
caused an increase in radiation effects from the boiler system during
these tests. The magnitudes of dose and dose rate contributed by this
particular boiler system were almost negligible (see Figures 2.14, 2.17
and 2.19), but it must be pointed out that combatant ships draw very
much more boiler air than these test ships.

The washdown effectiveness values for the other interior areas are
presented in Figures 2.31 through 2.34. As might be expected, the more
the areae are shielded froin the weather surfaces the less is the influ-
ence of removal of contamination f -- deck areas. Note that the effective-
ness values for the stateroom eaea a.e comparable to those of the weather
deck areas.

2.5.6 Some Factors Inliuencing tht• Washdown Effectiveness. The
washdown supply flow rates, the drainage flow rates from several areas,
and the relative wind velocities are presented in Figures A.2 through A.5
in Appendix A.

Table 2.1, shows estimates of nominal flow rates of water over various
exterior deck axeas.

Table '.1 A-.erage Water Flov Over Exterior Deck Areas

J~eaeWater Flow
AreA Surface gpm/sq ft ObtaIned by

F! lghi Stained Wood o. L"-ý Drainage Mea&_,-ý&r-t
Boat Deck Painted Wood O.09 Couparison vith Flight

D•ck during Shot I
Main Deck Fvd. Painted Steel' C.Ou Eqt-mta
Tip if Hjuae Painted Steeli U.O- Dranna•e *-asurew-nt
Main Deck Aft Painte!d SteelJ J.0X Estiate

(No. 4 Hatch Area)

The values for the flight deck and top of house areas were obtained from
the measured drainage flow rates. The value for the boat deck was
obtained by comparison with the flight-deck values during Shot 1, when
measurements from both areas were available. The values for the main
deck areas were based upon the number of nozzles in the areas and the
average flow from each nozzle, using the flight-deck area as a means of
comparing estimates derived by this technique with valuee determined by
measurement.
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The strainer in the boat-deck drainage system clogged up during both
Shots 4 and 5; therefore, the boat-deck area had to rely upon the ship's
roll for drainage. This drainage was seriously impeded by the built-up
trough whiclh had been installed to trap all water on the boat deck for
measurement.

Comparison of effectiveness values for the boat-deck and flight-deck
areas indicate that, given similar water flow rates, a combination of
impeded drainage and sheltered location may adversely affect the washdown
effectiveness.

Cowparison of the three painted steel areas (i.e., main deck forward,
top oZ house, main deck aft), shows that the washdcwn effectiveness values
are in the same relative order as are the estimated water flow rates.
This may or my not be coincidence, because there were some differences
in the extent to which these areas were sheltered from the wind by nearby
structures. British test reports (Reference 4) claim virtual independence
of water curtain effectiveness with respect to flow rates.

Figure 2.35 shows how the washdown appears when the relative wind is
abeam. To observe how this would affect the performance of the washdown
countermeasure, see Figure 2.36. The YAG 39/YAG 40 ratio of dose rates
represents the fractional gamma field encountered when this washdown
system is used. A comparison of these fractional fields is made between
starboard and port stations on several exterior areaa of the ships for
Shot 4. With the exception of the flight deck area, results which seem
somewhat anomalous, the ;rend indicates that -%here is loss of washdown
effectiveness on that side of the ship which faces the wind and which has
poorer water coverage. This points out that zigzagging, circling, or
other maneuvering which helps the distribution of water over the weather
surfaces, is needed for optimum washdown effectiveness. This confirm-
similar conclusions arrived at during prior testing using simulants
(References 1, 2). During these tests the ships did not follow sinusoidal
courses as originally planned; the only maneuvering done was that required
for the ships to maintain station on courses estimated to intercept
significant fallout areas.

2.6 CONCLUSIONS

The objectives of obtaining information to allow valid determination
of washdown effectiveness have been met for the type(s) of contaminating
events encountered at Operation Castle. It must be emphasized that the
following conclusions are based solely upon the test results obtained
from Shots 4 and 5 and my not apply to other types of contaminating
events.

The greatest merit of the washdown countermeasure was found to be the
great reduction in gamma radiation fields and dosage during the fallout
of radioactive contaminants. The reduction in accumulated gamma dose at
exposed locations was found to range between 87 to 94 percent at the end
of the fallout period, whereas subsequent washing for 2 hr increased this
reduction only to 89 to 95 percent. The reduction in gamma dose rates at
exposed locations was found to range between 90 to 96 percent at the end
of the fallout period; whereas subsequent washing for 2 hr increased this 4
reduction only to 93 to 97 percent.

At interior locations, the contamination in the water envelope and
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Figure 2.35 Wasbxlovn vith wind L~em
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of dose rates vs time after Shot 4.
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in the salt-water-circulating and boiler-air systems were considered to be
responsible for the observed decrease in washdovn effectiveness with
increase in distance and shielding from weather surface areas. There ie
a probability that the washdown was responsible for an increase in the
radiation contributed by the boiler; the increase was high, but the magni-
tude of the radiation intensity was negligible for this particular boiler
system.

The transit dose was estimated to be of minor significance on a ship

not protected by washdown. On a washdown-protected ship, it was estimated
that as much as half of the total dose accumulated at the end of the
fallout period may be due to the transit dose.

The washdown effectiveness was found to be adversely influenced by
poor water drainage from weather surfaces, relatively low water supply

flow rates, and lack of maneuvering when the wind was abeam.
Lack of time may have prevented the full utilization of all informa-

tion or correlations derivable from the recorded data and postshot radia-
tion surverys. All data will be processed and filed for future screening.

2.7 RECOMMENDATIONS

The washdown countermeasure has been shown to have a high effective-

ness against fallout of the types encountered during these tests, but it

should also be field tested for effectiveness against base surges or other

types of contaminating events which may differ from fallout phenomena.
Some nozzles should be located near the sides of the ship to minimize

wind effects, any obstructions to drainage should be removed, and ships

should maneuver to help distribute the wash water in order to obtain

optimum washdown effectiveness.
For future test6, it may be advantageous to use one fast ship, with

washdown protecting half of it and with test crews well shielded, instead

of two slow ships. This should result in 3impler operations, greater

ability to intercept areas of contamination, and insure more-nearly equal

contaminating events for the protected and unprotected test areas.
The possibility that washdown may cause a significant increase in

radiation fields from contaminants in high-capacity boiler systems merits

further investigation.
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Chapter 3

SHIP SHIELDING
C. F. Ksanda A. Moskin

The shielding effectiveness of ships' structures for attenuating
gam.a radiations in interior compartments during and after a contaminating
event is discussed. The overall shielding factor is defined as the ratio
af the dose rate within a compartment to that measured above the weather
deck. Three sources of radiation are considered: deposited, airborne,
and waterborne radioactive materials.

Radiation was measured as a function of time in compartments below
decks and in the superstructure. To obtain data applicable to compart-
ments below armored decks of naval vessels, radiation measurements were
made in a lower hold underneath a 12-in.-thick concrete deck and also
between the main and second decks underneath 2-in. and 4-in. qteel plates.
Other measurements to determine the groes absorption cliaracteri ticz as a
function of time were made on deck inside steel pipes that had wall
thicknesses ranging from 1/8 in. to 4 in.

It was found that the apparent absorption coefficient increases
regiularly with time and that the shielding factor for below-deck compart-
ments decreases witan time and distance from the weather decks. FLther-
more, of the two ships used for the tests, the shielding factor was
greater for the ship that was equipped with the washdown system. Although
superstructure data were not so consistent, they showed the same general
trend. Deposited activity-shielding factors for well-shielded locations
show the greatest discrepancy between calculated and observed ',ata.

The results obtained apply only to the conditions cf these tests
and cannot be extrapolated directly to conditions where the relative
magnitude of the three sources of radiation are greatly different.

3.1 OBJECTIVE

The objective of this study was to obtain data on the shielding
effectiveness of ships' structures in attenuating gamta radiations in
interior compartments during and after a contaminating event. The study
was intended to evaluate the shielding effectiveness of the ship&'
structures with respect to both rAdioactive material deposited oa the
4'eather surfaces and airborne radioactive material during the fallout
event. The information obtained was intended primarily for comparison
with theoretical calculations to determine with what confidence such
calculations could be PrDlied to various classes of naval vessels, with
or without veshdovn systems.

To attain the objective, sev•-al specific tasks were undertaken.

3.1.1 Measurements in Compa ments Below DeLu Gamma-radiation
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measurements were made in several compartments below the upper deck
(main deck), removed from the boiler and ventilation air ducts. To
acquire data more nearly applicable to compartments below armored decks
in naval vessels, dose rates and dosages were measured not only in normal
compartments but also beneath the 12-in. concrete slab of the instrument
recording room and 'beneath two steel plates, 2 in. and 4 :n. thick,
mounted between the upper deck and the second deck.

3.1.2 Measurements in Compartments of the Superstructure. Measure-
ments were made in various compartments of the superstructure at each
deck level.

3.1"3 Measurements Inside Eight Steel Pipes. To obtairn a gross
measurement of the absorption characteristics of the radiation as a
function of time, continuous dose-rate measurements were also made inside
a series of eight steel pipes, ranging from 1/8 in. to 4 in. in wall
thickness, mounted on the upper decks of the two ships.

3.2 BACKGROUND AND THEORY

Methods have been devised for computing the gasmm radiation intensity
at any point above or below rectangular slabs of attenuating materials,
oue surface of which is uniformly contaminated by radioactivity (Refer-
ence 5). These methods have been used at NRDL for computing the shielding
factors 1 in below-deck compartments of naval vessels) considering the
weather decks to be uniformly contaminated. These calculations, neces-
sarily for highly idealized situations, were intended to provide an
estimate of the shielding afforded from r-adioactivity deposited on
weather surfaces.

Similar calculations have been made for ships surrounded by a cloud
of radioactivity. These results were intended to provide an estimate of
the shielding Afforded from airborne activity during the contaminating
event.

A third source of radiation, indicated in Chapter 2, is from radio-
active material in the water surrounding the ship. Because of the
different geometrical configuration of the radioactive material on
weather surfaces, in the air during the contaminating event, and in the
water during such time as the ship is in a contaminated region, the
shielding factors at any given point will generally be different for
each of these three sources. The overall attenuation at any location
must be evaluated from each of the three shielding factors and the rela-
tive contribution to the tota' rpdiation level of each of the three
sources. This subject is discussed in mr'-e detail in Appendix B.

The ultimate purpose of such evaluations is to provide a means for
forecasting the relative safety of various locations on naval vessels.
Such knowledge might provide a basis for altering the disposition of
personnel in anticiyation of atomic attack, or for making rapid estimates---

Tne shielding factor is here defined as the ratio of the dose rate

at the point of interest to the dose rate at a point 3 ft abcie the
weather deck.
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on the baiis of a few topside measurements---of the extent of radiation
casvalties following such an attack.

Previous tests have furnished some shielding information, but the
data were either fragmentary, of low reliability, or difficult to inter-
pret (notably in the case of Operation Crossroads) or not directly
applicatle to the case of fallout of bomb debris, ae in experiments using
single radioactive isotopes as radiation sources.

Project 6.4 offered the opportunity for studying shielding effective-
ness of ships' structures for actual bomb debris fallout, in addition to
supplying data directly applicable for interpreting the effectiveness of
the washdown countermeasure in interior compartments. The shielding study
was designed primarily to determine the shielding factors, as functions
of time, for mate•riai. deposited on weather surfaces, since this Vas con-
sidered co be the major source of radiation. It was also hoped to make
some estinatp o- shielding from airborne activity during the fallout
event. Subsequent analysis has indicated that, for these tests, shielding
from radioactive material in the sea water must also be considered.

Th-e steel pipe absorption studies were based on the premise that
most of the radiation passing through the pipes was incident almost
normally or. the outer walls. Because of this simple geometry, it was
considered that the complex radiation energy spectrum at any time could
be interpreted in terms of a relatively simple absorption curve. The
detectors inside the pipes measured thL radiation from all directions.
The absorption data therefore include the build-up in intensity from
radiations reaching the detector after being scattered vithin the pipe
walls, as well as the directly transmitted radiation. These absorption
data are therefore directly applicable as basic information for computing
shielding factors in interior compartments.

Dose-rate histories were obtained to determine the influence of
the changing radistion energy spectrum with time, and similar measurements
were made on both ships to determine whether contaminant redistribution
or selective removal of nuclid, 3 by the washdown appreciably affected
the shielding effectiveness.

3.3 INSTRUMNTATION

Dose-rate data were obtained in selected interior compartments where
no ingress of radioactive contamination was expected at identical loca-
tions in both ships. Dose-rate histories were obtained for estimating
shielding effectiveness as a function of time. Details of the gamma
radiation detectors and recording system are given in Chapter 8. The
locations of the particular instruments of interest in this chapter are
shown in Figure 3.1. Approximate distances and deck plating thicknesses
are also shown. Data taken at other stations for other studies may also
be useful, but time limitations have precluded their use in this report.

Int,-.riur surveys were made to determine the variation in dose rate
within compartments and, also, to determine the correlation between
shielding effectiveness determined from the recorded dose time histories
and from readings taken w. th ordinary survey meters. ietaile of the
surveys are given in Chaptr 9.

The location and dimersions of the steel plates are shown in
Figure 3.2. Similar data for the steel pipes are given in Figure 3.3.
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STATION 89
21N.THICK STEEL

STATION 68

DETAIL OF STATIONS 68 and 88

FOR WARO

0~

STATION 8B

STATION 6B

ilIGHT DiCK

STATION 68 STATION 88

PARTIAL SECTION AT FRAME 25 LOOKING AFT

Figure 3.2 Location and dimensions off the steel
plate f'or shielding studies.
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STEEL THICKNESS OF BOTTOM,CYLINDER AND COVER

STATION NO. THICKNESS (IN.)

17 4
18 3
19 1/4
20 I
21 11/2
22 1/8
23 2
24 '/2

S24 23 22 21
•.• • 20 15 19 18 17H

SNO.2 HA.TCH

-J L7_

NO.2 HOLD

INBOARD PROFILE OF NO.2 HOLD SHOWING STATIONS

FOR WORD

NO2 HATCH

24 23 22 21
A 5A A A

20 A 19 18 17
A A A A

PLAN VIEW OF UPPER DECK WITH STATIONS ON NO.2 HATCH

Figure 3.3 Location and dimensions of the steel pipes

for the shielding studies.
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3.4 RESUL TS AND DISCUSSION

Adequate data were obtained from Shots 2, 4, and 5 for both ships.
Because of the low radiation levels on YAG 39 for Shot 2, however, these
data Pre considered less reliable than the remainder.

Results of the analysis have been confined principally to the deter-
mination of overall shielding factors, as a function of time, at the
locations shown in Figure 3.1, and in analysis of the steel pipe data to
determine the absorption characteristics of the radiations as a function
of time. The overall shielding factor, F, is defined as the ratio of
the dose rate within a compartment to that measured above the weather
deck. As indicated in Section 3.2, the overall shielding factor applies
only for the specific conditions of these tests and cannot be extrapolated
directly to conditions where the relative magnitude of radiation levels
from deposited activity, airborne activity, and waterborne activity is not
the same as in these tests.

The results of Section 3.4.4., however, indicate that it is possible
from the YAG 40 data to estimate the shielding factors for deposited
activity; these are directly applicable to other conditions. Further
analysis may make possible a quantitative evaluation of the radiation
shielding from airborne and from waterborne activity. Meanwhile, certain
qualitative conclusions can be made regarding the relative contribution
of these sources compared to that from activity deposited on weather
surfaces.

A predominant feature of all the data from below-deck spaces
(mentioned in connection with washdown effectiveness in Chapter 2) is the
smaller apparent shielding effectiveness on YAG 39 as compared to YAG 40.
This observation may be attributed to the fact that the washdown system
on YAG 39 suppresses the relative contribution of activity deposited on
the decks and, hence, increases the relative importance of other radia-
tion sources unaffected by the washdown. It is shown in Appendix B that,
if the contribution from airborne and waterborne activity is small com-
pared to that from weather surfaces, the ratio of shielding factors for
the two ships should be nearly equal to 1. However, if the contribution
from weether surfaces is small compared to that from airborne or water-
borne sources, then F3 9 /F40 can approach a value equal to the ratio of
the unshielded deck reading on YAG 40 to that on YAG 39. From Chapter 2,
this ratio can be of the order of 10 or 20. Therefore, in locations well
shielded from weather surfaces, it is possible for the overall shielding
facto,- on YAG 39 to be an order of magnitude greater than on YAG 40.

3.4.1 Below-Deck Studies. The principal study of shielding at
locations below the weather deck was made in hold No. 2, where four detec-
tors were placed in a vertical line to measure the effect of increasing
distance from the weather deck and of increasing thickness of steel.
Stations 25 and 26 were between the upper deck (main deck) and the second
deck, and Stations 27 and 28 were below the second deck. Ratios of dose
rates from these detectors tu rates from Station 16, directly above on
the weather deck, are plotted against time in Figures 3.4 through 3.9.

A similar study was made between the upper deck (main deck) and
second deck in No. 1 hold. Here the siimnlated flight deck was located

above the hatch and the hold was wattrloaded belm* the second deck level.
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Ratios of dcse rates from Station 7 to rates from Station 2, directly
above on the simulated flight deck, are given in Figures 3.10 through 3.14.

In addition, on YAG 40 only, two steel plates about 6 ft sq were
mounted symmetrically with centers 10c ft on either side of the ship's
centerline 3 ft above the second deck. Station 8 was located beneath the
center of the 2-in.-thick plate and Station 6 beneath the 4-in.-thick
plate. Ratios of dose rates at these stations to the rate from Station 2
are given in Figures 3.10 through 3.14.

The remaining below-deck location of primary interesat to this study
was in the instrument-recording room, hold No. 4, Station 64. The top of
this room was a 12-in.-thick concrete slab. Ratios of dose rates from
this station to rates from Station 68, the nearest location on the weather
deck, and to Station 66, also above No. 4 hold but farther forward, are
given in Figures 3.15 through 3.19.

One specific feature of the dats for Station 64 on shot 4 might be
noted. This is the abrupt large increase in shielding factor for both
ships beginning at about 7 hr. This increase can probably be attributed
to the ships' courses intersecting a region of high water activity, since
the course change at 51 hr was expected to bring the ships back into the
fallout region at about 7 to 8 hr.

Data from these studies generally indicate that the shielding factor:
(1) decreased with increasing time; (2) decreased with increasing thickness
of steel or with increasing distance between the detector and the upper
deck; and (3) was greater for YAG 39 than for YAG 40 at comparable loca-
tions on the two ships, the differencc becoming progressively greater
with increasing thickness of steel or with increasing distance between
the detector and the upper deck.

Survey measurements indicated a considerable spread in the dose
rates measured within a given below-decks space. Arithmetic mean values
and standard deviations were computed for each set of readings in each
space. In most cases, the standard deviation was from 0.2 to 0.6 the
mean value. Shielding factors determined from the survey measurements
generally were larger in value than those determined from continuous
dose-rate measurements at comparable times.

3.4.2 Superstructure Studies. Ratios of dose rates in superstructure
compartments to rates above nearby open-deck surfaces are given in Figures
3.20 through 3.24. Because of the complex geometry and light construction
of the superstructure, it is probable that various contaminated surfaces---
such as the top of the house, exposed superstructure deck areas and nearby
regions of the upper deck (main deck)---all contribute significantly to
the radiation forom activity deposited on weather surfaces.

Nevertheless, the shielding factors exhibit the same trends as for
below-deck spaces, decreasing with increasing time and with increasing
distance of the detector from the top of the house.

3.4.3 Steel-Pipe-Absorption Studies. Ratios of dose rates measured
inside the steel pipes mounted on No. 2 hatch to the rates for the similar
unshielded detector, Station 15, are given in Figures 3.25 through 3.32.

Absorption curves were made from these data for each shot and each
ship. In these ourves, the shielding factor was plotted on a logarithmic
scale against the pipe thickness on a linear scale. Despite the hetero-
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geneous energy spectrum of the radiation, the data points generally fell
quite close to straight lines, indicating an exponential attenuation of
the form F = e-jz where z is the thickness of steel. Here j is an apparent
absorption coefficient and should be smaller than the usually quoted values,
because the detectors also measure the radiation scattered by the pipe walls.

Values of g for each shot computed by the method of least squares, as
well as overall averages, are given in Table 3.1, for times between 2 hr

TABLE 3.1 APPARENT ABSOku ZION COEFFICIENTS, ii,
PROM STEEL PIPE STUJDIES

Tjwe af ter Shot (hr)
ship Shot 2 3 6 10 20 30 50 70

YAJ 39 4 0.915 0.891 0.953 1.015 1.121 1.179 - -

5 0.951 0.931 1.047 1.o82 1.205 1.255 1.263 1.246

YAc 40 2 - 0.999 1.015 1.061 1.141 1.172 1.181 -

4 0.873 0.891 0.981 1.043 I.i49 i1.11 1.194 1.196

5 0.929 0.928 0.994 1.061 I.i16 1.201 1.228 -

Arithmetic
Mean 0.917 0.928 0.998 1.052 1.150 1.185 1.217 1.221

Standard
Deviation 0.036 0.044 0.035 0.o24 v.028  0. C2 0.030 0.034

and 70 hr. The precision of the data is quite high, indicating little
variation in absorption characteristics from shot to shot or from ship to
ship. There is a slight tendency for )I to be greater for Shot 5 than
for Shot 4 on both ships and, on Shot 5, for j! on YAG 39 to be greater
than for YAG 40.

Absorption curves for various times, based on the average values of
U, are shown in Figure 3.33, and 11 is plotted as a function of time in
Figure 3.34. Both these figures clearly show the increase in attenuation
with increasing time, indicative of a softening of the radiation energy
spectrum.

3.h.4 Comparison of Observed and Computed Shielding Factors.
Values of the overall shielding factor, F, for below-deck stations are
plotted as a function of the total thickness of steel between the
detector and the upper surface of the upper deck at various times in
Figures 3.35 through 3.39. In these plots, the 12-in. concrete slab
over the recording room is assumed to beecpivalent to 3.7 in. of steel
on an equal-mass-per-unit-area basis. Readings under the 2-in.-thick
steel plate have been modified to more nearly correspond with the
expected reading under a 2-in.-thick dzck by subtracting from them the
readings ander the 4-in. plate. This jrocedure was intended to elimi-
nate the contribution of radiations not traveling through the plate
because of its small size (see Appendix B).

Cotputed curves of the shielding factor for activity uniformly
deposited on the upper deck are also shown in these figures. The method
of calculation is described in Appendix B.
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It was concluded in Appendix B that the overall shielding factors
for YAG 40., with the exception of the recorder room station, should be
only slightly greater than the shielding factors for deposited material
alone, Comparison of the computed curves and observed values on YAG 40
for the lightly shielded stations does, in fact, indicate a close agree-
ment. There are considerable discrepancies at certain times between the
observed values under the 2-in. plate and the computed values; however,
the observed values are sensitive to small instrument errors, because of
the correction described above (which involves relatively small differ-
ences).

Generally, the observed values in the recorder room are greater than
the computed values and decrease less rapidly with time. This discrepancy
might be caused, in part, by the lack of exact equivalence between concrete
and an equal mass of steel. Greater attenuation should occur for a steel
plate, because of the greater photoelectric absorption by steel of the
low energy gamma rays; this effect should become more pronounced with
increasing time, because of the apparent overall softening of the radia-
tion energy spectrum. It is also probable that the increased importance
of activity in the sea water at this location causes part of the discre-
pancy. This possibility is indicated in Appendix B, where it is pointed
out that the shielding factor from deposited activity at this location
may be considerably less than the vbserved overall shielding factor. One
further fact should be pointed out: where the attenuation is large, the
value of the shielding factor is quite sensitive to the value of tne
absorption coefficient U. For example, where the attenuation is suffi-
cient to give a shielding factor in the neighborhood of 0.001, a change
of only 15 percent in U will change the computed shielding effectiveness
by a factor of 2.

Observed and computed shielding factors as a function of time for
Stations 25, 26, 27, and 28 on YAG 40 are compared in Figures 3.40 through
3.43. The decrease with increasingtime in the computed values and in
the observed values at later times can be attributed to a decrease in the
effective radiation energy with time. The more-rapid decrease in some of
the observed values at early times, particularly evident for the Shot 2
data, may be caused by a change with time in the relative contributions
from airborne and deposited activity to the total radiation field. This
possibility is consistent with calculations indicating less attenuation
from activity in the air surrounding the ship than for deposited activity
because of the different geometry of the sources.

3.5 CONCLUSIONS

1. Determination of the shielding effectiveness of ships' struc-
tures from the data of this study is complicated by the fact that the
measured dose rate at any loation may be due to radioactivity deposited
on both horizontal and vertical weather surfaces, to activity in the air
during fallout, and to activity in sea water. The overall shielding
effectiveness at any location depends on the magnitude of each of these
various sources of radiation and on the shielding provided by the ship's
structure for each of these sources.

2. The overall shielding factor, defined as the ratio of the dose
rate in a compartment to the dose rate measured at an unshielded location
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above the weather deck., was found as a function of time for various
locations. The following general conclusions can be made: (a) the
shielding factor decreased with increasing time, an observation which
may be attributed to a decrease in the effective game radiation energy
with increasing time; (b) for below-deck compartments, the shielding
factor dec:reased with increasing thickness of steel and with increasing
distance between the detector and the upper deck; (c) in below-deck
compartments the overall shielding factor was greater on YAG 39 than on
YAG 40. This difference can be attributed to the large reduction in
activity on the YAG 39 weather decks effected by the washdown system,
which does not, however, appreciably influence other radiation sources.

3. Data from superstructure compartments were not so consistent
as from below-deck spaces, probably because of the more-complicated
geometry and relatively light construction of the superstructure. Overall
shielding factors in superstructure locations, however, did tend to
decrease with increasing distance of the location from the top of the
house and also decreased with increasing time.

4. Shielding factors at locations between the second deck and the
upper deck were in the range from 0.1 to 0.2 on YAG 40 and from 0.15 to
0.30 on YAG 39. In the hold, the values ranged from 0.03 to 0.05 on
YAG 40 and from 0.06 to 0.10 on YAG 39. In superstructure compartments
on both ships, the values generally were in the range from 0.1 to 0.6.

5. Dose-rate data within the steel pipes mounted on the upper deck
provided a series of absorption curves at various times for each shot and
for each ship. These curves indicated an approximately exponential
attenuation of the radiations by a steel absorber. It was possible to
evaluate apparent absorption coefficients which were found to increase
regularly with increasing time. This apparent absorption coefficient
included the build-up effect of radiations reaching the detector after
being scattered within the pipe walls.

6. Overall shielding factors on YAG 40 are believed to proved a
good approximation to the shielding factors for activity deposited on the
deck surfaces. Calculations of shielding factors for deposited activity,
using the absorption data from the pipe studies, were found to agree well
with observed values on YAG 40. The greatest discrepancy was found for
the most highly shielded location in the instrument recorder room. At
such locations, hvrever, it is not practical to compute a precise value.
The shielding factor for this location is quite sensitive, both to the
thickness of steel traversed by the radiations and to the value of the
apparent absorption coefficient. For example, a 15 percent change either
in the assumed thickness of steel between the detector and the deck or
in the value of the apparent absorption coefficient will alter the shielding
effectiveness by a factor of 2. Another uncertainty about locations
well-shielded from radioactive sources on the weather deck is the contri-
bution from other sources, particularly waterborne activity or activity
which adheres to the ship's hull.

o RECOMMENDATIONS

Further analysit of the data from this project and from other fallout
Faýurement projacts may make possible the determination of the shielding

effectiveness for radiations from airborne and waterborne activity. These
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results should be compared with calculations. In future tests, instrumen-
tation should be provided to better separate the radiations from the various
sources.

Further analysis of the data should be made to provide shieldir7
factors for times greater than those covered in this report. This informs-
tion would bE of value in determining the shielding effectiveness with
respect to integrated dosage.

The discrepancy between shielding values obtained by various measuring
devices should be further investigated.

The shielding factor for well-shielded locations cannot be predicted
precisely, because small changes in such parameters as deck thickness and
absorption coefficients cause large changes in the shielding factor. Deck
thicknesses are not constant, and absorption characteristics of the radia-
tions for any particular situation cannot be exactly predicted. However,
further study of the reliability of predicted shielding factors at well-
shielded locations should be made.
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Chapter 4

SHIP DECONTAMINATION
F. S. Vine

During the period I February to 25 May 1954, two test ships,
YAG 39 and YAG 40, were exposed to fallout from nuclear detonations
during Operation Castle and received radio ctive contamination on three

occasions. After Shot 2, only the YAG 40 required decontamination; the
YAG 39, a washdown-fitted ship, apparently received a negligible amo-Unt
of contaminant. Neither ship needed decontamination after Slict 4: bc-h
were decontaminated following Shot 5.

The decontamination procedures were placed in two categories:
"experimental" and "operational." There were. five experimental procedurea
consisting of various ccmbinations of firehosing, hot-liquid jet cleaning,
and scrubbing with deck brushes. The operational procedures---which
included the use of removable protective coatings, paint removal with
chemical stripper, resurfacing of wood decks and washing with a high
pressure, large-volume hot-liquid jet---were employed primarily to
reduce the radiation levels sufficiently to permit continued ship opera-
tions within Task Force exposure limits for personnel.

In the decontamination of the YAG 40 after Shot 2, the experimental
procedures, exclusive of the effect of decay, removed an average of
59 percent of the detectable contaminant, as determined by beta measure-
ment, and nondestructive operational methods, as a followup, removed
38 percent of the remainder, or a total reduction of 76 percent. Where
operational methods, including chemical stripping, were employed in
nonexperimental work on both ships after Shot ), the overall effectiveness
did not vary materially frora the combined effect of experimental and
operational procedures. A total reduution of 8C X0 percent in the
average gamma dose rate was obtained in all ins *ct;.,, as the combined
result of decontamination and the Matural decay .. g the extended time
required for decontamination.

It is concluded that a washdown system is the most-effective tactical

decontaminatioii countermeasure presently available and that, for ships

not having washdown, a combination of firehosing and scrubbing wiLn
detergent is a satisfactory interim decontamination procedure for a
tactical situation. Protective ccatings must be. further developed and

improved to meet the requirerenta of a tactical procedure.

Recommendations are made t'-at combat ard support vessels be fitted
with some, form of w•.4hdown system and that, as an alternate or supporting

procedure, materials and equipment for firehosing and scrubbing be supplied

to ehips and tnat their personnel be prcperly trained in ship decontamina-
tion with these methods.
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14.1 BACKGpOUND

Subsequent to the Bikini-Baker tests, attempts were made to effect
gross decontamination of certain test ships. The results of these efforts
were inconclusive. Later and continuing laboratory, engineering-scale
and land-based field-opeiatioa tests produced decontamination methods
and techniques of varying comploxity and potential effectiveness.

A number of these were discarded, at least temporarily, as unsatis-
factory for reasons of inapplicability to large-scale operations,
ineffect3 ,ieness relative to the effort and equipment required, disposal
of contaminated ,'aste, inherent industrial hazards and fire and explosion
dangers. Two categories of methods were ultimately established: non-
destructive and destructive. The nondestructive methods consisted of
firehosing, hot-liquid-jet cleaning, and scrubbing with soap or detergent
additives. The destructive, or surface-removal, methods involved the
use of cutting or abrasive tools and machinery, chemical ý.Vagents,
chemical strippers and flame cleaners, all of which were potentially
dangerous, relatively slow, and often undesirable because of their
detrimental effect on the e•econtaminated surfaces. They were, therefore,
cc-noidered to be limited tc use in so-called industr-ial decontami.ation
operations.

With Uhe continued gro'ith in importance of nuclear weapons in con-
aideiatlons of naval warfare, it became apparent that means had to be
devised for the radiological protection of combat and support vessels
which might become radioactively contaminated during the execution of a
tactical midsion. This requirement resulted in the devw-lopment of the
washdown system. The problem of ships not fitted w1th this divicj still
remained. Furthermore, the e-tual extent of either the proection or
the decontamination afforded by the washdown system was unknown, since
only limited testing with nonradioactive simulante had been accomplished
and a need for additional decontamination could reasonably be expected.

It was evident, therefore, that test ships should be subjected to
the fallout from a nuclear weapon in order that the applicable recovery
prczedures could " valuated and effective countermeasures ultimately
provided for naval ships.

4.2 OBJECTIVES

The general purposes of Project 6.4 during Operation Castle was to
field test procedures and countermeasures for ships subjected to radio-
active fallout from a nuclear detonstion. Specific objectives were to:
(1) evaluate 'ii&rlous combinations of firehosing, hot liquid jet cleaning
and scrubbing (with detergent) with regard to removal of contaminant,
manpower effort and the equipment and materials required; (2) recommend,
on the "oasis of the above informntion, an interim countermeasure for the
tactical recovery of ships contaminated by the fallout from a nuclea;i
detonation; (3) investigate, on a suitable scale, the char'-ster.stics of O

removable coatings for protecting ships' weather surfaces i'rom radio-
activity and for facilitating subsequent decont.mination; and (4) reduce,
as necessary, the total radiation levels of the two test ships to permit
participation ir subsequent shots without exposing operating personnel
to raliation in excess of the limits permitted by the" task force.
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4.3 INSTRtMUENTATI•O

The instruments required for the procurement of decontamination
evaluation data were the AN/PDR-TIB gamma meter and the NRDL PBI-J2
beta probe. These instruments and the procedures followed in procuring
the test data are described in Chapter 9.

4.3.1 Decontamination Facilities. To facilitate decontamination
operations, water and steam outlets were provided on the main deck of
the YAG 39. Twelve locations were chosen, six forward of the super-
structure and six aft, equally distributed to port and starboard. This
arrangement made it possible to connect firehose and steam hose lines
in close proximity to the areas being decontaminated. Each outlet pro-
vided 2 1/2-in. and 1 1/2-in. firehose and 2-1n. and 1 1/4-in. steam
connections. The firehose outlets were connected to the min washdown
trunk and the steam outlets were connected to existing deck steam lines.
Water for decontamination was supplied by one of the 1,000-gpm washdown
pumps and steam was provided by the ships' boilers. At the outlets water
pressure was maintained at 80 to 90 psig and steam pressure was 125 psig.

4.3.2 Decontamination Zones. Previous experience had shown that
it was virtually impossible, because of the influence of residual radio-
activity, to evaluate accurately the effectiveness of a decontamination
method or procedure on a surface that had previously been contaminated
and decontaminated; consequently, the experimental phase of the investi-
gation was limited to the first successful contaminating event. To insure
the independent evaluation of the various decontamination procedures,
each ship was divided into six zones, each of which was subdivided into
two sections, as shown in Figure 4.1.

4.3.3 Decontamination Equipment. All decontamination operations
were accompliabed with ship's allowance or available commercial equip-
ment. A summary and brief description of equipment required for the
various methods follows:

Firehose- 2 1/2-in. and 1 1/2-in. rubber lined firehose as procured
from General Stores. Play pipes and Griswold 4 NAP fog nozzles were also
standard stock items.

Hot-Liguid-Jet Cleann: Two sizes of commercially available units
were used, 1250 gph type B unit and a 6000 gph unit. The large unit
was designed by the manufacturvr to be used with a Butterworth washing
machine for cleaning an oil tanker's interior compartments. To adapt

it for cecontamination work, NRDL fabricated a portable turret nozzle.
This unit consisted of a Grinnel anti-torque nozzle mounted on a Sellers
fog generator frame. Tho original nozzle orifice was replaced with a
standard 1 1/2-in. firehose play pipe. A "Chiksan" coupling permitted
a 360-degree horizontal traverse. Interference by the mounting frame

IMfg. by Sellers Injector Corporation, 1600 Hamilton St., Phila. 30, Pa.
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limited the vertical angle to approximately 70 degrees. The entire
assembly is shown in the photograph section of Appendix C.

Hand Scrubbing: Standard stock deck scrubbing brushes were used.
The detergent used was Cleaning Compound C-120 which i3 compatible with
salt water.

Surface Removal: T~e surface removal equipment included:
(a) Tennant machine3 equipped wit4 revo tool cutters or wire brush.
(b) Aurand air-driven revo tools.
Paint Stripping: Hudson Peerless Sprayer, 5 Model 43030, 50-gal.

capacity was used.

4.4 OPERATIONS

The decontamination operations were controlled and directed from
the ATF-106 during decontamination of the TAG 39 and from the YAG 39
during decontamination of YAG 40. In both cases, steam and water were
supplied by YAG 39. Ship-to-ship communication was maintained by means
of power megaphones. When close supervision was required, Project 6.A,
personnel boarded the ship with the working teams. This practice was
kept to a minimum to conserve the dosage of the limited number of project
personnel available.

4.4.1 Decontamination Procedures, Shot 2. Five different decon-
tamination procedures were evaluated on the YAG 40 after Shot 2. The
procedures consisted of three basic methods: fixahosing, hot-liquid-jet
cleaning, and hand scrubbing with C-120 detergent? which is compatible
with salt water.

Two or more of the methods comprised each of the procedures. The
decontamination procedures were arranged in stepwise sequences as follows:

Procedures S (Standard): Step 1, Firehosing at 100 sq ft/min; Step
2, Hot-liquid-Jet cleaning at 100 sq ft/min; Step 3, Hand scrubbing at
25 sq ft/min; and Step 4, Firehosing at 200 sq ft/min.

Procedure A: Step 1, Hot-liquid-jet cleaning at 100 sq ft/mmn;
Step 2, Hand scrubbing at 25 sq ft/min; and Step 3, Firehosing at 100
sq ft•min.

Procedure B: Step 1, Hot-liquid-jet cleaning at 100 sq ft/min;
Step 2, Hand scrubbing at 25 sq f+/min; and Step 3, Hot liquid Jet
cleaning at 100 sq ft/min.

Procedure C. Step 1, Firehosing at 100 sq ft/mmn; Step 2, Hand
scrubbin at 25 sq ft/min; and Step 3, Firehosing at 200 sq ft/min.

Procedure D: Step 1, Hot liquid jet cleaning at 100 sq ft/min,
and Step 2, Firehosing at 100 sq ft/min.

4.14.2 Sequence of Operations: Each zone except Zone 3, which was

2 BuAer Item Stock No. R51C1569-l00 (50-lb. container)
Stock No. R51C1569-125 (200 to 250-lb. container).

Mfg. by G. H. Tennant Company, 2520 N. Second St., Minneapolis 11, Minn.
4ýfg. by Aurand Manufacturing and Equipment Company, 2643 Colerain

Avenue, CVncinnati 25, Ohio.
5Mfg. by H.D. Hudson Manufacturing Company, 589 E. Illinois Street,

6 Chicago, Illinois.
Cleaning Compound, Specification C-120 (new specificatioii, MIL-C-7907)
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reserved for protective coating studies, was decontaminated in accorlance
with the assigned procedure.

A stepwise description of Procedure S is typical, since all other
basic procedures were variations of it.

(a) Radiological survey (gamma and beta readings) taken (see Chapter
9).

(b) Surface firehosed with a 2 1/2-ir. firehose at the rate of 100
sq ft/mmn, 90 psig average pressure. Area was firehosed from centerline
of ship to rail, progressing from forward or aft to superstructure follow-
ing sheer of ship.

(c) Radiological survey taken.
(d) Surface cleaned with a 1250-gal/hr hot liquid Jet at rate of

100 sq ft/mmn; nozzle delivery at 125 psig and 180OF average temperature.
Detergent C-120 was educted through the injector unit. This required a
20 percent solution (by weight) for a 1 percent concentration at the
nozzle. Cleaning was from centerline to rail and followed the sheer as
with firehosing.

(e) Surface hand scrubbed at rate of 25 sq ft/mmn with deck brushes.
(f) Surface firehosed with 2 1/2-in. firehose at the rate of 200 sq

ft/min, 90 psig average pressure. Forward progress same as Step 1.
(g) Radiological survey taken.

4.4.-3 Decontamination Procedure, Zone 3. Zone 3 was coated with
the radiological protective coating, Mare Island Formula 980. This zone
was decontaminated using the procedure developed for removal of the
protective coating in preliminary tests on the YAG 39 (See Appendix C).
The procedure consisted of the following steps:

(a) The surface was sprayAd with a 2-percent solution of caustic
soda (commercial grade Na0H).

(b) After allowing caustic to react for 5 to 15 min, surface was
flushed with a i 1/2-in. firehose at a rate of 20 sq ft/min, 90 psig
average pre3sure.

(c) Surface cleaned with 1250-gal/hr hot liquid jet at 20 sq ft/
min; minimum temperature of 180 0 F,

4.h.4 Operational Decontamination Procedures, Shot 2. Upon com-
pletion of the tactical procedures, decontamination of the YAG 40 was
continued on an operational basis. All weather surfaces except the top
of the wheel house received the same treatment, which consisted of a
thorough cleaning with the 6000-gal/hr hot liquid jet and NRDL turret
nozzle at 9 rate of approximately 80 sq ft/mmn. The average delivery
pressure and temperature were 160 psig and 18 5 °F. A saturated solution
of C-120 detergent was educted through the injector unit and comprised
approximately 5 percent of the total delivery through the nozzle. When
a convenient area had been cleaned in this manner, the 6000-gal/hr
turret was used to wash the same surface and flush off the detergent
with clear hot water, also at 80 eq ft/min.

The top of the wheel house was hand scrubbed using a 1-percent solu-
tion of C-120 decergent and was then flushed with a 1 1/2-in. firehose.

The wood boat deck, in a final operation, was resurfaced with a
Tennant machine equipped with a wire brush tool. With the wire brush
installed the machine could be operated at approximately 200 sq ft/hr.
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The Tennant machine was modified for connection to a Roto-Clone dust
collector but this accessory was dispensed with because of mechanical
malfunctioning.

4.4.5 Oprational Decontamination Procedures_ Shot 5. After Shot
5 both the YAG 39 and YAG 40 were decontaminated with operational pro-
cedures.

With the exception of the flight deck, boat deck, and adjoining
bulkheads and the top of the wheel house, the weather surfaces of the
YAG 39 were cleaned with the 6000-gal/hr hot liquid jet, both alone and
in conjunction with hand scrubbing. Additional passes were made in all
areas except the flight deck and Zone 2.

The top of the wheel house, the superstructure bulkheads above the
boat deck, and the boat deck itself were cleaned with the 1250-gal/hr
hot liquid jet, scrubbed with C-120 detergent, and then firehosed. The
yellow plastic enamel, with which the top of the wheel house was coated
to facilitate aerial identification, did not respond to these decontami-
nation' methods, and the enamel was subsequently removed by repeated
applications of caustic soda.

The flight deck of YAG 39 was coated tith Mare Island Formula 980
protective coating as a means of facilitating any subsequent decontami-
nation. It was removed as follows:

(a) Liberally applied caustic soda solution with deck swabs. No
areas were permitted to dry prior to washing.

(b) Removed caustic and protective paint with the 6000-gal/hr turret.
All topside weather surfaces of the YAG 40 were painted with the

experimental Formula 980 radiological protective coating prior to partici-
pation in Shot 5. This was a deviation from the test program as original-
ly planned and was adopted as a prospective means of achieving greater
operational decontamination effectiveness.

Prior to the actual removal of the protective coating, Zones 1, 2,
3, and 4 were washed down with a 2 1/2-in. firehose. This step was
recommended by the Health Physics Group to remove loose contaminant which
was being picked up to an undesirable extent on the clothing of sample
recovery and survey personnel. After the firehosing, the protective
coating was removed as follows:

(a) Applied caustic soda to vertical surfaces with pressure spray
equipment and to horizontal surfaces (decks) with swabs.

(b) Removed as much of the protective coating as possible with
1 1/2-in. firehose after caustic soda solution had remained on surface
from 10 to 15 min.

When the foregoing procedure failed to detach the protective coating
from significantly large areas, particul&rly on vertical surfaces, and
a gamma survey showed that the radiation level was not sufficientiy re-
duced, the application of caustic soda solution was repeated, this time
in a stronger concentration. Following this the surfaces were again
washed down with the 1 1/2-in. firehose.

The top of the wheel house of the YAG 40, like tha'k. of the YAG 39,
was painted with plastic enamel (red) for aerial identification. This
enamel was removed with strong caustic soda solutior.

The boat deck was resurfaced with the Tennant machine equipped with
a revo-tool which permitted operation at a rate of 400 sq ft/hr. Approxi-
mately 1/8 in. of the wooden deck was removed.
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Aurand air-driven hand tools were used to remove the deck surface
at the boat davits and other obstructions around which the larger Tennant
machine could not operate.

4.4.6 Radiological Surveys. Comprehensive data for the evaluation
of the tested decontamination methods and procedures were obtained by
detailed gamma and beta L.'asurements at established monitoring stations.
These surveys are described in detail in Chapter 9. A limited number of
wipe samples were also taken to determine the extent and the removability
of loose contaminant.

4.5 RESULTS AND DISCUSSION

The necessity of conforming to ship movement schedules resulted in
some curtailment of the data obtained from the decontamination studies.
Complete tabulation of the test data is not included in this report
because of its bulk. Information obtained by analysis and evaluation
of the data is presented in a series of graphs. Decontamination pro-
cedures were evaluated on the basis of amount of contaminant removed
from similar surfaces, manpower effort required, equipment and materials
involved. Contaminant removal by the nondestructive experimental and
operational methods was determined by beta surface measurements. The
effectiveness of operational decontamination of the YAG 40 after Shot 5
by removal of Formula 980 protective coating and Navy Gray paint with a
chemical stripper was established by the reduction in the gamma radiation
field. In determining the decontamination effectiveness, all beta and
gam measurements were corrected for decay (Reference 6).

Uniform distribution of contaminant, a desirable factor in the
evaluation and comparison of decontamination methods and procedures, was
not obtained. As the result of the ships's course (YAG 40) and the
relative wind direction during the contaminating event after Shot 2,
contamination of the main deck on the port side exceeded that of the
starboard side by factors of 2 to 3 in the decontamination zones. However,
after decontamination, comparative plots (not included herein) of the
test data on the basis of initial level versus percent of contaminant
remaining for each procedure did not indicate that the percent residual
levels were necessarily dependent upon or were influenced by the initial
levels.

4.5.i Experimental Decontamination, YAG 40, Shot 2. The average
effectiveness and the required manpower effort for each of the nondestruc-
tive, experimental decontamination procedures are shown and compared in
the bar graph, Fig. 4.2. In terms of percent of contaminant removed, the
individual effectivenesses lie within the relatively narrow range of 50
to 72 percent, or a decontamination factor of 2 to 4. The possible range,
as defined by 95-percent-confidence intervals, is 36 to 76 percent. On
painted and steel, Procedure S was the most effective, removing 72 percent
of the contaminant, but also required the greatest effort, 2.5 men-hr per
1000 sq ft of surface. Procedure D which required the minimum effort,

].3 man-hr p-r 1000 sq ft was also the least effective, removing only
50 percent of the contaminant. Procedure A removed 54 percent but needed
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2.0 man-hr per 1000 sq ft. Procedure C removed 60 percent with 2.17 man-hr
of effort per 1000 sq ft. The 95-percent-confidence interval of C over-
laps those of S, A, and D. It is probable that S will consistently be
more effective than C and the latter will be better than A and D.

Decontamination effectiveness is plotted in Figure 4.3 against the
probable gamma dose received by decontamination personnel while cleaning

a unit surface of 1000 sq ft. Dosage values are based on an initial level
of I r/hr at start of a given procedure, and the effects of decay have
been neglected. For every 1 r/hr increment of initial dose rate, Proce-

dures A, C, and S will involve doses ranging from 1.46 to 1.60 r; fire-

hosing and Procedures D and B will involve doses ranging from 0.78 to
0.95 r when decontaminating painted surfaces. It would appear that to

remove amounts of contaminant significantly greater than 50 percent,
the dosage to decontamination teams would Jump 50 percent. Stained wood

surfaces create an even more serious situation, since the most effective

procedure, S, results in a dosage of 1.8 r for each r/hr of initial level,
and only removes 55 percent of the contaminant.

Procedures S, A, and D included the use of a hot-liquid Jet generated

by special equipment, in this case a 1250-gal/hr Sellers unit. This item

was omitted from Procedure C, which required only a 2 1/2-in. firehose

and ordinary deck brushes, standard ships' allowance items. Procedure

B has not been previously discussed for the reason that it was evaluated

only on the wood boat deck. Although this deck was well coated with

Navy Gray paint and, presumably, should have had the surface character-

istics of similarly painted steel, this fact cannot be definitely estab-

lished. However, considering the similarity of the methods comprising

A and B, and the indicated effectivenesses of 54 and 56 percent, respect-
ively, it is doubtful if B would have produced significantly better

results on painted steel. Like D it required only 1.3 mn-hr per 1000
sq ft, but again special equipment was involved.

The removal of 55 percent of the contaminant from the wood flight
deck by means of Procedure S probably represents a greater effectiveness
than would have been obtained by any of the other procedures on this-
surface. This deck had been given one coat of flight deck stain (No.21),
much of which was absorbed by the wood, and the weather surface was
relatively rough and difficult to decontaminate. It is probable that,
had the other procedures been tested on this surface, they would have
been less effective than S in about the same ratio evidenced on the
painted steel deck.

The effectiveness of firehosing as a decontamination procedure was
investigated on the wood flight deck and the painted steel main deck.
It removed an average of 10 percent of the contaminant from the wood and
43 percent from the steel (Fig. 4.2). Although comparatively ineffective
on wood, it was not without value on painted steel, particularly since
the required effort was only 1.0 mn-hr per 1000 eq ft and the upper
limit of the confidence interval was 51 percent, or a decontamination
factor of 2. This greater effectiveness could probably be achieved by
closer control of the firehosing technique. Firehosing, therefore, would
be a simple and useful method where a decontamination factor of 2 was
sufficient or where limitations of time, manpower, or equipment rendered
more-complex procedures impracticable.

A comparative summation of the five procedures tested shows that,
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from the standpoint of effectiveness, manpower effort and the equipment
required, Procedure C, consisting of firehosing, hand scrubbing (with
detergent) and firehosing is the optimum and can be recommended as an
interim decont;iination procedure for Navy ships.

Since only a limited study of protective coatings had been made at
the laboratory, their evaluation after Shot 2 was conducted separately.
The results are discussed in Appendix C.

4.5.2 Operational Decontamination, YAG 40, Shot 2. On completioný
of the experimental studies, further decontamination of the ship was
undr-r..,en in an effo-rt to reduce the radiation rield to a level con-
sidered permissible bf the tý force for exposure of personnel during
subsequent operations. Tnis "operatioiial" decontamination was nut
primarily an experimental study and the use of a turret nozzle (1 1/2-in
firehose play pipe) in conjunction with a 6000-gal/hr Sellers injector
was adopted as a nondestructive procedure which vould possibly provide
a high degree of decontamination effectiveness with a minimum expenditure
of time and effort. The last two objectives were not realized, since a
second pass was made to flush off the detergcnt with clear hot water.
The use of a 1 1/2-in. firehose for final flushing in this type of oper-
ation should be investigated.

On painted steel a further contaminant removal, varying from 10 to
22 percent, was accomplished with an additional effort of 2.5 man-hr per
1000 sq ft, as shown in Figure 4.4. In general, the effectiveness of
the operatioral decontamination was correspondingly greater in those
areas where the previously tried experimental procedures had removed
relatively lesser amounts or contaminant, e.g., after S, which removed
72 percent, a further reduction of only 10 percent was obtained, whereas
after D, the least effective experirental procedure, an additional 22
percent of the contaminanD was removed. This relationship was logically
to be expected.

Operational decontamination was least effective on the wood flight
and boat decks, accomplishing an additional removal of 9 percent from
the former and 4 percent from the latter. This does not necessarily
indicate that the previous decontamination had been exceptionally effect-
ive. It is quite probable that the poor results were occasioned by in-
ability to dislodge detectable contaminant from cracks, payed seams, and
other surface irregularities.

If it can be assumed that a major part of the loosely held contami-
nant had been eliminated by the exieriment,:1 procedures and that only the
tenacious material remained, then the turret nozzle and 6000-gal/hr injec-
tor ccnstitute a decontamination procedure of high potential effectiveness
and efficiency. Further tests of this equipment should be conducted to
improve the equipment and technique and to reduce the manpower effort
required.

The failure to remove more than 60 percent of the ccntaminant from
the boat deck wab reflected by the level of ganna radiation in certain
of the living quarte ,8 within the ship's superstructure. Since it was
apparent that the nondestructive procedures were inadequate, the boat
deck was resurfaced. In this operation, the surface paint and from 1/16
to 1/8 in. of wood were removed by a Tennant machine equipped with a wire
brush.
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Figure 4.4 Evaluation of decontamination procedures,
iAG 40, Shot 2.

Resurfacing removed an additional 30 percent of the contaminant, as
shown in Figure 4.5. The corresponding gamma field was thereby reduced
to an acceptable level.

Definite limitations to this type of procedure were evidenced.
With the wire brush installed in the machine, 20 man-hr of effort were
required for each 1000 sq ft of surface covered. This did not include
additional personnel needed to collect and dispose of the contaminated
waste. The machine was heavy and cumbersome and would have been difficult
to control had the ship been in motion. Surfaces adjacent to bulkheads,
boat cradles, and davits could not be reached. Repainting of the deck
as a protective measure was necessary. The Tennant machine, therefore,
is not applicable to tactical decontamination.

4..3. Operational Decont.mination, YAG 39, 3hot 5. The radiologicai
situation aboard the "AG 39 after Shot 5 was similar to that of the TAG O40
after Shot 2 upon ccmplatlon of the experimental decontamination in that
much of the loosely held contaminant had been removed by the vashdon
system and only the more-tenacious anterial remained. Tis explains the
fact that only 18 to 50 percent of the contaminant was removed by the
first pass, as indicated in Figure 4.6. Actually, the gamma radiation
level wa8 relatively low; but since it wds planned to use this ship as
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an operating base for the decontamination of the YAG 140, a further -:
reduction was attempted.

To conserve time, all available methods, i.e., firehosirng, hand
scrubbing, the 1250-gal/hr hot liquid jet and the 6000-gal/hr turret-
nozzle were then utilized as a nh~tter of expediency and without particular
regard to their individual merit. The extent of the additional decontami-
nation i8 also shown in Figure 4.6. With the exception of Zone 2, which
was not given a second pass~, from 59 to 68 percent of the residual contami-
nant was successfully removed.

The wood flight deck had been sprayed with the Formula 980 protective
coating, and the stripping of this paint with a caustic soda solution
and the 6000-gal/hr turret nozzle removed 79 percent of the contaminant.

The gamm radiation level within the: superstructure living quarters
was such that resurfacing of the boat de~ck was not necessary.

4,.5.1 Appraisal of Nondestructive Decontamination Methods and
Procedures. The effectiveness of the nondestructive decontamination
methods and procedures, as determined by this field operation, agree
closely with the results of previous laboratory, engineering-scale, and
field tests. Tt is indicated that the maximum potential has been reached
and that, for these procedures, the decontamination effectiveness lies ="
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Figure 4.6 EValuation of decontamination procedures after
washdown, YAG 39, Shot 5.

between factors of 2 and 4 for an initial pass and is less than a factor
of 8 for a second pass. There is no indication that these factors will
be exceeded as the result of improvements in technique or equipment.
Further studies should be conducted, however, in an effort to obtain
equal results with a reduced manpower effort.

4.5.5 Operational Decontamination, YAG 40, Shot 5. Prior to Shot
5, the topside weather surfaces of the YAG 40 were covered with the
Formula 980 protective coating. The development of a technique for
the removal of this coating with a caustic soda solution and a firehose
washoff (1 1/2-in. firehose) is described in Appendix C. Since the
purpose of the decontamination was to reduce the gam radiation field,
decontamination effectiveness was determined by the reduction in ga-_-
dose rate.

Before chemical stripping of the protective coating was undertaken,
Zones 1, 2, 3 and 4 were washed down with a 2 1/2-in. firehose to remove
the loose contaminant that wa3 being picked up by the clothing of survey
and other personnel. As is shown in Figure 4.7, this firehosing reduced
the average gamma level in these zones by only 13 percent, but the
excessive contamination of clothing ceased to be a problem. The Formula
980 protective coating was removed bv spraying a caustic soda solution
on the vertical surfaces and mopping it on the decks with swabs. The
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application of the caustic caused considerable physical discomfort to
personnel.

A lO-to-15-min reaction time was desired, but much of the solution
ran off the vertical surfaces immediately and tended to drain from the
decks with the oheer of the ship. Because of this, the protective coating
was not properly loosened, and the subsequent firehose washing failed
to remove it as thoroughly as had been anticipated. The remaining coating
retained much of tha contaminant associated with it and, consequently, the
gamma dose rate was only moderately reduced, as can be seen in Figure 4.7.

A comparison of these decontamination results with those obtained
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Figure ii-7 Evaluation of decontamination procedures,
YAG 40, Shot 5.

by nondestructive experimental methods (Figure 4.2) indicates that the
latter we:-• more effective, since the average removal by caustic stripping
was 48.8 percent (w'hereas an overall average of 58.2 percent was removed
by the nondestructive procedures). ThiB difference, however, can~not be
entirely- accepted at its face value; because the beta measurements used
to evaluate the experimental procedures were not influenced by extraneous
•.diation, whereas Che Indicated reductions in the ga• dose rates by
removal of the protective coating were adversely° affected by Ra• radia-
ti•on from adjacent surfaces. Assuming that the respective effectiveneesee
were equa], the relative value of the protective coating consisted of' the
fact that its removal required an effort of 1.0 mun-hr per 1000 sq ft, asr compared to an average of 2.0 m~n-hr/lO00 sq ft for tne nondestructive
procedures. This va• an advantage onyIm eadt hst•t ic

urger other circumstances, damage to the ship s pairt coat vould have
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necessitated repainting had the vessel remained indefinitely at sea.
The boat deck and Zones 3, 5, and 6, where exposure of ship's

personnel would have been most difficult to avoid, were stripped a second
time. As shown by Figure 4.7, this resulted in a cumulative reduction
of 72 percent in each zone and 50 percent on the boat deck. Comparing
these second passes with the operational decontamination after Shot 2,
it is seen that in the latter case the total red.'ction on the boat deck
vas 60 percent, 79 percent in Zone 5, and 76 percent in Zone 6 but with
the nondestructive procedure requiring more than twice the manpover effort.

After the second pass, the gainn dose rates on the boat deck (and
within the living quarters), Zone 5, and Zone 6 were still above an
acceptable level. A third pass -.as made in Zones 5 and 6 and the boat
deck was resurfaced with the Tennant machine. This brought the total
reduction to 75 percent in Zone 5, 81 percent in Zone 6 (Figure 4.7),
and 59 percent on the boat deck (Figure 4.8).

It is unfortunate that sufficient beta measurements were not taken
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Figure 4.8 Evaluiation of Teranant, machine resurfacing of
wood boat deck, YAG 40, Shot 5.

on the boat deck, since the Indicated additional reduction of 9 percent
in the gama level Is deceptive. This result was adversely Influenced
by hot spots, contaminated deck gear and equipzent, and the unavoidable
presence of contaminated moisture. This is demc-strate.i by the ft-ct
that, in the same operation after Shot 2, the beta waeurementfi (Figure
4.5) showed a further reduction of 30 Percent on the boat deck, while
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the corresponding gain readings shoved the additional reduction to be
only 16 percent. The actual effectiveness of the Tennant machine was
much the same in both cases.

For this resurfacing operation, the Tennant machine was equipped
with a "revo-tool", which increased the operating rate to 400 sq ft/hr
(200 sq ft/hr with a wire brush) and decreased the previous effort of
20.0 man-hr per 1000 sq ft to 10.0 man-hr per 1000 sq. ft, waste-disposal
personnel not included. Aurand air-driven, hand cutting tools were used
at the bulkhead parting lines, around the boat davits and cradles, and
in other areas which could not be reached with the Tennant machine.

The second and third applications of the caustic soda solution
caused the removal of the Navy Gray paint and, in some instances, the
red lead from large areas of the weather surfaces; but despite this
drastic treatment, considerable amounts of the Formula 980 protective
costing were unaffected. Thus, this material was unsatisfactory and
failed to accomplish its intended purpose. Hovever, a protective coating
which could be removed without the use of surface destructive chemicals
would provide an effective decontamination procedure. The development
of such a coating should be undertaken.

4.5.6 Effect of Washdown, TAG 39, Shot 5. The surveyed gamma dose
rate aboard the TAG 39 at 76 hr after Shot 5 was less than that of the
TAG 40 by a factor of 11, a difference of 91 percent, indicating that
the washdawn system was successful in removing a major portion of the
arriving contaminant (see Chapter 2). The later decontamination described
in Section 4.5.3 was applied to a tenacious residual contaminant. This
resulted in a seeming decrease in the decontamination effectiveness
obtained with the same procedures on the TAG 40 after Shot 2.

The washdown, therefore, did not increase the effectiveness of
subsequent decontamination. It did, effectively reduce the dose rate
and permitted the initiation of additional recovery measures at a much
earlier time after the contaminating event. Further, although the effort

required for the procedures was unchanged, it was not necessary to
relieve the teams at short intervals to avoid excessive radiation
exposlire.

The net effect of the washdawn was: (1) an indicated contaminant
removal of 93 to 97 percent was achieved (see Chapter 2); (2) a lover
residual dose rate was encountered; (3) the total number of men required
to decontaminate a given area was reduced; (4) less personnel dosage was

expended; and (5) the actual time required for decontamination was 60
percent of that expended on the TAG 40 after Shot 2 and 70 percent of
the tinme for the TAG 40 after Shot 5.

It can be concluded that the washdovn system provides an effective
method of decontamination and, under equal conditions, is superior to
the other procedures tested.

4_. 7 Decontamination versus Decay. The effectiveness of each of
the decontamination procedures, aB previously discussed, represents only
the extent to which the contaminant actually present on the surface was
rmoved. The added effect of decay is not reflected, since all data were
corrected to eliminate this factor. Consideration must be given to the
influence of natural decay on the tactical decontamination of a ship in
a military situation.
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Superficially there are two extreme possibilities: (1) that a' an
early time, i.e., iioediately after the contaminating event, the rate
of decay is so much greater than the contaminant removal rate that any
decontamination effort expended is unjustified from the standpoint of
dosage and (2) the extension of a limited decontamination effort over a
protracted period, at later times when the decay rate is less rapid or
even negligible, fails to adequately reduce the existing radiation level
and again results in an unnecessary additional dose to exposed personnel.

The data available from the ship decontamination studies do not
permit a determination of the optimum time at which decontamination
operations should be undertaken. Such knowledge is potentially important,
and a special study should be made to thoroughly explore the problem.

It can be stated conclusively that the tactical decontamination
of any ship should be an all hands operation in which every accessible,
contaminated surface is attacked simultaneously and thoroughly decontami-
nated in the least possible time.

4.5.8 Radiation from Deck Gear and Fittings. The average gama
dose rates aboard both ships after termination of the decontamination
efforts were influenced adversely by radiation from contaminated rope,
steel cables, boat cradles, and similar gear which could not be dýcontami-
nated or immdiately replaced and from relatively inaccessible object'__
such as the kingposts and funnel. Attempts to decontaminate the funn~l
and top of the house were especially unproductive, because of the coating
of plastic enamel which had been applied to assist in ship identification
from the air. Drain pipes and scuppers became heavily contaminated and
remained unaffected by practically unlimited flushing.

4.5.9 Airborne Contamination from Resurfacing (Tennant Machine)
Operations. Continuous air sampling showed that the aerosol concentra-
tion in the immediate vicinity of the machine did not at any time exceed
the task force field tolerance of 1_A 10 pc/cu cm of air. The maximum
observed concentration was 4.3 x 10 pc/cu cm. It was found that,
without regard to aerosol hazard, the use of respirators was desirable
from the standpoint of physical comfort and protection from fly'ng chips.

4.5.10 Wipe Samples. Theoretically, it should be possible to
determine, by moans of wipe samples taken before and after decontamina-
tion, the extent to which loose contaminant is removed from a surface.
Practically, however, the accuracy of such a determination is question-
able, due largely to an Inability to maintain uniformity in the sampling.
For example, any variation in contact pressure or in the area of the
wipe, between the initial and final 8ampling, can result In a false
indication of the amount of contaminant removed and, similarly, the
amount of loose contaminant remaining.

The average beta levels, in microcurles, as measured by the NPDL
RBT-12 and as determined by wipes taken at corresponding station locations
aboard TAG 40 after Shot 2, are comparedl in Table 4.l; there is no corre-
lation which would indicate that wipes offer an accurate basis for the
qu'.ntltatlve determlrnation of decontamination effectiveness. Frven if
perfect reproducibility could be achieved with wipe sampling techniques
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TABLE 4.1 COM'ARISON OF BETA CONIAMINANr REMOVAL ON THE YAG 40 AFMER SHOT 2 AS DT.RM1INnD

BY W11E S•i.MPLF COCINT!S AND RB2-12 BETA SURVEY METER MFASURFMEYIT

Average Beta Re d~ngs

Survey Wipes Per Cent Remaining

Section Method Location Inltiau1 Final Initial Final Survey Wipes

Zone 1 S Port 1533 807 45 2.14 52.5 4.76
Flight S Starboard 267(•) 128(a) 2.7 0.33 44.7(a) 12.3
Deck

Z7one 4 n Port 8•7 350 %103 2.79 40.9 2.69
f oat. P Starboard 923 365 '7 5.1 39.5 6.70

.. Deck

2one 2 Port 3975(s) 11487(') 335 'ý3.) 3f*4(a) 4.,6
teel A I Starboard 11O0(a) 512(a) 67 1.52 46.3(a) 2.26

flDeck

one 5 S I P'rt ,87o( r65") 21,2 1.)0 42.5(a) o.08
eul C Starboard 1300(a) 4 (a) 57 3.31 37-3(a) 5.77

Zuncti S I _rt 3'60O 740 50 3.31 Ž0.4 6.62
"" • Stnrboad 620 26o 37 1.24 42.0 1).10

(d) .he vnluCs are frusta tatiions locitod at near ma p)6Gibie to t.huee vhere the vipes
were taken.

no assurance that any correlation between beta readings and wipe samples
is assured. Not only do the beta instrments and wipe samples measure

two different radiological condition, --- local beta contaminant and

loose beta contaminant, respectively --- but there is no reason to believe

the degree to which decontamination may affect one condition equals tha.t

on the other. Wipe samples are valuable, however, from the 3tandpoInt
of rwdiological safety and personnel protection in that the detection
and measurement (even qualitatively) of loose, easily removable contami-
nant determines the need for protective clothing and the enforcement of
area contamination control measures.

47.l. Utilization of Manpower. An average daily total of 25I

enlisted personnel were made available by the task force for ship-Liecon-

tamination work. An increased number could have been employed, if
sufficient decontamination equipment aud radiological safety facilities
had been available.

A decontamination team consisting of a minimuim of six men was
required for the efficient parformance of the individual methods that
constituted any of the tactical decontamination procedures. Control of

the 2 1./2- in. firehose with 4) NAP fog nozzle, at 100 palg in the line,
called for a maximum effort from the six-man teum. in the combined
operation of hand scrubbing a•.d not-liquid-let ctleaning, wherein the
detergent solution was educted through the jet, four scrubbers, each

covering ?ý ! ft/f1i, were able to keep pace with the 100 sq ft/m~n
rate of the Iet. TrC si4th mar, In this case, operated the injector
unit and prepared the detergent solution.

For purposes of or~anioril control, the six-man teams were
maintalned for scrubbirn o-e-rations in which the determent rolutlon v s
dipped from l,'-gal cans with th... deck brushe-3. Rai sufflcient •mnNower
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been available, the potential number of s-rubbers would have been limited
only by the degree of physical Interferenre; but a six-mon team would
have been required for each of the 2 1/2-in. firehoses used for the sub-
sequent washoff.

i, six-man team was also employed in the operation of the 6000-gal/,
hr turret. The construction of the tirret nozzle was such that three
men were required to maneuver It and stabilize it in operation. The
bulk and weight of the 2-in. high pressure steem hose made it necessary
to have two men standiig by to assist when the hose had to be moved.
The sixth man was stationed at the injector unit.

PaInt-strinping procedures requiring the application of caustic
soda solution necessitated some changes in team organization and arrange-
ment. On the decks and other horizontal surfaces where the caustic was
applied with swabs and the dissolved or loosened paint subsequently washed
off with either the 1 1/2-in. firehose or the 6000-gal/hr turret; the
six-man teams were maintained as for experimental decontamination. For
bulkheads and deck configurations necessitating pressure spraying of the
caustic, two-man spray teams and tuo-mei hose teams (I 1/2-in. firehose)
were organized. Because of the necessary time interval between the
spraying of the caustic and the firehosing, these teams functioned
independently.

The concept of the two-man spr•y team placed one van at the spray
nozzle and the other at the pumping unit. The two-man hose team was
adequate and handled the 1 1/2-in. firehose vithout difficulty.

In the paint-removal operation on the TAG 40, the 1 1/2-in. firehoae
replaced the 6000-gal/hr turret for deck washing. This made it possible
to remove four men from the higher radiation field after the deck had
been swabbed with caustic and subsequently to rotate them as relief teams
at the firehose.

.. 12 Stay Time. The radiological situation aboard the test ships
at the time of decontamination was not sufficiently critical to cause
drastic curtailment of stay time aboard, and the work periods were largely
determined by considerations of worker fatigue and physical comfort.
Tt(e average work period was 30 min in a range from a 15-mmn minimum,
when personnel were wearing special protective clothing L.d continuous
physical exertion was required, to a maximur of 45 min, when cooler
clothing could be worn and the physical effort was less strenuous.

Although the work was diffici-.7 and the personnel were visibly
tired at the end of a 30-min effort, there soems to be little doubt that
their •'at "g'e wase ir.cr the product of heat and humidity than of rhysical
exfrtion.

4.5.13 Special Protective Clothr. Special protective clothing,
co:isijting of hooded, one-plece sals fabricated of vinyl plastic, rubber-
cr;ated, and rubber imtr.enatod materials, were evaluated under actual
wvrkinc' ýorldit4ns for the ?ueai: of Supplies and Accoumts and the
.etaiaed re',:lAs have been ren-rted set-rately.

Tn P•enpral, thIs 37peclal :lothing, provided excellent protection
fro'n• --ontauinated u-pray and .- lash as long as th e uits remained int.c t .

The ,uAts Ypre narticulsrlv vaj]'able in operations involving 'he -e,
caulstir -Aol,:t!ons.
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Without exception, however, they failed to withstand ordinary wear
and tear and, because of inadequate ventilation, were extremely uncomfort-
able and oppressive to the wearer. Certain design features, such as
built-in feet and mittens, were found to be disadvantageous.

Except for a few specific operations, a general need for special
protective clothing for radiological recovery work is not presently
indicated. If adequate personnel-decontamination facilities are avail-
able, stock-issue coveralls, gloves, rubber boots, and a suitable head
covering are sufficient, at least in temperate climates.

2.51.4 Growth of Radioactivity. In Chapter 5 it is reported that,
subrequent to various phases of aircraft decontamination, the fixed
gama detector mounted in the cockpit recorded a slight increase in

TAms 4.2 DATA FO EATIJLATM DWONTMMATION oPRATIONq

Method Net Deter..
Effectiveness Rate Rate Man hr gent
Per Cent Coat. sq ft sq ft per lb

Removed No. per per 1000 Water Steen 1000
Steel Wood Procedure Method Men min min sq ft gal/min lb/he sq ft Remarks

68-76 50-60 S Fs 6 1oo 29 2.5 200 - - Set up and stand-
]aLJ 2 100 15 770 0.5 by time not
HS 4 100 - - - included
FH 6 2O0 200 - -

1,5-63 - A HIJ 2 100 33 2.0 15 770 0.5 Do

HS 4 ioo - -
FH 6 100 200 -

49-63 B HM 2 100 33 1.33 15 770 0.5 Do
HS 4 ioo - - -
HIJ 2 100 15 770 -

50-70 - C FM 6 loo 46 2.17 200 - - Do
Hs 6 15o - - 0.5
FM 6 2oo 200

38-62 - D HIJ 2 100 50 1.33 15 770 0.5 Do
FH 6 1oo 200 - -

35-51 - FH FH 6 100 100 1.0 200 - - Do

35-42 - Turret Turret 6 8o 40 2.5 75 4000 1.3 Removal of reid-
6 8) 75 4000 - ual contaminant

Set up and stand-
by time not in-
cluded

36-70 - Strip Caustic 2 150 3 1.05 - Required concen-
Coat FH L2 4 75 - tration of' caustic

I I I _oda solution variet

gasma intensity over the level observed immediately after completion of
the decontamination operation. In the discussion of this phenomenon,
it is suggested that it may have resulted from preferential parent-daughter
fractionatioa of one or more Isotopes.

The fixed gamm detectors moun'ed above deck on the YAG 39 and
YAG 40 indicated that similar increases in gam intensity may have
occurred after shipboard decontamination. They cannot, however, be
detected from the monitoring 3urveys made with the AN/PDR-TIB survey
meters.

4.5.15 Estimating Decontamination Operations. The bab', Information
derived from the ship-decontamination studies is summarized in Table 4.2
as a reference in planning decontamination operations.
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4.6 CO•CLM IONS

The test data and information apply to a specific contaminant,
delivered as a vet mist and having chemical and physical properties
which have been described in another report (Reference'). Dry or
slurry contaminants might have produced varying results.

The washdown system is the most-effective decontamination counter-
measure presently available and will remove 93 to 97 percent or more of
an arriving contaminant. This removal gives a decontaminatior factor
in the range of 14 to 20 (Chapter 2). The decontamination effectivenesses
of the tested procedures lie between factors of 2 and 4 for an initial
pass and did not exceed a factor of 8 for a second pass. No sigrificant
increases in effectiveness can be expected through further development,
but improvement of techniques and equipment can provide more thorough
surface coverage and reduce the manpover effort.

The procedure which provides effective decontamination with minimum
equipment and reasonable effort (2.17 mn-hr/1000 sq ft) consists of
firehosing, hand scrubbing with a salt-water-compatible detergent, and
firehosing.

Firehosing alone has a possible decontamination factor of 2.0 on
painted steel and requires a minimum effort of 1.0 man-hr per 1000 sq
ft.

.Protective coatings have a 'ential value both as a barrier to
radioactive contamination %nd as a means of facilitating decontamination,
but further development and a major improvement are necessary.

Wood decking, even v-her thorouwl jy payed and well painted, is more
difficult to decontaminate than painted steel. Surface removal may be
required if a &econtamIrrntion factor greater than 2.5 is required.

Deck arwament, deck machinery and gear, masts, cargo booms, and
similar equipment, unJess decontaminated or removed, will continue to
maintain a 7a.djton field above deck and in adjoining interior spaces.

The rate of natura'' decay may prove to be an important factor in
the determinaTion of tbe time at which it is profitable to begin decon-
tamination ciperations following a contaminating event; since it is possible
that, at esrly *Times, a contaminant may decay more rapidly than it can be
physically removed.

Tactical decontamination of a ship should be a mass operation in
which all accessible contaminated surfeces chould be attacked simultane-
ously and thoroughly decontaminated in the least possible time. Any
lesser effort, in which a limited operation is extended over a protracted
period, will fail to adequately reduce the overall radiation level and
will result in an unnecessary additional doze to exposed parsonnel.

4.7 RECOMENDATIONS

Equip all combat and support vessels with some adequate form of
vashldafn bystem.

Adopt an interim procedure consisting of firehosing, scrubbing with
detergent, and firehosing for tactical decontamination.

Determine a reliable rate of decay of nuclear fibsion products at
early times so that recovery operations can be scheduled to obtain maximum
effectiveness.
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Prepare decontamination bills for ships with and without washdown,
utilizing all available manpower to decontaminate the total weather
surface in the least time possible.

Eliminate wood decking wherever pcssible. If wood decks mrost be
retained, they should be thoroughly payed, sealed, painted, and main-
tained in first-class condition at all times. Carrier flight decks
should be sealed with a more-effective material than flight-deck stain
No. 21. Redesign or modify weather decks to farilitAte the runoff of
contaminated liquid waste. Remove or r--lccate deck obstructions which
tend to impede drainage.

Reduce deck machinery, equipment and gear to a minimum. Provide
disposable covers for all such remaining items.

Provide adequate stocks of decontamination equipment, materials,
and approved protective clothing as ship's allowance items.

Establish and conduct training programs to familiarize personnel
with the decontamination procedure as it applies to their particular
ship.

Further investigate the use of the 6000-gal/hr hot-water turret
as a decontamination method.

Continue the development and testing of protective coatings.
Investigate the use of chemical paint strippers as a practicable

procedure for the tactical decontamination of ehfps.
Improve the equipment and technique for decontamination by non.-

destructive procedures to obtain more-thorough surface coverage and
reduce the manpover effort involved.

4
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Chapter 5

AIRCRAFT WASHDOWN AND DECONTAMINATION
J. E. Howell W. S. Kehrer

A fighter-type aircraft was installed on the No. 5 hat~h of each
of two test ships. A special configuration of washdown nozzles was
installed around the aircraft on the YAG 39 to provide an effective
distribution of water on the exterior aircraft surfaces. No counter-
measures were employed on the aircraft installed on the TAG 40. Record-
ing ga=mm detectors were installed in the cockpit and on the deck forward
of each aircraft.

After each test, the aircraft and the gamma instruments were
removed from the ship and transported ashore to the decontamination site.
Material damage studies were made by inspection of tl_. aircraft and by
cockpit and radio checks. A detailed beta survey was made to determine
the contamination distribution. Decontamination methods and equipment
were evaluated by using data from fixed gamm recording instruments and
portable survey meters.

The results from these tests indicated that the washdown was effect-
ive ad a countermeasure when employed under conditions similar to those
at Operation Castle. Effectiveness of the washdown after Shots 4 and
was 94 and 95 percent, based on reduction in dose rate.

The immediate effect on the aircraft of the salt-water washing
and decontamination operations thereafter was not serious. In all cases,
the engines started and the radio checked out, but in some cases the
magneto dropoffs were excessive. No other effects which would prevent
these aircraft from being flown were noted.

The effectiveness of the initial decontamination of the aircraft
was influenced by the type of contaminant and by the number of rainstorms
that occurred between the contaminating event and the decontamination.
It is estimated that up to 35-percent removal of contamination may be
effected by rainstorms during any period for several days following
contamination.

On aircraft not exposed to rainstorms cr washdown prior to decontami-
nation, the maximum decontamination efficiency considering the decontami-
nation effectiveness, time and manpower, is obtaii,'ed by using one fi-,ý-
hose or hot-liquid-Jet wash, either salt or fresh water, followed by one
thorough scrubbing wich detergent or Gunk solution, with a final fresh-
water rinse.

Or, aircraft subjected to severe rainstorms or washdo-n prior to
decontamination, the maximum decontamination efficiency is obtained by
one thorough scrubbing with detergent or Gunk solution with i final
fresh water rinse.

The final rinse may be salt or fresh water, as far as deccntamination
in concerned, but fresh water has been specified to eliminate tae corrosive
effects of the salt water.
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The contamination distribution on the aircraft was not uniform and
depended to a great extent on the course and speed of the ship, the
direction and velocity of the wir4, and the type of contaminant.

5. 1 OBJECTIVES

The general objectives of the aircraft phase of Project 6.4 were
to: proof test the washdown countermeasures on aircraft; evaluate
decontamination procedures for parked aircraft subjected to radioactive
fall-out; and ascertain the radiological situation on them. These
objectives required the following specific determinations: (1) washdown
effectiveness on aircraft; (2) extent of material damage caused by salt
water washing; (3) effectiveness of various decontamination procedures;
ax:- (4) contamination distribution.

5.2 BACKGROUND

Studies, based on data from laboratory investigations and tests at
Operation Crossroads, had been conducted at NRDL to determine the extent
to which countermeasures are required and the optimum decontamination
procedures needed for contaminated aircraft. Although conclusions from
these studies were tentative, they provided sufficient inforimtion to
plan a full-scale test for aircraft in a situation likely to be encoun-
tered in nuclear warfare.

In 1952, simulant tests conducted aboard the USS SHANGRI LA
(Reference 2) included investigations to determine the effectiveness of
a washdovn system in reducing the level of contamination on an aircraft
subjected to a radioactive fallout. These tests were made with the
washdovn nozzles installed on the flight deck around two aircraft. The
results indicated that the washdown could provide a significant reduction
in contamination but that the distribution of water over the surifaces
aft of the leading edges was not adequate. The results most nearly
approaching the potential effectiveness of the washdown were obtained
when water distribution was enhanced by maneuvering the ship. Thus, it
became evident that the effectiveness of the washciovn coutermeasure on
aircraft exposed to radioactive fallout would be satisfactory if efforts
were made to provide the best-possible water distribution on a carrier
deck holding aircraft stacked in the normal way.

Prior to Operation Castle, an aircraft scheduled for salvage was
obtained from NAS Alameda and used to study the distribution of water
on aircraft surfaces. Nozzles like that in Figure 5.1 were placed around
the aircraft in temporary mountings in a configuration which gave the
water coverage shown in Figure 5.2. This test indicated how additional
nozzles were to be added to the ship's system to prnvide adequate wash-
ing of the aircraft.

Laboratory and engineering scale studies had been conducted at NPDL
to determine the effectiveness of various decontamination methods and
the effect of different aircraft surfaces on retention of contaminant
and on the decontamination performance. Flat surfaces having relatively
small areas were used in these tests. Decontamination of operating
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Figure 5.1 Washdown nozzle in operation.

Figure 5.2 Preliminary vashdclvn system for aircraft.
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aircraft had been accomplished after aircraft had flown -rough a con-
taminated cloud, (Reference 8) but no studies had been made on parked
Naval aircraft subjected to a radioactive fallout.

From the foregoing material, it is clear that further information
about the contaminant distribution on aircraft, the effectiveness of
aircraft, decontamination procedures, decontamination equipment, and
supply, time, and manpower requirements were all needed to complete the
aircraft decontamination studies.

Since there wer , combinations of methods of decontamination
to be tested than availabie aircraft, test plates were uubstituted for
additional aircraft. Three sets of plates were used on each test---one
to be decontaminated by the same methods as used on the aircraft, the
remaining two to be decontaminated by the methods used on the test air-
craft after the other two shots. By this means, the test plate results
could be used to estimate the aircraft decontamination effectiveness
under various test conditions.

To obtain information on the effects of the salt water used in the
washdown and decontamination procedures, the aircraft engines were turned
up before the tests and as soon as possible after the washdown and decon-
tamination of the aircraft were completed. Also, a visual inspection of
the exposed ferrous parts of the aircraft was made about the same time
to detect salt-water damage.

The test procedures and accumulation of data were designed not only
to meet these needs but also to obtain information for use in the tactical
situation (Reference 9). Tactical decontamination (or decoatamination
during the tactical situation) is defined as those procedures which are
required to permit tactical operations from the time of an atomic attack
to the completion of the operational mission of the aircraft, its carrier,
or the task group.

5.3 INSTRUMENTATION

The instrumentation for the aircraft decontamination phase of
Project 6.4 was primarily concerned with instruments for fixed gamma
recording and means for making standardized beta and gamma surveys.
Equipment also had to be provided for the decontamination operation,

5.3.1 Fixed Gamma Recording. A fixed gamma recording instrument
was installed in tV cockpit of each aircraft and designated as Station
69. Its purpose was ,-. determine the radiation intensity and doeage to
the pilot at any time or for any time period.

A similar instrument was Installed on the No. 5 hatch of each asip
just forward of the starboard wing and was designated as Station 70.
This station uis chosen as the ground or deck reference in determinations
of intensity and dosage in the immediate vicinity of the aircraft. It
was also a reference station on the ship for comparison with other deck
stations. Locations ofi the fixed gamma recording instruments are shonrn
in Figures 5.3 and 5.'*; details of their opcratilon are given in Chapter
8.

These instruments provided a continuous record of the gammr radia-
tion intensity and dosage aboard ship for approxixmtely 70 hr after
burst. When the aircraft were removed from the ships to the decontamina-
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Figure 5.3 Locat ion of tfei.xed gamm recording~ stations.
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tion pad ashore after each test, the instruments were removed at the
same time and set up around the aircraft similar to their former locations
aboard ship. A continuous record of gamma radiation intensity was made
during the decontamination operations.

5.3.2 Surveys. A definite pattern of survey points was used, and
a standardized method was followed in taking beta and gamma surveys on
the aircraft. Each aircraft was marked with 56 identical stations, which
gave a fairly even distribution of locations according to area and types
of surfaces (vertical, horizontal,, etc.). Figure D.37, Appendix D, shavs
the location of all the regular survey stations on the aircraft. A
typical view of some of the survey points is shown in Figure 5.5. A
uniform technique was used by all the monitors in taking both the beta
and gamma survey readings. The instruments were held about 1/2 in. from
the surface with the bottom and left side of the instrument over the
lines marking the survey point. Readings were taken with the beta and
gamma survey instruments at all of these locations before and after each
decontamination procedure, Figure 5.6. The average of these individual
readings (approximatel3 50) for all surveys except those on the aircraft
aboard the TAG 40 after Shot 2 was used in calculating the beta and
gamza decontamination effectiveness for the various shots. After Shot
2, there were 20 extra stations on the aircraft aboard the TAG 40; their
locations are shown in Figure D.38, Appendix D.

Beta readings were taken with the NODL PBI-12 survey instrument.
Because these readings are probably an accurate representation of the
beta activity on the aircraft surface, they were used for the contamina-
tion distribution studies.

Gamim readings were taken with AN/PDR T1-B survey instruments.
These readings, enpecially those taken on the outside vertical wing
sections and the sides of the fuselage, undoubtedly included not only
the radiation from the area directly under the instrument but also
background radiation from the contaminant on the opposite side of the
wing, the fosslage, and the other wing.

Wipe samples were taken on the aircraft surfaces before any decon-
tam4nation was begun and again after certain decontamination processes
.'em, completed. Approximately 3 sq in. of surf!.ze area was wiped each
time with standard chemical filter paper.

The survty personnel were. f.rnished by the survey group but operated
tnder the iurvvsion of the aircraft investigators. Dctails of tne
rrganizat-oi, and training of survey personnel, instrument calibration
and evalvation, and the procedure for obtaining and counting wipe samples
aiv Liven in Chapter 9.

2.3.3 Decontamination Equipment. All the equipment used in the
decontamination operations was commercially manufacturld and was readily
available with the exception of the heavy-duty cleaner-- (Figure 5.7).
This heavy-duty cleaner was one of six especially manufactured for the
Army Chemical Corps. Although thie particular cleaner is not a commer-
cial item, its wain components, th- steam generetor and hot-liquid-jet
unit are available. The cleaner was. equipped to provide a concentrated

I Mfg. by Vapor Hea orporation, Cnicago, Illinois.
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Figure 5.5 View of cockpit area shonc- the condition of

the pain,-& suirfxces and some of the 5n•vey points.
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Figure 5.6 Survey teams taking beta and gama survey
readings. The white dome in the right foreground
contains the fixed gamma detector Station 70.

solvent, a -,'eam vapor, or a cold rinse, but these features were not
used during the decontamination operations.

The hot-liquid-jet utilizes steam passing through a~ venturi to
pick up both water and a detergent solution and combines them into the
hot-liquid-jet (see Figure 5.8). Since the fresh-water supply is limited
aboard ship, salt water was Used part of the tim3 as the water supply
for the decontamination operations. The detergent solution was a 20
percent solution by weight of C-120 detergent in salt water. The hot-
liquild jet entraiitiert 5 percer.' of this solution, thus giving a 1-percent
det-Žrgent solution at the nozzle. 7h_ steam-supply pressure to the
hot- liquid-jet unit was approxima~tely 100 "ieig and the inlet water pres-
sure requirement is over 7 psig. These conditions produced a 1000-gal/hr
hot liquid jet at a temperature of 170OF and a pressure of 180 psig.
The flawi charts and equipment hookup for the hot-liquid jet with fresh
and with salt water are shawn in Figures D.16 and D.17, Appendix D.

Firehosing was done with a three-way (open, fofj, and closed) 1 1/2-
in. nozzle and at a pressure of about 80 psig. The flow :.hart and equip-
ment hooku~p for washing with the firehose is shown in Figure D.14,
Appendix D.
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Figure 5.7 Rear view of heavy duty cleaner showing control

panel and hook-up for use as a steam generator.

5.4 OPERATIONS

Two test ships, the YA' 39 equipped with a washdown sy3tem and the
TAG 40 without one, participated in Shots 1, 2, 4, and 5 with aircraft
and test plates aboard. During the test operations, these ships were
maneuvered through the fallout area together, but because of circum-
stances they did not maintain the desired Dositions at all times. Shots
2 and 4 were postponed 14 days ani 10 days, respectively. This delay
exposed the aircraft and test pla, s aboard the ships to weather during
this period. Shot 5 was fired on schedule. No data were obtained from
Shot 1, because the ships did not receive any significant fallout. The
best data for waehdown evaluation were obtained from Shots 4 and 5; the
best data for the effectiveness of decontamination vrocedures were
obtained from Shcts 2 and 5.

The aircraft were Navy F4U's and were loaded on the No. 5 hatch
of each ship with their wings in the vertical positions approximately
two days before t"' ships departed for Bikini. A YC-type Naval barge
was used to transport the aircraft to the ship and a zonstruction-type
crane in an LCU was used to lift them onto the ships. The fixed gamma
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S~DANGER

RADIATION

Figure 5.8 Operator adjusting control valves on the hot-
liquid-jet unit. The unit is secured on top of the barrel
which holds the detergent solution.

instruments were installed and tested at this time.
A panel rack holding nine test plates was placed on each of the

two Rhips for each test. It was located in all tests alongside the rear
of tne No. 5 hatch on the starboard side facing forward. The rack vas
constrtucted so that the plates were inclined at about 300 from the
horizontal. The 1/8-in. aluminum test plates were each 16 in. by 16 in.
and wore painted on one side with one coat of wash primer, two coats of
zinc chromate and two coats of sea blue lacquer. The plates were

I Specification MIL-L-7178.
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painted in November 1953 at MINS, and were protected from weathering
until they were placed on the panel racks the day before the event was
first scheduled.

On completion of test runs, the aircraft, instruments, and test
plates were unloaded as soon as the radiological situation permitted
and transported to the Air Force decontamination pad on Site Fred. At
this time, the aircraft aboard the YAG 39 was given a thorough inspection
for material damage and that aboard the YAG 40 a cursory one; the fixed
gam recording instruments were hooked up and the initial beta survey
for contamination distribution were r-.de before decontamination was begun.
Thorough inspection for material damage of the YAG 40 aircraft was post-
poned until after the decontaminatlon was completed, because of the high
initial contamination.

5.4.1 Washdown. Only the aircraft on YAG 39 was subjected to
washdown during the tests. As can be seen in Figures 5.9 through 5.11,
complete water coverage on the aircraft surfaces was not maintained all
the time. The distribution pattern of the water from the washdown
system was largely dependent upon the direction of the wind relative to
the ship and the ship's speed. The condition where minimum effective-
ness from the vashdaoin system might be expected is illustrated by Figure
5.11. Maximum effectiveness of the washdovn system can be achieved by
maneuvering the ship in a sinusoidal course into the wind during the
fallout period. Such a course was not steered during the fallout periods
of Operation Castle.

5.4.2 Material Damage Inspection. The aircraft on TAG 39 were
subjected to a salt-water washdown aboard ship, and the aircraft from
both ships were subjected to liquid decontamination methods employing
salt water at the decontamination site. To approximate the gross damage
done by this liquid treatment, a thorough mte:-ial damage study was made
on the YAG 39 aircraft Immediately at the decontamination site and on
the TAG 40 aircraft after decontamination had been completed. This
study consisted of a cockpit check, radio check, and a visual inspection
of the aircraft for corrosion and visible damage. The items included
in these checks are listed in Table D.1, Appendix D.

The four aircraft used in this project had been given Type C
preservation at Alameda NAS in January 1954 before they were shipped to
the test site. Two aircraft were de-preserved prior to Shot 1, used in
Shots I and 2, and re-preserved. Two other aircraft were de-preserved
prior to Shot 4, used in Shots 4 and 5, and then re-preserved. Table
5.2 shows when the aircraft were de-preserved, re-preserved, and how
many days they were aboard the test ships without maintenance; it also
summrizes the cockpit and radio checks.

These aircrý •t were near the end of their service life. At the
test site, they were subjected to extreme tropical conditions with
limited maintenance, because only two Navy maintenance personnel were
available tc: work on them. The maintenance personnel were able to keep
the engines In operating condition but not at top performance.

5.4.3 Decontamination Methods. Three methods of decontamination
were used: (1) salt-water washing with fire hose; (2) fresh- or salt-

148

CONFIDENTIAL I



4 ;

Figure 5.9 Washdown system in operation on the YAG 39,
view from aft.
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Figure 5.10 Washdown system in operation on the YAG 39,
view from port side.

water washing with a hot-liquid Jet; and (3) scrubbing with detergent or
Gunk followed by rinsing with the hot-liquid Jet using fresh water.
Table 5.1 gives the methods of decontamination used and the component
steps.

Tactical emergency methods of decontamination were used first on
the aircraft and test plates and were followed by tactical operational
and industrial methods of decontamination.

Decontamination by firehosing was done by two crews who began
at the nose of the aircraft and proceeded around each side, washing the
surface from the top down and maintaining such an incident angle between
the water stream and the surface that a minimum amount of splash was
reflected towards the operator. A fork lift was used to raise one of
the nozzle men and hose, as shown in Figure 5.12, to wash the top of the
fuselage and engine. The wing tips were left in the vertical position
during this decontamination. Each crew directed its stream of water
over the fuselage and washed the inboard edge of the wing tip on the
side of the plane opposite from the crew. During the first decontamina-
tion effort on the aircraft, from the YAG 40 after Shot 2 only one 1 1/2-
in. firehose and nozzle was used for the entire operation. The second
decontamination of the same aircraft was accomplished with two crews
using two 1 1/2-in. firehoses and nozzles. The three-way nozzles were
used In their open position.

The procedure in decontaminating with the hot-liquid Jet was
essentially the same as with the firehose. However, only one hot-l1quid-
jet unit and lance was used. The aircraft wab roughly divided into six
sections of approximately equal areas, so that Pach could be washed with
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Figure 5.11 Washdown system in operation on the YAG 39,
view from after port quarter.
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Figure 5.12 Rinsing with the hot liquid jet showing how a
fork lift was used to allow the nozzle-man to wash to top
of the fuselage and engine.

the detergent solution and then rinsed with clear water before the area
dried. When all the sections had been treated with detergent and rinse,
the entire aircraft was then given a complete rinse with clear water.
The same procedure was followed with both the fresh -and salt-water supply.

The procedure used in decontamination by scrubbing follows: When
C-120 detergent wae used as the cleaning agent, the area of the aircraft
was again roughly divided into six sections. The hot-liquid jet was
used to apply a detergent solution to the first section and then turned
off. Next, three to six scrubbers with long-handled brushes and buckets
of detergent solution scrubbed the section in such a manner that approxi-
mately 10 strokes of the brt:sh were applied to all the st:-face. The
clear hot-liquid jet (without detergent) was then used to ilnse this
section. The same procedure was used in turn on all the other sections.
When all the sections had been scrubbed, a final overall fresh water
rinse was given the entire aircraft. This procedure was called the
"single scrub." The "double scrub" method consisted of repeating the
scrubbing and rinsing operation on each section before moving to the
next withoLt monitoring between scrubbings.

When C-1h7 (Gunk) was used as the cleaning agent, a solution of
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TABLE 5.1 DECONTAMINATION METHODS AMD THEIR COMPONENT STEPS

Tactical
Tactical Emergency Operational Industrial

Hot liquid Hot liquid
i Firehosing jet with jet with Scrubbing w•;4 Scrubbing with

T4 fresh water salt water detergentsk I Gunk(b)

Firehose - Hot liquid Hot liquid jet- Scrub with Scrub with
salt water, jet - fresh salt water detergent Gunk, followed
followed by water with with detergent followed by by hot liquid
fresh water detergent, followed by hot liquid jet - fresh
rinse at end followed by hot liquid jet-fresh water with

Sof day or hot liquid jet - salt water rinse detergent
U) decontamina- jet - fresh water rinse rinse followed

' tion water rinse followed by by hot liquid
fresh water rinse
rinse at end
of day or

r decontamina-
tion

(a) Detergent is C-120

(b) Gunk is C-147, now designated as MIL-C-7122, Type 1

TABLE 5.2 SUM4ARY OF MATERIAL DAMAGE INSPECTIONS

Shot and Date Date Date Material Damage Date
YAG the De-preserva- Loaded Unloaded Days Inspection Re-preser-
Aircraft Aircraft tion Aboard from Without Cockpit Radio vation
Was On No. Started YAG YAG Maintenance Check Check Starts

1-39 81724 17 Feb. 25 Feb. 4 Mar. 7 Satin. Satin.
1-40 81624 17 Feb. 25 Feb. 4 Mar. 7 Satin. Satin.

2-39 81724 10 Mar. 29 Mar. 19 Right Satli. 13 Apr.
Mag.
drop
excessive

2-40 81624 10 Mar. 31 Mar. 21 Satis. Satin. 13 Apr.

4-39 81777 3 Mar. 10 Apr.I 27 Apr. 17 Satin. Satin. -

4-40 82022 22 Mar. 10 Apr.! 30 Apr. 20 Right Satin. -

Mag.
cute
out

5-39 81777 2 2May 7May 5 ILeft Mag. Satia. 12 May
rough but
drop-off
not exces-
sive

5-40 82022 2 May 7 MAY 5 Left and Satin. 12May
right

cut out
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one part C-147 to eight parts kerosene was sprayed on the aircraft from
a pressure tank. The aircraft were scrubbed with brushes dipped in
bvcketc. of Gunk solution in the manner described above and then rinsed
twice. The first rinse was hot-liquid jet with C-120 detergent to
remove the C-147 solution. The second rinse was a clear fresh-water
hot-liquid jet (without detergent) used to rinse off the C-120 deter-
gent solution.

5.4.4 Contamination Distribution. Detailed beta surveys were made
with the NRDL RBI-12 beta survey instrument on the YAG 40 aircraft after
Shots 2 and 5. Information obtained from these surveys was used to
determine the contamination distribution on the aircraft. The results
of this study cannot be considered representative of the condition which
might be encountered on the deck of an aircraft carrier, because the
location of the aircraft on the Nio. 5 hatch of the YAG 40 was sheltered
fore and aft by the ship's structures, which resulted in different wind
currents.

5.5 DISCUSSION AND RESULTS

Aircraft washdown and decontamination results are treated under
five headings: washdown effectiveness, material damage, decontamination
effectiveness and decay, comparison of decontamination methods, and
contaminant distribution.

5._5.1 Washdown Effectiveness. The effectiveness of the washdown
system shown in Figures 5.13 and 5.14 is based on the data recorded by
fixed garma instruments located in the cockpits of the aircraft on both
ships. Only results from Shots 4 and 5 are included.

Analysis of the data after Shot 4 indicated that the ships were
subjected to equivalent contaminating events. A similar study after
Shot 5 indicated that there was a significant difference in the con-
tamination received by each ship. These analyses, the contamination
ratios which were developed for Shot 5, and the general aspects of the
washdown study have been discussed in Chapter 2. The effectiveness
values for the washdown system were determined by comparing the dose
and dose-rate values recorded at Station 69 in the cockpit of the
aircraft on the YAG 39 to corresponding values recorded at the same
location on the aircraft from the YAG 40. Thus, the effectiveness
values may be expressed as:

dose or dose rate values on YAG 39 x 100
Percent of effectiveness 1 100 - dose or dose rate values on TAG 40-

The effectiveness values for Shot 5 shown in Figure 5.14 are based on
the corrected values (including contamination ratios) rather than the
actual recorded data. Effectiveness values based on dose and dose-rate
information are included for both Shots 4 and 5. The latest periods of
time for a comparison of the effectiveness values are at 5 hr after
Shot 4 and about 12 hr after Shot 5, because the basis of comparison wa__
upset by a rainstorm at this time after Shot 4 and fallout continued
after the washdown had been turned off at 12 hr after Shot 5. The
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effectiveness values based on dose rate are most significant to the

aircraft studies, since it is assumed that the plane is secured and

unmanned during the fallout period. After fallout has ceased, the dose-

rate effectiveness value may be used to predict dosages for any subsequent
period if decay rates are known. It also permits an evaluation of the
washdown effectiveness in terms of reduction of dosage that will be
accumulated by the pilot in flying a mission.

Complete information about the gamma-radiation intensities at
early times aboard the test ships is given for Station 69 and 70

in Figures D.1 through D.13, Appendix D. Pertinent information for

Shots 2, 4, and 5 are included. The washdown effectiveness for aircraft

given in this chapter used the data from the cockpit station only.

The radiation intensities at Station 70, which was set up to record
dosage in the near vicinity of the aircraft, are of the same order of

magnitude as those reported in Chapter 2.
This test was not exactly characteristic of what might be expected

on a flight deck, because this was an ideal washdown system and there
was a difference in ship's structure and only one aircraft was used.

Furthermore, no exact method could be used to determine the extent to
which radiation from the ship's structure contributes to the intensity

recorded in the cockpit of the aircraft and the extent to which the
radiation from the aircraft contributed to the intensity recorded at
deck Station 70. However, an indication of these two contribv :ons was
obtained when the aircraft was removed from the YAG 40 at 55 hr after
Shot 5. Station 70 was not removed when the aircraft was trans"erred
to the decontamination pad and was allowed to run for a period after
the aircraft was removed. As can be seen from Figure D.11, Appendix D,
the radiation intensity at Station 70 was decreased by approximately
20 percent at this time. The gamn'a-intensity level at Station 69 at
50 hr, as shown in Figure D.10, Appendix D, wa, decayed to 60 hr. This
level was compared to the level that was observed at the same station
after the aircraft and instruments were transported to the decontamina-
tion pad, and it was noted that the intensity in the cockpit was 2•

percent lower than it would have been had the aircraft remained on the
ship. These data are quite interesting, because they indicate the
aircraft contributed about 75 percent of the radiation to the cockpit
station and only about 20 percent to Station 70. These data further
demonstrate the need for a countermeasure to be employed on the aircraft
before the pilot flies his mission, because the strictire itself is the
prime radiation contributor to the intensity level in the cockpit.

It has been shown (Reference 10) that a countermeasure such as the
washdown, which gives at least 95-percent redtction based cn dose rate,
Is required for adequate prot-ction of the aircraft and aircraft carrier.
As can be seen from Figures 5.13 and c.14, this reduction in dose rate
was achieved dLring Shot ) and came very close during Shot 4 It, is
reasonable to expect that an even greater redu~ctlon should be expected
utnder conditions similar to those at Operation Castle, if the washdown
system is refined and the course of the ship is controlled to distribute
the washdown water better.

5.5.2 Material Damage. When the aircraft were unloaded after Shot
1, they Thd--een Without -nternance for only 7 days, and both checked
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out satisfactorily. However, after they were subjected to a 19-day
period before Shot 2 with no maintenance, the performance of both air-
craft was adversely affected. The second group of aircraft were subjected
to a 17-day period on the test ships before Shot 4 and a 5-day period
before Shot 5 without maintenance and showed a similar impairment of
performance due especially to magneto dropoff. The only damage evident
that would have grounded the aircraft after they had been subjected to
the salt-water washdown and decontamination was the excessive magneto
dropoff.

Table 5.2 summarizes the cockpit and radio chec:ks and shoews when
the aircraft were de-preserved and re-preserved and how many days they
were aboard the test ships without waintenance. The detailed material
damage check sheets are given in Tables D.1 through D.8, Appendix D.

Minor items of damage zhoted during the inspections were ex.ussive
water where the lead goes into the spark plug and many cases of corrosion
of unpainted ferrous metals. These were not considered serious, beceuse
they would be corrected during normal maintenance procedures.

The-e air7.ft were not flown at the test site; consequently, the
operation of the landing gear could not be checked.

The excessive magneto dropoff might be kept to a minimum by install-
ing a quick-removable cover which would cover the forward part of the
engine cowling and shield the front bank of cylinders from the salt
water. Also, in a normal operating situation, the aircraft would be
turned up as soon as possible after the salt-water washdovn, which
would further reduce the magneto dropoff.

5.5.3 Decontamination Effectiveness and Decay. The total time
between the start and finish of t+e decontamination of an aircraft
varied from 25 to 100 hr. Decontamination operations were performed
only during normal working hours, and since part of the reduction in
contamination was due to decontamination and part to decay, it was
neccosary to use a decay rate to calculate the amount of decay to be
subtracted in determining the decontamination effectiveness. The decay
factor was applied to the results of the beta surveys (used for contami-
nation distribution studies) and gamma surveys (used for decontamination
data). No decay factor was needed for the data from the fixed gamma
recorder, because it gave a continuous record.

The average beta and ga~m decay rate for the shots in wvi~h the
aircraft participated was calculated as being approximatelj t-
This figure wa3 used for all beta decay calculations.

In analyzing the data recorded by the fixed gamza instruments
during the decontamination phase, it was apparent that the decay after
each individual decontamination treatment did not resemble the usual
decay patterns. An increase of radiation intensity occurred each time.
An apparent stabilization then Dcclrred; after this, the decay slope
was similar to the decay observed before decontamination •'q begun
(see Figure 5.15). This same phenomena has been observed in labora ory
work in which a fission product mixture resulting from U2 3 5 and U2 39

irradiated at the National Reactor Testing S-ation was used. The time
and percei2 increases observed in the field were similar to those observed
in the laboi'atory work. This phenomena was attributed to the preferential
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aircraft from the YAG 40 during the decontamination
phase after Shot 2.
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removal of short-life daughters by tkie decrntamination process and the
consequent disturbing of the equilibrium between the daughter and the
parent. Because of these apparent deviations from the decay rate of
t-1.4, calculations were based on the data from the fixed gawma recorder
and gamma surveys to derive decay rates applicable to these particular
test operations, i.e., intermittent aircraft decontamination. These
decay rates were t-0.9 for Shot 2, t-1- 3 for Shot 4, and t- 1 .O for
Shot 5 and have been applied to the gamma-survey data.

To deturmine the percentage contributions of decay and decontamina-
tion to the reduction of the initial (or before-decontamination) radia-
tion intensity, the fixed gan data were analyzed to find the contribu-
tion of both decay and decontamination at each individual step. The
total contribution of each reported in Tables 5.3 and 5.4 was then

TABLE 5.3 GAMMA RECORD FOR DRCOTANIjmrIoW PBASE
OF TiE YAG 4o AIRCRAPT AFIr SHOT 2

Nuerical Order Contamination Reductlo. Reduction by Hesulting
of Level by Decay\ uVDecontamination Level

Deconta.nati~o•a) (,r/br) (mr/hr) (mr/hr) (mr/br)

lot 572 10 129 433

2nd 433 14 142 277

3rd 277 29 44 204

4th 204 23 86 95

5th 95 9 14 72

6th 72 1 7 64

7th 64 7 14 43

Total 94 436

Per cent of original level 16.3% 76.2% 7 .5% (c)

(a) Refer to Table 5.6 for a description and percent reduction effected
by each decontamination process.

(b) Decay is calculated from end of one decortaminatio- process to enn
of next oae.

(c) Percent of origiaal level remaining after decontamination effort.

determined. These results show that an overall reduction from decay

and decontamination of 92.5 percent wae achieved after Shot 2 and a
reduction of 92.8 percent was achieved after Shot 5. Of these total
reductions, 76.2 and 70.4 percent were effected by decontamination
alone after Shots 2 and 5, respectively.

5.5.4 Comparison of Decontamination Methods. Following the con-
taminating events, the aircraft and test plates were rece4 ved ashore
in three conditions of contamination which affected the decontamination
results. These were:

Condition A. After slight waai'ina (one rainstorm), te3t plates
and aircraft from YAG 4•0, after Shot 2.

Condition B. After washing by heavy rainstorms, test plates and
aircraft from YAG 40, after Shots 4 ayd 5.
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TABIE 5.4 GAMMA RECORD FOR DEcONTA4INATION PEASE
OF THE ',AG 40 AIRCMAFT AFTER SHOT 5

Numerical Order Contamination Reductioob Reduction by Resulting
or Level byiDreob) Decontajmnation LevelDe on tami,.atioia) 0 W,/ " ) (-/ l r( rl h ) ( mwrl r)

lit 1183 43 357 783

2nd 783 33 293 1457

3rd 457 97 59 301

h 301 53 23 225

5th 225 34 61 130

6th 130 3 17 110

7th 110 2 23 85

- otal 265 833

Per Cent of original Level 22.1. 70.4% 7.20c)

(a) Refer to Table 5.6 for a description and percent reduction effected
by each decontamination process.

(b) Decay calculated from end of one decont4aination process to end of
ne•xt one.

(c) Percett of original level remining after decontamination effort.

Condition C. After woshdown: aircraft from YAG 39, after Shots
4 and 5, or after prior decontamination; test plates and aircraft from
TAG 40, after Shots 2, 4, and 5.

To fully evaluate the various decontamination methods, it was
necessary to use the combined test-plate and aircraft-decontamination
results for a comparison of the methods under these three conditions.

The fixed gamma detector gave a continuous record of the cockpit
radiation intensities and provided sufficient data to give the contribu-
tion of decay and that of individual decontamination methods toward the
overall reduction of the radiation field. The gamma-survey data were
used us the basis for comparing the effectiveness of decontamination
methods, since measurements of this type were made on both aircraft and
test plates. A percentage comparison of the decontamination effective-
ness determined from fixed gamma data and the aircraft gamma-survey data
averaged for each aircraft on Shots 2 and 5 were in close agreement,
although the ratios of intensities as determined by the two types of
measurements were different on the two shots (see Figures D.30 and D.31,
Appendix D).

The three conditions of contamiration were based on the percentage
of contaminant that had been removed by rainstorms, waahdown, or decon-
tamination. Condition A had slight or no removal of contaminant.
Condition B covered the range from Condition A to an estimated 35-percent
removal of contamination by rainstorms. If one takes the difference
between the anticipated 4 5-percent removal of contaminant by firehosing
from the sl.i÷ .•tly washed or unwashed aircraft and 8-percent removal by
the same method from Shot 4 test plates after heavy rainstorms, there
results an estimated 35-percent removal of contaminant that may be
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accomplished by rainstorms several days after contamination and prior
to decontamination. Condition C is subdivided into C-I, which includes
the range of 35 to 60 percent of removal by prior decontamination
(firehosing or hot-liquid-jet washing), and C-2, which had approximately
95-percent prior removal by washdown.

The results for decontamination of aircraft under the three
conditions of contamination were based on the actual and interpoiated
data obtained from the decontamination of the test aircraft and test
plates.

Condition A.
1. One firehosing removed 35 percent of the original contaminant

and is capable of removing 45 percent. Two passes with a firi'.-hose
removed a total of 50 percent of the initial contaminant. Results of
the initial decontamination of the aircraft from the YAG 40 after Shot
2 shcved that a single 6-min (20,000 sq ft/hr) firehosing removed 36
percent of the original contaminant (see Table 5.5). Since a second
24-min (5,000 sq ft/hr) firehosing with two nozzles brougkt tae total
amount removed from the same aircraft to 51 percent, it is assumed that
a longer and more-thorough initial firehosing is capable of removing
up to 45 percent of the original contaminant. Thus, two passes with a
firehose removed a total of 50 percent of the initial contaminant from an
aircraft; the amount removed by each pass depended upon the time and
thoroughness of the washing on each pass.

2. One hot-liquid-jet washing is capable of removing 50 to 60
percent of the ini.tial contaminant. A second pass will remove little
additional contaminant. These figures are based on a combination of
test-plate data and past experience. The results from two sets of
test plates from the YAG 40 after Shot 2 shoved that one hot-liquid-jet
washing is 18 and 21 percent more effective than a single firehosing.
Adding the average of these (19 percent) to the firehosing results for
Condition A-1 gives 50 to 60 percent of removal for a single hot-liquid-
jet washing, Test-plate results from Shots 4 and 5 indicate that no
additional contaminant is removed by a second hot-liquid-jet washing
(see Table 5.6). However, past experience indicated that some contami-
nant is removed by a second pass.

Condition B.
1. One firehosing removed 5 to 10 percent and two passes with

the firehose removed a total of 10 to 15 percent of the remaining
contaminant. The results from one firehosing with 20 psig water
pressure on test plates after Shot 4 was 8-percent removal. This value
should bc slightly greater with a higher water pressure. Shot 5 test-
plate data showed no contaminant was removed by the first firehosing
but 18 percent was removed by the second pass. Discarding the results
of the first decontamination as being unreliable, it is assumed that
10 percent of the contaminant was removed by the first pass. Thus,
there results the range of 5 to 10 percent removal, which was obtained
when the maximum amount of contaminant vtq removed by prior rainstorms.
If the amount removed by prior rainstorms is le3e than the maximum,
the percentage of contaminant removed by a e-nge firehosing would
increase. The total of W0 to 15 percent rcmoval of remining contaminant
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with two firehosinge is based on the results of Shot 4 and Shot 5 test
plates, which gave 12 and 15 percent removal of contaminant under these
conditions.

2. One hot-liquid-jet washing removed 20 to 30 percent of the
remaining contaminant; a second pass will remove little additl)nal
contaminant. The first hot-liquid-jet washing of the aircraft from
the TAG 40 after Shots 4 and 5 removed 23 and 32 percent, respectively,
of the remaining contaminant. In addition, the results on three out
of four sets of test plates from Shots 4 and 5 came within these limits;
the other set of test plates had 14 percent removal. As in the case of
firehosing for this condition, these values represent the conditions
after an estimated 35 percent prior removal by rainstorm. If a lesser
percentage of the original contaminant is removed by the rainstorms, the
percentage of the remaining contaminant removed by hot-liquid-jet washing
will increase. Data from the Shots 4 and 5 test plates show no additional
contaminant was removed by a second pass with the jet.

Condition C-1.
1. One scrubling with detergent removed 35 percent and is capable

of removing up to 75 percent of the remaining contaminant. Decontamina-
tion data from the aircraft on the TAG 4o after Shots 4 and 5 show that
scrubbing with detergent after one hot-liquid-jet washing removed 39
and 37 percent of the remaining contaminant. Comparable data on test
plates that had one or two jet washings, or two firehosings, before
scrubbing with detergent, showed 50, 50, 76, 54, and 75 percent of the
remaining contaminant removed. The test panels were decontaminated
under optimum conditions; i.e., flat, clean, unvbathered surfaces which
were easy to scrub. The aircrat surfaces had varied shapes and accessi-
bilities including the underside of the aircraft and the wing roots.
For this reason, better scrubbing and drainage probably occurred on the
test plates than on the aircraft surfaces. This may account for the
fact that in all cases the test panels had a higher percentage removal
than the aircraft.

2. A second scrubbing with detergent removed 10 to 50 percent of
the remaining contaminant. The same two aircraft mentioned in the
preceding section were given a second scrubbing with detergent, which
resulted in 14-percent removal of contaminant from both aircraft. A
second scrubbing of comparable test plates resuiL.2 in a 0, 21, and 52
percent removal of remaining contaminant. The 0-percent removal is
considered unreliable, because of the aircraft data and past experience
indicate that some contaminant will be removed by additional scrubbing.

3. Ore scrubbing with Gunk (C-147) removed 50 percent and is
capable of removing up to 85 percent of the remaining contaminant. The
Shot 5, YAG 40 aircraft, which had been washed with a hot-liquid-jet
and scrubbed three times with detergent, was then scrubbed with Gunk,
and 54 percent of the remaining contaminant was removed. The maximum
of 85-percent removal was obtained by scrubbing test plates from Shot
5 with Gunk after only one washing with a hot-liquid Jet. The Shot 2,
YAG 40, aircraft had a 29-percent removal of contaminant by scrubbing
with Gunk; but these data were not used, because this was the seventh
decontamination of this aircraft and 84 percent of the original con-
taminant had been removed by the prior decontamination and decay. As
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mentioned before, the effectiveness of this method of decontaminatioi,
will vary inversely with the effectiveness of prior decontamination
efforts or rainstorms.

4. A second scrubbing with Gunk removed 15 percent and is capable
of removing up to 35 percent of the remaining contaminant. A second
scrubbing of the aircraft from the YAG 40 after Shots 2 and 5 resulted
in a 17 and 19 percent reduction in contaminant, respectively.. Since
these results were obtained on the eighth and sixth decontaminations,
respectively, the actual decontamination efficiency obtainable by this
method at earlier times in the decontamination operation is probably
closer to the 37-percent removal obtained by the second scrubbing of
the test plates from Shot 5 with Gunk.

Condition C-2.
1. The data for this condition Is obtained from the decontamina-

tion of the aircraft from the TAG 39 after Shots 4 and 5. The aircraft
on the TAG 39 after Shot 5 was first washed with a hot-liquit jet, which
removed 18 percent of the remaining contaminant. This was followed by
scrubbing with detergent, which removed an additional 17 percent, and
scrubbing with Gunk, which removed 40 percent of the remaining con
taminant.

2. The aircraft on the TAG 39 after Shot 4 was scrubbed twice with
detergent. The first scrubbing removed 36 percent, and the second scrub-
bing removed 10 percent of the remaining contaminant.

A summary of the above results are given in Tables 5.7 through
5.10. They are based on the combined aircraft and test-plate results
and represent the range of decontamination results. The maximum decon-
tamination effectiveness was obtained on the test plates and represents
the maximum effectiveness that can be approached under optimum conditions.

TAL 5.7 DECONTAKINATION LFFATIVENE8 UIDER 0OIDITION A

Condition A - After slight
prior washing or no prior wishing

Percent contaminant
removed by decontamination

Methods 1 pass 2 passes

Firehosing 35 - 45 4- 50

Hot liquid
jet with -
detergent

Each block Includes the results of a sequence of decontamination
methods which were performed in the order indicated by the
arorws.

Although these percentages include the maximum percentage removal
that can be approached by decontamination, it is conceded that the
practical "working percentages' that will be obtained during full-scale
decontamination operations will cover a much-smaller range. Tables 5.11
through 5.13 give the anticipated working percentages that can be
obtained, based mainly or the aircraft test data supplemented by the
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TABLE 5.8 DECOWNTAMDTION EFMTITIYWSS UNDEO CON UTION B

Condition B - After washing by heavy
rainstorms with up to 35 percent of the
initiAl contaminant removed.

Percent of remaining contaminant removed
by decontamination

ethods lst pass 2nd pass let pass 2nd pass

Firehosing 5 -10 10 - 15

Hot liquid jet
with detergent 20 30

Scrub with
detergent 35 75

Scrub with Gunk ý 0-85 --15 - 3ý5

(a) Percent contaminant removed by two pastes; all other results
are percent of remaining contaminant removed by each pass.

Each block includes the results of a sequence of decontamination
methods which were performed in the order indicated by the arroas.

TABLE 5.9 DECONTAMINATION EFFBCTIVDESS UNDER CONDITION C-1

Condition C-1 - After prior decontamination by
firehosing or hot-liquid-jet washing which has removed
from 35 to 60 percent of the original contaminant

Percent of remaining contaminant removed by
decontamination

Methods 1st pass 2nd pass lot pass 2nd pass

detergent 15-7-- 0 - 50

Gun

Each block includes the results of a sequence of decontamination
methods which were performed in the order indicated by the arrows.

TABLE 5.10 DNCONTAMINATION EFFECTIVENESS UNDER CONDITION C-2

Condition C-2 - After prior washdovn with approximnately
95 percent removal of original contaminant by washdown

Percent of remaining contaminant removed by
decontamination

Methods lIt peas 2nd pass Ist pass 2nd pass

Hot liquid
jet with
detergent 18

Scrub with 17 -

detergent 36 W 10

"Scrub with 4o
Gunk

Each block Includes the results of a sequence of decentsmirition,

methods which were performed in the order indicated by the srrows.
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TABLE 5.11 DECOWTAMNIATION WORKIK PERCE• A fES UNDER
CONDITION B, BASED MAINLY ON AIRCRAFT DATA

Condition B - After washing by heavy rainstorms
with up to 35 percent of the initial contaminant
removed

Percent of remaining contaminant removed by
decontamination

Methods 1 pass 2 passes 1 pass 2 passes

irehoig 5 -I0- iO - 15

Hot liquid

Each block includes the results of a sequence of decontaminationm
mjethods whlh were performed in the order indicated by the arrows.

TABLE 5.12 DECONTAMINATION WORKING PERCENTAGES UNDER
CONDITION C-l, BASED MAINLY ON AIRCRAFT D/AA

Condition C-i - After prior decontamination by

firehosing or hot-liquid-jet washing vhich has
removed from '5 to 60 percent of the original

contaLinan•

Percent of remaining contamiat removed by
decontamintion __ ___________

Methods i pass 2 passes 1 pass 2 passes

Scrub with -

detergent _3 5 - 4o0 4 - 5

Scrub with
Gunk 5 -& ý66 60-70

Each block includes the results of a sequence of decontamination
metnods which were performed in the order indicated by the arrw..

TABLE 5.13 DECONTAMINATION WORKING PERCENTAGES UNDER
CONDITION C-2, BASED MAINLY ON AIRCRAFT DATA

Condition C-2 - After prior wadhdon n w bt y
approxive tfrm 95 percent removalof or ginal
contaminant by vsnhovn

Percent of remaining contaminant removed by
decontamination

Methods I pass 2 passes 1 pass 2 passes

Hot liquid
Jet withI

detergent 35 - 40 45 Q

Scrub with
Gunk 6'. 60507

Eacb block includes the results of a sequence of decontamination
methods which were performed in the order indicated by the arrwos.
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test plate data and past experience. Table 5.7 also applies as working

percentages. The values for firehosing and washing with the hot-liquid

jet are quite reliable since considerable data have been accumulated

for these conditions. The values for an initial scrubbing with detergent

or Gunk are the conservative, since no test data were obtained for

these conditions, except on the Shot 5, YAG 39, aircraft after washdown.

All the other data for scrubbing v-re on surfaces that had received one

or more prior decontaminations by combinations of firehosing, washing

with the hot-liquid Jet, or scrubbing with detergent; these data have

been used as the basis for the values in this table. The percentage

removal in Tables 5.11 through 5.13 are given on the basis of one pass

and two passes in order to limit the range to realistic values. The

values for two passes are obtained by multiplying the percent remaining

after one pass by the percent removed by the second pass, adding this

product to the percent removed by one pass, and adjusting +he sum to a

workable percentage on the basis of other test data and past experience.

Graphs of the decontamination resuli.t are given in Figure 5.16

through 5.19. Figure 5.16 compare-i the results of the aircraft decon-

taminations on the basis of the initial contaminant that did or would

have landed on the aircraft by compensating for the prior removal of

contaminant for Conditions B and C-2. Figures 5.17 through 5.19 show

the results for the individual conditions based on the percent of the

as-received contaminant remaining after the various decontaminations.

When comparable test panel results are applicable, they are given at

the top of the figure for comparison.

5.5.4.1 Discussion. When an aircraft is received in Condition A

or Condition C-2, decontamination results should be consistent with

those reported here.
When an aircraft is received under Condition B or Condition C-i,

the effectiveness of any subsequent decontamination will vary inversely

with the amount of prior removal. Th'u.s, if prior removal approaches

the maximum as given for Condition B or C-1, a low effectiveness may be

expected for the first subsequent decontamination, if firehosing or hot-

liquid-jet-washing methods are used.
Figure 5.16 demonstrates the efficiency of the washdown system.

It shows that, on a comparative basis, the percentage remaining on all

the YAG 40 aircraft after complete decontamination was more than that

on the YAG 39 (washdown) aircraft before decontamination was begun.

A comparison of the test plate results and the aircraft results,

Figures 5.17 and 5.18, shows that firehosing results are in close

agreement and hot-liquid-jet washing results in fairly close agreement.

However, the results from scrubbing with detergent and scrubbing with

Gunk show that, in all cases, more-effective decontamination was obtained

on the test plates than on the aircraft.
This discrepancy can be attributed to the flat surface and the

accessibility of the test. plates deccntaminated under ideal conditions,

as contrasted to the aircraft with its many configurations, openings,

and Joints decontaminated under test. cnditiono. Further proof can be

found in Table D.11, Appendix D, which compares the average of the

gamma-survey-meter readings with location 40 readings. The average

reduction from the first scrubbing with detergent (the fourth decontami-

169

CONFIDENTIA!



TEST PLATE DATA

I-FIRE HOSING 2-FIRE HOSING

AIRCRAFT DATA .

2 2 'FIR HOSING AND I-HOT L40UID JET WASH AND
~ 5 ______ 33_ -SCRUB WITH DETERGENT AND 2-SCRUB WITH DUNK

2ý-FIRE HOSING AND I-HOT LIQUID JET WAHAD
________3-SCRUB WITH DETERGENT AND I-SCRUB WITH GUNK

40

0

30 /II --F-__ HOSING AND I-HOT LIQUID JET WASH AND 3-SCRUB WITH DETERGENT

0 --------- _ 0 [00

2-FIRE HOSING AND I-HOT LIQUID JET WASH AND 2-CU VITH DETERGENT

20

2-FIRE HOSING AND I-HOT LIQUID JET WASH AND; I-SCRUB WITH DETERGENT

2-FIRE HOSING AND I-HOT LIQUID JET WASHI

100 80 70 -60 50 4 0 30 20 t0

PERCENT OF ORIGINAL CONTAMINANT REMAINING

Figure 5.16 Percent of original contaminant remaining
versus manpower.

CONDITION A CONDITION 8 STARTS HERE CONDITION C-2 STARTS HERE
STARTS
MERE

REMOVED SY
""NRAINSTORMS

ReMOVED BY WASHmOWN SHOT 2 ' 40

50 11ISHOTS5
a 'FAG 40

0: 40-

0

-30-- __ TIAL

-r NO SIGNIFICANT REDUCTION
WTHEMdSCERU1BBING

z WITH DETERGENT

20 -- SHOT 4- -A 40- SHOT 5 TAG 39

SHOT 4YAG 39?

100 80 T0 60 50 40 30 20 10

PERCENT OF ORIGINAL CONTAMINANT REMAINING
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nation) was 55 percent from the average survey-meter readings, compared
to 82 percent at Location 40. This indicates that, at come locations
on the aircraft, the ideal conditions of the test plates are dupljcated
and, at these locations, the aircraft-decontamination effectiveness
approaches that obtained on the test plates but that data from all sur-
faces are needed to predict the decontamination effectiveness of an
aircraft by scrubbing methods.

The results of the initial firehosing indicates that two passes
will remove a total of 50 percent of the contaminant. The amount removed
by the second firehosing will depend upon the amount removed by the first
pass and will bring the total contaminant removed up to 50 percent of
the original contaminant.

The results from the test plates for Shots 4 and 5 show that the
hot-liquid-jet washing with fresh or salt water have about the same
decontamination effectiveness. The Jet washing was always performed
with detergent. The scrubbing with detergent or Gunk on the aircraft
and test Dlates was always followed by a jet rinse, with one exception.
On this occasion, a firehose was used to rinse the test plates. The
data from the one use of scrubbing with detergent followed by a firehose
rinse indicate that the type of rinse did not affect the decontamination
effectiveness.

Since the decontamination of the aircraft included industrial as
well as tactical decontamination methods, data were obtained for scrub-
bing with Gunk. However, for tactical decontamination a'board an aircraft
carrier, Gunk is not rvecommeuded, because of fire hazard, slickness of
the deck when Gunk is on it, and the rapid deterioration of' a wood deck
exposed to Gunk.

No decontamination was performed on the test plates from the YAG
39 (or vashdown) ship because of insufficient contamination. The Shot
2 plates were not cont&-'tnated, because the ship did not receive signifi-
cant amounts of fallout and the plates on the ship during Shots 4 and 5
did not have enough residual contaminant after vashdown (less than 5 mr/
hr for Shot 4 and 30 mr/hr for Shot 5) to Justify decontamination.

A comparison of the zesults shows that one initial hot-liquid-jet
washing is 5 to 15 percent more effective than one firehosing and 0 to
10 percent more effective than two firehosings.

A comparison of the hot-liquid-jet washing versus scrubbing with
detergent under Condition B shows that scrubbing with detergent 18 the
m'-re effective, since it removed 38 percent of the remaining contaminant
after two washings with the hot-liquid Jet.

3crubbirg with Gunk is more e;,fective than scrubbing with detergent.
Under ConiitIDn C-1, scrubbing with Gunk remov,.: '4 percent of the
remaining contaminant after two scrubbings witn detergent.

The results unde: Coodition C-2 (waahdown) indicatc that a fir't
scrubbing with detergeit wiILl remove 36 percent of the remaining con-
taminant but that scrubbing with Gonk is more effective, since it removed
40 percent of the remaining contaminant after one jet washing and one
scrubbing with detergent.

A comparison of uhe results obtained under Conditions C-1 and C-2
shows that the decontamination effectiveness recilts are less after a
washdown than after prior decontamination. Since the results are -ome-
what similar and the same methods &- decontamination are used on both,
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Conditions C-i and C-2 are combined later in this report for recommending
meth(.ds of decontamination for the three conditions.

An examination of the aircreft data shows that a second pass with
any of the methods of decontamination used is relatively ineffective
but the effectiveness of the aecond pass will vary inversely with the
percentage of cont-aminan't removed by the first pass. An examination
of the test-plate data indicates that up to a maximum of 50 percent of
the remaining contaminant can be removed by a second pass. This maximum
was obtained by scrubbing with detergent. Other methods gave less removal
for a second pass. Thus, it is again emphasized that two passes will
remove a fairly constant amount and the thoroughness and effectiveness
of the first pass will control how much can be ramoved by a second pass.

In general, the results show that scrubbing with Gunk is the most-
effective method of decontamination, followed in decreasing effectiveness
by scrubbing with detergent and with the hot-liquid-Jet washing slightly
more effective than firehosing.

The above results are based solely on decontamination effectiveness.
For an overall evaluation of the various methods, the time and manpower
requirements must also be kaken into consideration.

A summary of the results of the time and manpower studies are shown
in Table 5.14. The complete results are given in Table D.12, Appendix
D. Table 5.15 gives the decontamination tirle, the number of men, and
the manhours that would normally be necessary to accomplish the working
percentage removals given in Table 5.7 and Tables 5,11 through 5.13.
These results are based rin the decontamination of Navy F4U aircraft,
which have a surface area of approximately 2000 sq ft. During these
studies, the wing tips were in the vertical position. It should also
be remembered that the decontamination covered all the surfaces, which
included not only the fuselage and top wing surfaces but also many
configurations, such as the underside of the plane, the landing gear
and the wing roots.

The rates of decontamination are calculated on the basis of the
average of the total times used during actual aircraft decontamiwtion
operations. Or this basis, the scrubbing with detergent was accoupiished
at about the same rate as is considered optimum fcr exterior wall :iurfacee
from the San Bruno 1ast (Peference 11). The optisum rate for scriubbing
with detergent was 1330 sq ft/hr versus the average rate of 1450 sq ft/hr
used on the aircraft. The average rate for scrubbing was comparei on
the basis of the single scrub since the data indicate that the double
scrub is no more effective. The average rates for firehosing and tashing
with the hot-liquid Jet were both about h0 percent more than the retes
recommended on the basis of the San Bruno Test.

Firehoslng was performed at an average rate of 8300 eq ft/hr per
nozzle versus 6000 sq ft/hr recommended. However, this is a poor c'a-
parison, because of the first firehosing of Shot 2, YAG 40, aircraft
was accomplished with a single nozzle at 20,000 sq ft/hr with the
removal of 36 percent of the original contaminant. A second firehoging
of the same plane witb two nozzles at a rate of 2500 Sq ft/hr per nozzle 4
removed 28 percent of the rmmining contaminant. This would indicate
that the rate cf the first firehosing was too high to obtain -xiximum
rem<ival and the rate cf the second firehoiing was too low for ,maxiEýz
efficiency. Based on this test and past experience, the recomendec
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TANB 5.14 SwMaR or TO • AND NAIPownR wmTUDI OF COUtAxInATION

Average % of con- Average rate of
tamination removed decontamination
by this decontami- sq ft/hr
nationproceds
Average Average elapsed Average total Average Average tot Baled on total

of time for this time for this No. mbours used decontamignion
WE& Fixed decontamination decontamination of for decontami- timekb)

survey game process process men used nation
meter cockpit process
readings readtings _ .

Fire- 32 9 20a 2 ian() 4 () 1.6(s) 6000(a)
bosing

Rot Liqu 27 27 26 in-8 sec 36 mi 2.4 3350
Jet

Single 27 - 52 min-3- sec 82 min-30 sec 7.5 10.3 14o
Scrub vith
Detergent

Double 24 21 82 min-lO sec 120 min 7.25 14..5 X10
Scrub vi
Detergent

(a) Eatimted for comarison.

(b) Does not include setup time.

TABLE 5.15 TIM AMD MjtpCn N'SARy FOR 13COTAJMIUTIOy
UFFECTIVUSS VALUES

Pez cent contasxitnt Total
removed Decoy * No. M anhours Rate of

Method of TlmeSa n per Decontamination

Decontamination 1 pas t 2 p1Sges (hr) used decon. Sq ft/hr

Condition A

Firehosing 36 0.1 4 0.4 20,000
35- 45 o.4 1.6 6,o0o1 5-50 0.8 .2

"Rot liquid Jet z 0,j 0 0.6 8 1.4 3?350

ConditioL B

Fire osing 5-10 0.4 4 1.6 6,000
_ _ _0-15 0.8 _

Hot liquid jet 20- _ 0.6 4 2. 34,30
Scrub with 35-0 1.4 6 . 1,450

detergent 45-50 2.8 6 16.8
Scrub with W-60 _, 6 9.6 1,250

Gunk 56-70 3.2 6 i1.2

Concdtition C-I

Scrub with 35-4 1:1 6 8.4 1, 45
detergent__ 2.8 u_ _ 16.8
Scu vith i560 11.0 1,6

Gun 60Q2 __-__

Conml t Ionl C-2

Hol ilcjuld let ____ _ 0.o 1 2.4
Scrub with 35-w 6 .1

Sru wif

Ia ekws ý11 i I ucLile ne'U;' i,
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rate of 6000 sq ft/hr appears to be low and a rate of about 8000 eq
ft/hr, or 15 min per aircraft, would be better

The hot-liquid-Jet decontamination was performed at an average rate
of 3350 sq ft/hr, which is about 40 percent more than the 2400 sq ft/hr
recomended on the basis of the San Bruno Test data. The data in Table
D.12, Appendix D, indicate that a slower rate should have been more
effective. The decontamination of the Shot 5, YAG 40, aircraft with the
Jet washing at 3000 sq ft/hr removed 32 percent of the initial contaminant,
while the same method on the Shot 4, TAG 40, aircraft at 4000 sq ft/hr
removed only 23 percent of the initial contaminant. The data from the
test plates show a second Jet washing to be ineffective.

A comparison of the time and man-hours involved show that firehosing,
based on a rate of 6000 sq ft/hr, is the most efficient taking about
two-thirds the time with three-.'ourths as many man-hours per aircraft
as the hot-liquid-Jet washing. However, on comparative initial decontami-
nation efforts, the Jet should be about 15 percent more effective. The
single scrubbing with detergent takeo about two to four times as long
to go over an aircraft, while using four to five times as many man-hours
and with 1 1/2 times the personnel as the hot liquid Jet or firehosing.

AltLough no manpower data were taken on scrubbing with Gunk, it
should take a slightly longer time with the same manpower as scrubbing
with detergent, because an extra detergent rinse is necessary to remove
the Gunk.

Figures . 16 through 5.19 compare the percent of original contami-
nant remaining after decontamination methods used on the aircraft versus
the effort in aLn-hodrs which would normally be useA to accomplish the
decontamination. Figure 5.16 has the l00-percent-rm.--ining (initial-
starting) line adjueted to compensate for the rainstorms and washdovn
of Conditions B and C-2. A comparison of Shots 2 and 5, YAG 40, data
indicates that approximately the same number of man-hours were expended
to achieve the same decontamination end point. An examination of the
Shot 5, YAG 39, data shows that although the amount of contaminant
removed was small, compared to the initial contaminant on the YAG 40
aircraft, nearly half of the contaminant remaining after washdown was
removed by three decontaminations.

Figure1 5.16 through 5.19 indicate that the first decontamination
by a method is generally quite effective but that the second and third
decontamimtions by the same method are less efficient, considering the
decreasing effectiveness on each method and the man-hours involved. This
Is further pointed out in the overall decontamination, which shows that
the first decontamination removes a fairly large amount of the contami-
nant with relatively small effort but that, as the decontamination pro-
gresRes, it takes a cqnsiderable effort to remove a small amount of
contaminant.

Thz information obtained from the decontamination effectiveness
results and the time and manpower studies can be applied to carrier
aircraft. Tentative recommendations presented subsequently are based
only on the decontamination of the aircraft exclusive of the surrounding
areas. Other factors to be taken into consideration have been described

in more detal in 1Peference 9. However, one of the most important factors
to be rememberel is that the flight deck and aircraft will be decontami-
nated simul]taneously, so the method selected for the initial decontami--
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nation of the flight deck will undoubtedly be used for the initial
decontamination of the aircraft.

Reference 9 divided decontamination periods into "tactical" and
"industrial" and further subdivided "tactical" into "emergency" and
"operational." The emergency-decontamination period included the time
from atomic attack until the commencement of flight operations. The
operational-decontamination period was the reminder of the tactical
situation. Industrial decontamihation consisted of measures which had
to be instituted 'pon delivery of tactically decontaminated aircraft to
a land base for major repair of imintenance.

Although this breakdown is based entirely on an operational or time
basis, tentative recommendations are made to tie in decontamination
operations with this breakdown.

Table 5.16 gives data on the wipe samples taken before and during
the decontaminativi of the a!rcraft from the TAG 40 after Shot 2. This
table shows that th3 first two decontaminations (two firehosings) removed

over 90 percent of the removable contaminant and that six decontaminations
removed over 99 percent of the removable contaminant. These data were
further verified by using a beta-survey instrument to check the gloves
used by a worker who removed the engine cowling after the sixth decon-

tamination. The reading on the instrument showed an increase of

TAMX 5.16 WUp s ms DATA, AD]RA?? nm To AG hO Arm SHOT 2

Sample Initial Wipes Wipes After Wipes After Percentage of

Number Location in d/m Decon. No.2 Decon. No.6 Original
d/m d/m Contaminant

I Removed
I (per cent)

1 Propellor 2.33 x 108 1.24 x IO7 8.3 x 105 99.6

Blade-Forward

10 Lover-Exterior 3.33 x 108 1.8 x 107 4.45 x 105 99-85
Wiag-Starboard

i1 Lower Exterior 4.22 x 109 3.24 x 10 7 1.39 x 105 99.95
Wing-Starboard

14 Stub Wing- 1.24 x 107 5.5 10 IO 4.8 x 1-0 99.6
Starboard

15 Upper Interior! 5.77 x 106 6.6 x 105 1.9 x 1O4 99.6
SWing-Starboard!

6 482 x 1
,A Fuselage Near [.4.4 0 x 103 99.8

CaInopy-Starboeard

j' Stub Wir- 3-g3 x 10 8.9 x 105 4.1 x 10t 99.0
Port

4,' -I•vwr Kter'or 5. F' x 10 4.4 x 105 1.T4 x 1•O l 99.7

Ncotea:
I. A di -eadnfs corrected for decay.
2. Dec~n. Mu. 2 v&s 2n sadt water wash (flrehosing).
3. Dc n. No. ' vas 3rd scrubblng.

4. Refer ',., F.Kure F-37, Appendix E, fir specific 5am~ip'e locatiocs.
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less than one scale division, which is approximately 1 uc or
2.22 x 106 d/m.

Dosimeters were worn by personnel assigned to the decontamination
U.dws. AlthouZh the dosimeter readings did not always check with the
film-badge readings, the data obtained from them gave some indication
of the dose that was received while the individual was performing the
specific decontamination job.

Table 5.17 contains the most reliable data obtained during the
decontamination of the aircraft from the YAG 40 after Shot 2. These

TABIE 5.17 DOW&5 TO DECOWTANIMATION CR11WS WORKING
ON AIRCRAFT AM TE YAG 40 Ao R SHOT 2

Type of Job of Working Dose Decon. Average Gems Average
Operation Wearer Timn (min) (mr) No. Survey Reading Gems Read-

Before ing After
Decontamina- Decontamina-

tion tion

Firehoming Nozzlemn 6 150 1 2060 1330

Hot Liquid Nozzlemn 20 50 3 1040 T70
Jet Wuhing

Scrub with Scrubber 90 300 5 289 240
Detergent

Scrub with Hoseun 90 100 5 289 240
Detergent

Omm Monitor 45 100 5 289 240
Survey I

data illustrate the importance of using methods for the first decon-
tamination processes which can be accomplished quickly and require the
minimum number of personnel near the contaminated object. Table 5.15
gives the number of personnel employed to accomplish each decontamin-
ation method.

5.5.5 Contamination Distribution. Only the aircraft on the
YAG 40 during Shots 2 and 5 were contaminated sufficiently to warrant
a contaminant distribution study. The detailed surveys are given in
Tables D.15 through D.17, Appendix D.

The aircraft installed on the YAG 40 during Shot 2 had patches
of a white chalky substance at various locations on the windward sur-
faces. The decontamination effective-ess was quite high in this are,.
which indicdted that this chalky substance was easily removable and
contained most of the contamination found there. This was esre cially
evident at Location 40 n the i:nbeard 7urface of the port vinr section
in the vertical position. These. windwlard surfaces were containrated
five tc seven times greater than the leeward ones. In convpring read-
inr.s from the vertical and horizontal surfaces on the windward side,
it was found that the ccnta~nination on the vertical surfaces exceeded
that on the horizontal bv a factor of 1.5. The cont mination on the
vertic.1l and hori;zon-tal surfaces on the lee-',ard was 3r•rfmat•] the
s ame. Readings were t:ken on thq horizontal and verýic 1 st,.bilizers
for some indication of the cont-Lrinati-n distribution ) n tide -n

177

CONFIDENTIAL



underside surfaces. The ratio of the contamination of topside to
underside surfaces was 9 to 1 for the windward side and 3 to 1 for
the leeward.

The contamination on the aircraft installed aboard the YAG 40
after Shot 5 was more evenly distributed than that on the aircraft
after Shot 2. There was no visible foreign matter evident when the
aircraft was received at the decontamination site. Comparing readings
(at the same locations) on the port and starborad side of the aircraft
showed that the average distribution was approximately the same for
both sides. Similarly, there was little difference between the aver-
age distribution on horizontal and vertical surfaces. The ratio of
contamination on the topside to the underside of the horizontal stabil-
izer was approximately 5 to 1 for the starborad side and 2. 5 to 1 for
the port side.

Differences in the contamination distribution found on the •wo
aircraft can be attributed largely to the wind and weather conditions
and type of contaminant. The surface wind after Shot 2 was coming
from the forward quarter on the starboard side, as was evident from
the contamination distribution found on the windward and leeward
surfaces. On the other hand, the surface vind after Shot 5 was approx-
imately either parallel to the ship or from the forward quarter just
a few degrees off the port bow. This fact explains the similar dis-
tribution that was found on the port and starboard side. The chalky
substance found on the aircraft after Shot 2 was definitely in patches
and appeared to havP little runoff from them. It was almost like a
thin paste which had dried on the surface. Other areas where the dis-
tribution was much lower had no such visible deposit. On the other
hand, no such contaminated foreign matter was visible on the aircraft
after Shot 5, and no area appeared much more heavily contaminated than
others. Some of this difference between the contamination distribution
was probably caused by rain, because the aircraft after Shot 5 was sub-

Jected to more severe rains than the one after Shot 2.

5.6 CONCLUSIONS

Under conditions similar to those during Operation Castle, it may
be concluded that:

1. A washdown system which gives adequate water coverage will
reduce the gamma radiation intensity level by approximately 95 percent.

2. The major contributor of radiation intensity to the cockpit
of •n aircraft on the deck of a ship is the contaninant on the surfaces
of the aircraft itself (75 percent in the one cap where data were
av-ilable ).

3. Contamination distribution on the aircraft will not be uniform
ind will depend to a great extent on the course and speed of the ship,
the direction and velocity of the wind, and the type of contaminant.

4. Aircraft material damage from the washdown system will not be
serious, ana the aircraft will be in flimght condition if the ignition
,Zstem is protected.

5. Or an aircraft that has not been subjected to washdown during
f-illout or rainstorms before decontimination, the amoint of contamina-
tio-n can be rediced up to 5,) or 60 percent by fLirehosin, or hot-liquid-
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jet cleaning. If either method is followed by one scrubbing with a
detergent (C-120) or a solvent emulsion cleaner (C-147), as much as
75 or 90 percent of the original contaminant can be removed. Rain-
storms before the initial decontamination will lower these percentages.

6. On an aircraft that has been subjected to washdown during
fallout, the amount of contamination can be reduced up to 35 percent
by scrubbing with detergent and 50 percent or more by scrubbing with
a solvent emulsion cleaner.

7. On aircraft that have not been subjected to rainstorms before
decontdmination, the maximum efficiency, considering decontamination
effectiveness time and manpower, is obtained by using one firehose or
hot-liquid-jet washing, followed by a thorough scrubbing with detergent
or Gunk solution.

8. A more complete decontamination can be effected by continued
scrubbing with detergent or Gunk, but the additional percentage re-
moved each time is small.

5.7 RECOMMENDATICNS

It is recommended that:
1. Further study be done on the effectiveness of the washdown sys-

tem on stacked aircraft, preferably on a carrier employing the latest
developments in washdown equipment which includes the individual "quick
on and off" nozzles strapped onto the aircraft, as well as nozzles on
the carrier.

2. Thorough study be made of the material damage done to aircraft
by the washdown system and that steps be taken to decrease the possibil-
ity of such damage. For example, cockpit covers should be put on all
aircraft parked on the flight decks and small "quickly removable" covers
should be put on the front of the engine cowling of propellor-driven
aircraft. Further, ignition leads to the spark plugs should be made
more resistant to corrosion and the effects of water.

3. The following optimum procedures be tentatively selected to
decontaminate aircraft. They are based only on the decontamination
effectiveness and manpower results of this project and past experience
and do not take irtLo account the availabilitv of equipment or supplies.
The procedures follows

To decpntaminate an aircraft aboard a carrier
A. That has not been subjected to washdown

(1) Emergency period, to be ready for a strike.
a. First choice, 1 firehosing (fastest).

Second choice, 1 hot liquid jet washing (most effect-
ive),

(2) Operational period, a clean-tip for future operations.
a. First choice, 1 hot liquid jet washing (most effective).

Second choice, I firehosing (fastest).
b. Scrub with uetergent.

B. That has been subjected to washdown
(1) Operational period, a clean-up for future operations.

a. Scrub with detergent.
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To d2econteminate an aircraft on land (ashore)
A. That has been subjected to washdown or operational decontamin-

ation
(1) Industrial decontamination.

a. Scrub with Gunk.
b. Repeat scrubbing with Gunk until cleared.

B. That has not been subjected to any decontamination
(I) Industrial decontamination.

a. First choice, one hot-liquid-jet washing (most effect-
ive).
Second choice, one firehosing (fastest).

b. Scrub with Gunk.
c. Repeat scrubbing with Gunk until cleared.

4. The rate and efficiency of decontamination operations be
further studied and that work be done to develop decontamination methods
and equipment readily adaptable to the tactical situation. Two suggested
areas of effort are: (1) mechanical scrubbing equipment, and (2) dev-
elopment of more effective detergents.

5. A military exercise be planned and executed in which a carrier
with aircraft on the flight deck is contaminated at a weapons test and
reclaimed and put back into action using military personnel for most of
the work. This exercise should simulate conditions similar to actual
wartime conditions within the limits of radiological safety.

6. A training program based on the best current information be
organized to train the appropriate personnel to decontaminate aircraft.

7. A radiological recovery manual for aircraft be prepared.
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Chapter 6

SHIPBOARD INTERIOR CONTAMINATION
N. R. Wallace J. U. Sherwin
F. K. Kawahara J. V. Zaccor

The problem of radioactive contamination in the interior of two
ships subjected to fallout from a thermonuclear explosion was invest-
igated in three areas: ventilation cubicles in the No. 3 holds, mach-
inery space, and weatherside areas. One ship was equipped with a
washdown system; the other was not. Measurements were made of the aver-
age concentration of airborne particulate matter and of the radioactiv-
ity of deposited material in each of these areas. It was found that the
average airborne activity concentration in cubicles ventilated by un-
protected duct systems was on the order of 0.O2 percent of the average
weatherside concentration The paper filter and e)ectrostatic precipit-
ator ventilation protecti',e devices reduced this vaLe- still further.

Data are presented regarding deposition of activity inside ventil-
ation and boiler air ducts and on deek.

6.1 BACKGROUND

Few experiments have been performed to obtain information relat-
ing to the radiation hazard to per-onnel in below-deck spaces resulting
from an atomic or nuclear explosion. Operation Crossroads exposed a
number of ships to the base surge of an underwater atomic burst. Studies
of these ships yielded an estimated airborne activity level of 1 c/cu ft
of air at 1 minute after the shot (Reference 12). The USS CRITTE'DEN,
one of the ships present at Crossro&ds, was examined 1 1/2 years after
the shot for ventilation duct contamination (Reference 13). The activ-
ity which must have entered :.hp ventilation system at the time the base
surge reached the CRITTENDFi! was calculated to be abcut 370 c of beta.
Of this activity, 16n c was in a respirable particle size range (< 5 p).
No estimate was mnde of activity per cubic foot of air because this
ventilation system was not operated d'Lriig or after the test. Howew•,
it was stated that th- after engine room would have drawn in enough
active aerosol to immobilize and kill the occupents had the venti-at-ion
system been operating.

A theoretical treatment. nas been done on the potential h&azar' tc
personnel in boiler rooms from gamma radiation through boiler ni'r
su.pply dicts and from leakage of respirable material throLt•h boiler
casings. T1_ was concluded that in the case of no appreciable depositic"
inside the ducts, personnel combat effectiveness would not. Le reduced.
However, the gamma-radiation hazards might become serious if depositioi.
wer,- significant.

Similar tneoretical work has been done on the problem of contamin-
ated material carried into ventilated comurtients (Reference 14).
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Two cases were considered: Case 1, wherein all airborne activity settled
on the floor of the ventilated compartment, and Case 2, wherein all air-
borne activity moved through the space without deposition. This work &as

concerned with ship stay times in the cloud or base surge of the order
of minutes within minutes after the burst. Depending on the entrance
time, stay time and exit time from the cloud, below-decks doses would
range between 1 to 7 percent of topside doses for Case 1. It was c-'n-
cluded that inhalation ha-ard would have no immediate effeat on per-
sonnel for Case 2.

An effort has been made to simulate base surge conditions with
cobalt chloride as a simulant (Reference 15). It was found that cobalt
chloride concentrations at the vent terminals in the ventilated spaces
ranged from 15 percent of the weathersid- intake concentrations when the
fans operated, and to about 0.2 to 1 rercent when they did not.

Recently there was investigated a circumstance in which contarina-
tion was carried into the ventilation systems of the USS PATAPSGO,
which at the time of fallout was considerably outside the range of both

physical damage and base surge (Reference 16). Although the exact mag-

nitude of the fallout was not determined, a maximum reading of 4 rm/hr
was obtained with an AN/PDR-8 at H ý13 hr. The study was made with a

survey meter between 18 and 25 days after the shot was fired. At the

time of measurement, concentrations of 1 to 18 d/m/cu ft were found in
various ventilation ducts.

In general, pest efforts have indicated a need for more information

c. the behavior of ventilation and boiler air systems in perirtting
entrance to airborne contaminants. Operation Castle provided an oppor-

tunity to study the characteristics of a ship's interior contamination

in a region of fallout beyond the range of structural damage and base

surge.

6.2 OBJECTIVE

The purpose of this investigation was to determine the concentia-

tion and distribution of radioactive, airborne -r--ticulate matter in

shipboard ventilated spaces and firerooms res from a shio's ex-

posure to the fallout from a thermonuclear exT A-n. Since a radio-

active aerosol could contribute a signifiint proportion to the overall

personnel hazard aboard a ship beyond the range of jl&st damage, special

attention was given to: (1) evaluation of the following countermeaslr-3
for p:--tecting the ship's interior against the ingress of contamination:
washtiown ventilation duct protective devices, and fireroom vent clos-

ures; (2) time-of-arrival and intensity measurements of the radioactive

aerosols; (3) collectiori of data concerni-ng the deposition of radio-
active rnterinl in the test systems; and (4) existence of significant

ar-ma radiation fields originating frcn ventilation and boiler air ducts.

6.3 K1PEhIM:HFT DSIGNt

Two ships, the YAG 39 and YAG 40, were modifie.d as test. ships for
Pro.-,ect 6. 4 . The YAG 39 was equipped with a washdrwn system; the

YAG 40 was not. Connlete testing was planned on'y for the unprotected
shin.
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To accomplish the objectives of the project, design specifications
for the shipboard installations were dete-,npined so that features found
in combatant •bips were incorporated in the test ships, as well as suit-
able instrumentation. Pertinent features of the installations in the
ventilation and boiler spaces are discussed in the subsequent sections.

6.3.1 Ventilation Sraces. The site of the ventilation tests on
each ship wa3 the No. 3 hold between Frames 68 and 88. Here the ven-
tilation intakes were forward of the main superstructure where airborne
material would be unobstructed (Figure 6.1).

The between-deck space of' the No. 3 hold of the YAG 40 was divided
into six identical cubicles, 16 by 25 by, 10 feet. These compartments
were separated into two groups of thiee separated by a passageway along
the centerline. Each cubicle was complete with its own duct system and
watertight door opcaing on the passageway. A dockhouse, 33 by 20 by 8
feet was built on the main deck of each ship directly over the No. 3
hold. This deckhouse provided an enclosure for the ventilation intake
ducts which protruded through its top.

The YAG 39 arrangcment was identical to that of YAG 40, except
that only tes+ Cubicle Ii was built into tho between-deck space, aa
3hown in Figure 6.4.

After consultation with interested codes from BuShips and NRL
personmel who had previous experience in shipboard measurements of
airborne particulate matter, the following concepts were agreed upon:

(1) All systems would be designed and built according to Navy
specificetions for the volume of air they were intonded to carry. They
would provide Pedequate flow characteristics for volume of air measurement
and sampling. The nominal system capacity would be 1000 cfm.

(2) Elements common Naval systems would be included wherever
possible (see Appendix E). All systems would have the sama mushroom
head type of entrance.

(3) The systems were to be as closely alike as possible except for
one feature in each which was to be compared with a 1000 cfm "standard"
system. A ('•pl -,te of the standard systemr would be installed on the
YAG 39.

(4) The test situatioi,6 are given below. Their designation by
condition number is used th.x- ghout this report.

Conditions for YAG 40 et or Device Teste

I 2/3 speed fan operatioi, 670 cfm
II standard system, 1000 cfn
III fans off, no 1oosures
IV NRL precipitron, 1000 czm
V Wire mesh or standard Navy filter,

1000 cfm
VI ACC paper filter, 1000 cfm

Conditions for .G 39

IIA effect of topside washdown
1000 cfm
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Condition I, YAG 40, provided a test of the protection afforded
to a ventilated cubicle when the fan is operated at low speed. Larger
ventilation systems are frequently equipped with two-eseed fans which
can be adjusted to meet clinmtic conditions. To simulate the behavior
of a two-speed system operated at two-thirds of wximum flow, single-
speed AlDIW5 fans were built into the intake and exhaust ducts of
Condition I. Since these fans run on direct ciurrent, their speeds could
be adjusted to pass 670 cfm through the test cubicle.

Condition Ii, YAG 40, constituted the standard system and had the
two-fold purpose: (1) to provide basic information on the behavior
of a contaminant passing throigh a shipboard ventilation duct in a
region of fallout and (2) to act as a standard of comparison with sys-
tems protected with a radioacti-e aerosol countermeasure. It carried
the nominal 1000 cfm and was heavily instrumented.

Condition III, PMG 40. permitted study of the simple expedient of
turning off the fans to discourage interior ccntamination under radio-
active fallout conditions.

Condition IV, YAG 40, contained a Westinghouse precipitron mounted
in the duct near the weatherside intake. Since this electrostatic pre-
cipitator had to be mounted vertically and space within the deckhouse
did not permit such an arrangement, a small blister was built on top of
the deckhouse to enclose the unit, Figure 6.7. This structure was dup-
licated on YAG 39 to maintaixi topsidb similarity between the two ships.

Access to the precipitron for cleaning was available through a
watertight cover in the side of the blister and through a hatch to the
interior of the deckhouse below. The precipitron power pack, impulse
counter to determine frequency cf arcing, and the cumulative running
time meter were installed inside the deckhouse.

The right-angle turn made by the air exhausting from the precipitator
necessitated the addition of a post-filter (Farr type A4A4) beneath the
precipitator and ahead of the duct bend, to straighten the airflow through
the preclpitron. A similar pre-filter which normally accompanies the
unit was installed.

The total pressure drop through this air cleaning assembly was
sufficiently small (a'out 0.21 inches of water) that no major changes
were needed in the ductwork to maintain 1000 cfm.

Condition V, YAG 40, contained a single Farr type A4A4, open mesha
filter (2 by 22 11/16 by 23 5/8 inches) installed beneath the mushroom
intake, Figure 6.8B. Otherwise, it was identical to Conditlon II.

Condition VI, YAG 40, contained a pleated paper filter (Chemical
Corps Model E-19) mounted in a manner similar to that of the Farr filter
in Condition V, Figure 6.8A. The high pressure drop of this filter
(about 1 inch of water at 1000 cfm) necessitated an enlargement of the
intake duct diameter.

Condition IIA, YAG 39, was identical in relative position and
physical characteristics to Condition II, YAG 40. It was intended that
a possible air-cleaning action of the washdown water on YAG 39 could be
compared with the other protective devices on YAG 40.

For comparison among systems, it would be desirable to have all.
ducts identical in flowrate, shape, length, and diameter. However,
difficulties arose when attempts were made to meet these requirements.
The high-pressure _op of the paper filter in Condition VI obliged the
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diameter of the intake duct to be iicreased from 8 inches to 9 1/2
inches to maintain a flowrate of 1000 cfm; thus, the air velocity in
this duct was lower, instrumentation intensified the problem of maintain-
ing similarity. Each air sample taken from a duct necessitated, wherever
possible, inclusion upstream of a minimum length of straight duct 7 1/2
diameters of the sampler. This length of duct had to be included in all
the other systems, regardless of the presence or absence of a sampler.

Figures 6.2 through 6.8 show the components of the systems as

CONDITION I INTAKE

0 (0
CONDITION ZZ INTAKE CONDITION T. INTAKE

FRAME 82 FRAME 70 SHIP

FORWARD

CONDITION 2 INTAKE

CONDITION 1 INTAKEN O

CONDITION M INTAKE

1 2 3 4 5

FEET

Figure 6.2 Plan view of the top of the deckhouse on the
YAG 4O.

they were installed. Appendix E gives pertinent flow characteristics and
material details.

6.2.2 Boiler Systems. The existing boiler-air systems on the test
ships were in no way comparable to those on combatant ships, and although
extensive modifications were not feasible, similar minor modifications
were made on each. Special attention was given the boiler-air and gas
casiugs to the extent that all plates were straightened and new gaskets
installed giving, within normal boiler-making practice, air- and gas-
tight casings.

The principal similarity to combatant ships was a closed air sys-
tem, air intakes, and uptake space. Principal features of dissimilar-
ity to combatant-ship systems were low air capacity and velocity, type
and location of blower, and path of air from blower to boilers.

Figure 6.9 shows a schematic arrangement of the boiler systems.
The firing aisle lies between the two boilers at floor-plate level. The
engine and machinery space lay aft of the boilers. There were no parti-
tions between the fireroom and engine room.

For test purposes and, also, to insure a noncontaminated machinery
space for operating purposes, the air supply to the boilers was fully
enclosed, and all vents at the weather intakes were closed. Enclosure
of the air supply was accomplished by providing louvered air intakes
in the outer stack above the superstructure, closing the opening be-
tween the stack bonnet and outer stack, and realing all openings in the
boiler fidley through the superstructure to the top of the boiler space---
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where a deck was installed, forming a space above roughly comparable to
the uptake space on a combatant ship. The forced draft blower, located
at the lower level beside the starboard boiler, was enclosed in a sheet-
metal housing and an air duct was installed from the uptake space to the
forced-draft blower housing.

Total discharge from the forced-draft blower, whicb was unaltered,
was delivered to the space below the starboard boiler at the starboard

((" CONDITION M CONDITION U CONDITION I
F`XHAUST EXHAUST EXHAUST

H D

CONDITONCON DT"ON" "
CONDITION 31 qCNDTI CONDNTION 1 I

9 L,

CONUITION TINGCONDITION 5

FRAE OF 8' ,YV

CONDTIOIa ONDI .• ONITONTTCONDITIONN M

IEXHAUST
EXHAUST v EXHAUST

Figure 6.3 Plan view of the main deck level inside the
deckhouse un the YAG 40.
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Figure 6.4 Plan view of test cubicles in -che No- 3 hold
of the YAG 4o.

aft corner and thence to the burner-s at the front of the boiler and to
• .he space below the port boiler by a di~ct between the two boilers.

The principal instrumentation requirement r-ffectin*7 the system
design was the need for a s-raight du:ct section of 7 1112 diameters ahead .

nf the forced draft blower for sampoling and flow rate measurements.
Pertinent flow data are piven in Appendix R.

6.3.3 Data to be Obtained. Data were to be obtained not only

from the two test areas Ji:st discussed but also from the weatherside of
each ship. Obviously, informationi acquired in below-deck spauces woulAd
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TOP UPPER DECK CUBICLE

INTAKE FAN

,,, UPPER DECK .

I-STATIC TAP_

SECOND DECK

Figure 6.5 Elevation of a typical ventilation intake duct.

depend to a considerable extent on the type of radioactl',e fa]lout to
which the test vehicles were exposed.

Data considered partinent to the stdy of Interlor con'.amina*ion
were: (1) total activity carried Into the below-c.eck spaces tlirou:wh
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Figure 6.6 Elevation of typical exhaust duct.
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Fj.ýgxre u.'j Elevation oi the intake duct of Condition IV
nn Lho YAG 40.
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Figure 6.8 Elevation of weatherside intake ducts of
Conditions V and VI on the YAG 40.

the ventilation and boiler air eupply ducts and the fraction of this
activity that was again, exhausted to the atmosphere; (2) activity per
unit volume of air carried into below-deck spaces as a function of time
and activity per unit volume of air exhausted from the spaces as a
function of time; (3) activity per unit volume of air alove decks near
the weatherside supply intakes of the boiler air and ventilation ducts
as a function of time; (4) reduction of airborne activity concentrations
as a function of distance in passing through the boiler air and ventila-
tion supply ducts; (5) average particle size distributions of-the active
airborne particulates above decks and in the spaces below decks; (6)
radioactivity of deposited material in such specific areas as the inside
surfaces of air ducts and the interior surfaces of test spaces below
decks; and (7) contribution made to the total gamma field intensity in
the test spaces by activity deposits within the ducts and cubicles.

As a general rule, activity measurements within ducts or measure-
ments on samples taken from ducts were made by gamma counting. Measure-
ments made within the test spaces included counting both the beta and
gamma activities. This practice permitted comparison of activity levels
In various test areas on the basis of gamma counts without precluding
a subsequent estimate of the biological hazard from beta activity in
the cubicles.

6.4 INSTRUMENTATION

For convenience, each ship was divided into three separate areas of
investigation, because particular instruments and the kind of informtion
they provided were often peculiar to these areas. The separate areas
were: the test cubicles and their ventilation ducts; the machinery spaces
and the boiler air ducts; and the ship's weatherside. Operational dif-
ficulties made this separation more distinct in that intercomparison of

191

CONFIDENTIAL



OUTER---TO OFACK-O--SE

UPTAKE SPACE 

TPO OS

-~.---------BRIDGE DECK

-..-.-- BOAT DECK

-.-*----UPPER DECK

INTAKE DUCT-~

Y$

PORT BOILER

PORT WINDBOX

f INL

~YAG 40 ONLY

FLOORELAT 
STARBOARD BOILER

STARBOARD WINDBOX

Figure 6.9 Schematic of the boiler air systems on the

YAG 39 and YAG 40.
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data from the three areas was frequently compromised by the different
kinds of sampling or measurement bias associated with each.

6.4.i Measuring Devices. A continuous air sampler was designed
to collect particulate matter on a continuous filter strip to record
concentration of airborne activity with time. It basically constituted
a constant-flow, positive-displacement suction unit (Reference 17)
drawing air from the sampler case, which admitted air through the small
end of a diffuser cone placed Just ahead of the moving filter strip.
Wherever possible, the intake air velocity was isokinetic with res--ict
to the ambient airstream. The diffuser cone was lined with coppe- foil,
which could be removed and counted so that airborne material depositing
inside the cone could be accounted for in the analysis of the filter
strip.

The dimethylterephthalate (DMT) particle collector was used to
augment data on the average activity per unit volume of air. The sampler
consisted of a sampling head with a removable cylindrical intake 4 in.
in diameter and 4 in. long leading to the main body, which was tapered
conically to a standard 1-in. male pipe fitting. This in turn was
connected through standard pipe fittings to a constant volume auction
unit. The sublimable crystalline filter medium was packed in a fairly
tight disc-shaped planchet 4 in. in diameter and 3/8 in. thick. This
planchet was held between two screens of wire mesh (No. 100) to allow
free flow of air through the filter material and yet maintain its shape.
The power supply and sampling period was the same as for the continuous
air sampler.

The molecular filter particle collector was designed to obtain
samples for size frequency distribution measurements of active particles
and was eventually used to provide data on the average activity per unit
volume of air. This sampler was similar to the DMT sampler, except a
molecular filter was used in place of the planchet of DMT and a cylindrical
intake 0.56 in. long was substituted for the 4-in. one. In addition,
each station had two collecting heads with a volume sampling ratio of
30 to 1 controlled by a metering orifice built into the low-volume head.
The heads were mounted on opposite ends of a T-shaped pipe fitting
separated a distance of 21 to 22 in. The head assembly was positioned
at approximately a head level of 5- ft. when coupled directly to the.
constant vol,•e suction unit.

The duct sections were removable pieces (4 by 6 in.) of the ventila-
tion and boiler-air-supply ducting having a similar galvanized surface
and the same curvature as the ducts themselves. In the upper regions
of the boiler-air intake, where the walls of the ducts were flat, surface
samples (4 by 6 in.) were glued to the inside faces at specified intervals.
The duct sections were held tightly in place by a backing plate with a
cushion of foam rubber (Figure 6.10). Each of these sections had the
same surface area to facilitate comparison of activity counts. Those
sections provided data for estimating the external hazard in the vicinity
of the ducts due to deposition of activity along their inner surfaces
and for determining deposition patterns of particulate matter thrown
out by an airstream passing through the ducts. In addition, a comparison
of the duct sections from the stations located near the tips of the air-
sampler cones indicated, by the degree of uniformity in the activity
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deposited, the effect of gravity and'transitional flow at the elbow on the
representat-'Teness of the air-sampler collection at that point.

Multirecord temperature recorders were installed at a central
location on the two test ships. Temperature-sensitive resistance bulbs
were located at air-sampling stations throughout the firerooms, ventilated
cubicles, and above lecks.

Pressure-differential recorders were set up to record the static-
pressure differences in air ducts. Bellows-type diaphragms were used
as the pressure-sensitive elements in these recorders to eliminate the
influence of ship motion.

A record was also made of barometric pressure and humidity on the
YAG 40.

Detailed descriptions of the sampling devices are given in Appendix
D.

6.4.2 LIstallations in the Ventilation Systemsm The extent of the
installation of sampling devices in the ventilation systems of the test
ships is shown in Table 6.1.

The air samplers in the ventilation systems were installed on towers,

TABLE 6.1 INSTRUMENTATION IN VENTILATION CUBICLES(a)

Number of units

Sampling Devices YAG 40 { AG 39
Cond. I Cond.I Cond.III Cond.IVj Cond.V7 Cond.VI Cond.IIA

Air samplerscb) 2 5 1 1 1 1 2
(sampling from
air in cubicle)

Molecular filters(b) 1 1 1 1 1

Temperature recording I 1 1 1 1 1
elements

Flow recording 1 1 I 1 1
ins trufments

Gamma-time intensity 1 1 1 1 1
chambers 1

Duct sections 25 40 1 13 9 9 2

(a) Exact location of each air sampler and duct section with respect

to the duct from which it samples is given in Section 6.6.

(b) One suction unit attached to exch unit.

located at elbows, in such a manner that the cones projected upstreaS

past the elbow a minimum distance of one duct diameter to reduce the

effects of the elbow on the flow at the sampling point. The cones entered
the ducts through a rubber diaphragm made by stretching a section of

Innertube over the hole in the elbow (Figure 6.11).
Four adjustment bolts on the air-sampler mounting afforded a means

of aligning the axis of the cone with the axis of the duct. The cones

for all samplers were cut off to present the proper intake area for

lsokinetic sampling wherever sampling was from a moving airstream Where

sampling was from a large enclosed 8pace, cones were cut off to present

the maximum intake area and still retain the desired feature of channeling
the air against the moving filter-paper strip.
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Figure 6.11 Schematic of typical short type continuous
air-sampler installations.

The short sampler used throughout the ventilation system was designed
to occupy as little horizontal space as possible. The long runs of
ventilation ducting required for air straightening left little room
between the elbows and the bulkheads. Furthermore, it was necessary to
eliminate turns in the airstream once it had entered the cone to minimize
loss of particulate matter to the sides of the entrance cone. Consequently,
all continuous air samplers collecting from specific parts of the ducts
were mounted behind elbows.

Each cubicle contained at least one air sampler located at the first
elbow of the exhaust duct except the cubicle for Condition III, in which
the sampler was mounted off the deck near the center of the space. The
exhaust-duct samples were intended to act as indices of the airborne
particulate concentration in each cubicle The standard system contained
four samplers in the intake duct spaced behind the first and second elbows,
the fan, and the combination heater, in addition to the exhaust-duct
sampler. This arrangement permitted a thorough study of the change in
concentration of the airborne matter passing through the duct. Cubicles
for Condition IIA and Condition I each contained a sampler at the first
elbow of the intake d .ct, in addition to the exhaust duct sampler, for
comparison with the equivalent sampler in Condition II.

The suction units for the air samplers were distributed arbitrarily
in the cubicles commensurate with the requirement that they be within
10 ft (one hose length) of the air samplers they serviced.

Fach of the seven cdbicles contained one molecular filter holder
attached to and supported by its own siuction unit. These collectors
were placed near the centers of the cubicles to reduce possible distortion
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of the airborne particle populations near bulkheads, but their horizontal
axes were randomly oriented.

The center of each cubicle wa6 occupied by a gam time-intensity
detector. Duct sections in Conditions IIA and II were intended for
primry deposition measurements. Duct sections were placed in the other
systems for comparison with Condition II. Where duct section stations
occurred in straight runs of ducting, a minimum of two sections, one top
and one bottom, were placed diametrically opposite each other. In some
cases, as in Condition II, as mny as four sections were located at each
station to give a more-complete coverage of the inner surface of the
duct. Duct sections are shown as black rectangles in Figures 6.4, 6.5,
and 6.7, and exact locations with dimensions are given in Figures 6.15
and 6.16.

An air-sampler installed in the exhaust of one of the cubicles is
visible in the right background of Figure 6.12. Its suction unit and

1 :71

Figure 6.12 Typical air sampler and suction unit
arrangement.

that for a molecular filter collector also appear without their protective
covers. The center of the figure 16 occupied by a gsm time-intensity
detector. 4

6.4.7 Installations in Boiler Systems. Sampling of boiler air
and sampling, in the fireroom spaces presented difficult problems. The
high concentrations of flyash and general background dirt caused inordinate
filter loading. Since high ambient air temperatures handicap the opera-
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tion of electric motors and pumps, both suction units and continuous air
samplers were susceptible to damage by the fireroom temperatures.

Since sample recovery from the boiler-air auction units was planned
and because their locations were not dependent on those of the continuous
air samplers or molecular filters they serviced, all the units were grouped
together in a special refrigerated box aft of the forced draft blower in
the bottom level of the fireroom of each ship. li-in. galvanized pipe
ran from the refrigerated box to each air sampler and molecular filter
location. Since the suction unit adjusted automatically to variations
in pressure drop ahead of the pump, variations in length of intake pipe,
within reasonable limits, did not affect the rate of flow of air through
the sampler.

Suction units which pulled air through samplers located in the
boiler ducts exhausted the air into the duct downstream of the last
sampler; where the sampler was located in the fireroom, the sampled air
was exhausted back into the fireroom. These precautions were taken to
avoid interference with boiler casing air leakage since the suction units
were capable of pumping 60 cfm into the fireroom against a pressure drop
of 8 in. of mercury.

For the most part, continuous air-samplers were located throughout
the firerooms and boiler ducts in regions of unavoidably high temperatures.
Since individual refrigeration systems would make sample recovery too
slow under circumstances where speed was essential, the long-type air
samplers were designed around temperature-resistant components: glass-
wound motors, asbestos gaskets, silicone-rubber seals ard high-temperature
grease.

The lack of convenient bends in the boiler-air ducts required the
entire sampler be placed inside the duct to meet the conditions of a
straight sampling intake. The long, narrow case design presented a
minimum frontal area to the airstream. To simplify the construction of
these machines and the recovery of samples f7rom them, the long-type
sampler was used throughout the boiler systems.

Air-sampler locations in the boiler ducts and firerooms of TAG "39
and YAG 40 are shown with dotted lines at the various stations in
Figure 6.9. Starting at the first sampler upstream in the duct, the
following samplers are shown for the YAG 40:

1. Air sampler beneath fidley or uptake space: Body of the
sampler was in the fireroom above the port boiler. The cone protruded
vertically upward through the duct and turning vanes to collect a saxple
as the air entered the duct. The air temperature next to the sampler
was nearly 200°F under cloaed fireroom conditions.

2. Air sampler ahpad of forced draft blower or fan: Entire unit
was mounted centrally in tre duct with the axis of the cone parallel
with the axis of the duct. Access was obtalned through a panel on the
lower side of the duct just above the blower housing.

3. Air sampler in s+-rboard windbox: Sampler lay on the floor
of the vindbox beneath the floorplate level. The cone pointed upstream
"toward the fan housing. This unit was destroyed by salt water corrosion
after Shot 1 when the windbox became flooded

4. Air sampler in duct connecting boiler windboxes: jirrangement
was similar to Item 3 in that the sampler lay on its aide with the cone
pointing Lpstream.
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5. Air samplers at top of stack: Since the exhaust stack Vas
divided down the middle to provide a separate exhaust for each boiler,
two air samplers were stationed side by side at the top of the stack.
Both pointed vertically downward. Neither operated _-ltifantr!nryv andt
were abandoned after ,Shot 1 (see Appendix 1). The suction units for
these samplers were veatherside of the flying bridge.

6. Air sampler between boilers: Supported by a tower about 7j ft
off the floor plates of the firing aisle. The sampler was located
centrally between the tvo boilers and was the only unit which was intended
to collect a time differentiated sample from the fireroom.

Of the samplers described, only two were duplicated on YAG 39.
These were the sampler ahead of the blower and the one in the fireroom
between boilers.

All the units in the air ducts or collecting from the ducts on
YAG 40 were meant to determine the loss of airborne activity between
various sections of the boiler system which were instrumented, whereas
the samplers in the firerooms of both ships were primarily intended for
a determination of the airborne activity concentrations. The continuous
air sampler ahead of the blower in the intake duct of TAG 39 was installed
for a comparison of the washdown countermeasure with the unprotected
YAG 40 system.

One molecular filter particle collector was located in the boiler
room of each ship between the boilers about 1 ft from the air-sampler
towers. The sampling heads were oriented at random. These particle
collectors were to furnish samples for particle-size-distribution
studies but could also be used for estimating an average activity per
unit volume. of air. However, the filters loaded with flyash so rapidly
that flow rate through the sampling heads dropped almost to zero within
20 min after suction was started.

Duct sections were placed circumferentially at chosen locations
around the boiler-air-supply ducts of the two ships. Surface samples
were glued to the inside surfaces of the fidley spaces. No duct
section installations were made downstream of the forced-draft-blower
housing (see Figure 6.17 through 6.19).

6.4.4 Weatherside Tnetallations. Weatherside instrument locations
are shown in Figure 7.1. Primary interest lay in collecting samples
near the intakes to the various below-deck spaces. This objectivm was
compromised on TAG 39, where the Instruments were mounted on the king-
posts to avoid the vashdovn spray.

Three long-type air e-nrplers with normal temperature components
were modified for outside operation. These units were equ;Ipped with
tail fins and Divot mounts to keep them oriented into the wind. Two of
the samplers were mounted on TAG 40, one on the port side of the top of
the deckhouse over the No. 3 hold and the other on the starboard side
of the flying bridge forward of the stack. Flig're 6.13 shows the deck-
house sampler closed up for sampling with the intake cone, suction hose,
and power cable removed. Figure 6.14 depicts the same unit opened for
recovery or maintenance. Tts suction unit is visible in the background
and the sampler on the b-idge appears in the top center.

The third air sampler vas stat!oned on the port side of the No. 2
kngpost of YAr' ýQ.
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Figure 6.13 Typical weatherside continuous air-3ampler
installation.

There were three types of particle collectors located on the exterior
of the ships: molecular filters. DMT filters, and gummed or adhesive-
coated collectors (Reference 6). One molecular-filter assembly was mounted
near each weatherside air sampler. When the molecular filters were
installed, they were intended only for collecting particles for size
analysis and individual partlcle studies. Therefore, no effort was made
to orient them with the wind or to protect them from direct fallout.
It was later found that particle-size distributions could not be success--
fully derived from these samples. Furthermore, this method of exposing
the filters did not permit an estimate of the air sampled.

The two DMT collector heads were located on the top of the flying
bridge of YAG 40 within about 6 ft of each other. They were exposed
only to Shots 4 and 5, since they were attached to the two suction units
previously associated with the unseccessful attempt to collect a stack
exhaust sample. One DMT collector from each shot was used to obtain an
estimate of air above decks.

Gummed paper collectors, obtained from Project 2.5a in the field,
were also added to the interior c,)ntamination's veatherslde assemblage
of collectors after Snot 2. Three of these collectors were exposed on
Shot 4 and four were put out on Sho. 5.

20O

CONFIDENTIAL



Figure 6.14 View of weatherside -xir sampler opened for
recovery or maintenance

6.5 opgAriogs

Of the four shots in vhich the teat sh~p8 participated, only Shots

4., and 5 provided data for the study of interior contamination. No

sam:)IeB ware returned to NFPTL for ftnalys~e after Shot 1. Samples from

Shots 2, 41, and Sý arrived a 'TFT)L aboit. `% to '7 daYs after eac, !5hot.
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f,.�I. Instrumient TI-ing. Prior to the f!eld -perathn. it had
hoen planned that All power driven instrments world 'e started at S-?hr
nad that they would contirne operdtinw until S46 hr.

Since It was Intended to start all Instruments anually just before
debarkation, a master svitch panel was established on each ship In a
readily accessible area. The test areas in the No. 3 holds of both ships
were the site of the switch innels and recording instruments for each
ship, because these locations were close to most of the instruments and
were fairly uniform in temperature (about 800?). Power for sampling
instruments was derived from two 60-kw altermating-current diesel genera-
tors operated in parallel. The instruments were wired to the generators
through a single trunk line, which contained a timer-controlled circuit

-breake.r. -ALtbdOUWithW f-6 ers--vtyrr--a - 4-iMiLV-oi-N14- at ao-ut -- to
10-sec intervals to avoid a serious voltage drop at the generators, they
were stopped simultaneously when the breaker opened. This circumstance
caused a difference in the total time of operation between the first
and last started samplers of about 10 min. This difference was dis-
regarded in the treatment of the results.

The test-cubicle fans were connected to the generators through a
different circuit, which was not equipped with a timer for Shot 2. The
fans continued to operate until the generators ran out of fuel at an
estimated 4 hr after the instruments shut down. The instrnuments were
not started at S-2 hr, as planned, but at S-3½ hr.

Shot 2 operaition demonstrated that the 8 hr for which the timer
had been set was not sufficient for the instruments to span the entire
time of fallout. The heavily instr-mented TAG 40 was just beginning to
get significant fallout when the power operated instruments shut down.
On the two succeeding shots, the timer was set for a 24-nr instrument
running time. Times of instrument and fan operation relative to shot
time are given in Appendix E.

6.5.2 Modifications for Shots 2, .4, and . Except for the abandon-
ment of three air sampler stations after Shot 1, Shot 2 operations were
basically unchanged from the pretest plans. Two stationary filter heada
were put in place of the stack tip air samplers, but they loaded with
flyash and were torn during Shot 2.

Shot 4L oterationn included modifications to the extent of' reducing
air-sampler filter-paper tracking speeds to 'mke possible a 24-hr sus-
tained ri.n without exhausting the maximim of * ft of filter paper in
each machine. The two stationary filters at the top of the stack of the
YAG 40 were abandoned. and their suction "'nits were used with DMT filters.
Adhesive-coated fallout collectors were added to the veathersile 4 nstru-
mentatlon. In addition, a timer was inc-luded in Thu cublcl>-fan circuits
of YAG 40, which caused all fans except those of Condition I to shut
down within a short time after the samplers .3tr-pped.

In preoarinRi for Shot 5, there was nc+t -ufficient time to fully
instrurment the boilcr system6. No eurfa, 6amDles were placed in the

uptake spaces, and several air samplers in the boiler systems were
d1scontin'.ed for this shot.
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6.6 ANALYSIS AND RESULTS

Interpretation of much of the continuous-air-sampler data and all
of the duct section and surface-sample data depends markedly on the
location of the collector relative to the duct system. It is convenient
to define here the numbering system employed for identifying the sampling
stations for which data will be presented in the following sections.
Samples which were not taken from ducts and samples which are better
described without numbers will be treated separately.

Figures 6.15 and 6.16 show the locations of continuous air samplers
and duct sections in a typical ventilation duct. The presence of an air
sampler is indicated by a cone pointing upstream and oriented in the
same way as was the shipboard installation. Note that every air-sampler
station shown in the figures was not occupied by an air sampler in all
the test systems. Reference. is made to an air sampler or air-sampler
cone collecting from a ventilation duct as "air sampler Condition I -
Station 1, YAG I0."

Duct-section dimensions given in the figures measure from the
center of the duct sections. Where duct sections are labeled forward,
aft, starboard, or port, reference may be made to Figures 6.3 and 6.4
for the orientation of the duct at that sampling station.

Duct sections and surface samples in the boiler-air systems are
numbered consecutively. Locations and dimensions are given in Figures
6.17 through 6.19.

Each of the 24 millipore filters listed in Table 6.2 are numbered
according to the particle collector from which it was obtained. In
addition, a number indicating the particular shot was associated with
each sample. Thus, Sample 121-5 would be the molecular filter removed
from the high-flow side of the particle collector in the cubicle of
Condition I, YAG 40, after Shot 5.

All decay corrections applied to the data presented herein were
derived from the beta and gamma decay curves reported in Reference 7.
To promote ready comparison among the various types of collectors, all
radioactivity measurements were adjusted to the common time of S410 days.

6.6.1 Analytical Techniques. Special techniques and equipment were
developed to analyze the information from the tests in terms of time
distribution of airborne activity, average activity per unit volume of
a-r, and deposition of airborne material. Difficulties ifn analyzing the
continuous air-sampler filter-paper strips prevented quantitative results
of the time distribution of airborne activity; however, characteristics
of the faJ!out arrival are evident from a comparison of varJous records
of activity versus time. Because quantitative estimate of activity per
unit volume of air was not possible from the continuous air-sampler
record, the millipore and DMT filters served as the sources for determina-
tions of this quantity.

6.6.1.1 Time Distribution of Airborne Activity• Air-Sampler Graphs.
In investigating the time distribution of activity collected on the air-
sampler filter strips, it was necessary to design a counting mechanism
which would give a continuous record of the activity and have approximately
the same resolhtior as the sampler.

203

CONFIDENTIAL



8- "D

TOP OF HOUSE

D S. STATION I I
7

D6.S STATION 2_ D S ATIu 3-8"N2

AS -.ATION I

FA N

UPPER DECK

, I 4 5 • • .;, ,4 ,

if T~AT ON," 5

V, S T,'CN 3

Figure 6.15 Air samplez and duct section sampling

stations, Part 1.

204

CONFIDENTIAL



A 3 STATION 5 "-16 1--I I]
Dt

03

STAIO I? SAINI D TTO

. S-

s o -!6'a- 2t"-"6+ D FORW4RD

crsalpTIONtpitr CTATION I od S t

DS oi t
STATION 7 6'

TTON 6

Figure 6.16 Air sampler and duct sectioD .sampitrag

stations, Part 2.

The anlalyzi•°• eq(,ipmentk consisted of two shielded gamma scintilla-
lion crystal photom ittiplier iinits, each connected into a UDIR-9 scalar.

These scalar- in t-:,rn fed into two iate mettrs, the combined outputs of
which were recorded by in Esterline-Angits recorder. The two gamma
scintillation crystals were mounted side by side in a lir,e perpendicular

l the mot ion of the f•il•r- .. per strip and its protective cover and wer-,
shielded in 3-,ch a manner as to observe, directly oeueath them, n area
approxinately 6 in. wide aend 32 in. long. P ad•iitior, aft-r passing
lhrrl-wh thp gaimm coý.nter, the filtor strip and its cover were separstea
and each was fed throi•h a beta co'nting a-rangem-ent which em-.loYed &
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Figure u.18 Surface sample locations in the uptake
sp~ace of the YAG 4,0.
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Figure 6.19 Duct section locations in the boiler-air
systems of the YAG 39 and YAG 40.

TABLE 6.2 LOCATION OF PARTICLE COLLETORS AND
WLECIHnA FILTERS

Particle Collector High-?1o Low Flow
No. Millipore Millapore

Filter

VentilAtion Cubicles
Condition I, TAG 40 .12 1.21 12.2

Condotdon II, YAG 40 2 21 22
Condition III, TAG 1.0 3 1 1 32
Condition ilV, iAG 4 A 4 91 91
Condition V, TA•G 1W 5 51 52
Condition VI, TAG 40O 6 61 i 62

r•Onditiun IIA, TAG 39 1 11 12

Top of deckhou.xse, TAG 403 7 71 72$

Top of bridge, YAC 40 8 61 820

Between hollers, fireroon TAG 40 9 91 ý42

No. 2 kin~ost, TAG 39 10 101 I102
Between boilers, YAG 39 11 111 112
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gas flow proportional tube1 in place of a crystal to record the -um of
the beta activities on the exposed faces of the filter and its cover-
itrip. It was intended to eliminate beta absorption by counting both
the cover strip and filter paper with two beta proportional counter flow
chambers as the papers were unreeled. An additional machine for counting
and recording gamma only was used where beta activities were not of
interest. A block diagram of the counting set up my be seen in Figure
6.20.

Tests were run to determinr ,.e Waximum parer speed at which the

F 301403301 
AMP3Oi39

3TAF1 3TAF1 3TAR1 3TAF1
03T3M 03T3M fl3T3M 03T3M

e-flau e-sau e-scu e-Rou

!R3uqITJuMOTOtq S
1M0iTAjj~fiTI3Z AMMAD S

2J OT33T J30

WOJ•Tq0qP A]TMUOS

R3VOD0

R3qVO

Figure 6.20 Schematic of continuous air-saMler strip
analyzer.

rate meter could follow the s8 lar, and the rate meters were adjusted

to give a recorded reading on tte Esterline-Angus identical to the
counting rate of the scaler. A plot of the counting efficiency as a
functicn of position of activity on the filter strips was made to
determine the relationship between the recorded activity and the actual
activity.

In operation of the analyzing equipment, three major circumstances
contrived to reduce the value of the air-sampler data to a qualitative
status. It was difficult to determine which filter 9trips might have
intense hot spots in advance, so no special sequence Vb. selected to
preclude possible contamination of the counter. As a result of this,
plus the fact that the stri.ps were counted 9 to 16 days after their

1 Developed by the Nuclear Chemistry Branch at USNRDL.
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respective shots when most of them had decayed to an intensity corparable
to the background, it was not possible to dissociate background from the
plots of activity versus time. The background line attached to .-'ch
curve is considered an upper limit of the actual background in ea- -
Specifically, the shape ( f" the activity-versus-time curve below taI
background upper limit is indeterminate. The parts of each curve In this
area have not been removed in order that no suggestion of discontinuity
in the activity arrival would be implied.

The rate meters received their pulses from the fourth decade of the
scalar, which requires 103 counts to produce a single pulse in the rate
meter. Thus, the range of the instrument was set too high, and the
majority of the Esterline-Anguri traces from the filter strips were less
than 10 percent of full scale, except for an occasional hot spot. Finally,
a bad connection was discovered between one of the crystals and its
scalar long af4 er the strips had been counted and had decayed beyond all
further chances of repeating the analysis; a recheck of the rate meters
showed that the recorded Esterline-Angus readings were a peculiar
unanalyzable function of the memory of their PC circuitry for the
activity already passed beyond the range of detection by the crystal
and the subsequent activity then within the crystal's range.

A sharp increase in activity was evident at tne end of each graph.
The time interval over which this increase occurred was directly pro-
portional to the speed of the air-sampler filter strip and corresponded
roughly to the time required for the last turn of filter paper on the
take-up reel. Since this activity increase obviously resulted from
contamination of the outermost layer of filter paper during sample
recovery operations, the contaminated section has not been shown on the
gmaphs of activity versus time.

None of the curves obtained from the passage of the strips under
the beta probes has been included because the beta data were considered
unreliable. The gamma activity records (Figure 6.22 through 6.27) are
presented for comparison purposes only. They are not intended to be
quantitative. No graphs obtained from Shot 2 are included, because the
air samplers shut down shortly after fallout began.

6.6.1.2 Average Activity in Unit Volume of Air, Molecular and DMT
Filters. Attempts to measure particle size of the radioactive material
in the below-deck spaces failed, because of the low activity on the
molecular filters at the time the analysis began. Weatherside millipore
filters indicated the presence of various kinds and particulate sizes
of radioactive debris. In general, efforts to determine the size range
of the radioactive aerosol gaining entrance to the ships' interior pro-
du-;ed only the suggestion that the mean particle diameter was of the
order of 1 p or less.

The molecular filters were counted in a Geiger counter, a gamma
scintillation counter and a 41T-geometry ionization chamber. The last
measurement was to provide a correlation between the scintillation
counter and the ionization chamber for Uti counting of irregular geo-
metries such as cone liners.

The beta counting arrangement consisted of a Tracerlab Model
TCG-2 Geiger-Muller tube mou.nted in a lead castle. The scalar was an
IDL Model 161-G. All samples were counted on the second shelf, except
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Sample 102-4, which was corrected equivalent to a second shelf count.
Absorbers when used were placed on the absorber shelf. The millipore
filters were too large (9.0 cm diameter) to count in the beta counter
without being folded. Since folding would increase the already signifi-
cant self-absorption of the samples, smll circular pieces were cut from
the filters with a cork borer. These pieces were counted and the count
extrapolated to the area equivalent to a diameter of 9.0 cm. The pieces
counted varied in diameter from 0.453 cm to 2.13 cm. The smaller samples
were cut from the highly active millipore filters taken from the weather-
side stations. Since the ratios between the area of the full-size
molecular filters and the counted samples varied between 18 and 390, it
is possible that considerable error may have been introduced in adjusting
the counts to an area equivalent to the original filter. However, radio-
autographs indicated rather uniform dispersal of activity over the filter
faces. Unfortunately, the rapidly decaying samples did not allow time
for the counting multiple samples from a single filter.

By the time beta counting of molecular filters had begun, the
samples obtained from Shot 2 had decayed to background. As a result,
no estimates of average beta concentrations are included for Shot 2.

Gamma counts of the molecular filters were obtained by placing the
entire filter on the floor of a lead castle directly beneath the scintil-
lation crystal. These counts were for intercomparison among the molecular
filters and for comparison with other samples.

DMT filters were sublimed at reduced pressure, leaving a residue
of material that had been collected during the field sampling (Peference
18). The bulk of the residue was oil from the Shot 4 sample and soot or
flyash from tie Shot 5 collection.

The gamma ionization chamber used for counting these samples pre-
sented nearly a 4 geometry to the test tube containing the residue.
A tube of slightly larger diameter than the test tube extended into the
body of the ionization chamber so that the only direction not sensitive
to the sample's radiation was that of the entrance tube. Activity was
measured in millivolts. Since it was intended to compare the DMT filter
residue counting rate with the gamma count rates of the molecular filters,
the ganna ionization counter was calibrated against the gaLma scintilla-
tion counter. It was necessary to assume that fractionation was negligi-

ble within the vicinity of the YAG 40. Several molec,lar filters were
counted 'v both the ionIzation chamber and the scintillation counter so
that sci,,htillation c-urnts per second cou.La be plotted against millivolts
(Figure P.l4, Appenaix E).

Estimctes of the total volume of air drawn through the molecular
a., DMT filter, were made on the basis of the flow record taken from the
suction unit associated with each of the collections (see Appendix E).

6.6.1.3 Deposition of Airborne Material: Duct Sections and Cone
Liners. The scintillation gamma counter (Figure 6.21) referred to
above was composed of a shielded gamma scintIllation crystal photo-
multiplier unit connected to a UDR-9 scalaz The crystal could "Bee"
a circle 71 in. in diameter, which includec. !i the surface of the duct
sections. In tests to determine the countina efficiency as a function
of position, it was found that the efficiency fell off with distance

from the center to a m4n-:r n 65 percent of That at the center fur
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Figure 6.21 Scintillation gami counter.
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the extreme corners when the sample rested on the floor of the castle.

All duct sections and plates from the boiler-air intake were counted
at the laboratory 12 to 18 days after each shot. This delay yielded

relatively low readings on all samples, with the boiler-air plates being

very close to background. After all the samples were counted, values

were corriected for decay to a common date of S410 days for purposes of

comparison.
Each copper foil cone liner was rolled into a cylinder 3 in. long,

placed in a plastic test tube, and counted in the ionization ,hamber
described earlier. The resulting values in milli volts were transposed

into counts per minute by use of a calibration curve.
One cone liner, taken from the weatherside air sampler above the

deckhouse of YAG 40 after Shot 5, was divided into a number of small
pieces, each of which was counted under the Geiger tube; a plot was

made of activity versus position on the liner (see Appendix E).

6.6.2 Results of Measurements in the Ventilation Systems.

Measurements in the ventiIa'ion systems gave evidence on the concentra-
tion of airborne activity in them, the effectiveness of ventilation

coun- -rmeasures, and the extent to which airborne material was deposi ted

in the systems.

6.6.2.1 Concentration of Airborne Activity. Characteristics of

faloL:t arrival in Condition II, YAG 40, fcr Shots 4 and 5 may be seen
in Figures 6. 2Lý and 6.23. A gradual decrease in activity occurs between
Station 1, directly beneath the mushroom intake, and Station 5, in the
cubicle exha'.et. The shape of the curve of activity versus time is
maintaine! thrc',ghout the duct for both shots. The differences in time
ocacrrence cf q particilar activity peak at various locations in the duct

probably result frori irregular stretching of the filter strip during
sampling and analysis. The Fmoother appearance of the curves taken from
Stations 3 to 5 is caused by the slov- filter-paper speed in the samplers
at those stations (see Appendix E).

These' curves indicate that the concent-7tron of radioactivity in
the air did not change appreciabl-, during the •ip the air samplers
were operating, that is, until about midnight of the TAhat day. Decay
effects were significant durlng fallct., however, as may ½,e seen in the
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difference between a single curve cofrected to S410 days and corrected
point by point to time of arrival of activity (Figure E.7, Appendix E).

Total beta activities found on the molecular filters from the test
cubicles are given in Teble 6.3 for Shots 4 and 5. The separate count

TABrz 6.3 BETA COUNT RATES OF THE MOLECULAR MumTEs
IN TsE vTnATION SPACES FOR si4ATS 4 AND 5

Shot 4 ot 5
T"

0 0 0 0

.00 rc0

Cubicle M kooo M 0

0. $4 .. J0' 0 0) k 0 0 4)P

4 ,c ,-4 00

0 ~ HO0

Condition IIA, YAG 39 11 42.1 x 103 46.5 103 32.9 X 72.4 x

22 4.43 x 103 39.6 x 103 7 O1

Conditioa I, YAG 40 121 160 X 10 3 622 x 103
122 12.3 x 103 172 x 103 21.6 x io3 x

Condition II, YAG 40 21 143 x 103 159 x 103 49o x 103 517 x 10322 163 x 10 3  26.9 x 10 3

Condition III, YAG 40 31 107 x 1o3 1 54 x 103
32 6.97 x 10 3 114x103  257 x 13 48 x lO3

Condition IV, YAG 40 41 - 14.2 x 1o3 14.2 x io3

Condition V, YAG 40 51 239 x 103 245 x 1(,3 599 x 10 3  632 x 1o3

52 6.60 x 245 37.6 x 103

Condition VI, YAG 40 61 3.2 x 7.76 x 103 6.85 x 103 8.22 x 103
62 4 .6 x 103 1 .37 x 103

rates of the high-flow and low-flow filters are also included.
The gamma count rates of the same mol3cular filters, plus the gamma

count rates of molecular filters exposed during Shot 2, are presented
in Table 6.4.

Sample 42 is missing from the table, because the low-flow collecting
head of particle Collector 4 was damaged prior to Shot 2. Subsequently,
the low-flow head was closed off, and all the sampled air was drawn
through the high-flow head. Since the suction unit for particle Collector
4 failed during the run on Shot 2, not enough air was sampled to permit
the collecti.on of a measurable quantity of radioactive mE0terial.

Each of the suction units associated with molecular filter collectors
and continuous air samplers was equipped with a flow recorder. The air
drawn through each particle collector between the time of start of fall-
out and the time of pump shut off has been estimated on the basis of
•hese records (see Appendix E). With these values and the total beta
and gaýmm counts of the molecular filters, the average activity has been
derived, Table 6.5.

The average specific activity in the test cubicles for Shot 2 are
considerably higher than the corresponding values for the remaining two
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TABLE 6.4 GAJ.UA COUNT RATIES OF THE WOLECULAJ 'PILTh IN THE

VENTILATION GPACES FOR SHOTS 2, 4 AND 5

Shot 2 Shot 4 Shot 5

~•o

Hull 4o "-o
0 0

0 4 0 0 U

Codto IY•3 [035xl 0096 x 3 .8 0 o.8 x O .U

0H 00 'v 0 _C H

Cbc O x H03 0. a 0 U 0 0

0 0 U 0

Condition hA, YAG 39 121 03.41 x iO10.3617 x 103 1.28 X 103 1351 x 1 03 .903 x i03 6.56 x1012 0.019 x 103 0.072 x 103 0.465 x 103

Condition 1, YAG 0 121 3.01 x 103 .0 x 10 3S 1 . x 6 9
12 0.279 x i03 0.037 x iO3 0.6567 x 103

Condition I1, YAG 40 21 3.02 x 5 0 30.26 x 103 0.31 x13 2 x 103 O.96x 1o3

Condition 11, YAG 40 21 3.05 x 103 3.3 7 x 103 2 6xl3o .30 x i03

22 0,32-1 x 10
3  0.099 x 10

3 2.26 z. o.14oo x 1o
3 2.70 o

Condition 1110 YAG ~40 31 5.59 x 103 3 5.86 x io3  2 20 x 103 2.26 x 1lo3 5:37 3 5.64
32 0.270 x 10 004x13028xl356 o

Condition IN, YAG 40 41 0.327 x l03 0.326 x io3  - - 0.222 x 103 0.222 x10

Condition V. YAG 40 51 1.12 x 103 3 .1xl 3.317 x lo3 3I3 x 0 4.63 x i03
52 0.085 x i03  1.21 x 0.152 x 1o3 0332 x 0.369 x 103 5"00 x 103

Condition VI, YAG 40 61 0.370 x :103 O 117 x 1o3 O.128 x 1032 . 9 6 x 03 1 .3 7 x 1 0 3• 1 2O l 3. 1 7 5 x 1 03

62 ý.96 x 1 3 1 0.0034 x i10 * 0.047 - 13 0

TABLE 6.5 ACTIVE AEROSOL CONCEENTATIONS IN BELOW-DECKS
VENTILATION SPACES FOR THRE SHOTS

Shot 2 Snot 4 Silot 5

I6 m

0 0 0.0

Cubicle { -o.

Condition i 2.45 0.33 6. I.P5 x 1C
3  0.12 66.7 11.6 x 1C3

((,(Q0 CC-)

Couiditiu:•5 1 - 0..-2 15-5 1.Uo x 10j 0.26 54.2 9.38 x 103
( 1000 c:Ž')

Cordition !il 1.44 0.210 r. 1.05 , 103 o.49 41.9 7.26 x 103
(i : 0 ans) i

("_ndi k,)0.- - 0.010 1.16 O.2o x 103
(I rec ,i' ron

i f:s a 1la *,I n)

S0.. 4o3 0.0o x 103 0.42 53.2 9.21 x 103
"1 .. Olu IO. .... 0.135 x 1, (

I-! ii rl ..04 0.011 I.~ x.i103 0.01i

C.• O.ol x 10j 0.,j 5.:1 i.O1 x 103

-• '',efe ,n 't~es •'er, '.:e ., :.• : ::, :• : ,, ."n ': : ir nat "'ý .0 c.•ns 1) .q c -:is'ar,' ', o" 'r
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shots. There are two possible reanoni for this irregularity. First,
the sampling instruments shut down before the fallout reached maximum
intensity. Although the particle collectors had stopped drawing air
through the filters the filter faces were still exposed to material
thrown against themi by the intake duct diffusers and to airborne
particulate matter settling on them. Consequently, the quotient of
total counts per minute divided by total cubic feet of air sampled was
exaggerated. Secondly, the average activity derived for Shots 4 and 5
was estimated from the same ratio, but the total volume of air sampled
was much larger because of the longer sampling time. If the activity
concentrations were considermbly lower at later times than at the be-
ginning of fallout, the avFcage values for Shots 4 and 5 would be re-
duced from an average derived from a coll ection made over a period of
I or 2 hours from the beinning of fallout. The continuous air samples
do not support this latt',r possibility, and poor efficiencies during
Shot 2 of Conditions IV and VI (Table 6.6) favor the former mechanism.
inconsistencies are evident when a comparison is made of total activ-
ities in the cubicles for different shots (Tables 6.3 and 6.4); total
activity available to the collectors is not known, and time of complete
cessation of airborne activity in the cubicles is unknown. Therefore,
it is not possible to deduce the primary mechanism responsible for the dev-
iations of Shot 2 activity concentrations. While it is feasible to com-
pare cubicle activity concentrations for the same shot, a comparison of
activity concentrations in the same cubicle for Shots 2 and 4 or Shots
2 and 5 is uncertain.

6.Af6 Effectiveness of Ventilation Countermeasures. Figures 6.24
through 6.27 depict the relative occurrence of airborne activity in the
exhaust-duct samplers for Shots 4 and 5. Note the almost complete absenc,
of the 1430 activity peak for Shot 5 in all but Conditions II and V.
This peak is characteristic of all the Condition II stations (Figure 6.23).
Reference to Figure 6.27 a comparison of Station 1 activity levels in
Conditions I, II (YAG 40ý and G"ndition IIA (YAG 39) indicates that a
small 1430 peak occurs in Condiion I.

It is also interesting that the concentration of activity in
Conditions V and VI, YAG 40, slowly increases with time for Shot 5.

An evaluation of the various geometries and protective mechenisms
can be made from the results in Table 6.5. Condition II, the unprotected
1,000 cfm system on YAG 40, was the standard against which the other
systems were compared. In Table 6.6, the average beta and gamma count
rates for Condition II have been normalized to 1.0, thereby allowing the
average values of activity in the other test conditions to be presented
in terms of percentages of Condition II values.

A comparison is not made between Condition II. YAG 40, and Condition
IIA, YAG 39, the washdown countermeasure. Although the two ships were
close together during the Shot 4 and Shot 5 tests, there is evidence
that there were significant differences in total exposure of the ships
to fallout.

It is evident that the airborne radioactivity in Condition II,
YAG 40, is characteristically less than that in Conditions I, III and V.

lFans continued to run for some time after instruments shut off during
Shot 2.
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Figure 6.26 Comparison of Station 1 activity concentrations
at Shot 4- as a function of time at 8510 days for
Conditions I, II, IIA.

The excess of continuous air sampler cones in the duct elbows must have
themselves constituted the third best countermeasure against the ingress
of airborne activity. In general, no significant reduction in the con-
centration of airborne activity was obtained by reducing the flow rate
or by introducing a coarse-screen filter into the ventilation duct
system. It is not known to what extent the particle sizes of the airborne
material and the shape of the duct intakes influenced this result.

6.6.2.3 Deposition of Airbprne Material. Results of activity
measurements on the cone liners are given in Table 6.7. Values are
presented in terms of gamma counts per minute, at S / 10 days. There
is not sufficient accuracy in the significant figures to warrant a
comparison among the test cubicles for evaluating the countermeasures.
The more important circumstance is that the mechanism of deposition
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Figure 6.27 Comparison of Station 1 activity concentrations
at Shot 5 as a function of time at S410 days for

Conditions I, II, and IIA.

inside the cone is too uncertain to allow a comparison among cone liners
without a knowledge of the quantitative collection made by the correspond-

ing air-sampler filter strips.
Data are presented in the bar graphs, Figures 6.28 through 6.34, for d

the duct sections taken from the ventilation ducts. Station nuuber's-
(Figures 6.15 and 6.16) are reproduced along the bottom of each chart

and again at the top beneath a schematic line drawing of the particular
duct system. This method permits an approximate visual relationship
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TABLE 6.6 COMPARISON OF AEROsOL Co0CENTRATIONs
IN TE TEST CUBICLES FOR THREE SHOTS

Shot 2 Shot 4 Shot 5

0

H H

Cubicle 8 0 0

U 8., 8 ,

Condition I, YAG 40 44% 150% I17% 257% 123%

Condition I4, YAC 40 100% 100% 100% 100% O100

Condition III, YAG 40 135% 91% 63% 175% 77%

Condition IV, YAG 40 7.6% - - 6.4% 2.1%

Condition V, YAG 40 27% 118% 125% 150% 98%

Condition VW, YAG 40 37% 5.0% 4.7% 6.1% 1.4%

TABLE 6.7 GAMMA COUNTS OF CONE LINERS IN VENTITLATION SYSTEMS FOR THREE SHOTS

Shot 2 Shot 4 Shot 5

Location of Cone Liner from Air Overall Length y Counts per y Counts per I Counts per
Sampler of Cone liner minute at minute at minute at

(in.) SýlO days S10 days S$I0 days

Station 1 Condition IIA, YAG 39 29.5 0.110 x 103 0.419 x I13 2.84 x l03
Station 5 Condition IIA, YAG 39 29.5 0.027 x 1 2.61 x l0o 0.270 x 1Q

Station 1 Condition I, YAG 40 27.5 1.35 x 10? o.623 x IO3  6.94 x 10
Station 5 Condition I, YAG 40 27.5 0.525 x 193  0.366x " .21 x 303
Station 1 Condition II, YAG 40 29.5 3.84 x 10- 1.39 x JO• 8.94 x 103
Station 2 Condition II, YAG 40 29.5 3.84 X l03 1.38x 103 7.64 x io3
Station 3 Condition II, YAG 40 25 1.03 x 103 0.458 x 103 5.10 x 10
Station 4 Condition II, YAG 40 29.5 8.85 x 103 0.685 x 103 5.39 x 103
Station 5 Condition II, YAG 40 29.5 1.49 x 103 3 0.189 x IO3  3.21 x 103
In Iubicle Condition III, YAG 40 4 (cone stub)0.747 x 10 1 0.259 x 103 0.871 x IQ3

Station 5 Condition IV, YAG 40 29.5 [ 0.804x Ij3 0.259 x 1O3 3.43 x 10-"
Station 1 Condition V, 'LAG 40 29.5 1.29 10 0.530 x 103 2.62 x I03

Station ) Condition VI, YAG 40 29.5 2.03 x 103 0.325 x 103 7.13 x 103

bPtween each measurement and its location in the duct. The counting
rates shown in the figures apply to a contaminated area 4 by 6 inchebi."

In some instances where an individual ventl~ation-duct section has
a very high counting rate compared to its immediate neighbors (particular-
ly the bottom duct section, Station 2, Condition II, YAG 40, Shot 4), the
circumstance may be attributed to liquid runoff leaving an active denosit
behind.

As a rule, activity levels of deposited material do not decrease
appreciably from the entrance to the exit of each complete duct system.
An increase in deposited activity is evident in most. of the grsahs near
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Figure 6.28 Duct section activities at Sf10 days for

three shots, Condition I, YAG 40.

the region of the supply duct wye branches.

6.6,3 Results of Measurements in Boilt ems. Measure,,ents in
the boiler systems yielded values for the concentration of airborne activ-
ity there, as well as for the amounts of airborne material depositea

6_J•IX_ Concentration of Airborne Activity. Only three charts of
activity versus time (Figure 6.35) were obtained from the boiler systems
of the ships, and all were from Shot 4. From the curves, activity con-
centrations in the fireroom of YAG 40 appear negligible. The unusual
apparent increase in activity after 1300 for the YAG 39 situation is not
interrretable, since data obtained from the other instruments are not con-
sistent with such an increase. This irregularity may have occurred in
the analysis of the filter strip.

Average activity per unit volume of air was obtained from the station-
ary filters, as was done in the ventilation systems. Results are given
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Figure 6.32 Duct section Activities at S10 days for
three shots, Condition V, YAG 40.

in Tables 6.8 through 6.10. The derivation of total volume of airflow
through the filters is given in Appendix E.

Prior to Shot 4, the flow rate through the particle collectors in
the firerooms had been reduced from IC cfm to atout 2 cfm to avoid ex-
cessive filter loading. This measure was not successful. The values
given in 16ble 6.9 for the results of beta and gamia counts of the molec-
ular filters ior Shots 4 and 5 are of little significance to air sampling
results, since the flow rates were too low to be measured. The data
presented in Table 6.10 are d.priv'd from molecular filtern for Shot 2 and
from stationary continuous air sampler filters for Shot 5.

6,6,3_-3.2 Deposition of Airborne Material. The gamin counting
rates of duct sections and surface samples taken from the boiler-air
systems of YAG 39 and YAG 40 appear in Table 6.1). A dashed line in-
dicates the sample was lost in handling. 'iee Figures 6.17 through 6.19
for identification of the duct-section locdtions.

Values of activity deDosited on the inside surfaces of cone liners
taken from the boiler systems are given in Table 6.12.

,.4 Re__ts of Wetherside Mesuremento. Values for both the
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Figure 6.33 Duct section activities at SM days for
three shots, Condition VI, YAM 40.

T-iz 6.8 BzTA COUm RAm or ToE m.CLARt FmLs
IN THE 7IREROOS FOR SHOTS 4 AND 5

Shot 4 Shot 5

I0
0 0 4.. 0 0 0

4. 81 1 ,_. 11 41
SU 8 z J

40 41

U " 9 0 .

0) 0d~- 01 ~ ' C
000 00-1 V 0

Fireroom, YAG 40 ')1 11.7 x 10 19.2 x 1o3 4.79 x 103 9.24 x 103
92 7.46 x j03  4.45 x lo3

Fireroom, YAG 39 111 8.149 x 103 12.' x 10 3  528 x 10 3  564 x 103
112 4.25 x 103 35.7 x lo3
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Figure 6.34 Duct section activities at M1lO days for
three shots, Condition IIA, YAG 39.

TABLE 6.9 GAMA COUWr RATES OP THE ONL AR FILTES
IN "M FIREP0MIS MFR TER SHOT

Shot 2 Shot 4 Shot 5

000

a o 0 1 N,

0 i 0> >

41. 8 9 0

Fireroor., YAG 40 91 1.79) x 103 3.15 0.222 x i03O.•2x3 0.0078 x 130.033 O
92 1.35 x 103 3 15 03 0.230 x 1o30.42x3 0.00•7 x i03O01x10

I~ierom, AG 9 11 .914 x0 3  .63 ~ o3 0.226 x l03 O.142o x i03 3.16 x 103•o12 0.3020" x130 0 0.19 x 10 0.188 0 Z x 0 3

Fireroomn, YAG 40 22C(& 1.65 x 40

Fireroom YAG 39 2 5 C(b 2.43 x lo

(a) 22C is a total sample taken from a continuous air sampler at the same location as Particle Collector 9.
= Since the strip of filter paper did not move, sample count is eqUivalent to a molecular filter count.

S(b) For the same reason 25C is equivalent to a molecular filter at Particle Collector Ii.
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Figure 6.35 Activity concentrations in the boiler air
systems of the YAG 39 and YAG 40 as a function of time
at SfI0 days, Shot 4.

TABLE 6.110 ACTIVE AERCWOL CONCE117MATIONS INI THE
FIlZOS FOR SHOT'S 2 AND 5

Location 7 .m/'fit
3 

of air at ! c/m/f1t
3  of air at

S--0 days +1O days

Fireroorn, YAG 1X 0,0 2.6

Fireroom, YAGJ9 i.i.
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TABLE 6.11 GAJUA ACT1vITI3S OF BOILE AIR MX71 3_-CT'T S
AND SURFACE SAMPLES FOR THREE SHOTS AT 810 DAYSL')

Shot 2 Shot 4 Shot 5

Duct YAG 39 YAG 4o YAG 39 YAG 40 YAG 39 YAG 4o
Section Y c/m at 7 c/m at Y c/m at 7 c/I at 7 c/r at Y c/m at

No. S+10 days S+10 days S+LO days S+10 days S+0 days S3I0 days

1 N --- 0.77 x 10 3  1.03 x 10 3  N N
2 0 4.04 x 103  0.48 x 103  --- 0 0
3 N --- 0.25 x 10 3  o.93 x 10 3  N N
4 E 7.14 x 103  0.34 x 10 3  2.95 x 10 3  E E
5 0.23 x io3 0.52 x 103
6 4.21 x 'o3 0.13 x L03 1.23 x 1O3
7 2.86 x 103 0.18 x 103 0.73 x 103
8 2.93 x 103 2.29 x 10 3

9 N 5.95 x 10 3  --- 1.12 x 10 3  N N
10 0 0.31 x 10 3  --- 0 0
11 N 2.93 x103  0.14"x10 3  N N
12 E 5.42 x 103  0.92 x 10 3  0.75 x 10 3  E E
13 1.19 x 103 --- 0.35 x 103
14 --- 0.74 x 1O3
15 1.27 x 103  0.083 x 1o3  o.66 x io3
16 -- o0.88 x 103

17 bkg 0.98 x 103 0.056 x 103 0.39 x 1o3 0.12 x IC 3  1.25 x 0o3
18 0.12 x 1o3 6.90 x 103 0.12 x 103 0.37 x lo3  1.30 x 103 o.5o x 103
19 okg 1.01 x 1C3  0.092 x 103 0.50 x 103 1.62 x 103 1.41 x io3
20 o.oo6 x 1o3 0.11 X 103  o.o6o x 103 1.09 x 103 o.14, x 103 0.98 x 10•
21 bkg 0.63 x 103 0.369 x 10 3  0.18 x 103 o.13 x 103 0,67 x 10
22 --- 4.02 x 103  0.O89 x 10 3  0.33 x 103 --- 1.58 x 10 3

23 0.007 x to3  0.75 x 103 0.07'5 x 103 0.49 x 103  0.42 x 103 0.92 x 10324 bkg 0.93 x 103  0.27 x 103 0.31 x 103 o.44 x 103 0.75 x 103

25 bkg bkg 0.055 x 103 --- 0.14 x 10 3  1.17 x 103
26 bkg 3 0.20 x 103 0.052 x 1S3  0.37 x 103 0.17 x 103 0.72 x io3
27 0.18 x 103  o.46 x 103 0.11 x 1i• 0.27 x 103 0.29 x 1o3 0.76 x 103
28 0.032 x 103 0.11 x 103 0.09) x 103 0.16 x 103 0.11 x 103 ---

29 0 kg o.88 x 103 0.049 x 103 0.79 x 103 0.077 x 103 2.40 x 103
30 0.O11 x 103 0.71 x 103 0.0"20 X Iý3 1.62 . 103 0.032 . 103 6.92 x I0)3

31 bkg 0.1 1x 'O 2.22 x 03 2.49 x 103
32 0.11 x 3 0.86 x 103 0.081 x 10- 0.)3 x 103 0.13 x 103  1.60 x 103
33 0.005 x 10 0.70 x 1 0.094 x 103  0.72 x 103 0.16 x Io3 1.41 x 103
34 0.011 x 103 0.86 x I0 3  O.OO4 x 103 0.7T x 103 0.15 x 1o3  1.93 x 103
35 bkg 0.71 x 103 0.026 x 1 0.75 x 100 0.096 x 1 3 0.70 x 03

36 o.63 x 103 0.026 x 1o3  0.64 x 103 0.12 x lO 1.2) x 103

37 bkg 1.37 x 103 0.C6) x 1Q3  1.21 x 103 0.13 x 103 u.40 x 103
38 0.031 x 103 0. ,8 x 103 j.-I x 109 0.71 x 103 2.20 x 103 8.63 x 103

39 0.01( x 103 1.73 x 103  0.10 x o03 0.74 x 0 0.40 x t03  o.1; x 0o3

40 bkg 0.1 x 103 L 0.o05 x tO 0.o x O 1.5' x 3.'0 x 103

(a) Count rates given are for 4 -by-b-in. collecting surfaces.

concentration of airborne activity and the deposition of airborne mater-
ial were obtained from weatherside measurements.

6j6 -_Conentration of Airborne Activity. Three records of ac-

tivity versus time shown in Figure 6.36 were obtained from weatherside sta-
tions from Shots 4 and 5. The sampler on top of the bridge, YAG 40, never
orerated successfully. The records shown are from the other two stations.
The peak values of gamma activity shown on the curves are in much smaller
ratio to corresponding peaks in the ventilation systems than are the
above- and below-decks molecular filter count ratios. It is expected
that the smaller ratios found from the curves result from greater loss
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Figure 6.36 Weatherside activity concentration on the
YAG 39 and YAG 40 as a function of time at Sl0 dayb,
Shots 4 and 5.

of activity to the cone liners above decks than occurred below decks.
Although the time of washdown spray operation is indicated for the

YAG 39 sampler, it is suspected that the increase of activity after the

washdown stopped is coincidental, because the sampler was mounted above

the washdown snray. Differences in fallout arrival between the YAG 39 and
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TABIs 6.12 OAMAA CUrNT RA2S FOR CONE LINERS IN
BOILER SYSTEM FOR THREE SEOTS AT S410 DAYS

T Shot 2 Shot 4 Shot 5

Cone liner from air Overall length 7 c/r 7 c/m 7 c/m
sampler located at: of cone liner

(in.)

Beneath fidley space 25 O.96Ox1O 3  O.458x'0 3

Firerooa, YAG 40

Ahead of forced draft 24 1.89x10 3  o.4, )xlO3

Blower-boiler air duct,
YAG 40

In duct ahead of port 26 5.49x103  o.166xl0 3

windbox, YAG 40

Between boilers above 4 O.885x0 3  O. 8 1OxlO3 1.74x'03

firing aisle (cone stub)
Fireroom, YAG 40

Ahead of forced draft 23 0.6-(0:lO3 -
draft blower-boiler
air duct, YAG 39

Between boilers above 4 O.031x10 3 o.464xi03 O.277xlO3

firing aisle (cone stub)
Fireroom, YAG 39

YAG 40 for Shot 4 are represented in 'r coirarlson of the two plots of
weatherside activity versus time for Shot 4.

In previous sections, the molecular filters have been treated as
indices of the active aerosol concentrations at the locations where they
were installed. However, above decks---where the oen, unprotected filter
faces were subject to damage by the wind and rain and where fallout mat-
erial could deposit on them regi.rdless of the flow rates through the
filters---it was believed that the DMT filter material, partially pro-
tected by a 4-inch-diameter cylindrical intake, would afford a better
relation between activity collected and the total volume of air sampled.

DMT filter sample count rate at S/10 days was 5.82 x 106 c/m for
Shot 4 and 13.2 x 106 c/m for Shot 5. It was found that the exposed
screen holding the DMfT needles in place had roughly the same activity
as the filter material itself; therefore, the best estimate of the total
activity drawn in by the sampler for the two shots at S / 10 davs is:
Shot 4, 11.6 x 106 c/m; Shot 5, 2.6 x 107 c/m.

The average gamma activity per cubic foot of air above decks on
YAG 40 for Shots 4 and 5 becomes 1.15 x 103 c/i/cu ft and 2.6 x 103
c/m/cu ft, respectively. These values are averaged between time of start
of fallout and time of sampler shutdown.

No direct estimate is available for YAG 39. since no DrT filters
were mounted on that ship.

,6_,4.2 Depositionqf Airborne Material, Results of beta and
gamma counts of the weatherside molecular filters are given in Table 6.13.

The adhesive-coated papers were rolled into the shape of a cylinder
3 inches long and counted ki the 4 i ionization chamber. The results are
expressed in Table 6.14.
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TABLE 6.13 BETA AND GAMMA CCWINT RATES OF THE WnA•ERSIDE
MOLECULAR FILTERS FOR SHOTS 2, 4, AND 5 AT SWIO DAYS

Shot 2 Shot 4 Shot 5

'-4. -. , '-4
A o

To cf as i01 1.Q u 09 4.1x10.1 x 10 1.6410 .2 0

U 0 0

P, -0 -. 4) -.

Shot 0

Loaino rentatio YA 92 YG4 A 9YGh

Top of deckhouse 71 9.74 x 104 2.42 x lo6  4 x 107 l2.67 x ) (6 3.0 X/108
YAG 40 72 5.1 x i07  -- 1.59 x 107  1& 6610

Top of bridge 81 6.2 x 107rot - -0
YAo 40 82 1.47 x 105 6.56 x 105 2.54 x 161

Top 39 fas 102 1.48 X 2 46 x l6 2.1x 10 8 1.06 x 1o .2x 1

To" or Xt 101 2 4.651• 2.4ex 6.43 x 1076 385 x 10)

TABLE 6.14 SURACE ACTIVITIES OF ADHES lYE-COATE pApERS

FOR SHOTS 4 AND 5 AT S+10 DAYS

_________ _________snot 4 Shot 5

Location of Orientation YAG 39 YAC 40 YAG 39 YAG 40
Sample of' Sample (Y c/M/ft2) (7 c/mn/ft 2 ) (Y c/rn/ft 2 ) (Y c/rn/I~t2 )

No. 1 kingp,Tost horizontal -- 1.42 x 10'1-
surface 1,acing

upowards

It is interesting to compare the results of the adhesive-coated

fallout collectors with the activities found on the weatherside molecular
filters (Table 6.15), where the latter are treated as surface fanectors

and the existence of airflow through the filters is disregeaded,
The molecular filters are of an order of' magnitude of 10 less than

the adhesive-coated papers. Rain and wind following Shots 4 and 5
evidently washed uch of the active material off the filters, in addition
to tearing them badly.

There is little doubt that the better retention characteristics of
the idhesive-coa utre surfgces contribted a great deal to the increased
total count ofrs with ths ac over the molecular filters.

Results of analyses of cone liners taken from weatherside air
s Tmplers are given in Table 6.16.
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TABLE 6.15 SURFACE ACTIVITIES OF WEATHERSIDE
MOLECULAR FLTERS FOR SHOTS 4 AiD 5

Sample No. Location Shot 4 Shot 52s~p, o. Loaton(Y c/m/ft c/)f

71 Top of deckhouse, 3.5 x 106 3.9 x 106

YAG 40

72 Top of deckhouse; 2.3 x 107

YAG 40, facing
1800 from Sample 71

81 Top of bridge,
YAG 40

82 Top of bridge, 8.9 x 105

YAG 40, facing
18o0 from Sample 81

101 No. 2 kingpostYAO 39 6.7 x 10 1.5 x 106

102 No. 2 kingpost,YAG 39, 2.2 x 106 9.3 x 106

facing 1800 .rom
Sample 101

TABLE 6.16 GAMMA COUNT RATES FOR WEATHSIDE
CONE LINERS FOR THREE SHOTS AT S40 DAYS

th Shot 2 Shot 4 Shot 5
Location of Cone Overall Length younts yeounts Ycounta
Liner from Air of Cone Liner per mn. per mn. per ain.

Sampler _

Top of Deckhouse, 29.5 1.86 x 106 2.42 x io5 1.33 x 107
TAG 40

T-p of Bridge, 29.5 6.66 x 106 - 2.13 x 107
YAG 40

No. 2 Kinpnost, 29.5 - 4.03 x 105 2.S8 x 107

YAG 39

6.7 DISCUSSION

6.7.1 Comparipon of Activity Concentrations. Considering the DMT
filter results to represent tLe activity above decks and the molecular filter
results to represent the activity in each of the below-decks cubicles, a

correlation can be made of the comparative reduction in activity for the
three test areas on YAG 40.

Table 6.17 gives the average activity concentration in each cubicle
as a fraction of the weatherside concentration.

Most of the larger particles or droplets were screened out when the

air entered the mushroom ventilation intake. Either they fell past the

intake or they were deposited inside the head by the cyclone action of
the airstream. The reduction factor given for the fireroom, YAG 40, is
considerably larger than is reasonable, judging from a comparison of
duct section activities in boiler-air and ventilation ducts and from a

comparison of the count rates for the cone lines taken from air samplers
in the two firerooms and in Condition 1l1, YAG 40. In general, there is
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TABLE 6.17 RATIOS O OGAWA ACTIVITY C0xEn-TIuNs

BELOW AND ABOVE DECKS FOR SHOTS 4 AND 5

Shot 4 Shot 5

Tests Fraction of Average Fraction of Average
7 c/r/ft 3 of Air 7 c/m/ft 3 3f Air
Gaining Access to Gaining Access to

the Space the Space

Condition I, YAG 40 2.87 x 10-4 2.77 x 10"4

Condition II, YAC 40 1.91 x 10-4 1.08 x 10-4

Condition III, YAG 40 1.74 x 10"o 1.88 x 10-4

Condition IV, YAG 40 0.69 x 10-5

Condition V, YAG 40 2.26 x 10o" 1.62 X i0"4

Condition VI, YAG 40 o.96 x 10-5 0.65 x 10-5

Fireroom, YAG 40 x 10-3

too little information pertaining to activity concentrations in the
boiler-air system to permit an adequate comparison with the ventilation
and weatherside test areas.

An order-of-magnitude estimate can be made of the activity reduction
fro-i the weatherside activity levels based upon cone-liner comparisons.

Average cone-liner activity below decks on YAG 40 is taken as the
arithmetic average for the Stttion 5 cone liners in Conditions I, II, UY,
V, and VI. Above decks, the arithmetic average of the cone liners is
taken off those on top of the deckhouse and on the bridge deck. The
YAG 39 instrument situation allows only a ratio between the liners from
Station 5, Condition IIA, and the liner from the No. 2 kingpost to be
derived. Agreement is good between Table 6.17 and Table 6.18 except
for Shot 4 in tne latter.

6.7.2 Samnling Conditions. It has been observed that flyasb in
the fireroom and in the boiler-air systems interferred considerably with
the collection of airborne particulate matter. Flyash, not temperature,
was the major threat to the acquisition of a good sample of airborne radio-
active matter in this area of investigation.

TABLE 6.18 RATIo o ACTIVITY c COwFm!ArAOn BELOW AiD
ABOVE DZCXS BASED 01 COME-LrNER DATA FOR THREE SHOTS

Shot 2 Shot 4i Shot 5

Ratio of average Ratio of average Ratio of average
cone liner 7 cone liner 7 cone liner 7
activity at activity at activity at
Station 5 to Station 5 to Station 5 to
average cone liner average cone liner averaCe cone liner
7 activity on deck 7 activity on deck 7 activity on deck

YA, 40 2.89 X 10-4 1.38 x 10- 3  2.38 x 10-

YAM, 3) 0.5 x 10-3 1.05 x 10-5
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Although quantities of oil and flyash were not absent in weather-
side collections, wind and rain were predominantly responsible for dis-
torting the samples obtained above decks. Therefore, the division of
this study into three separate areas of investigation delineates the cii".
cumstances for which correction should be made befure an adequate compar-
ison may be drawn. For example, before a comparison between a beta
count from a molecular filter sampling in the fireroom and a beta count
from a molecular filter in the relatively clean air of a ventilation
cubicle can be obtained, correction would have to be made for self-
absorption of the fireroom sample. The comparison between a weatherside
sample and a sample from the relatively directional air of a ventilated
cubicle is still more difficult in that a sample collected isokinetically
(Reference 19) from a moving airstream is different from that of a sample
taken from nondirectional or still air, in that the latter contains a
bias which is a function of particle size (Reference 20).

The situation is further complicated by a lack of certainty as to
what was measured in the samples collected from the weatherside stations.
It has been mentioned that the weatherside molecular filters were not
shielded against direct impingement on the prevailing windstream, and
it was observed that they were less active than the gummed surface collect-
ors. It has been pointed out that the face velocity of the air entering
the molecular filters was so much lower than the prevailing wind velocity
that the molecular filters would be, at best, fixed-surface fallout
collectors. Although the DMT filters were subject to this same circumstance,
their samples were better protected against the ensuing rainstorms.

As a result of the abience of quantitative data from the continuous
air samplers, the DMT filters were selected to provide the order of mag-
nitude relationship between the above-decks and below-decks activity con-
centration. In general, all comparisons made between any two of the
three test areas (Tables 6.17 and 6.18) should be looked upon primarily
as order-of-magnitude estimates.

6.7.3 Airborne Material. Figure E.15, Appendix E, indicates that
considerable quantities of radioactive matter were thrown out inside the
air sampler cones long before reaching the filter paper surfaces. It
is expected that the ratio of particulate matter deposited on cone liner
to particulate matter entering cone would be much larger for the weather-
side samplers than for the below-decks samplers. This situation is
borne out qualitatively by a comparison of the activity ratios between
weatherside samplers and below-decks samplers and the activity ratios
between corresponding cone liners. At a particular time, the ratio
between above- and below-decks air-sampler activity concentrations was
less than the ratio of their cone activities.

It is notable that once fallout began, airborne activity concen-
trations on YAG 40 did not appreciably change after the cessation of
fallout, at least until the samplers shut down. Deposited activity
may have been redispersed in the air upon drying. This observation
formed the basis of the estimate of average ectivity ner unit volume of
air for the 24 hour period.

Table 6.5 shows the marked uniformity of the airborne activity
concentrations in these test systems, where no high efficiency tarticle
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removing device was present. The particle concentration in the duct
air was not greatly influenced by the flow rate through the duct. In
comparing Conditions II and III for Shot 5 (Table 6.5), it can be seen
that the average activity in the Condition III cubicle was only 23
percent less than that of the Condition II cubicle. However, a compar-
ison of Figures 6.29 and 6.30 demonstrates that considerably more activ-
ity entered Condition II intake duct. For the apparently small particle
sizes which gained access to the ventl~ation ducts, the airborne pAr-
ticulate concentration was little influenced by changes in flow rate
over a range of 1000 cfm to the minimal flow rate of the no-fan situa-
tion (Condition III).

The amount of activity deposited inside the ducts was a function
of the total activity carried through them, which in turn was a function
of the flow rate. It is possible that systems operating at different rates
permitted entrance of different particle-size populationsP which ci-vum-
stance would influence deposition and concentration values.

6.8 CONCLUSIONS

1. Arriva1 of fallout was irregular and the time of cessation of
fallout could not be determined from continuous a4" samples.

2. Airborne activity concentrations withia the unprotected ship
were less by about a factor of 5 x 103 than that exterior to this ship.

3. Cubicles in Conditions I, II, iII and V, YAG 40, contained
approximately the same activity per unit volume of air, regardless of the
flow rate over the range tested.

4. The ACC filter and the precipitron effected a reduction of
94 percent to 98 percent in the airborne concentration.

5. Gamma radiation from the ducts studied in this test was not of
greater order of magnitude than gamma radiation penetrating the decks
from exterior surface deposits.

6. Significant comparisons could not be made between activity con-
centrations in boiler air systems and weatherside or ventilation areas.

6.9 RECOMMENDATIONS

From the standpoint of future investigation, the following sugges-
tions are recommended:

1. Several features of ventilation ducts could be studied success-
fully on full-scale models in the laboratory: (1) relative retention
abilities of ventilation intakes as a function of particle size;
(2) change in concentration or airborne particulate matter passing
throu!'h a duct as a function of duct shape, distance, and oarticle size;
and (3) efficiency of Drotective devices as a function of the particle
size and physical characteristics.

2. The observations made in this chapter comprise an isolated in-
stance of a ship's exnosure to fallout from thermonuclear explosions.
Presumably, charqcteristics of the interior contamination of a ship
would have been significantly different had the nature and concentration
of the fallout been different, esrnecially in the region of throwout or
base surge. It is recommended that interior contamination resulting from
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a standardized unprotected ventilation duct be studied under different
fallout conditions.

3. A determination of washdown effective ess in inhibiting the
contamination of a ship's interior could be better accomplished by
performing comparison measurements simultaneously on the same ship to
remove the "incertaint1es a tached to defining relative fallout exposures
at two or more locations.

4, It is considered that a study of a ship's interior contamina-
tion could be best served through access to the following kinds of data:
(1) total activity per unit volume of air above and below decks;
(2) average number of radioactive airborne particles above and below
decks; and (3) total activity deposited on unit area above and below
decks.

5. It is further recommended that the measurements be made on
samples removed from the ship to avoid the interference of radiation
fields and that samples collected below decks be derived from large
samples of air and large collecting surfaces.
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Chapter 7

AIR- MONITORING EVALUATION
B. M. Carder A. H. Redmond

A semiportable air monitor developed at NRDL was partially tested
under field conditions. Data on the air-contamination levels around a
ship after nuclear detonations were taken and related to the corresponding
roentgen intensity at the sampling point.

The air monitor was designed to indicate a level of 0.3 microcuries
of beta emitter per cubic meter of air within 1 min after such a concen-
tration occurred. Because of partial instrument failure, in particular,
failure of the dctecting system to function in a radiation field of low
energy photons, continuous readings of activity during collection of the
samples were not feasible. The sampling equipment and paper-changing
program devices worked satisfactorily; but since the inadequacy occurred
in the detecting system, the activity of the samples was counted at a
later time. Counting these samples at the later time indicated that a
number of samples collected as late as 17 hr after the detonation gave
an average activity in excess of the level at which en alarm should have
been given by the detecting system.

(.1 OBJECTIVE

The principal objective of the early warning air-monitor work was
to make a field test of equipment developed during the preceding year..
A secondary objective was to accumUlate data on the beta emitter in air
around a ship and to correlate the level of the collected beta-emitter
contamination with the associated gamma-intensity level, which was
expected to be small.

7.2 BACKGROUND AfiD THEORY

Calculations at NRDL have showa that large concentrations of total
fission products may be inhaled in air at early times after a detonation
without ultimately overexposing bone to internal beta-emitting deposits.
Since permissible con'ýentrationt for an hoar's inhalation decrease
rapidly with time, it is desirable to limit exposures. Limiting exposures
entails knowing the concentration of activity in air inhaled during a
given period of time. Such material as is in dynamic equilibrium suspen-
sion in air is considered potentially capable of entering the 1.ungs and
being completely retained. Thus, the need for apparatus capable of

determining the concentration in suspension equilibrium in air at %ny
given time is evident.

For measuring the concentration of activity in the air, the volume
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of air flowing through the apparatus, as well as the corresponding incre-
ment to activity collected during the sampling period, must be delermined.
If the changing level of activity on the collector iR recorded continuously,
the instantaneous level of activity in air can be determined from the
slope of the curve of activity vs time. Since a detector for beta radia-
tion is also sensitive to gamma radiation, the gamma background must be
eliminated from this curve. In a contaminating shot on land, where the
radiation field from far beyond the immediate surroundings may be large,
the instrument must be designed to eliminate this background. Above some
critical level of gamma background, the instrument will become inoperative,
but in such case the gamma intensity would undoubtedly have led to
countermeasure2 that likely involved some restriction of ventilation.

The gamma level corresponding to a concentration of fission products
of 1 pc/cu m may be reasonably assumed less than 2 mr/hr. Thus, the
ganma level can be low while the concentration of beta-emitter approaches
a magnitude of some concern. Failure to monitor the air for beta-emitter
concentrations may lead to needless restriction of ventilation on the
basis of gamna radiation and in the absence of local air contamination.

7.3 DESCRIPTION OF SEMIPORTABLE AIR MDNITOR

The entire air monitoring equipment weighed about 50 lb and was
operated from the ship's 115-v power supply. Its two major comporents
were the collection system, including the mechanism for changing the
filter paper, and the device for detecting beta emitter on the filter
paper. In the collection system a small turboblower from a vacuum
cleaner drew air through a filter paper (Army Chemical Corps, type No. 5)
at a face velocity of 2 m/sec (14 to 15 cfm), thereby ensuring collection
of 0.3 p particles at an efficiency of 95 to 98 percent. The filter
paper was on a roll that permitted 200 changes, either at pre-set inter-
vals or whenever the beta-emitter on the paper was sufficient to cause
the sensing and recording devices to read full scale.

A principal feature of the air monitor was the provision Lor shcr•ing
an alarm level of activity in the air. If a fuil-scala reading occurred
"within 1 min of a previous change, an alarm signal was activated by
relays set to function at i pc/cu m of filtered air. When full-6cale
readings resulted later than 1 min after a preceding change, a warning
light indicated the presence of activity.

The device for detecting beta emitter on the filter paper included
two thin-window GM tubes placed 4- in. above the paper, the entire counting

1 2head and collection assembly being surrounded by a lead shield ½ in.
thick. It had bean shown in the laboratory that such a shield
reduced gamma radiation from an external field of several r/hr to an
acceptcLUo level. In this arrangement beta particles fiom the
collector paper could pass through both tubes in series and initiate a
r'oincidence count; since external gamma radiation was not expected to
count in coincidence, this minimized gasmm background. The output signal
from the coincidence circuit passed through a d'scriminator and into a
rate-meter-recorder arrangement. Activity on the paper was compared with
the readings from standard samples of Sr-Y90 by calibration.
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7.4 OPERATIONS

Two similar air monitors, neither of which was completely tested
before shipment, were used at the site. One was mounted on the flying
bridge deck of the YAG 40 and set to .ollect samples at 30-min intervals.
The other was located in barracks on Site Elmer. It was calibrated at
intervals and was operated manually.

7.5 RESULTS AND DISCUSSION

Data taken on Shots 1, 2, and 4 are given in Tablea 7.1 through 7.4.
The air monitor on the flying bridge of the YAG 40 was set to collect

TADLM 7.1 SHOT 1 B9'1A ACTIVIT! 00 THE YLYIM BRIDGE OF TH YALG 40

Sample M•-a Tine Microcuries. Pc/cu a Theoretical Uc/cu M af.
Number of on Sampi-.I at to * )altiplier Ccllection

Collection at to I 5571 557r Time
After to hr (appr-4.)

(hr)

8 1 0.00 T 0.0000 000 0.00
1.5 0.001 0.0001 620 0.09

10 2 0.008 0.0007 455 0-12
11 2.5 0.024 1 0020 o 355 0.70
12 3 0.018 0.0015 300 0.45
14 3.5 0.018 0.0015 260 0.39
15 4 o.o14 0.0012 235 0.28
16 hi.5 0.013 ,CIOU 215 0.24
19 5 0.014 0.00?2 2OO 0.24
20 5.5 0.013 0.0011 ] 185 0.20
21 6 0.013 0.0011 175 0.19
213 6.r 0.006 0.0005 165 0.08

23 7 0.007 0.0006 155 0.09
24 7.5 0.003 0.0002 I 146 0.03
25 8 0.003 0.0002 139 0.03
26 8.5 0.003 0.0003 132 0.04
27 9 0.018 0.0015 126 0.19
28 9.5 0.09 0.0024 120 0.29
29 10 0.039 0.0033 115 0.38
30 10.5 o.o45 o.oo38 110-o 0.42
31 11 0.042 0.0035 1 06 0.37
32 1-.5 0.053 0.o00 103 0.45
33 12 o.064 0.0054 100 0.54
35 12.5 0.059 0.0049 57 0.48
36 13 0.072 0.0060 94 0.56
38 03.5 0.064 0.0054 91 o.49
39? 14 0.057 o.UO48 38 o.42
40 14.5 0.054 o. o05 85 0.38

41 15 6,059 0.00•9 83 o.41.
43 145.5 o.56 0.0045 81 0.42

45 it) 0.072 0. oook 79 0.4-7

46 16.5 0.064 0. 1 45 77 0.42
47 17 0.O46 0.0t039 75 0.29
Sampler stopped.
48 33 0.017 0.0c,15 40o t.0,
,9 33.5 0.015 o.0o13 3) 0.05
50 34 ,.o24 0. 0020 39o 0.0h
"1I 34.5 0.- 00 3 0.0"0 36 0. U1

52 35 0.003 0.o'N 3k o.01
53-o3 1-

04 00. 0.o15 0.0013 32 0.04
All ither sampleS 1W.

30-min samples from Shots i and 4 and 4 0-min sbmples from Shot, 2. At
Shot 4, the monitor was set to record beta buildup on filter paper; but

failure of the equipment prevented making thece records, and only the
30-min sairles were obtained. The air moni.t.or in the barracks vas
operated manually to obtain the be-La buildup on filter paper.
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Beta activity on sampies taken at Shot I was determined with a
proportional counter at (to f 557 hr); at Shot 2, at (to 4 201, hr);
and at Shot 4, at (to 4 1750 hr).

The theoretical decay curves, shown in Figure 7.1 were used to yield
multipliers that would give the approximate sample strength at the time
of collection. Information for these curves was obtained from Project 2.5
and 2.6 personnel at the site.

The data are given principally for the record, and little attempt
has been made to interpret them phenomenologically. They axe plotted
in Figures 7.2 and 7.3, together with information on the corresponding
gawma intensity obtained oy another group in the project. One interesting
point in the histograms is the appe&rance of secondary peaks of beta-

TABLE 7.2 SHOT 2 BEIA ALTIVlTY ON . FLYIG BRIW9 OF THE YAG 40

Sample Mean Time Xicrucurie6 pc/cu m at J Wdtip)Jer Uc/CU m at.
Number of on Sampl at to f 201 hr Collection

!Collection to 1 2011 br (bpprox.) 1 Tim
Afar t.to

(hrj

1-8 1.6 0.000 O.C000 120 0.o0
1-9 2.3 0.002 o.oo0o _o o.o0
1-10 3.0 0.034 0.0021 62 0.13
1-11 3.6 0.o40 0.0025 52.5 0.13
1-i2 4.3 0.044 0.0028 45.5 0.12
1-13 5.0 0.043 0.W027 41.o C.l1
1-14 5.6 o.o47 0.0029 37.8 0.11
1-15 6.3 o.o44 0.0028 34.C 0.10
1-16 7.0 0.318 0.0199 32.0 0.64
1-17 7.6 0.052 0.0033 30.0 0.10
1-18 8.3 0.044 0.0028 28.0 0.08
1-19 9.0 0.063 0.0039 26.2 0.10
1-20 9.6 0.170 0.0106 24.7 0.26
1-21 10.3 0.044 0.0028 23.2 0.06
1-22 11.0 0.032 0.0020 21.9 0.04
1-23 11.6 0.069 0.0043 20.7 0.09
1-24 12.3 0.044 0.0028 19.5 0.05
1-25 13.0 0.016 0.00i0 19.0 0.02
1-26 13.6 0.015 0.0009 18.3 0.02
1-27 14.3 o.014 0. 0009 17.6 0.02,
1-28 15.0 c. o16 o.W0io 17.0 0.02

1-29 15.6 0.021 00013 i,. 4 0.02
1-30 !6.3 0.027 0.,X)16 -5.9 0.03
1-31 17.0 0.136 o.-C85 15.5 0.13
1-32 17.6 0.058 0.0036 15.1 0.05
1-33 18.3 25.0 1.56 1.7 22.9
1-34 19.. 0.300 0.Oi• 17 0.32

Samples 1-33 -A 1-34 i-hcved "hat the riltor papers had been soaked,
ind-catlng th•A a rainr1torm had p-obabij washei contaminated mater!al
r nearby stru:ctuu.e into aer intake.

emitter concentrstions occuz'ring after the first peak. It seems that
fractionat.on by sizes, with si~wer settling of smaller particles, may
explain the occturrence of sach high levels without a corresponding rise
in the gamma intensity. As was stated earlier, the gamna background due
to beta-emiot-er concentrations considerably higher than those observed
woiuld lead tL. negligýiblc increases in the gamma intensity while still
bei.i; o' int~ercst --s internal hazards.

In general, tLe data taken on the YAG 40 indicate that the airborne
beta-emi tter concentration is often independent of the background gamma

.evel.. An initial background buildup seems to occur after the first air-
berne cont..aMi;nation is detected, as was noted particularly on Elmer. The
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occurrence of airborne contamination may perhaps be used to infer the
forthcoming buildup of gamma emitter.

The mechanical and electrical features of the two monitors operated
very well and can be depended upon in any later design of the change
mechanism and the timing arrangements.

In practice it was found that the coincidence circuit was not
satisfactory. The tubes were received from the manufacturer too short
a time before being put into the detector to make a proper study of their
characteristics. They were found to receive too much gamia radiation to

1000 _ _ _ _

0 -0 .-

__X14 
557 HR

0

o_1 'T 201i HI-

0
I--

,0 __'__ _

1'0 ,00
TIME (HR)

Figure 7.1 Theoretical beta decay curves fir Shots 1 and 2

allow sufficient operating time for true coincidences to occur when
simultaneous beta traces activated hem. In the field, the coincidence
feature was abandoned in both installations; hence, the alarm system was
not operative since it was triggered by a signal from the detector.
Instead of the coincidence system, a single tube surrounded with lead was
operated directly into a Nuclear lol5B ratemeter and, thence, tc an
Esterline-Angus reccrder. Such an instrument should be useful in roenrt-en
fields of 0.5 r/hr background, as shown by shielding ratios with lead,
particularly if a simple method for inserting a beta-calibration source
in the counting head can be devised.
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7.6 CONCLUSIONS

It is concluded that determination of beta-activity on a filter
paper cannot be managed in fields greater than 0.5 r/hr without redesign
of the shielding to reduce the intensity of scattered radiation reaching
and saturating the Geiger tubes used as sensitive detectors. In low-
background regions, however, the combination of single tube with adequate
shielding and ratemeter-recorder combination can be used ag a meter-
varning device, which easily indicates the presence of 10" curies of
beta activity per cubic meter of air (see Table 7.3 footnote). Such a
device, when combined with the mechanical and electrical paper change
system, gives satisfactory warning of the presence of beta-emitter or

00030 1 --
0.0025 SHOT 3

0.0020 7 APRIL 1954

0.0015 1 - 1

0.001 1 1

0--- I-' - -d

0 J4
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z0100
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' 0.09z -
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TiME AFTER r(R

Figure 7.3 Airborne beta contamination at Site Elier at
collection tine.

incipient buildup of gammna-emitter in regions where gamma background
is less than ½- r/hr.

7.7 RECO1(EfATIONS o h eetisse odmns t estvt

Before the air-monitor with the esaiy warning feature can be con-
sidered satisfactory for use in relatively high fields, soie further •
work should bethdon forn tdyn the tubetosande thedi effec ts ofnsitproper
to low-energy scattered radiation or to high-energy transmittedga
intensity.Mehdfostdig hetesndheefcofappr

dispositionofafeshebenpne.
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Chapter 8

INSTRUMENTATION
9. I1 Lipanovich H. A. Zagorites
K. F. Sinclair H. Bright

D. W. Berte

The shipboard game system is used, in conjunction with a data
reduction system, to provide long-term continuous information relative
to radiation fields. The instrument consists of a series of ionization
chambers, associated electrometer and relay circuitry, and Esterline-
Angus pen-type operational recorders. The system is the autorecycle
type; so that, %s each increment of radiation is received and recorded,
the chamber is recharged to its original voltage. The information for
each chamber is stored as a simple pulse, each pulse corresponding to
the basic increment of gamma radiation for the given chamber. The basic
chamber increments are 0.1 mr, 10 mr, 1 r, and 100 r, thus, covering the
range from 0.1 mr/hr to 10,000 r/hr if one chamber of each type is used.

The data-reduction apparatus is used to convert the recorded data,
which are discontinuous analog information, into continuous analog plots
of accumulated dose and dose rate as functions of time. The accumulated
dose and dose rate can be plotted as linear or logarithmic functions
with linear or logarithmic time bases.

8.1 OBJECTIVE

The purpose of the instrumentation phase of Project 6.4 was to
provide a system for obtaining simultaneous information relative to
accumulated gamma dose and gamm dose rate at a large number of stations
located over a wide area. Test needs required that the system operate
unattended for days and, also, that it provide a permanent record of the
gamma-field conditions. An auxiliary purpose of the instrumentation
system was to furnish supplementary data for certain other projects of
Operation Castle.

8.2 PRELIMINARY SPECIFICATIONS

Uncertainty of some of the experimental conditions dictated many
of tho zpecifications for the instrumentation system. First in import-
ance was the curve of cumulative dosg versus time, for which the system
had to provide cumulative dose of 10 r. Furthermore, the system had to
provide a plot of dose rate versus time, in which dose rater ranging
from 0.1 mr/hr to 36,000 r/hr were measured. This upper limit was later
reduced to 10,000 r/hr. An accuracy of 1 percent was originally speci-
fied for the instrumentation system.
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To cover adequately the test area, 137 instrument stations were
specified. In addition, three stations were installed adjacent to the
instruments used for Project 2.5a to correlate Project 6.4 data with
those from Project 2.5a. Since many of the locations were in exposed
areas, suitable coverings had to be provided to protect the instruments
from the weather. These coverings also served as a beta shield, so that
the instruments responded only to gama radiation. The instrument
stations were exposed to ambient temperatures ranging from 50°F to 120°F
and relative humidity of 90 percent.

Design of the power supply was based on a uominal 6-month duration
for the test and unattended 12-day operating periods.

Reliability was the keynote in the design of the instrumentation
system. Precautions were taken so that failure of any one instrument
did not interfere with another. Separate power sources and recorders
were used where they were feasible. Providing means of avoiding mis-
leading results due to local contamination was explored throughout the
planning of the instrumentation systems.

8.3 METHOD OF ATTACK

In the instrumentation system, autorecycling ion chambers were used
to gather the large amount of data in discontinuous analog foru,, and a
data-reduction apparatus (DRA) was devised to reduce it to a continuous
function. The ion chambers were designed to recycle after receiving a
predetermined cumulative dose. A recorder indicated when the recycling
occurred. Because the gamma. dose rates ranged from 0.1 mr/hr to
10,000 r/hr, each instrument required four ion chambers. Each of these
provided information over 2 decades. Some overlap between ranges was
provided to allow cross calibration and permit the data to be normalized
wh-n necessary. The recorders were pen-and-ink type. Parallel recording
of the detectors comprising a station was provided to insure against loss
of data due to failure of the recorder.

The DRA was devised to perform two types of computations and plot
the required curves. It computed the cumuilative dose by summing and
weighting the recorded dose increments and computed the doie rate by
measuring the time between recorded pulses. The time between recorded
pulses was inversely proportional to the dose rate.

Design and development ccrnziderations leading to the adoption of this
method of attack on the instrumentation problem are discussed in
Appendix F.

8.4 DESCRIPTION OF ThE INSTRUMENTATION SYSTEM

The extent of the instrumentation system is indicated in Figure 8.1,
which shows the sta*iion locations on the two test ships.

The instrumentation system consisted of two parts: the gamma
recording instruments and the DRA. The DRA was set up and used at the
site, then dismantled and returned to NRDL, where it was used to complete
the analysis of the data from Project b.4.

8.4.1 Gamma-Recording Instruments. The gamma-recording instruments
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consisted essentially of a laage number of similar munis, each having an
ionization chamber, an electromrter circuit, a power amplifying device,
and a recorder. Figure 8.2 is a schematic diagram of a gamma field
recording instrument. As is evident from this diagram, the instrument
is an autorecycling, integrating, ionization chamber system. A type
5800 tube is used as a conventional inverted triode. The input element

RELAY CIRCUIT

5800 58a6

CHAMBERT
VOLTAGEI

I ____________________ T

UPPR ALERTION ..

7j -- LOWER
CALIPRATION

L - ^RESET

AENSITROL

__I__-A1

RECYCLE RELAY

RECORD'- I - 67.5v

I -48V
I -4-48v

-67.5 V

Figure 8.2 Simplified schematic of the gamma-detector
channel.

is G,, and the output current signal is taken from G1 . The Sensitrol, 1

a meter movement-type relay .s the power amplifying device. The Sencitrol
is biased by a back curzent tet by the lower calibration adjustment. This
back current determines the output current from the electrometer required
to energize the 5-p amp Sensitrol. The recycle relay2 is shown in

Figure 8.3. The Sensitrol energizes the recycle relay, which in t...ri
energizes the recorder momentarily, recharges the ion chamber through the

1 Mig by Weston Electrical Instrument Corporation, Newark, A. J.
2 Mfg by Potter-Brumfield Manufacturing Company, Princeton, Indiana.
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Figure 8.3 The recycle relay.

special coiled spring contact, rsets the Sensitrol, and charges the delay
capacitor. The potential of the delay capacitor is applied to the plate
of the electrometer. The electrostatic field generated by this plate

prohibits current from flowing to the output tube element, regardless of
the potential on Cr2. The delay capacitor discharges through the delay
resistor and requires about 7 sec to reach a potential sufficiently low
that output current can flow in the electrometer tube. The 5886 tube
clamps the electrometer tube plate at zero volts after the delay capacitor
has discnarged tc0 permit proper inverted triod operation in the electro-
meter.

To cover a range of 0.1 mr/hr to 10,000 r/hr required four ioniza-
tion chambers at each station. These chambers were designated A, B, C,
and D and had increments of 0.1 mr, 10 mr, 1 r, and 100 r, respectively.
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The differences between the detectors were chamber volume, gas pressure,
and size of the integrating capacitor. Table 8.1 lists these differences.
The capacitors in the B, C, and D chambers were accurate to within . 1
percent. The A detector depended upon stray capacities, which were not
so accurately maintained. A radiological calibration of each chamber
showed that 1 percent accuracy could not be obtained, if identical swing
voltages were employed, because of slight differences in chamber pressures.

TABLE 8.1 CA1UCTERISTICS OF THE ION CHAMBES

Detector J- Chamber Integrating
I VoTlume Pressure Gas Capacitor

- I ~~(at___ ___

A 1.2 liters 10 98% N2;2% He i0 P f

B 1.2 liters 2 98% N2 ;2% He I00 p f

C 1.2 liters 2 98N 12;2% He 0.01 u f

D 8 cc 2 98% 2;2% He 0.01oi f

The swing voltage is that voltage across the chamber and integrating
capacitor that i. discharged by the chamber current. Increasing the
swing voltage increases the charve required to discharge the chamber and
capacitor, thereby increasing the instr-ument increment. To compensate
fcr differences in chambe.: pressuL :s and stray capacities, a different
swing voltage was used for each chamber, so that the increments were
accurate within 4 1 percent. The swing voltage is adjusted by means of
the upper calibration adjustment.

Although each detector covered two decades of information, all
detectors were continuously recorded. The maximum recycle rate at which
information was to be used was 1 cycle every 10 sec. The 7-sec dead time
caused by the delay circuitry gave a sufficient margin of safety to permit
usual variations in components of standard ccmmercial accuracy. When one
chamber was recycling once every 10 sec, the next higher chamber recycled
once every 1,000 sec (16.7 min). This arrangement gave data points with
sufficient frequency, yet did not require an ui~duly large number of
detectors.

The gamma instruments were installed as two units: the detectors
were mounted at the test points and the control units were placed at
some distance in an air-conditioned room. The two sizes of detectors
are shown in Figure 8.4; detectors A, B, and C were the same size, and
D was much smaller. The portion of the electronics in Figure 8.2 shown
within the dotted line was contained within tne detector housing. The
electronics mounted on the detector base plate are shown in Figures 8.5
and 8.6. The lead cylinder shown in the latter figure contains the
integrating capacitor. This lead shield was required, because the
capacitor leakage resistance diminished in radiation fields. The teflon
center post made contact to the chamber collecting electrode.

A typical detector installation, with and without the protective
dome, is shown in Figures 8.7 and 8.8. The chambers were sealed, and a
short length of cable was brought out through the base plate. A 12-wire
cable connected the detector to the control unit. The latter figure also
shows the polyethylene beta -,ield used on each detector. This shie3d
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Figure 8.4 Two sizes of the four detectors; A, B, and C

were the larger ones, D, the smaller.

was ¼-in. thick.
The energy response to the detectors is shown in Figures 8.9 and

8.10. The low energy response of A differs from that of B and C
becaust- of chamber wall thickness. Chamber A was filled to 10 atmospheres
and required a 1/1 6 -in. aluminum wall; chambers B and C had 1/32-in.
aluminum walls. Chamber D was covered with 0.006-in. lead foil to improve
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Figure 8.5 Detector electrometer assembly -,howing main

relay and teflon-insulated center post.
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t Figure 8.6 Detector electrome~ter assembly showing the lead-
covered integrating capacitor.
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Figure 8.7 Typical below-deck gamna detector with lucite

dome cover.
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Figure 8.8 TypicalI below-deck gwam detector vith cover
removed.
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Figure 8.9 Low energy response of detectors A, B, and C.

the energy response of this detector.
The control units were mounted in an air-conditioned room, together

with the recorders. Four control units were mounted in a horizontal row
for the four detectors of a station. Five such rows were contained in
any single control-unit assembly. The groups of fuses on the right of
the front panel were common to all detectors in a station. Each channel
had a separate filament switch. A telephone-type Jack was used in the
electrical calibration of a channel. A calibrating unit was plugged into
the Jack, so that the Sensitrol bias current and the swing voltage could
be measured and adjusted. A 60-wire cable was used to interconnect each
station. All components except batteries were mounted on the hinged
front panel of the assembly; dry batteries were contained in the rear.
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Figure 8.10 _y response of detector D.
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The 20 pen-and-ink type recorders' were used. Two recorders were
mounted in a single case. Each recorder accommodated five detector
stations. Since some stations did not use four basic detectors because
of limited range requirements at their locations, all recorders had at
least one unused channel. The recording pens were energized by solenoids.
When these are energized, the pen moves to the right. Since the pens
were energized momentarily, the record was a trace with pulses indicated
on the right side. Figure 8.11 shows a typical recorder chart.

The recorders required 48 v direct current for their operation.

Ii

*F

i-I

- . I

I- •

Figure 8.11 Typicnl recorder chart.

Because the current reqvi rements were too heavy for dry batteries, lead-
acid storage batte_ ies were used. Lead-acid storage batteries were also
used for electron tube filament power. Six-volt batteries were used, and

a resistor was placed in series with the tube filaments. This resistor
gave some filament regulation. A battery charger used to trickle charge
both the 48-v and 6-v battery banks whenever alternate current power was
available.

Figure 8.12 shows two racks of equipment in the control unit or
recorder room. The trickle chargers are at the top. One 48-v and one
6 -v battery bank served as power sources for two control-unit assemblies.
Consequently, one charger per rack was sufficient. Two control-unit
assemblies and two recorders occupied the rest of the rack. Some of the
Sensitrols masked off in the figure are for unused detector channels at
various stations, others indicate faulty Sensitrols. Figure 8.13 shows
ail the control-unit racks in the control room. The two racks in the

Mfg by Esterline-Angus Company, Inc., Indianapolis, Indiana.
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Figure 8.12 Two complete instrument rack installation.
Top, charger pov•'e panel. Below, upper control assembly,
recorder and lower control assembly.

f~goe nd czintain spare recorders used to obtain dupl-cate records of
all data.

The system recorded all data in duplicate.

8.4.2 Data-Reduction Apparatus (DRA). Since the smlmt of data

collected by the ganna-field recording instruments was too large to
reduce by manual means, the data-reduction apparatus wa" developed to
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reduce the raw data mechanically. A simplified block diagram of the DRA
is shown in Figure 8.14. The raw data on the input tapes are converted
into electrical impulses by the photoelectric system in the tape reader
The dtsired station is selected by choosing the appropriate group of
traces in the 20-channel patch panel. The two to four signals chosen are
amplified and shaped in the control unit, where rate-scale selection, with
or itthout prescaling, is made and the decimal multiplier coded pips are
produced. The dose unit automatically integrates and weights raw input
data, yielding both linear and logarithmic dose data for curve plotting.

TAPE PATCH CONTROL__UNIT
READER PANEL - CONTROL UNIT

DOSE UNIT LINEAR RATE UNIT
PLOTTER

LINEAR LINEAR

LOG LOG

CHART •- PLOTTER
DRIVE

Figure 8.14 Simplified block diagram of the data-reduction
apparatus.

The rate unit computes the normalized reciprocal of time between pulses,
producing both linear and logarithmic dose rate date for curve plotting.
The log time base generates a resiE ance signal for the time axis of an
X-Y plotter, which is linear with the logarithm of time over 3 decades
that cover I hr of computing time. The 1 hr of computing time equals
100 hr of actual time. The charts in the recorder are 100 ft long and
move at 1 ft/hr. The 100-to-i speed-up was the maximum practical limit
of this ratio. Figure 8.15 shows a front view of the DRA.

The tape reader and patch panel are shown in Figure 8.16. The drive
mechanism is a modified Esterline-Angus recorder having a high-speed
electric drive. The chart passes through the photoelectric readout where
transmission optics are used to read 20 traces simultaneously, thereby
avoiding mechz2nical design coýrnolications. The traces are illuminated by
20 tiny surgical lamps set behind a cylindrical focusing lens and slit.
Type 1 P 42 phototubes are used as the ph,,toelectric transducer. The
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Figure 8.15 Front view of the data-reduction apparatus.
The control unit is the third panel down in the middle

rack.

output of these tubes drive individual cathode followers, using 10 sub-

miniature dual triodes (CK 6111). The outputs of the cathode followers
are electrically equalized.

The patch panel is a 20-cable standard telephone switchboard strip.
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The two to four traces which constitute the record at a station are chosen
in the patch panel. These signals are amplified and shaped in the control
unit. The amplifiers discriminate against noise. One of the signals is
selected in the eight-level, eight-position bidirectional stepping switch.
This signal performs two basic functions: (1) drives dose accumulator
in the dose unit and (2) drives electronic circuitry in the rate unit.
The amplifiers and shapers are plug-in units labeled A on the upper
portion of the chassis; the bidirectional stepping switch is at the left
of center, To avoid errors from loss of a portion of an increment in
switching from one trace to another, all switching occurs at the actual
instant of reading the higher pulse of the two traces between which the
unit is shifting. Positioning of the bidirectional stepping switch is
done in a semiautomatic controller with mutually exclusive upscale and
downscale circuitry.

No scale smoothing is used to the dose unit, i.e., the lO-decade
storage bank is driven directly by the channel chosen by the bidirectional
stepping switch. Decade-scale smoothing is used for the rate unit. A
minimum of 1 sec is required to print a new point on the curve and reset
the computer circuitry. The pulses occur on the trace at a minimum of
10 sec of real time, which equals 0.1 sec computer time because of the
100-to-i stepup. Consequently, at pulse spacings of less than 100 sec,
a computation for dose rate is made on every tenth point. The bidirectional
stepping switch directs the raw input into a channel containing an elec-
tronic decade device for scale smoothing.

The control unit also contains decimal side pen-marker pulse genera-
tors for both dose and dose rate. Each circuit con~ains a stepping relay,
which operates at a low speed set by an RC delay circuit that may be
changed with curve plotter time base rate in order to maintain pip spacing
at a convenient value. The stepper returns to its home position at each
scale change, then steps at an appropriate rate until its position matches
that of the bidirectional stepping switch. Each of the latter steps
generates a side-pen pip in the appropriate circuit.

The dose computer is the second panel from the bottom of the middle
rack in Figure 8.15. As each pip on a raw data chart represents one
increment of electrical charge through an ionization chamber and, hence,
one increment of radiation dose, the total dose at any time is simply the
weighted running total of pips on the various traces, totalizing from
only one trace at a time. This totalizing is accomplished in the dose
unit by a 10-decade adding-machine-type accumulator or register having
inputs at the first, third, fifth, and seventh decade with internal
carryover. When totalizing from the A trace, tle input is fed to the
first decade B trace to the third, C trace to the fifth, and D trace
to the seventh. To provide three significant figure readout, a 3-decade
follower relay bank looks through an interconnecting relay matrix and
matches the three highest decades in the totalizer which contain data.

The follower relays switch a precision resistor matrix in such a
manner that the resis"-rice between the moving contact and one end of the
matrix is proportional to the number of increments indicated by the
follower relay bank. The curve plotter is an electronic recorder 1

connected to the precision resistor matrix as a resistance follower. Full

1
Mfg by Minneapolis-Honeywell, Brown Division, Minneapolis, Minn.
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scale on the l0-in.-wide chart is 4 x i0n, where n ranges from 1 to 9 and
the unit is the smallest increment of dose, 0.1 mr. The curve plotter
covers 1 decade of dose. The scale and charts are calibrated 0 to 40,
and only the central 80 percent of the scale is used. The interconnecting
relay matrix advances the follower relays one step when the indicated
dose is greater than 36.0. The curve plotter goes to a point equal to
3.61 (shift always occurs at the next increment above 36.0) and the side
pen marker associated with the dose curve designates a new decimal multi-
plier. Because the integrated dose is always increasing, no downscale
switching is required for the dose curve plotter.

The rate unit is the second panel from the top of the middle rack
of Figure 8.15. The rate unit computes the dose rate by measuring the
time between dose increments. Thus,

Average dose rate over the time interval a Dose accumulated
Time interval

The dose accumulated equals the weighted value of the dose increment
and is known from the position of the bidirectional stepping switch.
Consequently, the dose rate is inversely proportional to time between
increments. The system is designed to handle a range of 1 to 12 sec
computor time, corresponding to a range of 100 to 1200 sec of actual
time. The decade scaling on the control unit permits computation on
actual time-pulse intervals ranging from 10 to 1200 sec. When decade
scaling is used, the dose rate computed is the average dose rate for
10 dose increments,

Although the inverse time computation is an analog problem, it is
performed by digital techniques. Consider a switch to be closed during
a time interval that is to be measured. During this interval, constant-
frequency pulses are fed through the switch into a binary counter chain.
At the end of the interval, there rests in the counter chain a binary
number that is proportional to the elapsed time. Now if each binary digit
switches a conductance which is proportional to the weight of the digit
into a constant-current shunt circuit, then the voltage appearing across
the combined shunt network will be proportional to the inverse of the
number of couuts in the binary chain. Thus,

Vout K._ where V is the output voltage, At is the time
A t, interval and K is a constant.

The tape-reader drive is a synchronous motor. To prevent errors
from power-line frequency changes, the constant-frequency pulses were
derived from the power line. The basic frequency is tripled, and the
binary chain counts 18 0-cps pulses. At the end of the timing interval,
the 180 cps input is removed, and a bank of thyratrons are converted to
the binary plates. If a count is in the binary, the thyratron is fired.
The relays in the plate circuits of the thyratrons then switch in appro-
priate precision resistors. The curve plotter is connected to the output
of the rate unit as a recording potentiometer.

The log-dose-rate computation is performed in a manner similar to
the linear-dose-rate computation. The log-resistor network consists of a
31-section ladder attenuator shaped to the function, log K

A t
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Thus, the log curve is approximated by a series of straight lines
that are correct at 31 points and less than 1 percent in error at other
points. The log network furnishes the mantissa for the log curve. The
characteristic, which is simply a fixed ordinate shift for each decade
change, is obtained from a simple L-pad attenuator connected to the
bidirectional stepping switch in the control unit.

The time unit provides the necessary time signals for control of
the other parts of the computer. This unit is the top panel of the
midd.le rack in Figure 8.15. The curve plotters cannot be energized at
all times. The rate unit is reset to zero after every computation; if
left energized, the curve plotters would also return to zero. If a pulse
were fed into the dose unit while the plotter is still energized, the
curve plotter would make violent excursions, due to the transient.
Consequently, the pen motors for the curve plotters are normally blocked.
After a computation is finished, the time unit introduces a 1-sec dead
time into the rate unit. This is accomplished by counting 180 pulses
of a 180-cps pulse train. At the close of the computation interval and
the beginning of the 1-sec dead time, the rate unit readout is energized,
and the recorder pen motors are unblocked. Since the recorder pens
require 0.5 sec for full-scale deflection, 0.7 sec are allowed for the
motors to operate. At the end of 0.7 sec (126 pulses) the recorder pen
motors are blocked, and the thyratron readout is reset. At 0.9 sec
(162 pulses), the binary chain is reset. At 1.0 sec (180 pulses), a new
computation period is started.

The log time base unit provided a 3-decade logarithmic time- base for
a curve plotter. A stepwise approximation to a log time base was used.
The times involved were 0.001 to 0.01 hr for the first decade, 0.01 to
0.1 hr for the second, and 0.1 to 1.0 hr for the third, actual computer
times. The first decade corresponded to 0.009 hr, or 32.4 sec. To make
the log time base power line synchronous, 97 steps of 3/sec were used.
This actually corresponds to 32.33 sec rather than 32.4 sec. The second
decade moved at 0.3 steps/sec and the third at 0.03 steps/sec. The
stepping pulses were derived by dividing the power-line frequency by 20.

8.5 PERFORMANCE OF THE INSTRUMENTS

The gaama-field recording instruments operated for approximately
5 months. During any single operation, at least 70 percent of the
instruments functioned properly. Both the fab *cation and installetion
of the instruments were hurried. The quality of the workmpnsbip on the
instruments left much to be desired. Considerable ti-me wa. taken to
repair many of the instruments after their initial installation. A
radiological calibration before and after the tests indicated that some
detectors remained accurate to within t_ 2 percent. Many had changed
calibration because of gas leakage from the chambers.

The DRA was used for several months. Of the 140 tubes used, many
of which were dual tubes, only two failed, both of these during the first
50 hr. Some difficulty was experienced with poor relay contacts. All
relays were the high-reliability telephone type. The output relays in
the preci3ion relay matrices 1had fractional-volt potentials across the
contacts. These low voluýages were not sufficient to insure breakdown
of the surface films on the contacts.
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8.6 CONCLUSIONS

The tests proved the feasibility of monitoring gamma radiation over
large areas. The instruments described above were satisfactory for the
monitoring task. The magnitude of analyzing the collected data was too
great for handling manually. The DRA was a satisfactory means of
analyzing the data.
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Chapter 9

RADIOLOGICAL SURVEYS AND

FALLOUT PHOTOGRAPHY
R. C. Barry Hong Lee

Extensive radiological information aboard the experimental ships
was obtained during Operation Castle by survey teams using portable
instruments. Some information about the visual characteristics of the
fallout was obtained through photographs made with a 16-mm movie camera.

Beta, gamma-field, and directional-gamma measurements and wipe
samples were taken. Data sheets issued to the survey teams designated
the type and location of all measurements. Readings were taken in a
prescribed manner at premarked locations above and below decks. This
procedure minimized the radiological exposures of the relatively untrained
personnel and misinterpretations of the data. Survey data were indivi-
dually checked, corrected, transferred to multiple forms, and were ready
for distribution within 4 hr.

Beta and directional-gamma measurements made before and after
decontamination provided the basis for determining the effectiveness of
specific decontamination operations. Gamma-field measurements furnished
information on the reduction of the radiation field.

Fallout photography was accomplished with a shielded 16-mr movie
canera, which snapped a photograph every 30 sec. The target space was
the focal region of an intense reflected electronic flash light beam.

The fallout photography showed that there was no gross fallout on
the YAG 40 during the operating time of the camera for all the shots in
which the ship participated. A few particles less than 100 j in diameter
were photographed in Shots 1 and 5.

9. 1 OBJECTIVE

The principal objective of the radiological surveys was to obtain
radiation dai throughout the test ships to augme-t that from the fixE
gamma-detectioin stations. Fallout photogriphy *was attempted to determine
its feasibility for obtaining informatior on fallout characteristics and
correlation between he time intervals fcr visual fallout and detection
of radiation aboard ship.

The radiological surveys require.i reasurements of the following types:

1. Gamma radiation: (a) field iatensities 3 ft above deck (height
"for -vneasurement of whole-body radiat*..n) in weather-decY areas; (b) field
intonsities at specified locations in ,he interior spaces; and (c) radie-
,ion intensities fret limited contar, i-a;ea surface areas within an
an extended radiation field.
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2. Beta radiation: (a) beta intensities on specific weather deck
surface areas, and (b) beta intensities of surfaces in the interior spaces.

3. Wipe samples.

Items ic and 2a were needed to determine the effectiveness of
decontamination methods upon a specific surface area within a radiation
field. They were also needed to define localized hot spots.

Items 2o and 3 provided the only means of determining the relative
distribution of contamination within the interior spaces of the ship.
Item 3 waE also used after decontamination operations to determine the
amount of activity removable by wiping.

9.2 INSTRUMENTATION

Wipe samples were counted with a rate meter or a suitable scaler.
The number and types of instruments employed for the other measurements
of the radiological surveys were: 25 AN/PDP-=TIB radiacs (ion chamber);
12 AN/PDR-18A (scintillation); 25 AN/PDR-27C (geiger tube); 12 NRDL RBI-12
beta probes (bucking ion chambers); and 2 NRDL RGG-l directional-gamma
probes (shielded geiger tube).

The first three types are standard radiac instruments and were
selected for general use. Since the AN/PDR-T2B was the only one of the
three which had the optimum range of sensitivities, required practically
no maintenance and had a long battery life, it was the only standard hand
radiac instrument used for survey work. The instrument was furnished
with a unipod (small aluminum tube 3 ft long) so that all readings were
taken at the same height above the deck. All TlB's were checked and
calibrated on a cobalt range before each shot.

The NRDL RBI-12 beta probe is a development model whose prototypes
were built for past field operations. It is a small, light-weight hand
instrument that measures beta radiation from an area 10 by 10 cm when
placed 1 cm above the urface. Readings are in microamperes (0 to 20)
with four ranges from X1 to XlOOO calibrated from 20 to 20,000 microcuries
of Sr 9 O-Y 9 0 . Instruments were calibrated before each day's monitoring
operations.

The NRDL RGG-l directional-gamma probe is a developmental instrument
and resulted from a limited effort to supplement the beta probe. The
RGG-I was developed from readily available material as a semiportable
instrument. Weight and size were held within limits, so that it could be
hoisted aboard ship manually and used to take measurements on easily
accessible weather deck areas.

The instrument consisted of a lead-shielded geiger tube mounted at
a height of 3 ft on a tubular steel stand, which also supported the

electrometer case and calibration button. When directed downward, only
gemma rays from a circular area 3 ft in diameter are detected, except
for about 1 percent leakage through the lead shield for the range of
energies encountered.

Readings were taken directly in arbitrary units, which were later
converted to milliroentgen per hour. The useful range of measirements
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was approximately from 10 mr/hr to 10 r/hr iq four ranges.
The instruments were calibrated on a CobO range and were checked

and adjusted to a portable gamma standard every few minutes during
operation.

A more-detailed description of the instruments, details of their
calibration and maintenance, and an operational evaluation --- together
with recommendations---may be found in Appendix G.

9.2.1 Equipment for Fallout Photography. A Bell and Howell,
Model 200 Autoload 16-mm, movie camera, equipped with a 3-in. lens focused
at 4 ft, and a f5.6 relative Poerture was used. It was modified to
operate on single frame when tripped by an electric-motor-Oriven cam.
The shutter mechanism was synchronized for zero-delay flash. A right-angle
prism directed the light rays into the lead shield holding the camera.
A special microfile emLlsion film (Eastman Kodak Special Order 918) was
used. This film could be exposed to about 1000 r gamma radiation with-
out serious fogging (see Appendix G).

The optical sampling station was situated on the starboard side of
the deck house over No. 3 hold on the YAG 40. The camera was located in
a 4-in. lead. shield inside the deck house, together with electrical timing
equipment. The lighting unit was locr 4d on a pedestal about 2 ft above
the deck and 3 ft from the deck-ho 4se L lkhead. A time clock inside the
deck house energized and de-eL igizcd thfr electrical system when the
station started and stopped operation.

The exterior lighting sys'em was mourted on a metal frame and con-
sisted of an electroni2 flash unit (Heiland Strobonar III), housed in a
wooden box, and an e2iptical mirror. Tne light from the flash lamp was
collected by the rirror and focused about midway between the lamp and
mirror. The lazo was flashed once for each individual picture. An open
black box served as a nunreflecting background. The volume within which
particles were ligh. Lea and photographed was 6 in. wide, 4 in. high, and
10 in. deep; however, zhe depth of field of the lens was only 3 in. A
schematic diagram cf the entlre system is shown in Figure 9.1.

9.3 OPERATIONS

Besides the two NRDL men assigned to the radiological survey phase
of Project 6.4, 90 Navy enlisted men were used. Six of tnese 90 were
permanently assigned and acted as group leaders. A training schedule
for these group leaders was maintained throughout the operation. With
few exceptions, ail the Navy enlisted men were inexperienced in the task
to which they were assigned. Consequently they had to be instructed to
read and operate the survey instruments and also had to be indoctrinated
in the radiological safety precautions. The transient survey personnel
were usually available for training I day before each operation. Obviously
the training us brief and all instructions had to be clear and concise
in order that the required servey could be made satisfactorily within the

u1osage limitations set for the en.
All surveys were made by teams consisting of either one instrument

man and one recorder or two instrument men and one recorder. Separate
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5

2 712~
I I

1. 110-v AC circuit
2. Pre-set on-off timer switch
3. 16-mm camera
4. Motor and speed reducer unit (2 rpm)
5. Lead shield camera housing
6. 90 prism
7. Plate glass port hole
8. Bulkhead
9. Electronic flash trip wire

10. Electronic flash unit
11. Eiectronic fEash housing
12. Target volime
13. Reflector
14. Target bhcký,rournd

Figure 9.1 Fallout photopraphy station.

teams were assigned to do beta, gaumx, direcTional-gamma, and wipe
sampling aboard ship. Each recorder wuis issuel dxt" cards on which had
been iaserted the station locations that his team wrs to survey. -
All survey polnts were marked on decks and bulkheads as follows: 185
The mark indicated the location, the namber identified it, and the arrow
showed how the instrument was to be orient-.d with :-espect to the monitor.
In most cases the arrow pointed forward, and the monitor's body shielded
the instrument from behind. Dosage limitetions prevented multidirectional
readings being taken.

Locations of the 855 to 955 surzey points aboard the ships are shown

in Figures G.8 through G.10, Appendix G.

9.3.1 Radiological Surveys. A total of 13,276 readings w,-re -ecorded
in the shipboard radiological surveys. All surveys were checkea, corrected
for instrument variations, and logged into rw/itip~e Lorm data. books. They
were then made avAilabe to all problem leaders requiring them. When the
need was urgent, the data were available in final furm iJthin 4 hr---in
any event. within 24 hr.
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The following items indicate the extent of the radiological surveys
in Project 6.4.

1. Complete initial radiological surveys were made on the YAG 39
and YAG 40 upon their arrival in the lagoon after Shots l, 2, 4, and 5.
Each initial survey included the following:

beta surveys

YAG 39, 355 exterior readings and 64 interior readings

gamma surveys

YAG 39, 243 exterior readings and 104 interior readings

directional gamma surveys

YAG 39, 40 readings

wipe samples

YAG 39, 69 readings

YAG 40, same as YAG 39 except for 100 additional interior
beta readings

2. Decontamination surveys were conducted before, during, and
after each separate stage of all the decontamination operations.

3. Final surveys were conducted at the completion of all decontami-
nation operations. These included all the exterior station measurements
taken in the initial survey.

4. Survey support was given the aircraft decontamination project
during all their operations that were conducted on Site Fred.

5. Survey support was given the ship decontamination project for
their concrete studies conducted on Site Fred.

6. Instrument support was given Pro ject 6.5.

9.3.2 Fallout Photograph!y. The photography station which was
controlled by pre-set timing switch.ýs was operated as follows:

Shot I H to H 4
Shot 2 H to H 4
Sh-t 4 H 1 5/6 to H ý 5 5/6
Shot H f 1/3 to H 1/3

Pictules were taken every 30 sec during these periods. AbouL 4-,0 to 500
individua" fiames were exposed per shot.

Recovery was accomplished 3 to 7 days after shot day, depending on
availability of the ship and personnel dosage.

All fiLms were processed in D-7u developer to a gamma (contrast) of

1.0. The processed. films were examined first with a 15X binocular
micru!scope and then with a 150X microscope. TWe lower power unit was
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used to find the gross indications of particles in the hundreds of frames
examined; the higher magnification was used for detailed stu4y of indivi-
dugl frames. Farticle sizes were estimated by comparison with photographs
of a wire size.

9.4 RESULTS AND DISCUSSION

Much of the radiological survey data Was obtained to meet specific
needs of problem leaders who have presented it in their particular
chapters of this report. The data discussed in this section pertain
primarily to the operational phases of the survey.

9.4.1 Summary of Instrument Evaluation. A detailed operational
eva.ioation of the instruments is given in Appendix G. A brief summary
of this evaluation follows:

AN/PDR-TlB: Excellent instruments; perfectly suited for gamma
measurements.

AN/PDR-18A: Not used, range of sensitivities were not suitable for
present work.

AN/PDR-27C: Poor operating li-fe in climatic conditions existing at
the proving ground.

NRDL RBI-12:
Operational life of batteries, very good
Range of detection, excellent
Time constant, slow on Xl scjle, very good on others
Zero set, satisfactory
Switches, some were faulty
Calibration drift, about 6 percent per month
Linearity, excellent
Gamma sensitivity, negligible
Durability of construction, poor

NRDL RGG-l: In general, the directional gamma probe was not satis-
factory. Its weight and bulk made it difficult to transport about aboard
ship. Its operation was slow, requiring three readings in order to
record a single measurement. The instrument was dependent upon voltage
and had to be recalibrated for each measurement. Constant handling of
the cobalt standard ultimately led to the contaminatio- of the source
holder (end of plug) which rendered subsequent measurements uncertain.
The instrument was nonlinear, and correction curves were required to
determine actual radiation levels.

9.4.2 Conmarison of Decontamination Factors Derived from Beta and
Gamma Measurements. Gamma field intensities measured 3 ft above the
deck were used as the measure of the principal radiation hazard to
personnel in the tactical situation. Reduction of intensity so measured
can be considered a measure of the effectiveness of a decontamination
effort.

In thse tests, limitations of time, dosage, and manpower precluded
decontaminationj of ali shipboard surfaces and equipment. Also, it was
not always possible to decontaminate all desipnated surfaces in one day.
Since it was desired to cumpare the effectiveness of various decontamina-
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tion procedures to determine those giving optimum performance, various

decontamination procedures were applied to separate specific test areas.
The gamma measurements 3 ft above the deck gave an adequate picture of
the radiological situation but included background radiation f.-om surfaces
not within the scope of the decontamination tests. To obtain data for
test purposes, it was necessary to make measurements of radiation inten-
sities from limited contaminated surface areas within an extended

radiation field. The directional gamme probe and the beta probe were
used for this purpose.

The use of the beta probe assumes that a constant beta-to-gumý
ratio exists throughout the time period of interest. Probable sources
of error in this assumption are: different decay curves for beta and
gamma, selective removal of isotopes during decontamination, and absorp-
tion (particularly on porous surfaces) --- which would attenuate the beta

intensity at the surface to a greater extcnt than the gamma intensity
from the contamination absorbed. While the magnitude of these possible

TABLE 9.1 DECONTAMINATION FACTORS A'W, RATIOS OF BETA-GAM4A DECONTAMINATION

Measurements(a) High Backgrgund Low Bacd
Case cbiase 22c

lat Decon 2nd Decon 3rd Decon

S22.4 22.4 1.12 1.66 1.38

D 20 -O

9.5 9.5

- --- - [1.11, 1.36 1.21

r 1 2.35 2.11 1.12 0.98 1.22 1.14

(a) Measurement symbols; 3, surface beta
Dr, , directional 0 , 3 ft above surface
Yv, total gaams, 3 ft above surface
'V, surface gam (TIB)

r, ratio of 3 decontamination factor to the
corresponding gamaa decontamination factor
in the table.

(b) Case 1, 28 deck sta*':cns 9ver length of ship, before and after 6 days
of decontamination.

(c) Case 2, 24 concrete slabs, decontamination ashore in low background.

errors is unknown, experience has indicated that beta measurements are
ujseful where a directional gamma measurement is needed.

The material in Table 9.1 waa extracted from the extensive survey
data. It presents decontamination factors and the ratio of beta-to-gaimm
decontamination factors for two extremes of background conditions. The
decontaminati'on factors are the reading before divided by the reading
after decontamination.

In Case 1, since there were extensive radiation sources from
undecontaminated surfaces and equipment, corresponding discrepancies
appear in the decontamination factors calculated from total ganma-field
(radiation from all sources) and surface (directional-gamma and beta)
measurements. Thei"e is relatively good agreement between the two types
of surface measurements.

Only limited data from the directional-gamma probe can be presented,
due to operational difficulties; however, a further comparison (Case 2)
can be made between decontamination factors calculated from beta and
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Su readings taken above surfaces in areas of relatively low background.
Relatively good correlation is shown for beta and gam decontamination
factors.

Examination of other data showed that the ratio of beta-to-total-gam
(3 ft above deck) decontamination factors varied from 1 to 2 as indicated
in Case 1.

Under the test conditions where it was necessary to determine decon-
tamination effectiveness for specific surfaces, it is indicated that beta
surface measurements are the most reliable. Better correlation between
beta and ganne decontamination factore would probably have resulted if
gaum measurements at deck level were taken.

In examining the data for Case 1, it was noted that the initial beta
measurements varied by a factor of 73 from maximum to minimum, whereas
the total gain field max/min ratio was only 10. During the decontamina-
tion processes, the contamination was redistributed, as weil as removed,
and the final survey shoved a beta max/min ratio of 15. The small area
of measurement of the beta probe and the large varietions in surface
intensity indicate that a larger number of readings should be made to
obviate localized influences.

9.4.3 Contamination Distribution. Shipboard beta intensity contours
derived from surface measurements are shown in Figures 9.2, 9.4, 9.6, 9.8,
and 9.10; gpmin-intensity contours derived from measurements taken 3 ft
above the deck are shown in Figures 9.3, 9.5, 9.7, 9.9, and 9.11.

These diagrams were made from beta and gaen readings taken at the
same locations. Due to geometry and instrument characteristics, the
beta diagrams are the best indication available of surface contamination
distribution, while the gaim diagrams show the gama field variations
at a height of 3 ft above the deck.

The qualitative analysis of the radiation contour diagrams is best
undertaken and discussed individually for each shot.

Shot 2, YAG 40
1. Beta contour curves before and after decontamination indicated

that: (a) The intensely radioactive regions in the original curve were
readily removed during the decontamination clerations and did not reappear
in any form in the subsequent diagram; and (b) Aside from the absence of
the former hot spots, the relative trend of the countours although signi-
ficantly reduced, was only slightly changed.

2. Gamma contours before and after decontamination were very much
alike in shape with reduced values in the latter.

3. The general characteristics of the beta and gano contours before
decontamination were alike, but the extremely radioactive areas as desig-
nated by the beta contours did not show correspondingly high garma areas.

4. Good correlation was found between the gana and beta curves
after decontamination.

The above information indicates that the original beta diagram was
in error in the intensely radioactive regions. Theee regions should have
been confined to small spots of intense activity within a relatively less-
contaminated, semiuniform area. To improve the beta picture appreciably,

the number of beta readings would be greatly increased.
Shot 4, YAG 40
i. Both beta and gamma diagrams showed relatively uniform contami-

nation.
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Shot 5, YAG 39
1. There were some indications of agreement between the beta and

the gamma contour diagrams on the flight deck and on the top of the house.
2. Some high beta spots on the beta diagram were not recorded in

the gamma diagram and some high gamma areas were not found to coincide
with the beta diagram.

3. Deficiencies in the location and directionality of spray nozzles
were indicated.

Shot 5, YAG 40
1. Good correlation was found between the beta and gaama diagrams

except for the boat deck and the top of the house.
Collectively, it was found that the distribution of contamination

depended upon the aerodynamic conditions at the time of contamination.
On the YAG 40 it was noted that areas shielded from the wind received the
least contamination. In large open areas, the activity increased from
the windward to the leeward side. Contamination was noticeably high to
windward and on the windward side of structures.

The residual contamination distribution on the YAG 39 also depended
on washdown-nozzle locations, the composite aerodynamic effects, water
runoff, and surface geometry.

9.4.4 Fallout Photographs. No gross fallout existed on the YAG 40
during the running time of the camera for all shots in which the ship
participated. Small sparsely spaced particles were photographed inter-
mittently in Shots 1 and 5. The particle sizes varied and were probably
less than 100 p in diameter and appeared to be in liquid form, as shown
in Figures 9.12 through 9.15.

Because the 16-mm camera has a small film size, the sampling volume
had to be small to obtain a useable resolution (1/12 actual size). This
limit upon the sampling volume made it difficult, with the single flash
per frame technique, to get a good picture of the sparse fallout phenome-
non experienced by the YAG 40.

Poor resolution of the extremely small particles also made it
difficult to determine the physical chara:teristica of the fallout. The
films did show that the fallout as experienced by the YAG 40 was not a
gross situation, as had been anticipated. The aerosol density (particles
per unit volume) was very low.

It was impossible to correlate the photographed and detected radia-

tion-fallout time interval because of the small number of particles
photop-aphed.

9.5 CONCLUSIONS

The survey group satisfactorily supplied radiological surveys for
studies of washdown, contamination distribution, shielding, ventilation,
boiler air, and decontaminEtion.

The radiation contours showed that the contamination distribution
aboard ship was dependent upon the aerodynamic characteristics of the
structure.

Of the three gamma radiac instruments used in the surveys, the
AN/FDR-TlB was the best for field operations.
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Figure 9.12 Fallout photograph enlanred (7.3X) from an

aerosol camera fraze from Shot 5-
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Figure 9.13 Photomicrograph (90 X) of circular area of
Figure 9.12, showing double image characteristic of a
clear liquid droplet.
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9.6 RECOMMENDATIONS

Radiological surveys should be conducted under a survey group to
render services for the entire project.

The number of beta measurements should be greatly increased to give

a proper beta-contamination distribution contour diagram.

Figure 9.14 Fallout photograph enlarged (7.3 X) from an
aerosol camera framefrom Shot 5.
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The NBDL RBI-12 beta probe should be of sturdier construction for
field use.

The directional gamma probe in its present condition should not be
used in field tests. Feasibility of further development of this instru-
ment should be determined.

V
/

Figure 9.15 Photomicrograph (90 X) of circular area of
Figure 9.14 showing three small particles.
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Chapter 10

RADIOLOGICAL PROTECTION OF PERSONNEL
A. L. Baietti

Provisions for adequate radiological safety coverage for all
Project 6.4 operations and evaluation of existing rad-safe procedures,
techniques, and instrumentation for their suitability under tactical
decontamination conditions are discussed. Information to aid in the
development of new and improved radiological safety techniques and
instruments is also presented. Recommendations are made concerning
equipment and procedures to improve radiological safety support for
future field operations.

It was determined that it is feasible to estimate the average radia-
tion level aboard a contaminated ship on the basis of dose-rate measure-
ments taken from another nearby vessel. Support was given to the various
decontamination operations to assure the safety and protection of personnel
from undue exposure to radiological hazards. Protective clothing was
provided and control points established to minimize the spread of contami-
nation. A personnel decontamination center was provided to ensure adequate
decontamination of personnel. Special film-badge studies were made to
evaluate badge holders and interpretive procedures for field operation
usage. In addition, beta-exposure data were collected in an attempt to
determine the significance of such exposure. Also, an attempt was made
to collect dosage information associated with specific decontamination
and recovery operations. Instrumentation for dose-rate and contamination
measurements were provided. Some measurements were made on general con-
tamination and radiation levels detected in various parts of the test area.

10.1 BACKGROUND

In past field operations involving nuclear weapons, radiological
safety was considered primarily as a service organization. Although
providing adequate support to the test program is indeed a basic and
important mission of any rad-safe organization, an effort should be made
to evaluate and improve the service. Project 6.4, Operation Castle pre-
sented an opportunity for such an evaluation on a limited scale. The
scope of the Project 6.4 program was broad enough to provide sufficientopportunity for diversified application of various rad-safe principles
and to furnish some evaluative information.

10.2 OBJECTIVE

The objective of the rad-safe phase of Project 6.4 was two-fold:
(1) to provide adequate radiological safety coverage for all Project
6.4 operations, thereby minimizing the personnel hazard associated with
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the various tests, and (2) to evaluate existing radiological safety
procedures, techniques, and instrumentation for their suitability under
tactical decontamination conditions and to obtain information toward
development of new and improved radiological safety techniques and
instruments.

10.3 WORK OF 71M PROJECT 6.4 RAD-SAFE CROUP

Since the radiological safety coverage for the entire scientific
program at Operation Castle was provided by TU-7 personnel, it was
possible for the Project 6.4 rad-safe group to spend its time on the
above objectives, rather than becoming involved in the broader scope of
the rad-safe problems generated by the complete scientific program.

To accomplish the first objective, the group provided the necessaryradiological safety control during the recovery operations of the test

ships, during decontamination operations aboard them, and during those
carried out on Site Fred. The second objective was fulfilled by the
research efforts of the group directed principally toward photodosimetry,
airborne activity, and evaluation of the rad-safe instruments.

Details of both the radiological safety coverage provided by the
group and its research efforts are discussed in the subsequent seven
sections.

10.3.1 Recovery Operations of the Test Ships. The nature of
Project 6.4 made it necessary to conduct monitoring surveys during the
recovery of the YAG 40 after each contaminating event. A monitoring pass
was made by the recovery ATF to determine the extent of the radiation
hazard, and additioral measurements were made aboard the ATF during the
actual recovery operation. Table 10.1 summarizes the radiation fields

TABLE 10.1 RADIATION LEVELS DURING RECOVERY, M 40

Shot Max. Radiation Level Calculated av. Topside Airbore Contaai-
Observed Aboard Tug Radiation Level Aboard nati.c a)in Recov-
During Recovery (rl•1r) YAG 40 at Recovery(r/lr) ery Ar , ( Ic/cc)

1 0.004 0.040 2 x 10"7

2 1.0 i 8 3.6 x 10-10

4 0.15 4 l.0 X o106

5 0.90 22 2 x l0 7

(a) Measured aboard AT7-IO6.

observed aboard the ATF and lists the calculated radiation flux aboard
the YAG 40 at the time of recovery. Details of the techniques involved
in estimating the radiation flux aboard the YAG 40 are given in Appendix H.

The tow pickup lines and manila messengers were found to be highly
contaminated. The radiation levels on these lines averaged 10 to 20 r/hr
at the surface.

Although many arbitrary factors enter into the estimation of the
radiation flux aboard the YAG 40 at the time of recovery, it is interesting
to note that order of magnitude agreement was achieved when the average
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topside radiation intensity measured at a later time was corrected for
decay and compared with the estimated dose rate. Table 10.2 lists these
two corresponding values.

TABLE 10.2 RADIATION Ums ABOARD YAO ho

Shot Calculated Average Topsaid Average Topside Radiation Level
Radiation Level Aboard Maeaured Aboard YAG 40. (Corrected
TAG 40 at Recovery (r/hr) for Decay) (r/hr)

2 8 6

14 14 1

5 22 17

Table 10.3 summarizes the various dosages received by personnel
during the recovery operations.

YAG 39 personnel returned to Site Elmr aboard the YAG 39 after
each of the shots listed in Table 10.3. The crew on the YAM 40

TABU 10.3 PERSONIM DOGAMZS MYRINGO R1V]W

S! tot Average Dosage of Average Dosage of Average Doaage to YAO Crews
ATF-106 Personnel Personnel Remainlng IParticipating in Recovery
During YAG 4c on YAG 39 During rations (or)Recovery (Mr) Zvnt (Wr) YAG 39 MA 43

1 116 - 123 233
2 226 - 165 279
4 544 1905 945 754
5 266 14027 637

returned to Elmer aboard the YAG 39 after Shots 2 and 4 and aboard
the ATF 106 after Shots 1 and 5. The aver-ge topside radiation level
of the YAG 40 was 25 mr/hr prior to participation in Shot 4 and
75 mr/hr prior to Shot 5. This resiOmil radiation field was respon-
sible for part of the dosage received by YAG 40 personnel for these
two events, as shown in Table 10.3.

10.3.2 Aboard the Test Ships. The radiological safety program
was concerned with protection measures on behalf u' personnel --king
or living aboard the two test ships in the presence of radioactive
contamination. Inacmich as all of the radioactive contamination was
initially confined to the weather surfaces, the problem of rad-safe
protection resolved itself into contamination and dosage control
topside and dosage control below decks.

lb effect dosage control a daily, complete zone survey was
made of all waeas on board the two ships and dos~ges were estimated
on the basis of these surveys. The same selected check points were
monitored each day. All routine surveys were mer& at waist height,
where it is considered the average dosage is received. All routine
measurements were for gDm only, inasmuch as the task force dosage
limits were for SaI only. Routine surveys were useful in predicting
dosage to personnel and in setting stay times for work parties. All
radiation levels were plotted on an overLV drawing of the deck plans
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to eDable interested parties to obtain dose-rate information quickly.
Tables 10,4 3nd 10.5 indicate tie average radiation levels and air-
borne contamination levels aboard the YAG 39 and UAG 40 during the
various decontamination and recovery operations.

TABLE 10.k YAG 39 RADIATION LEV=EL

.peioe Average Interior of Ship rA Air
Date Radiation Level Below Deck Average Cont " tio

(mr/hr) Radiatiou Level (1-/h) (P/cc)

Shot 1,3-3-54 11 9.6 x 10-10
3-4-54 10 6.1 x 10-10

Shot 2,3-29-54 5 1 2.6 x 10-9
4-1 15 40
4-2 90 13 3.8 x o09
4-3 52
4-5 47 9 1.1 x 10-8
4-6 25 - 3.4 x 10-9
4-8 23 8
4-9 12 - 1.3 x 10" 9

Shot -3 17 7 6.4 x 1o"95-3 5 1

Shot 5, 5-6-54 552 136 2.5 x 10-9
5-7 292 52
5-8 217 50
5-9 169 19
5-10 78 13
5-11 60 1U 6.0 x 10-9
5-12, 39 6
5-13 a 118 16
5-15 a 92 12
5-16 a 91 11 1.7 x I0"9
5-18 a 37 11

'5-20 26 8
5-21 24
5-22 8 2
5-25 8 2
5-27 8 1
5-30 5 1
6-2 5 1
6-4 4 1
6-11 3 1
6-18 4 1 -

(a) YAG 39 moored alongside YAG 40.

The ratio of oeta plus gamna radiation level to the gem
radiation level was determined by special wLrveys with the "Cutie
Pie" survey meter. The ratio was found to vary from 10 to 30 at top-
side deck levels and from 3 to 5 at waist levels.

The film badge was The final criterion for dosage control. Film
dosage records were maintained on a daily basis, and as personnel expo-
sures approached the permissible limit, replacements were obtained.
Table 10.6 indicates the average daily dosages received by NRDL and
YAG personnel who were cor'-arned with the decontamination and recovery
programs.

Table 10.7 indicates the average daily dosage increments received
by Task Force personnel who actively engaged in YAG decontamination
operations.

Contamination control was accomplished by use of adequate protec-
tive equipment and by delineation of contaminated zones from clean zones.

For entry into contaminated zones wherein large amounts of removable
contamination were invoived and for normal, dry work in those zones, the
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TABLE 10.5 YAG 40 RADIATION LEVEL

Topside Average Interior of Ship and
Date Radiation Level Below Deck Average Air

(mr/br) Radiation Level ContAmLination
_(ur/hr) o'c/cc)

Shot 1, 3-2-54 14 -
3-3 5 2 7.0 x lo10

Shot 2, 3-30-54 2320 92 8.5 x 10-8
3-31 1560 -
4-1 570 90
4-2 552
4-5 187 - 3.5 x 10-8
4-6 120 27 8.1 x 10-9
4-9 106 6 x 10-10
4.io 70 20
4-12 55 12 2.9 x 10-8

4-13 46 11 7.0 x 10-9

Shot 4, 4-28 350
4-29 203 29
5-1 138 -

5-3 91 26

Shot 5, 5-7-5r4 4480 385
5-8 3690 199
5-11 1490 178
5-13 724 170
5-15 515 10o
5-16 406 94
5-17 257 66 3.5 x 10-8
5-18 146 21
5-19 101 19
5-20 86 i-
5-21 62 U. 4.0 x .0-8
5-24 4 6-
5-26 49 8 -
5-27 35 6 -
5-31 32 5 -
6-2 25 4 -
6-5 19 3 -
6-8 23 4 -
6-12 17 3 -

following rad-safe protective clothing was worn: underwear, socks, shoes,
coveralls, caps, cotton gloves, and canvas shoe covers or rubber overshoes.
For wet decontamination work involving water spray, plastic suits and
face shikýlds affording complete body protection against liquids were worn
as needed. In certain wet decontamination work where the men were not
subjected to water spray, rubber boots and rubber gloves in conjunction
with coveralls provided an adequate barrier to contamination.

After decontamination of the weather surfaces removed the loose
contamination, it was found that the use of the rad-saf-3 shoes without
outer coverings in the contaminated zone was feasible, and shoe contami-
nation remained below the established limits. in general, the protective

TABLE 1' *.6 DOSACE L-hCRE4K'TS, YAG AND JrRDI. PERSOMEL

Sh ,t Average D::Bage (ar)

1 I170

Sii100
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TABLE 10.7 AVERAGE DAMLY DOGASI RECRIVE BY
YAG DECONTAMINATION PESONEL

No. Dosage Average 1No. Dosages Average
Date Averaged Dosage (mr) Date Averaged Dosage (Mr)

3-1-54 4 120 4-25 -
3-29 1 85 4-263-3c 5 210 4-27

3-31 41 957 4-28 6 150
4-1 56 427 4-29 31 285
4-•. 64 368 4-30 2 58
iA-3  3 433 5-1 4 123
4-4 33 347 5-2 10 311
4 5 53 392 5-3 -4,-6 14, 222 5-4, -

4-7 24 163 5-5 1 275
4-8 42 941 5-6 -

4-9 30 385 5-7 -

4-10 7 229 5-8 43 43
4-11 16 410 5-9 28 2 ,3
4-12 3 365 5-10 19 177
4-13 7 367 5-11 27 254
4-14 13ii 388 5-12 25 o7
4-15 3 167 5-13 15 774,-16 - 5-14, 3 200

-17 5-5 -

4-j.8 - 5-16 21 61o
4-19 2 6C 5-17 14 539
4-20 - 5-18 7 364
4-21 1 40 5-19 6 368
4-22 - - 5-20 5 209
4-23 5-21 6 206
4-24

clothing requirements varied with the degree of removable contamination
present.

The control-zone system wac used to minimize spread of radioactive
contamination. The contaminated, or controlled, zones were delineated
with rope or other barriers and check stations were set up at the entrance
and exit points of such zones. At these points, all personnel moving
from the controlled zone to the uncontrolled or uncontaminated zone were
monitored, and contaminated clothing was removed to prevent spread of
contamination.

All decontamination operations conducted aboard the YAG 40 were
controlled from the YAG 39, which was moved alougside and used as a
boarding ship. A contamination control zone was roped off on the YAG 39,
and a contamination check station was set up at the boundary of the zone.
All movement of personnel and equipment from the YAG 40 was through the
YAG 39 control zone. Extra supplies of protective clothing were maintaired
at the YAG 39 check station. Where possible, the contaminated clothing
worn by personnel were replaced with clean clothing prior to the return
of personnel to the Elmer Rad-Safe Building for final personnel decon-
tamination. This system effectively minimized personnel skin contamina-
tion and the spread of contamination to clean zones.

A change system for shoe covers we3 initiated to minimize tracking
of contamination below decks of the YAG 40 and of the YAG 39 when the
contamination status of the YAG 39 warranted such precautions. However,
somekow-level removable contamination was introduced to the below deck
areas, due to the initial effects of the fallout and by tracking from
above decks.

No major decontamination of the YAG 39 was necessary, excepT after
Shot 5. In this case, the ATF 106 was used ati the boarding ship and
rad-safe operations and control similar to thet described above for the
YAG 40 was carried out.
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On the bas s of the results of the air-sampling program, it was

determined that respiratory protection was not required, except in the

case of personnel who were actively engaged in the operation of the wood

surface remova:. (Tennant) machine. These operators wore full-face Army

M9A1 or the Navy MKV mask, interchangeably.
Rad-safe indoctrination and advice was given to appropriate

Project 6.4 personnel, including those obtained from other ships to

carry out the various decontamination operations. Depending on the

radiological conditions and type of work to be done, wrist badges and

pocket dosimeters were issued in addition to the standard body film badges.

Protective clothing and rad-safe instrumentation were supplied to

the YAG 39 and YAG 40 for the return trip to the Zone of the Interior.

For the trip all crew members wore badges, which were changed at Pearl

Harbor. Rad-safe regulations were documented and supplied to each ship

for the protection and guidance of tie crew. Eating and smoking rules

and contamination control measures were established. A ship-monitoring

schedule was established, by which those crew members who had been

trained in radiological safety work in the field operation were employed,

to conduct the monitoring surveys. A schedule for monitoring of perso"Lel

for possible contamination was instituted.
Urine samples were collected from all YAG crewmen pon return to

the Zone of the Interior. No evidence of any significant ingestion of

radioactive materials was indicated by the analysis of these samples.

YAG monitoring survey results for the trip to the Zone of the

Interior are sumsarized in Table 10.8.

TABLE 10.8 AVERAGE RADIATIOM LEVELS ABOARD TST SHIPS DURING
RETURN TO THE ZONE OF THE DMRIOR, ME/NR

Departure Arrival I Arrival
PPG Pearl Harbor Departure ZI

5-25-54 6-14-54 Pearl Harbor 6-19-54

SYAG39

Average Topside Readin 8 4 4

Average interior and
Below Deck Reading 2 1

YAG 40

Average Topside Reading 44 19 19 17

Average Interior and
Below Deck Reading 6 3 1 1 3

Radiation exposures of personnel on the return trip were predicted
on the basis of the above readings, assuming one-third of the timee was
spent by ships' personnel in the above-deck area. These predictions,
along with the actual dosages as determined by film badges ere presented
in Table 10.9.

The ratio of predicted dosage to the observed is in the neighborhood
of 3 or 4 .

The system of dosage control by general monitoring of working area,
combined with daily badge reports, proved entirely feasible and effec-
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STAMZ 10.9 DOSA= RCZIVE BY Y. FUWIM UJR OMI'IEW
TO TU ZOMt OF TIM UMMR O, MR

PMFG Fo P. It. P. a. to s ,
Aver•p Averse. Aver... Aversp

Predicted Film Record Preticted File Record

YAG 39 800 258 480 211#
S40 3,600 1,-11 1,900 304

tively prevented personnel from inadvertently exceeding maxim=m ,ermissibLe
exposure. The system of continuously monitoring during a decontamination
operation afforded no better dosage control and had the added disadvantage
of unduly using up the allotted dosage of monitoring personnel, the
supply of which is critical to a program of this nature. The film badge,
when properly worn, proved the most feasible and accurate device for
measuring individual personnel exposures.

The zone system of contamination control was effective as long as
personnel followed the established procedures for movement between zones.
Changes of protective clothing effectively prevented personnel contamina-
tion. Close liaison by rad-safe personnel was helpful in insuring that
contamination contrcl procedures were followed and that the required
protective clothing was worn.

10.3.3 Operations on Site Fred. lbree separate operations of
Project 6.7 were carried out on Site Fred: (1) aircraft decontamination
studies; (2) panel decontamination studies; and (3) sample -ackaging for
shipment to the ZI.

The radiological safetj program for these operations were concerned
with protective measures for personnel, collection of rad-safe data
applicable to future field operations, and evaluation of rad-safe protec-
tive clothing and devices.

Aircraft, panels, and samples involved in the operations were off-
loaded from the ships and brought to the island by water transportation.
The dircraft and panel decontamination studies were carried out at the
USAF Aircraft Decontamination Facility at the southern end of the island.
The removal of YAG interior samples frum their collector racks and pack-
aging them for shipment was done in a small, open-side shelter in the
center of the island.

A rad-safe center was established in a tent near the panel and air-
craft decontamination area. At this center, protective equi.pment was
issued and personnel were monitored. The rad-safe center on Site Elmer
served as the home station and main supply center for all rad-safe
operations. The center also served as the personnel decontamination
station for all personnel, except in those cases where on-the-spot
personnel decontamination measures were required. In such cases, the
USAF Change House near the aircraft decontamination center was used.

The decontamination area was situated in such a way that prevailing
winds carried steam and airborne particulate materials generated in the
decontamination operations toward infrequently used areas and onto the
lagoon. Liquid radioactive wastes generated during decontamination opera-
tions drained from the decontamination pad into the lagoon through an
underground storm sever. The sample packaging area was similarly located
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so that prevailing winds carried particulates onto the lagoon. Solid
radioactive wastes were disposed of by land burial in isolated areas.

Dosage control was accomplished by daily monitoring surveys of
aircraft and panels in the decontamination operations (Table 10.10) and

by checking radiation levels in work party zones. Problem leaders of
both decontamination and sample packaging operations were kept advised
of radiation exposure levels and of recommended dosage conservation
measures. Self-reading pocket dosimeters were issued to selected members
of work parties, and the readings obtained therein were used as corollary
information in estimati.g dosage.

The film badge was the official measure of dosage received. The
badge records of all personnel involved were studied each day by the
rad-safe representative to determine daily dosage rates and to note which
personnel were approaching their dosage limit. Project leaders were
advised of all dosages which indicated undue individual exposures and
corrective procedures recommended. Table 10.11 shows average daily
exposures to personnel &• indicatea by film-badge records.

Contamination control was effected by roping off working areas,
monitoring footwear of personnel leaving the contaminated area and changing
footwear where necessary to prevent contamination spread to clean areas.
Periodic wipe samples were taken of the exposed surfaces of panels, planes,
and on samples to determine levels of removable contamination present.
Air samples were taken during decontamination and sample packaging opera-
tions and respiratory protection was worn when indicated by sampling
results. Table 10.10 summarizes air and wipe sampling results.

A stock of protective equipment was maintained in the decontamina-
tion area change station. Contarinated clothing was returned to the
change house on Site Elmer and clean clothing was drawn, as necessary,
to maintain the stock. Protective clothing was worn as required for the
particular operation. For dry panel and aircraft operations and sample
packaging operations, coveralls, shoes, canvas shoe covering, cotton
gloves, and caps were generally found to be adequate. As actual decon-
tamination of panel and aircraft surfaces was performed by wet chemical
and physical methods, protective clothing for these operations included
foul-weather gear, plastic coveralls, rubber boots, and plastic face
shields.

Instrumentation for the Site Fred operations consisted of contami-
nation detectors, dose rate meters, pocket dosimeters, film badges, and
air samplers. All instrumentation was supplied from the Rad-Safe Center
on Site Elmer.

It is recommended that in future operations of this nature, emphasis
be given to advance planning for each day's operation. lnformation is
required from the project leader about each day's operation so that the
necessary protective equipment, dosimeters, and instrumentation can be
made available for the operation.

Secondly, it is recummended that project leaders be made cognizant
of the necessity of personnel under their direction following rad-safe
rules and procedures.

Also, it is recomnded that project leaders be impressed with the
necessity of staying within their basic plan of operation. Major changes
should be discussed with the rad-safe representative and a plan of action
agreed upon.
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TABIE 10.10 SUMMARY OF DAILY WNITORING SURVEYS

Gencral Activity Levels

41 §

4 $4 " Type of Operation
If 14 ,U,-

~4-

Shot 
I

3-5-54 5 YAG 39 Aircraft Handling 2 - -
YAG 4,0 Aircraft Handling 3 53

3-6 6 YAG 40 Aircraft Decontaminatio 3 44

Shot 2
3-30-54 6 TAG 39 Aircra-t Decoctwaimtion 20 - -
3-31. 14 YAG 40 Aircraft Decontamination 2200 - 2.74

8 Sampe Packaging 370 - i.46
4-1 8 lAG 40 Aircraft Decontamination 29W 00 - 17,8,
4-2 25 lAG 40 Aircraft Decontamination 375 881 635(8)

4 Panel Decontamination 550 - -
4-3 10 yAG 40 Aircraft Decontamination 370 73 35.2
4-4 16 lAO 40 Aircraft Decontamination 245 300 -
4-5 17 YAG 40 Aircraft Decontamination 180 - 0.80
4-6 9 TAG 40 Aircraft Decontamination 70 - 4.19
4-7 10 YAG 40 Aircraft Decontamination 65 560 1.85

3 je Nnel Decontamination 160 - -
4-b 8 Panel Deconteminatiou 100 571 -

6 YAG 40 Aircraft Decontamination 35 16 0.92
4-9 7 Panel Decontamination 160 - -

Shot 4
4-27 8 Off Loading Samples and YAG 39

Aircraft 200 - -

4-28 6 lAG 39 Aircraft DecontaminatiorA 75 130 -

4-29 9 YAG 39 Aircraft Decontamination 35 - -

4-30 10 YAG 39 Aircraft Decontamination 16 100 -
6 Sample Packaging 10 50 1.11

13 lAG 40 Aircraft Decontaminatlon 175 - -

5 Panel Decontamination 100 - -

Shot 4
5-1-5,4 17 YAG 40 Aircraft Decontamination 150 1000
5-2 14 YAG 40 Aircraft Decontamination 60 16

3 Panel Decontamination 60 -

Shot 5
5-7 29 Off Loading Samples and YAG 39

and 40 Aircraft 450 -

5-8 9 YAG 40 Aircraft Decontamz'nation 1100 A i 9.50
5 Sample Packaging 250 -

9 lAO 39 Aircraft Decontamination 235 -
5-9 7 YAG 39 Aircraft Decontamination 140 -

3 Panel Decontamination 470 -
7 lAG 40 Aircrafj Decont.mination 460 - -

5-11 17 TAG 40 Aircraft Decontamination 200 0.5i 2.10
5 Panel DecoitAtminat ion 190 -

5-12 5 lAG 39 Aircrslt Decontamination 4, -
5 T AG 40 Aircrat Decontamination 150 3

5-13 b TAG 40 Aircraft Decontamination 135 -
3 Patnel D e - unta minat ion 63 Sample Psckagln- 6(b) _

5-15 2 Sample Packagir, 1 0.5

5-17 -Flail Survey TAG 30 Aircraft
from ot 2 16 -

Final Survey YAG 30 Aircraftf rc s&ot 5 10 -o
5-*; -Firm/ Sur,'ey YAG 39 Alrcri~tt

f rom St 2 i 3
F Fiaml. Survey YAG 39 Aircraft

o- V S4jplr PLckur"Ing 10 5

in wet spray downwind from aircraft.
(I) ~n~r.1 e~i-nzmin inaediat~e vork aret due to presence of

contarirz".:d objects.
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TABIZ 10.1-1 AVZRACM D08AMS TO PBM0UIL WM SJITE 51M 133) ATION

Date Daily DoBage (mr) Date Daily Dosage (mr)

30M ar 126 29 Apr 21
31 Mar 1050 30 Apr 145
1 Apr 424J 1 May 135
2 Apr 258 2 May 180
3 Apr 296 8 May 700
4 Apr 182 9 May 270
5 Apr 186 10 May 230
6 Apr 79 11 may 200
7 Apr 63 12 May 160
8 Apr 113 13 May 180
9 Apr 113 14 may 65
27 Apr 94 15 May 140
28 Apr 70 17 May 270

io.3.- Photodosimetry Operations. The purpose of the photodosi-
metry program was: (1) evaluation of a film badge holder for field use;
(2) evaluation of various interpretative procedures for film densities-
dosage relationships; and (3) the correlation of dosage received with
the type of work performed. A major objective of the program was
gathering sufficient data concerning field dosimetry to adequately
evaluate badge holders, film, issue systems, and interpretative proce-
dures for future laboratory and field dosimetry operations.

A portion of the program attempted to evaluate a badge and an
interpretative procedure that would give accurate results of exposures
to the various types and energies of radiations without recourse to
administrative procedures to obtain additional data on personnel move-
ments. A system of processing badges was sought that would lend itself
to the handling of the largest numbers of badges with the smallest
number of dosimetry personnel.

The standard of comparison for the experimental film badge was the
TU-7 badge which was used for official dosages reported for the entire
scientific program. The TU-7 badge utilized the DuPont film packet
No. 559, containing two films; the No. 502 emulsion, with a range from
40 mr to 10 r; and the No. 606 emulsion, with a range from 10 r to 400 r.
The shield used on the film was a clip of ½-mm lead; the film was sealed
in a polyethylene bag against humidity and contamination.

The film-badge holder used by Project 6.4 was developed at LASM and
consisted of two telescoping frames made of 0.02-in. brass. The badge is
equipped with an open window and a 0.02-in. cadmium insert. The film
used was the DuPont packet No. 552, with the No. 502 emulsion as in the
TU-7 badge, and the No. 510 emulsion, with a range of 1 to 40 r. Each
packet was sealed in polyethylene.

The processing procedures for the Project 6.4 and Lhe TU-7 badges
were identical. Insofar as possible, both badges were issued, worn,
processed, and interpreted at the same times and under the same conditions.

The dosage determined by the '1J-7 badge was for ganmm only. The
Project 6.4 badge was evaluated for beta and ganma dosages. The method
of film interpretation for gazmma dosage used was that outlined by Storm

(Reference 21).
Estimates of beta dosages were made from the Project 6.4 badge by

difference in net density between cadmium-shielded and open-window

300

CONFIDENTIAL



portions and from a beta-calibration curve made from film exposed to
natural uranium.

All dosage control was done on the basis of the exposure data from
the TU-7 badges. These badges were processed and the dosages integrated
into an operational total for each individual on a daily basis. From
these totals, all decisions on the employment of personnel were made in
accordance with the safety reguladions formulated by the task force., The
basic dosage allowance for the operation was 3.9 r. Certain personnel in
special categories were granted tidditional dosage allowances upon sub-
mission of waiver requests.

Appreximately 700 personnel were monitored by the Project 6.4 badge.
In the dosimetry program, 5,250 badges were used, of which about 4,500
were used for personnel monito7ing. Of these 4,500 badges, a represen-
tative sample of 1,125 TU-7 and Project 6.4 matched badge results have
been drawn from a statistical treatment and a comparison made between
the readings obtained from the two badges. The TU-7 badge data were
used as basis of comparison with which to evaluate the Project 6.4
badge. A comparison of ganmi dosages was made; it has been sunmrized in
Table 10.12 by indicating tte percentages of the various ratios of

TAEN ±o.12 COwARIS(N OF GAwIA DOAM=

Inte.nval of Ratio Percent of Total
of Project 6.4 Results
Data/TU-7 Data

0.2 2.0
0.2 to 0.4 11.6
0.4 to 0.6 16.6
0.6 to 0.8 16.0
M.8 to 1.2 19.0

1.2 to 2 17.2
2 to 3 9.0
3 to 

4  4.0
4to5 1.3
5 and over 3.3

_00.0

Project 6.4 badge reading to TU-7 badge readings.
The approximate gamma energy was determined from the difference

in density under the brass and cadmium. From the &'mua energies, correc-
tion factors were evolved to correct for the energy dependence of film
to gamma in the extreme energy ranges.

These correction factors have been revised (Reference 22), particu-
larly as they apply to the very-low and the very-high energies. A statis-
tical study was made to determine the effect of the revised sets of correc-
tion factors upon the mass of data as determined during Operation Castle.
It was found that, while a few results were changed quite considerably,
the mass of data was not altered to any degree of statistical significance.

The exact significance of the data in Table 10.12 is not known. The
table indicates that 19 percent of the time the dosages agreed within
20 perceLt of each other and that beyond this limit the Project 6.4. badge
showei dosages lower than the TU-7 badge 46.2 percent of the time and
higher dosages 34.8 percent of the time.

The fact that the two film-adge determinations of personnel exposure
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were greater than 20 percent apart 81 percent of the time would indicate
that more work is required on this problem. Because of the large range
in readings, a comparison with the use of ratios could be misleading.
Thus, the dosage readings were plotted one against the other to show the
relation of the values obtained with the two types of badge. If the two
badges yield equivalent relative values of dosage, the above points
should be along some definable pattern. Since this was not observed, the
conclusion that additional study of the entire problem is required, was
supported.

A study was also made of the dosages determined by the film badge
in comparison with expected dosages estimated from levels and exposure
times. A total of 338 pairs of badge readings and estimated dosages
were used in the study. Comparison is made by observing the ratio of
the expected readings to the badge reading. Table 10.13 is a summary
of comparisons between expected and observed dosages taken from YAG
decontaminations operations.

Table 10.13 shows that dosage estimates were off by more than a
factor two 47 percent of the time. It is realized that there are many
variables in connection with dosage determination. However, if the film
badge is to serve as a true indicator of personnel exposure, it would seem
important to establish a closer correlation between the dosages estimated

TABLI 10.13 COMPARISON OF 'ZXCPM AND OBSERI DOSAGs
FOR PROJECT 6.4 BADGzs

Ratio of Expected Observations
Geme Dosaw to
Badge Gem Dosage lumber Percent

0.2 4 1.2
0.2 to 0.4 28 8.3
o.4 to 0.6 30 8.9
0.6 to o.8 27 8.o
0.8 to 1.2 54 16.0
1.2 to 1.4 21 6.2
1.4 to 1.6 21 6.2
1.6 to 1.8 15 4.4
1.8 to 2.0 11 3.2
2 to 3 52 15.4
3 to 4 32 9.54 to 518 5.3
5 and over 25 7.4

338 100.0

from monitoring surveys and stay time and the dosages measured on film
badges. It is interesting to note that Table 10.12 shows that the varia-
tion by more than a factor two occurred 31 percent of the time. True
doso:2 determination becomes quite important when administrative proce-
dures establish that an operaticnal dosage limit is 3,900 mr and average
daily exposures during certain phases of a field operation might be from
500 to 1,000 mr.

Approximately 5,000 dosage measurements have been recorded for
637 personnel. Of these, 19 have received dosages in excess of 7.8 r,
71 have received dosages between 7.8 and 3.9 r, &nd 547 have received
dosages less than 3.9 r. The dosages, percentage-wise, are:
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Dosage (r) Personnel Exposed (%)

0 - 1 41.4
1 - 2 24.0
2 - 3 14.9
3 -4 5.5
4 - 5 3.8
5 - 6 4.6
6 - 7 1.7
Over 7 4.1

Only one person received an excessive amount of radiation. One
crew member coming aboard YAG 39 after Shot 5 inadvertently spent an
excessive amount of time topside near several local hot spots. His
dosage was determined to be about 20 r. Appropriate recomendations
limiting future radiation exposure for this individual have been made.

A summary of total individual beta exposure is given in Table 10.1.4.

TABLE 10.14 AccLAi~D IxDIVIDuAL mTA Ep0

Permonnel KX•__ed
Range (rep) Number Percent

0 - 6.5 404 61.2
6.5 - 13 126 19.1

13 - 20 56 b.5
20 - 30 3ý L, .2
`0 - 50 26 3.9

50 i4 2.1
___________- !00o.0

A summary of individual wrist badge data and corresponding body
dosages is given in Table 10.15.

The distribution of beta-to-gzn=a ratios as determined by film
badges is shown in Table 1O.16.

Film monitoring surveys were conducted through the months of April
and May on Site Elmer. Twelve outdoor locations distributed over the
island and nine locations on and around the zad-safe building were
monitored continuously, in six increments. The results have been sum-
marized in Tables 10.17 and 10.18.

The foregoing data and the general experience gained during
Opc-ration Castle indicated that the multiple-shield film-badge holder
is adequate to meet the mass-production requirements of a field operation.
The data collected indicates no obvious superiority over the single-shield
badge in the area of gamma dosimetry. Unfortunately, there is no way to
determine which badge gave tie best estimate of the actual dosage received.
The magnitude of possible beta exposure, as shown in VL±rea 1O.14 through
i0.io, indicate the desirability of recordirg beta dosages of personrei).

Some large discrepancies were noted in the comparison of the 6.4
and TU-7 badge results. These discrepancies may be explained in most
part by the diff'erence in film badge interpretation. The 6.4 badge
interpretation attempted to evaluate an energy correction system
currently under development. Field results indicated that additional
work on this system was necessary. Some discrepancies may also be
attributed to variations in wearing the two badges and to the response
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TANS 10.15 I ZIZAL WRIBT-DWY BAD= DA

Body Bam iWrist tBe R.

(rep r (rep) (r) (rep) (r)

3.300 0.572 3.300 0.616 3.60o 1.134
1.350 0.159 0.530 0.115 0.480 0.102
0.940 0.154 0.800 0.21-1, 0.800 0.177
0.250 0.120 0.250 0.095 0.175 0.140
2.200 0.792 2.800 o.1462 2.800 0.666
1.o4o 0.078 0.480 o.o94 0.375 0.105
0.1410 0.11. 0.350 0.115 0.290 0.164
2.0o4o .449 0.350 0.125 0.290 o.164
1.350 0.1019 .44O 0.096 0.410 0.094
0.80 0.231 1.14o 0.182 1.220 0.188
0.620 0.140 0.570 0.220 1.040 0.182
0.250 0.120 0.250 0.095 0.225 0.095
2.200 o.636 1.700 0.572 2.4.00 0.572
1.570 0.o3 0.68O 0.150 0.8OO 0.141
1.220 0.132 0.570 0.265 0.680 0.174
1.040 0.1 o.14o 0.102 0.570 0.089
1.450 1.031 4.650 o.467 3.850 2.076
0.270 0.225 0.175 0.064 0.190 0.0
4.300 0.188 4.300 0.255 2.6o0 0.286
1.350 0.095 0.68O 0.130 0.730 0.112
1.350 0.120 0.290 0.0o46 0.2N 0 0.175
0.620 0.478 0.730 0.143 O.14O 0.292
1.350 0.066 1.550 0.410 .1.o140 0.20o.
0.800 0.099 0.870 0.119 0.870 0.112

16.ooo 2.772 1.220 0.265 114.000 2.156
1.o0o 0.120 0.530 0.260 o.44o 0.102
1.570 0.165 0.530 0.260 0.480 0.193
1.570 0.193 4.700 0.308 3.600 0.337
1.200 0 0195 0.900 0.210 0.620 0.195
2.400 0.121 0.8wo 0.120 0.570 0.120
1.350 0.572 0.620 0.175 0.530 0.196
0.410 0.225 0.,80 0.:17 0.570 0.17T4
1.570 0.110 1.570 0.135 2.400 0.161
0.730 0.270 0.320 0.250 0.350 0.193
1.1.50 0.068 0.380 0.210 0.750 0.250
3.600 0.308 6.000 0.713 7.000 0.387
3.600 0.308 6.200 0.275 7.800 0.275
1.450 0.264 1..5o 0.188 2.040 0.326
1.0o4 0.091 0.870 0.151, 0.730 0.237
029 0.210 0.118 0.209 0.270 0.150
o.180 0.110 0.148 0.095 o.148 0.095
1.450 0.211 1.850 0.18 1.220 0.210
0.225 0.0 0.68o 0.095 0.62o 0.095
1.450 0.130 0.350 0.162 0.350 0.151
1.140 0.204 0.530 0.146 0.570 0.159
0.870 0.190 0.730 0.112 0.680 0.111
0.730 0.091 0.480 0.080 0.620 0.193
0.320 0.260 o.480 0.078 0.410 o.10o

20.000 2.552 23.000 2.262 24.000 2.544
1.oo 0.210 0.1.20 0.210 0.1.o0 0.210
1.570 .143 o.148o o.16 0.1480 0.183
14.ooo o.468 1.350 o.194 1.220 0.285

14.500 1.320 16.200 1.560 21.800 1.460
0.410 0.175 1.220 0.169 0.175 0.175
0.175 0.095 o.148 0.095 0.115 0.095
0.940 0.087 0.410 0.196 0.148 0.105
0.94o 0.193 0.528 0.195 1.280 0.250
2.040 0.209 2.0oo 0.174 2.600 0.249
4.000 0.518 4.700 0.555 3.300 0o.481
2.040 0.470 2.640 0.195 1.570 0.195
0.940 0.11 0.o76 0.095 0.115 0.095
2.400 0.725 2.800 0.336 14.700 0.322
1.450 0.160 1.570 0.326 0.870 0.387
3.050 0.693 17.000 1.508 14.ooo o.546

17.000 2.706 17.ooo 2.706 17.000 2.310
1.700 0.143 0.530 o.142 o.48o 0.159
1.350 0.185 o.41o 0.173 0.530 0.095
3.600 0.777 2.800 0.858 2.80o 0.594
1.400 0.250 1.230 0.250 2.000 0.250

25.000 0.900 38.00o 0.770 35.000 o.84o
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TAVMZ 10.15 LWIDI AL WRPIT-B0DY BADGE DATA iCo0InLM&)

Bod Le. Wribt Badge (Rt) I ':rist Bedge (Left0

1:350 0.16i 0.570 0.175 0.530 0.175
0.730 0.071 U.C20 0.095 0.570 o.146
0.620 0.260 0.800 0.166 0.870 0.259
o.62o o.182 1.350 0.110 0.800 0.188
0.94o0 0.135 0.±9C 0.140 0.1.90 0.150

17.000 1.040 16.000 1.125 18.000 2.294
29.000 2.332 24.OOO 1.584 25.000 1.320
1.510 0.077 0.750 0.2,0 1.U070 0.250
2.500 0.960) 12.000 3.306 9.500 2.750
6.500 0:314 64.000 1.200 64.C0 1.200
1.040 0.228 0.190 0.291 0.5"30 0.1-20

3.050 0.495 3.600 0.732 4.300 o.545
0.0 0.064 0.076 0.0 0.115 0.064

35.000 1.040 42.000 1.850 20.000 1.250
0.350 0.0 0.350 0.095 0.350 0.095
5.100 0.37c 49.000 2.040 20.000 1.624
2.400 o.i•8 2.400 0,202 1.850 0.246

25.00 1.064 3.970 1.443 4.270 0.854
1.040 0.118 0.350 0.210 0.440 0.175
0.41o 0.448 19.000 1.040 30.000 1.000
1.700 0.590 2.200 0.224 2.200 0.290
4.ooo 0.362 0.730 0.381 1.570 0.290
1.450 0.225 1.G.0 0.264 1.570 0.290
0.350 0.215 1.14o O.108 0.730 0.108
0.320 0.175 0.290 0.14±L 0.253 0-095
j.870 0.175 0 '30 1 0.207 0.620 G.1U
1.710 j 0.080 2.040 0.312 2.400 0.276

of the film bndge to a mixed radiation field.
From the standpoAnt of ease of issue, collection, and proces3ing,

the clip-on shield, •renu•mbering-prepackaging features of the TU-7 baJge
proved to bcst meet the requiremo-ts of a field badge.

The use of the probit system- and of correction factors in evalu-
ating ganma dosage may have increased the accuracy of interpretation
somewhat, but the additional time required to introduce those factors
is wet justified in a field situation.

For future opeations, it is recommended that a film packet be
utilized vith the Jto! 'Ing features: (1) two film packets with high
and low-range films; ;) prenumbyred packets presealed in waterproof
cowserings; (3) a single clip-on gala shield and a single clip-on beta
shield made of plastic material; aud (h) a met-iJ eyelet so that the
badge car be worn on a chain hung around the neck.

It is eecommended that interpretation procedurez be designed to
obtain film data quickly after use of the film on many indlviduals and
to produce these data with a relatively small number of dosimetry
personnel. Inte•lpretation should be compatible with basic accuracy of the
film; no attempt ahould be mede to attain uhe precision expected for
scientific research. A record system can be set up that will enable a
small number of dosiwetry personnel to maintain dosage control records
for large nambers of personnel.

To simplify dosage-control procedures during field cperations, it

1
The probit system (Reference 23) in a method for plotLing film calibra-

tion curves. In this method densities are plotted versus log exposures,
obtaining straight-,ine relationships. Ordinarily, densities are plotted
versus exposures, resulting in*a curve which is inaccurate at its extremities.
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TABE .10.16 ETA-TO-GAWJA DOSU RATIO FROM FILM-BADGE DATA

Distribution
S/- Ratiu No. of Dosage. Percent of Total

1 io 2.7
i - 2 69 13.5
2 - 3 100 15.2
3- 4 lo6 16.1
4 - 5 85 12.9
5 - 6 74 11.2
6 - 7 44 6.1
7 - 8 23 3.5
8 - 9 23 3.5
9 - 10 27 4.1

10 - 11 13 2.0
11 - 12 1i 1.8
12 - 13 6 0.9
13 - 14 9 1.I4
14 - 15 7 1.1
15 - 20 11 1 1.1
20 - 30 5 o.8

30 6 0__
T(f2AI, _ 100.0

is recommended that more continuity be given to records of personnel
exposure. For example, if a control record system could be established
for documenting the radiation exposure of all personnel participating
in field operations, it should be possible to use an increased time scale

TABLE 10.17 ENVIRONMENTAL MONITORING, SITE ELMER

Dates Covered Aver-ge G-.rnaa Average Beta 3/Y Ratio
-(mr/dy) (arep/day)

4-6-54 to 4-10-5 64 313 4.9
4-10 to 4-17 47 210 4.5
4-17 to 4-24 26 173 6.7
4-24 to 5-1 21 195 9.3
5-I to 5- 22 141 6.4
5- • t o > 15 25 -

for establishing the upper limit for field-operation radiation exposure.
Instead of using the current 13 weeks-3.9 r value, it is recommended
that the annual 15 r figure be used. The system would work as follows:
A card would be made out for each individual indicating the amount of
radiation exposure received d.uring the past calender year. An entry
would be made, indi;cating the amo-nL of dosage expected to be used at the
person's home station durin6 the current year. The difference between

TAMX 10.18 ENVIROKWWNTAL MONITORING, "AD-SAFE CEJKTER

Dates Covered Average Gezma Average Beta 1,/y Ratio
(-r/day) (arep/day)

4-1 to 4-8-54 52 124 2.4
4-8 to 4-14 46 85 1.8
4-14 to 4-24 71 53 0.7
.- 24 to 5-1 28 57 2.0
5-1 to 5-8 46 76 1.7
5-11 to 5-19 28 80 2.9
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the total of these two values and 30 r would be the maximum amount of
dosage available for use during the current field operation. For
example, an individual received 8 r during the preceeding calendar year
and expected to receive 5 r at his home station for the balance of the
current year. Therefore, 30 - (8 f 5) = 17 r would be the maximum
allowable exposure of that individual. This does not mean that an expo-
sure of 17 r is encouraged or even recommended. Radiation exposure
should be kept to a minimum at all times. However, this does mean that
if that individual received 17 r he would be immediately removed from
the possibility of receiving any additional. radiation exposure.

Such a system makes dosage control an automatic system and elimi-
nates the need for waivers. It is also a more realistic approach, since
it requires a more complete dosage record be maintained than is currently
establisned. In addition, this system prevents any individual from
knowing]y receiving more than 30 r during any two calendar year periods,
which is tU> current recommendation of the AEC, the International
Committee on Radiation Protection, BuMed and Surgery, and others.

10.3.5 Support Facilities. The Change House facilities that were
available on Site Elmer were used jointly by Project 6.4 and the TU-7
Rad-Safe Unit. Subordinate facilities were employed on the field and
consisted of dress-out and check stations on board ships and on Site
Fred. The Elmer center was equipped with showers, 'lead, dressing and
contaminated-clothing-removal rooms, clcthing-storage-and-issue rooms,
a counting room, an instrument-storage-and-repair room, photo-dosimetry-
processing spaces, and office spaces.

The protective equipment furnished by Project 6.4 was added to the
existing TU-7 stocks, and an issue system from the combined stocks was
established. A chit issue and control system was set up wherein informa-
tion was noted daily as to quantities issued of clothing and film badges.
Table 10.19 is a summary of the quantities issued each day of the operation.
This table is a fair index of the levels of work activity during the
operation.

The items issued were determined by the problem leaders on the
basis of the radiological conditions, the type of work to be carried out,
and recommendations from Rad-Safe personnel. Problem leaders assumed
the responsibility for items issued to the various teams. A daily shelf

inventory was initiated wherein shortages in supply could be anticipated.
When feasible, clothing issue was made the day prior to an operation by
Guxange House personnel using a list of names and sizes to assemble com-
plete sets of protective clothing. This system facilitated the processing
of personnel through the Change House.

Existing facilities (such as the shower, clothing-change spaces;
clothing-storage-and-issue room, and the clothing--collection-and-launderirig
system) that had been set up by TU-7 were used wherever possible. A tent
was set up as a station for monitoring and contaminated-clothing removal.

A system was established whereby all personnel returning from
operational work received a person-and-clothing monitoring survey at
the entrance to the Change Tent. Following this survey, all clothing
was removed and placed in separate containers for each item of apparel.
An attempt was made to keep noncontaminated items separate for reuse
without laundecing. The guide-lines used were a meter reading of
10 mr/hr, open-window, for clothing and 10 mr/hr, closed-window, for

shoes.
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TANZ 10.19 QUATITIE8 OF PRO'CTI ZUWIP ==I

0, ,0 , go. C fa 0 -A/ to W 0
- .I - '

0 4 d 0in04 3 4(d a, . U 1

0) a(, U)1 )UU 40•,.-t .!0'u --(U) (

2-9 i8ar 75 49 40 22 176 60 193 31 7 87 31 25 24 64MK5

10 Mar _- 8 - 4 2 7 - - - - 12iK9-3MK9
28Mar 41 2 - - 3 - 3 2 3 -3 - -

29 Har 59 9 11 4 26 - 34 - 1 29 - 19 - -

3o Mar 29 54 13 8 32 - 47 1 - 75 -,65 - 4H5
31 Mar 279 84 71 2127 - 286 32 25 123 -,130 - -

1 Apr 201 43 46' 1 43 11 102 45 1 55 12 75 - -

2 Apr 96 22 25 - 82 - FS 31 - 56 - 85 - -

3Apr 16r 49 74 1 30 - 147 47 1 34 12 94 18 -

4 Apr 86 32 81 21 99 31 100 70 8 102 - 47 8 -

5 Apr 119 37 93 - 124 26 113 57 13 149 31 124 7 -

6Apr 4.32 46 69 - 51 3 54 38 7 61 - 2 - -

7 Apr 64 21 30 - 54 - 57 20 7 63 6 12 - -

8 Apr 90 14 12 20 20 - 28 7 12 38 - 2 - -

9 Apr 127 67 100 3129 15 190 63 10 147 - 39 - -

1O Apr 105 38 23 3 - 3 96 38 5 41 - - - -

11 Apr 36 5 6 - 3 - 61 5 6 5 - - - -

12 Apr 275 57 119 38 126 12 221 83 21 172 2 78 - 8W5

13 Apr 52 34 30 9 35 5 45 18 5 37 4 18 - 4MK9
27 Apr 95 37 47 2 84 - 96 36 55 - - - -

28 Apr 43 36 37 - 37 - 50 37 1 37 - 37 - -

29 Apr 71 7 74 - 34 - 53 39 - 30 - - - -

I mo' 59 5 7 2 10 - 14 3 - U l -3

6 may 66 26 29 - 49 - 51 3 - 30 - 47 - -

8 May 236 32 33 1 47 3 58 32 - 35 - 35 - -

9 May 88 5 42 13 60 13 96 41 - 79 1282 - -

10 May 95 8 10 2 14 - 20 5 - i8 - - 6 -

lriay 161 8 10 - 29 - 35 - - 13 - 8 - -

12 May 78 5 6 - 12 - 50 5 - 25 -10 - -

13 May 90 18 7 - 11 - 46 4 - 7 -3 - -

15 MaY 132 15 101 15 - 1 101 50 - 101 50 - -

16 May 51 8 19 4 14 32 15 - 41 -638 -

]7 May 131 32 33 3 16 - 55 4 3 98 3c62 - -

18jhAS 94 30 47 - 16 - 44 41 - lob 1 28 -

19 May 71 28 26 1 - - 11 50 - 97 -31 -"

20May 56 14 24 - - - 2 23 - 100 -24 -

21May 80 9 16 2 2 - 12 - 2 25 - 5 -

From the clothing-removal tent, all personnel passed through the
shower. Complete body-monitoring surveys were then made of all personnel
and special measures were taken to remove any remaining skin contamina-
tion. Permissible level for skin contamination was a meter reading of

1 mr/hr, open-windov. Usnally showering or hand washing with soap removed
all detectable skin contamination. Certain stubborn cases required
special treatment such as: (1) corn-meal abrasive in addition to

powdered detergent; (2) citric acid; (3) trisodium phosphate; and (4)
grease-removal creams.

All dosimeters were collected at the clothing-removal tent for

processing.
The major portion of personnel and clothing contamination occurred

after Shots 2 and 5. During decontamination and recover7 operations,
the clothing of as many as 60 percent of the Project 6.4 personnel and
ship's crew became contaminated. Clothing contamination varied from
40 to 500 mr/hr. In some instances, glove- and bootie contamination was

as high as 30 r/hr. Approximately 25 cases in which personnel had
exc,.ssive body contamination were noted. All cases were successfully
decontaminated; no serious contamination accidents occurred during the
Project 6.4 operation.
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Decontamination of clothing was carried out in a separate laundry
operated by civilian contractor personnel under the guidance of the Task
Force Rad-Safe organization. Clothing for laundering was segregated
according to the degree of contamination. Items reading up to 200 mr/hr
were sent for immediate laundering. Items contaminated to higher levels
were held in an isolated storage area for decay to the above level before
laundering.

Operation of the Change Station had been proposed as a joint effort
of the project 6.4 and TEJ-7 Rad-Safe organization. With the exception
of maintenance of laundering services and removal of certain clothing
stocks, the bulk of the task was handled by the Project 6.4 organization.
With the limited numbers of personnel assigned, it was not possible to
operate the station at the required peak of efficiency. In particular,
during rush periods of clothing issue for personnel embarking on an
operation and processing returning personnel, the operations were slowed
as a result of the shortage of Change House personnel.

Shortages developed in the supply of certain protective clothing
items. The most serious shortages were in cotton gloves, socks, under-
wear, and certain shoe sizes. It was found that cotton gloves, in many
cases, were nonusable after one laundering, due to excessive shrinkage.
Socks and underclothing disappeared through pilferage. Shoes became
short in supply through pilferage and through large numbers being tied
up in storage for decay of contamination.

In spite of the above difficulties, the overall mission of the
Change House was accomplished. All personnel engaging in operational
work were provided adequate protective equipment, and the monitoring
and decontamination of returning personnel proved satisfactory in
preventing injury to personnel and controlling the spread of contamination.

It is recommended that in futare operations pre-operational planning
consider a more realistic number of personnel to be available for change-
house operation. Personnel and space commitments for change-nouse
operation from outside organizations should be very firm and without
need for further interpretation in the field.

The protective equipment requirements for an operation should be
estimated with generous allowances for contingencies. If clothing is
to be supplied from outside sources, a clear understanding should be
reached as to the quantities availab4.e.

A careful clothing control system is indicated for personnel
returning from work in contaminated areas to minimize losses. A chit
system for controlling the return of clothing is too cumbersome to be
effective, but a very-rigid flow system for personnel may be successful.

10.3.6 Air Sampling. The prime objective of the air-sampling
program was collecting information about airborne activity encountered
during the decontamination phase of the Project 6.4 operation. The
following operations were carried out to collect the data for assessing
the hazards encountered: (1) air sampling for shipboard and decontami-
nation operations; (2) fallout air sampling; (3) particle-size deter-mina-
tions, and (4) gamma-background monitoring.

The program on the test ships revealed no air concentrations
greater than of the order of lO"0- c/cc, either above or below decks
during all decontamiuation operations, except for very local conditions
caused by operation of the Tennant machine. Consequently, respiratory
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protection was not required, except for the Tennant machine operations.
Tables 10.20 through 10.22 give results of air samples taken on the
YAG 39 and YAG 40 and on Site Fred during normal work and during decon-
tamination operations.

Concentration samples were taken of fallout activity, both on
board ship and on Site Elmer. The shipboard samples were given an
immediate check with a beta-ionization chamber and later counted in the
Elmer counting facility. Table 10.23 lists fallout activities obtained.
All counting results are corrected for decay. The beta-ionization-
chamber readings showed fairly good correlation with the results of
laboratory counting. Only one fallout gir sample indicated activity
levels above the allowable limit of 10- )c/cc, and that only for a
short period of time.

TABLE 10.20 AIR SAWLIIIG DATA, YAG 39 OPERATIONS

'Activity

11te-5 Location (d.c/cc)

3-3-54 Topside, main deck 1.4 x 10-9

3-3 Topside, main deck 5.2 X I0"10
3-4 Topside, main deck 1.7 x I0-10

3-4 Topside, main deck 1.7 x 10-10
3-4 Topside, main deck 9.4 x 10-10

3-4 Topside, main deck 8.6 x 10-10

3-4 Topside, main deck 1.0 x 10- 9

3-4 Topside, main deck 5.0 x19

3-28 Stateroom No. 4 1.4 x ].0-9

3-28 Topside, main deck 3.5 X 10-9

3-28 Hold, 11o. 4 1.1 x 10"9

3-28 Radiorocm 9.0 x 10-10

3-29 Crew's Quarters 2.6 x 10"9

3-2c Crew's Q'uarters 3.5 x 10-9

3-29 Crew's Quarters 1.6 x 10-9
4-2 Flying Bridge 9.7 x 10-9
4-2 Topside, No. 3 Cubicle 2.3 x 10-9
4-2 Topside, Nc. 3 Cubicle 3.2 x 10-9
4-2 Topside, No. 2 Hold 2.3 x 10-9
4-2 Topside, No. 2 Hold 1.5 x 10-9

4-5 Topside, Aft Deck House 1.1 x 10-8

4-6 Topside, Boat Deck 3.4 x 10-9
4-7 Topside, Eidship area 5.1 x 10-9
4-9 Topside, Noc. 1 King Posl 1.2 x 10-9
4-9 FlyinC Brid4c 1.4 x 10-9

5-11 Tjpside, No. 5 Hold 1.2 x 10-8

5_11 Topside, Amidships 6.2 x 10-10

T-i6 Topside, 01 Deck 1.7 x 10-9

5-17 Topside, Boat Deck 3.0 x 10-9

5-17 Topside, Boat Deck 7.0 x 10-8
5-17 Topside, Fantail 8.0 x 10-10

5-17 Topside, Boat Deck 1.0 x 10-9

5-17 Topside, Boat Deck 1.3 x 10-9

5-0A Topside, Boat Deck 2.5 x 10-9
5-18 Zocide, Boa! Dk-ck 1.8 x 10-V

In connection with particle-size studies, cascade impactors were
operated during conditions of fallout on board ship and on Site Elmer.
This device gave a iough approximation of the specific activity of the

various sizes of particles in the air stream from 0.5 through 8.9 microns
by virtue fractionation on five stages. The determination is made by

measuring the beta activity of aerosol particles on the slides. At the-
17.5 liter/min flow rate of the cascade impactor, a several-hour sample
was required in order to buildup enough fractionated particles to obtain
a significant count and subsequent determination of the median particle
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MARS 10.21 AIR 8aLING DATA, TAG 4O OPATTI0N

Ativity
Date Location (yC/cc)

3-3-54 Boiler Room 1 x l011
3-3 Boiler Roam 1.4 x 10-10

3-3 BoiL - Room 7.9 x 10-11
3-3 Boil(- Room 3.5 x 1O-1-
3-3 Boiler Rocm 9.7 x 10-11
3-30 Engine Rocm 1.6 x 10-7
3-30 No. 4 Hold 8.8 x 10-8
3-30 Engine Roam 1.2 x iO-7
3-30 Engine Room 4.2 x 10- 8

3-30 No. 4 Hold 1.7 x 10-8
4-4 No. 3 Hold 2.6 x 10-8
4-4 No. 3 Hold 4.5 X 10-8
4-6 Engine Room 9.0 x 10"11
4-6 Engine Room 2.2 x 10-9
4-6 No. 4 Hold 9.0 X 10-xl0
4-6 No. 3 Cubicle 3.8 X 10-8

4-7 Engine Room 2.5 x 10-10
4-7 Top Aft Deck House 2.3 x 10-9
4-8 Engine Roam 4.0 x I0"9
4-L Engine Room 3.6 x 10-9
4-9 Topside, No. 1 Kingpost 6.0 x 10-10
4-12 Flight Deck 8.9 x 10-10
4-12 Topside, 01 Deck I.I x 10-9
4-12 Topside, 01 Deck 2.5 x 10-b
4-12 Topside, 01 Deck 8.6 x 10-9
4-12 Topside, 01 Deck 1.1 x 10-9
4-12 Flight Deck 1.2 x 10-10
4-12 Topside, 01 Deck 2.4 x 10-10
4-12 Topside, 01 Deck 3-0 X 10-9
4-12 Topside, 01 Deck 1.6 x 10O"0
4-12 Topside, 01 Deck 1.3 x 10-9
4-13 Topside, No. 4 Hold 5.9 x 10"9
4-13 Tennant Machine Opns. 8.0 x 10-9
5-17 Topside, No. 3 Hold 3-5 x 10-8
5-17 Topside, No. 3 Hold 9.8 x 10-9
5-l1 Topside, No. 5 Hold 3.1 x 10-9
5-18 Topside, No. 5 Hold 2 .j x 10"9

5-21 Topside, Boat Deck 3.4 x 10-9
5-21 Topside, Boat Deck 2.3 x 10-9
5-21 Topside, Boat Deck 4.9 x 10-9
5-21 Topside, Boat Deck 4.3 x 10-8
5-21 Topside, Boat Deck 1.1 x 10-8

size. From a consideration of the air-Jet velocity in each stage and by
the use of assumption that aerosol fission products will be attached to
NaCi nuclei (particle density, 2.16 g/a) from the shot, Table 10.24 has
been prepared show-ag the relationship of particle size to the jet stage.

Table 10.25 is a summary of the particle-size information gained
from cascade impactor air sampling.

A background gamma monitoring station was set up in the Change
House on Site Elmer to gain information concerning fallout gammn back-
ground and its relation -'3 air concentrations of fallout activity.
Figures 10.1 and 10.2 show the time-activity relationship for fallout
airborne and gamam activity for Shot 2. It is seen that the airborne-
activity record gives a clearer picture of the incidence &nd depar-

ture of the fallout cloud than the gamma record and should be of grea*er
value in determining the incidence of successive fallout when the gamma
background situation is higher than normal.

From the -irborne-gamma-activity data for fallout contamination
a rough, order-of-magnitude relationship between airborze activity and
rate of gamma buildup was derived. Table 10.26 shows the airborne
activities to be expected from various rates of gaum builuup.
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TABLE 10.22 AIR SAJ•POL DATA, Br!! PU OMATiIOU

Date Location iiy p/c

3-31-54 Aircraft Decontamination Area 2.7 x 10'9
3-31 Sample Packaging Area 1.8 x 10-9
3-31 Sample Packaging Area 1.1 x 10-9
3-31 Sample Packaging Are& 2.3 x 10-9
3-31 Sample Packaging Area 9.0 x 10-10
3-31 Sample Packaging Area 1.6 x 10-9
3-31 Sample Packaging Area 1.8 x 10-9
3-31 Sample Packaging Area 8.0 x 10-10
4-I Aircraft Decontamination Area 2.4 x 10- 8

4-1 Aircraft Decontamination Are 1.2 x 10"
4-3 Aircraft Decontamination Area 7.0 x 10-8
4-3 Aircraft Decontamination Area 9.8 x 10-10
4-5 Aircraft Decontamination Area 7.9 X 10-10
4-6 Aircraft Decontamination Area 4.1 x 10-9
4-6 Aircraft Decontamination Area 4.2 x 10-9
4-7 Aircraft Decontamination Are 8.9 x 10-10
4-7 Aircraft Decontamination Are 5.8 x 10-9
4-7 Aircraft Decontumination Are 3.5 x 10-9
4-7 Aircraft Decontamination Are 3.5 x I0 9

4-8 Aircraft Decontamination Are 7.1 x 10"10
4-8 Aircraft Decontamination Are7 1.0 x 109
4-30 Aircraft Decontamination Are 1.7 x 10-9

4-30 Aircraft Decontamination Are 4.5 x 10-10
5-8 Aircraft Decontamination Are 5.0 x 10-10
5-10 Aircraft Decontamination Are 3.1 x 10o-
5-10 Aircraft Decontamination 1.2 x I0
5-11 Aircraft Decontamination Are 2.1 x 10-9

It is of interest to consider if measurable amounts of fission
product are excreted in the urine as a function of levels of airborne
activity. Available data, from samples submitted by personnel from the
Befle Grwpy, indicate that no detectable urine conteminati~n resulted from
exposure to airborne concentrations of the order of 10" jIc/cc. These
samples were collected 4 to 10 days after exposure and assayed 25 to 30
days after collection. Table 10.27 shows above-deck gema-background
levels measured on the Belle Grove (LSD2) at the 33-mi circle on
1 March 1954 and their relation to the airborne concentrations as derived
from Table 10.26.

The practical conuideration of the allowable limits of airborne
specific activity should be approached from the allowable integrated dose
for an operation. The permissible concentration for a 40-hr-week working
year is 10-9gpc/cc for unknown radioactive material, but the decay factor
of fission product contamination allows a working figure at one day of
of 10-6 )Ic/cc.

Air samples are taken for the purpose of determining the average
concentration of airborne activity in a working area. Respiratory
equipment is cumbersome and reduces efficiency of the worker; current
airborne-activity information is necessary to determine whether such
respiratory equipment is necessary.

Gamma background monitoring is a useful way, when combined with
an air-sampling program, of determining the incidence of fallout. An
order-of-magnitude figure for airborne activity can be obtained by
measuring the rate of build up of gamm activity from fallout
contamination.
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TABLE 10.23 AIR 3AMPLING DATL, FALLOUT ACTIVITY

Date Location ounting Results Corrected Time

______ ~ ~~to Sampling Time (IE/cc) ______

Shot 1
3-1 ATF 106 5 x 10-? O80O
3-i APF• 106 5 0•.. 0930

3-1 ATF 106 5 x 10 1100
3-1 ATF 106 1 x 10-9 1.445
3-1 AWX 106 7.5 x 10-7 1550
3-1 AlT 106 8.6 x i0"7  1620
3-1 ATF 106 (Interior 8.6 x 10-8 1700
3-1 ATF 106 6.7 x i0"7  1740
3-i ATF 106 (Interior 4j.0 x 10-7 1935
3-i ATF 106 5.3 x 10-7 2000
3-2 ATF 106 (Interior 1.4 x 10-7 0820
3-2 ATF 106 9.0 x 10- 8  0930
3-2 ATF 106 8.3 x 10- 8  1300
3-2 ATF 106 6.2 x 10- 8  1630
3-1 AT! 114 6.5 x i-6 8  16oo
3-1 ATF 114 5.0 x io-7 3630
3-1 ATF 114 3.5 x lO-7 1830
3-1 ATF 114 4.6 x io-7  1900
3-1 ATF 114 5.4 x 10-7 2030
3-2 ATF 114 1.2 x 10"7 0830
3-3 Elmer 3.2 x 10-9 1030
3-3 Elmer 3.3 x 10-9 1145

Shot 2
3-3 Elmer 1.7 x 10"9

3-3 Elmer 1.3 x 10-9
3-3 Elner 1.5 x 10"9

3-3 Elmer 2.7 x 10-10
3-3 Elmer 7 7 x 10-10

3-3 Elmer 7.2 x 10-10
3-27 ATF 106 1 x 10-9 0710
3-27 ATI 106 1 x 10-9 I000
3-27 AIT 106 1 x 10-9 1130
3-27 ATF 106 1 x 10- 9  2230
3-28 ATF 106 1.5 x 10-9 1300
3-28 ATF 1o6 I x 10"9  1600
3-31 ATF 106 2.7 x 10-10 1030
3-27 Elmer I x 10-10 0830
3-27 Elmer I x 10-10 1030
3-27 Elmer I x 10"I0 1230
3-27 Elmer 1 x 10-10 1430
3-27 Elmer 3.5 x 10- 8  1850
3-27 Elmer 3.5 x 10- 8  1920
3-27 Elmer 3.2 x 10-8 lqhO

Shot 2
3-27 Elmer 2.5 x i0-9 2200
3-28 Elmer 1.3 x 10-9 0900
3-28 Elmer 1.3 x I0 9  0945
3-28 Elmer 1.0 x 10-9 1020
3-28 Elmer 5.4 x 10-10 1400
3-28 Elmer 5.4 x I0-10 1440
3-28 Elmer 5.4 x 10-10 1515
3-29 Elmer 7.7 x 10-10 0930
3-29 Elmer 8.3 x 10-9 0700
3-29 Elmer 1.1 x 10-8 0800

.3-29 Elmer 1.8 x 10"9  0900
3-29 Elmer 4.2 x 10-9 I000
3-29 Elmer 3.1 x i0" 9  1100
3-29 Elmer 9.0 x i0- 9  1515
3-30 Elmer 1.5 x i10 9  1645
3-31 Elmer 4.4 x 10- 9  1500
3-31 Elmer 3.3 x 10-9  1530
3-31 Elmer 1.O x 10"8 1600
3-31 Elmer 5:0 x 10"9 1630
4-1 Elmer 6.0 x 10-10 0915
4-1 Elmer 3.6 x 10-10 0945

Shot 4
4-26 ATF 106 2.0 x 10"IO 10004-26 ATF 106 4.4 x I0"8 1715
4-26 AT? 106 3.1 x 10"7 1800
4-26 ATF 106 1.1 x 10"7 1930
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TABLE 20.23 AIR Sa)mIm.m DATA, FALLwU ACTIVITY (ccvTzuuD)

- ningResuts Corrected
Date Location to S.iing Time (,-/oo Time
4-26 AT? 106 8.3 x 10-7 1945
4-26 ATF 106 4.2 x 1o-7 200

4-26 AT? 106 1.0 x 10"6 2015
4-26 AT? 106 2.1 x 1o7 2050
4-27 AT? 106 1.7 x 10-8 0745
4-27 AT? 106 1.6 x 10o8 1318
4-27 Elmer 2.3 x 10-9 0845
4-27 Elmer 2.1 x lo9 1030
4-27 Elmer 8.9 x 10-10 1425

Shot 5
5-5 AW 106 i x 10 1 0  0730
5-5 ATF 106 3.0 x 10-8 1800
5-6 ATF 106 3.8 x 10-10 1100
5-5 Elmer 2.6 x 10-9 2000

Shot 6
5-14 Elmer 1.3 x 10-10 0720
5-14 Elmr 2.1 x 10-10 0930
5-14 Elmer 4.5 x 10-10 1030
5-14 Elmer 1.3 x 10.8 1900
5-14 Elmer 1.7 x 10-8 1925
5-14 Elmer 1.0 X 10 0 2045
5-14 Elmer .. x 10-8 215

It is recommended that a sliding scale be adopted for allowable
airborne concentrations for field operations. It is recommended that
respiratory protection be worn only when the concentrations tabulated
in Table 10.28 are exceeded for the exposure periods included. This
table indicates higher airborne maximum permissible concentrations at
earlier times after the formation of the fission products. These are

TABLE 10.24 RELATION OF PARTICLE SIZ9 AND JET SU

Jet Sta4g Air Velocity Median Particle
(inter/bec) Size (microns)

5 Filter atage(unknovn) 0.53
4 77 0.8
3 27.5 1.65
2 10.2 3.72
1 2.2 8.9

relative to the standard maximum permissible concentration of
1 x 10-9 jlc/cc for long-lived (one month or more half-life) fission
products as the ratio of their effective half-lives.

Air-sampling equipment capable of taking and measuring a sample
in one operation in the field should be developed and used. Such
equipment would enable immediate decisions to be made regarding the need
for respiratory equipment.

It is recommended that the gathering of information on fallout
particle size be continued in future field operations and that studies
be made to relate body retention with particle sizes of airborne
particulates.

A continuous gamma monitoring station equipped with s suitable
alarm system should be a requisite for working and living in areas in
the vicinity of possible fallout conditions during field tests.
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TANA 10.25 M.MIARY OF TE PARTIC12 SIZE IWONIATION GAU
FRO CASCAIX DI)AC¶VR AIR SAIMPLIUIO

Date Time after Shot Location Median Particle
(hr) Size (micron• )

Shot 2
3-27-54 12 Flmer 1.0
3-28 25 Elmer 1.7
3-29 60 Elmer 0.75
3-30 72 Elmer 5.0
3-30 82 Elmer 4.2

Shot 3
4-8 29 Elmer 1.8

Shot 4
4-26 13 ATF 106 1.4
4-27 34 ATF i06 2.7

Shot 5
5-5 10 Parry 1.3
5-6 26 Parry 1.0

Shot 6
5-14 16 Parry 0.553

10.3.7 Instiumentation. All rad-safe instrument requirements for
Project 6,4 operations were supplied and maintained by the rad-safe
group. Th-ree main types of portable monitoring instruiments were used in
the program. For clothing and personnel monitoring a "contamination
meter," the side window, GM PDR/5 or NRDL MK-III, Model I, was used;
for radiation measureoments of gama fields, a "dose-rate meter," the
PDR/TIB; for beta-gamma measurements, a second type of dose-rate meter,
the IM5/PD or "Cutie Pie" was used.

A small supply of AN/PDR-18A's were available for measuring high-
radiation fields but were not used, due to the medium-range dose rates
encountered in the operation.

A continuous-recording air monitor, consisting of a moving filter
tape mcving past a beta probe, and a continuous-recording gamma monitor,
consisting of a shielded halogen-filled GM tube driving a counting rate
meter and recorder were provided to obtain a record of a fallout
contamination 9r Parry.

A 6-C Cowo source, the Navy UDM-1, was set up complete with track
to obtain daily calibration checks oi± all gamma monitoring instruments.

TA=Z i0.2ý AIRDOram AcTiv=iT MP]C1 D 7W% DIFFEDRT RATES0O
GMA BJILJW BASE) Of ORSERVM BATA, STTZ ELMER

Rate of Gm ulldup Airborme Activity

x i0

.,i x IC-9
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TABLE 10.27 ABOVE-DEK GAMMA-ACKGROND LEVELS AND
AIRBORNE CCCUTRATIO1S FROK ThE M.IZ GROVE

Time Radiation Level Air borne Concentration
(mr/hr) (PC/cc)

00 0.5 5 x 10-8
1300 8.0 5 x io-7
14o0 25.0 1 x 10-6
1900 180.0

Two types of air samples are utilized, each for a different pur-
pose. Concentration samplers utilizing filter paper to collect the
particles from the air stream were used to obtain the total concentra-
tion of particulate matter in the air. Both 110-v AC and 24-v dc
samplers were used. All samplers were calibrated with the filter paper
in place. The nominal flow rates of the 110-v AC samplers were 20 cu
m/hr and that of the 24-v dc samplers were 7 cu m/hr. Each air sampler
was equipped with an ionization chamber, which gave a continuous indica-
tion of the activity of the sample as it was being collected. The
ionization chamber was capable of detecting O.1p)c amounts of activity
deposited on the paper in a background not exceeding 300 mr/hr. With
this device, air concentrations of the crder of l10- )uc/cc can be
measured in a 30-min sampling period.

The other type of air sampler employed was the particle-size
analyzer, which was used to determine the sizes of the airborne parti-
culates. The Cassela-type cascade impactor, driven by a standard air
pump, was used for this purpose. As described in the air-sampling
portion of this report, an approximation was made of the specific
activity of the various sized fractions of particles in the air stream
from 0.5 through 8.9 microns. The various-sized particles were separated
by virtue of fractionation from various-sized jets impinging on glass
slides. The actual determination is made by counting the beta activity
of aerosol particles on the slides.

For laboratory analysis of air and wipe samples, a gas-flow
proportional counter was used. Although background-gamma radiation from
local fallout contamination often ran 10,000 c/mr, satisfactory measre-
ments could be made in most cases of the field samples. The laboratory
counters were given daily calibration checks with a Sr 9 0 -impregnated
filter and a T1204-impregnated filter of the same physical dimension as
the unknown samples. These standards we- e prepared prior to the operation

TABLE i0.28 RFCOMMECD0 ALLOWABLE AIRBORNE CCNCEWTRATIONS

Days after Conc!ntrat ion Total Period
Detonation uc/cc of Air Period of Exposure

0.1 2.7 x 10-5 I day
1 1.7 x 10-7 1 day
2 1.2 x 10-7 1 day
4 9-9 10-8 1 day
7 7.9 x 10"8 1 day
14 to 28 1 1.0 x 10-8 2 veeks
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by measured quantities of standard1.ized solutions of these radioisotopes
to standard-sized filter papers and fixing in place with a plastic spray.

The instrumentation used on the field operation proved adequate
for the purpose intended, but certain features could be improved.

The side-window (as opposed to the end-window GM) was found to be
the only instrument suitable for clothing and personnel monitoring.
The calibration of these instruments were in milliroentgens per hour
which proved to be quite meaningless as far as personnel contamination
was concerned. Relative scale readings were used to define allowable
contamination levels.

The AN/PDR-TlB instrument proved to be quite satisfactory for the
gamma-dose-rate measurements made during the operation. Comparison of
this instrument with the AN/PDR-18A showed agreement within the limits
of reading accuracy in a radiation field. The AN/PDR-18A was also quite
satisfactory for general gama monitoring, although the lower limit of
sensitivity was of the order of 50 mr/hr.

The IM5/PID, or Cutie Pie, which was used for beta measurement, was
found to be somewhat unreliable under the humid conditions encountered
in the field. The malfunction rate was found to be excessive.

Of the side-window GM instruments, the MK III, Model I proved to
be more convenient in operation, more compact, and had a better probe
arrangement than the AN/PDR-5. The two instruments. were about equal
in reliability, both requiring an excessive amount of maintenance due
to the humid climate.

The air samplers performed satisfactorily under the conditions
encountered. The ionization chamber feature proved to be useful in
obtaining on-the-spot data concerning airborne contaminations.

io.4 CONCLUSIONS AND RECOMMENDATIONS

It was determined that it should be feasible to estimate the
average radiation level aboard a contaminated ship on the basis of dose-
rate measurements taken from another nearby vessel, such as a recovery
ATF or some similar ship capable of making some type of monitoring pass.
The procedure outlined in Appendix H gave a reasonable order-of-magnitude
determination in three separate trials during Operation Castle. However,
it will alwaya be necessary for any boarding party to conduct monitoring
surveys, particutlarly to locate any "hot spots."

It is reconmended that, in future field operations, emphasis be
given to indoctrination of personnel in the use and wearing of protective
clothing, the procedures to be followed in movement between contaminated
and noncontaminated zones, and the wearing and care of the film badge.
Protective-clothing requirements should be kept to the minimum consistent
with adequate protection. Emphasis should be given to advance planning
for each day's operation. The rad-safe organization requires such
notification so that the necessary protective equipment, dosimeters and
dose-rate instrumentation can be made available. Major changes to
operational plans should be discussed with a rad-safe representative and
a Flan of action agreed upon. It is important that project leaders
establish the necessity for those personnel under their supervision to
follow mad-safe rules and procedures.

318

CONFIDENTIAL



Pbotodosimetry-interpretation procedures should produce prompt
results with a minimum expenditure of manpower. In addition to gamea
dosages, it is recommended that beta dosages u&so be measured with
special attention given to exposure to body extremeties under special
situations. For future field operations, it is recommended that a film
packet be utilized with the following features: (1) two film packets
with high- and low-range films; (2) prenumbered packets presealed in
waterproof coverings; (3) a single clip-on gap.m shield and a single
clip-on beta shield made of a plastic material; and (4) a metal eyelet
so that the badge can be worn on a chain hung around the neck.

It is recommended that consideration be given to increasing the
time scale used for establishing allowable dosages for field operation.
By establishing a central record system that would maintain continuity
of radiation exposure received by personnel during all field operations,
it is felt that the exposure unit of 15 r per year could be used. The
allowable dosage for any individual would be determined by the amoant of
radiation exposure received during the past calendar year and the amount
of exposure expected during the current calendar year. The difference
between the total of these two values and 30 r would be the maximum
amount of dosage available for use at the present field operation.

In spite of minor operational difficulties, the overall mission
of the Personnel Decontamination Center was accomplished. All personnel
engaging in operational work were provided adequate protective equipment,
and the monitoring and decontamination of returning personnel proved
satisfactory ýn preventing injury to personnel and controlling the spread
of contaminati~n. It is recomended that in future operations more
consideration 6e given to the number of personnel required for the effec-
tive operation of a change house. The protective equipment requirements
for an operation should be estimated with generous allowances for contin-
gencies. A careful clothing-control system is indicated for personnel
returning from work in contaminated areas to minimize losses. A chit
system for controlling the return of clothing is too cumbersome to be
effective, but a rigid flow system for personnel may be successful.

It is recommended that a sliding-scale Table 10.28 be adopted for
allowabl.e airborne concentrations for personnel exposure during field
operations.

Air-sampling equipment capable of taking and measuring a sample
in one operation in the field should be developed and used. Such equip-
ment would enable immediate decisions to be made regarding the need for
respiratory equipment. It is recomnded that the gathering of informa-
tion of fallout particle size be continued and that studies be made to
relate body retention with particle sizes of airborne particulates.

A continuous gamma monitoring station equipped with a suitable
alarm system should be a requisite for working and living areas in the
vicinity of possible fallout conditions during field tests.

The following instrumentation is recommnded as that which would
provide the most satisfactory service for future field operations:
(1) high range gamia dose rate - AN/PDR-TIB, AJ/PDR-18A; (2) median
range g•um dose rate - AN/PDR-TIB; (3) median range beta-gana dose
rate - field Cutie Pie type with calibrated beta dose rate meter indica-
tion; (4) contamination meter - log-indicating-meter portable GK with
0-100,000 c/a in 3 cycles; and (5) air sampling equipment - (a) 110-v AC
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motor blower unit equipped with an ionization and bucking chamber;
(b) continuous indexing with 4 cycle log meter indication in c/m starting
at 100 c/rn. Median flow rate (10-20 cfm).

On the basis of past experience and observation. of radiological

safety in field operations, it is recommended that consideration be

given to establishing the radiological safety function for field opera-

tions on a continuing basis. This would provide a collection center for

appropriate records (such as radiation exposure of personnel), enable

protective equipment and instruments to be stock piled, and provide
continuity to the rad-safe program such that the benefits from past

experience and the lessons learned from previous mistakes would result

in a constant improvement in field radiological safety. Such a unit

could provide the basis for realistic indoctrination and training of

civilian and military personnel in the field of radiological defense.
It would serve as the basis for testing and improving various rad-safe

procedures, such as contaminated-area monitoring and delineation, film-

badge issue and processing, personnel-decontamination-center operation

and procedures, evaluation of dose-rate instrumentation, contamination

meters, air samplers, and other special rad-safe equipment. The merit

of such a system seems many-fold and should make a real contribution to

national security through the training and indoctrination of civilian

and military personnel in the fundamental principles of radiological
safety.
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Appendix A

SUPPLEMENTARY MATERIAL ON
WASHDOWN COUNTERMEASURES

A. 1 RATIO OF CONTAMINATION EFFECTS FOR THE TWO SHIPS, ASSUMING NO
WASHDOWN OCCURRED.

In determining the ratio of contamination effects for the two ships,
assuming that no washdown had occurred, use was made of the following
definitions:

X = gamma dose rate at the shielded masthead station.
Y - gamma dose rate at the unshielded deck station near the kingpost.
A z gamma dose rate contributed by contaminants in the air at any

unshielded exterior station.
D = gamma dose rate contributed by contaminants on the dome of an

unshielded station on the kingpost.
M = gamma dose rate contributed by contaminants on the masthead to

an unshielded station on the kingpost.
k = attenuation factor due to lead shielding.
h = ratio of the gamma dose rate at mastheaa height to that one meter

above the deck resulting from deck surace contaminants.
f = unshielded fraction of D contributing to X.
g = unshielded fraction of M contributing to X.
Q = ratio of contamination effects of YAG 39/YAG 40 that would have

been observed if YAG 39 had had no washdown.

Q is a measure of the deviation from the assumption that the two
ships would have shown the same contamination effects if the protected
ship had had no vashdown. The actual measurements of gamma fields
observed on the two ships must be adjusted for this difference in contami-
nation effects to produce realistic values of washdown effectiveness.

The shielded masthead station reading results from the following
contributions:

1. Contaminants on the meashead station dome, some of which are
shielded from the masthead station detectocrs,

2. C-ontaminants on the masthead surfaces, all of which are shielded
from the masthead station detectors;

3. Contaminants on the deck station doe and on the deck surfaces,
all of which are shielded from the masthead station detectors;

4. Contaminants in the air surrounding the masthead station, s-cme
of which are shielded from the ,masthead station detectors.

Symbolically this may be written as:

X [ f ý (1-1i&D 4 kM ý kh(Y - A) 4 (l-;) kýA (A.!)
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For Shct 5, it seems reasonable to assume that the contributions of
the contaminated air, masthead station dome, and masthead surfaces to the
masthead station readings on the two ships were proportional to the
general contamination which would have resulted if neither ship had been
washe4 that is:

Da : Ma = Aa : Q (A.2)

Di Mb Ab

where the subscripts a and b refer to YAG 39 and YAG 40, respectively.

Since the deck surfaces were affected by the washdown it follows that:

Ya QYb, therefore

Xa khYa [- If (l-f)kiDa • kMa [ g + (1-g)k - kh]Aa (A.3)
Xb - khYb [ 4f (l-f)kiDb ; kMb d[ g 4 (l-g)k - kh]A- b

Substituting the relationships of A.2 into A.3 results in

Xa - khya = Q (A.4)

Xb - khYb

This ratio was evaluated both for cumulative-dose and dose-rate compari-
sons. For the dose comparison the dose values up to a given time were
substituted for the dose-rate values indicated in the equation.

The values of k were calculated from the data of the absorption
studies.

Approximate values of h were obtained from Figures D.2c and D.2d in
Appendix D of the Effects of Atomic Weapons handbook. A gamma energy of
1 Mev was assumed for this estimation because the effect of choice of
gamma energy appeared to influence the estimate of h only to a minor
degree in the energy region of interest.

Example. Shot 5 at 4 hr after burst.
For a finite contaminated slab having an equivalent radius of 13 meters

and a masthead approximately 10 meters above the deck, the value of h was
estimated to be 0.2. The value of k was approximately 0.15, Xa = 21 r/hr,
Xb = 13.2 r/hr, Ya = 8.3 r/hr, and Yb : 65 r/hr.

I Q - 21 - 0.03 x 8.3 = 1.84 for dose-rate comparison at 4 hr

13.2 - 0.03 x 65

For the dose comparison, accumulated dose up to 4 hr were substituted
into the equation.

For Shot 4, the techniques used for Shot 5 in evaluating Q cannot
be applied, because the masthead stations on YAG 39 were inadvertently
washed, whereas those on YAG 40 were not. In this case Da/Db / Q and to
obtain a variable which is not affected by differences due to washing
action, it is necessary to use:
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Xa - khYa -f [ f (1-f)k]Da (A-5)

Xb - khY -a f (1-f)k]Db:A

However, the values of f and D cannot be evaluated from existing data,
and relatively small errors in estimating these values have a large effect
on the value of Q. Several rough estimates of f and D gave values of Q
both larger and smaller than unity, which probably indicates that the
safest assumption to make is that equal contamination effects occurred
on the two ships.

Qualitative study of the masthead station data shows: (1) similar
times of fluctuation of doso rates, which indicates simi.ar periods of
fallout on the two ships; (2) similar rates of buildup of dose rates when
corrected for decay and plotted on linear scales, which would tend to
indicate similar rates of buildup of contaeination levels, at least during
the early periods; and (3) the reduction of the dose rate by rain on the
unwashed kingpost station dome at 5.5 hr(see Figure 2.9) which would be
expected to be less than that by a continuous dome washdown leads one to
conclude that reasonably good agreement between the shielded station data

from the two ships would have resulted had both domes been continuously
washed. All these qualitiative considerations indicate that the assump-
tion of equal contamination effects on the two ships should give fair
estimates of washdown effectiveness.

A.2 FLOW RATE AND WIND SPEED GRAPHS

f .1-• _...• --¾--4- .. A..
S2000 2000 00. _- - --

I'J

o II- I

4 'AJ
000 .1000

_j0

S00 500

0 2 4 6 8 0 2 4 6 8 10 12

TIME AFTER SHOT 4 (HH ) TIME AFTER SHOT 5 ',HNF)

Figire A.1 Wa8hdown supply flow rate aboard the 'AG 39
versus time after Shot8 h and
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Figtre A.4 Relative wliid cpeed ami dir'ction aboard YAG 39
and YAC 40 versus time af'er Shot 2

A-3 TABULATED DATA

.0ABLE A.1 C2 -.8A7 3. 3.A4A O-t, ',r) FOR DETECTOR STATIONS IN EXTERIOR AREAS
AT VARIOUS TIMES AFT'ER SHOT 14

___________________ AG 3

station Flight Deck Bloat LDeck T p of' liouse(b)
Time (a)--- 

-' 
__

3.Or) Is. 3. 3 p . 5 . 48o 49. 2 61f . 64 Av. ._ AV. _

1.5 0.51' 08 0.3 - 0.33: o.4+4 0.39 02 . 4
2.0 1.,( 1.55 2.04 1.(6 . 1.13 1.3 1. 2.2 1.7 C.9 0. 2
2.5 2.3 2.34 3.0.5, 2.50 2. 1.7 1.95! 2.0 1.14: ".i0 1.1',
3.0 ; 2.87 369 3 . 0. 34.; .2 2.4c, 2. 1.41 1. j 1.38

1.-, 3.... 3, .3 3. -. 4 0 5 4 .1 ! 2. 5 .a:' ! 1]', . • .S ,. " .
.0 -25 3.6 26.5ý L3.:, 7." 4 Jd•.t 3-' 3. 1-7• 1.. /.25 1,.•

4.0,

3. • .i.. .. 1 k 4 . . 0 1
3.05' .1.0 5o. 1 3 15 .x .
. 2, ..0 . . . 30.o 1, .0 W .

,,.•( Qd~ tý3. Y,4.0 • 3 3, :55 3c ~ 3.0 3). 5 n' , 23.) 2ý'.-0
.,) 41. iz3.0 1220 _.', •2. 5C.5 •. 2.04 3•.c 0 -.O 255 ,22.

s . nd c lný.!cRtý that the af tir. 13 t -tr t r-t• , mort 2r •; hlr'• center! In*.
Ib)Jt '!,n•4" nd 4i pire nnrtloklly mh:I(de-d.
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TABLE A.2 CUI4UATIVE GAMMA DOSE (r) FOR DEECWTCR STA"'ICNS ON MAIN DECX AT VARIOV.3 TINs ATIER 3WT h

Statior Main Deck Forw&rd Mad u Deck Aft
rime(r) e U(&) 14 13s 14 c 16c 299 30.0 316 3 _... Av. 659 67s 6.% 71c Av.

1,5 0.3410.4 0.26 0.5 0.31 0.37 0.54 0.39 o.41 0.39 0.68 0.47 0-98 0-7
2.c 1.0 i a.16 o.98 1.45] 1.25 1.17 1.66 1.2 i1.45 1.26 1.9 2.39 2.9 1.75 2.24
2,5 1.62 1.76 1.73 2.37! 2.05 1.85 2.6 2.1 2.3 '.,04 3.05 3.9 4.9 0 t4
3.0 2.1 2.2 2-34 3.0 2.65 2.45 3.3 2.95 2. 9 2.66 . .9 5. 5.15 4•0 4.56
3.5 2.46 2.46 2.75 3.45I 3.1 2.85 3., 3. 3 , 3.25 3.06 4.4 6.f 5.8 4.6 5.23
4.0 2•.71 2.65 3-05 3.8 3.45 3.15 4.15 3.75 3.55 I 3.36 4.8 6.8 6.3 5.1 9.75
4.5 2.9 2.8 1 3.25 4,03.703.4 4.6 141 3.8 3.62 5.151 7.2 6.75 5.4 6.13
5.0 3.0 2.951 3.4 4.2 . 5.0 4.3 3.951.81 5.5 x6 7 5.7 6

YAG 401

1.5 r 3e2 2,5 440 2,8 2.9 4.8 1.8 1.65 2.99 3.4 3.55 1.5 3.1 2.88
2.0 8.2 11.K4 12.9 13.5 14.5l u.6 i9.0 10.2 11-. 12.5 .3.8 11.6 13.8 12.0 1.E
2.5 14.8 '214 22.6 25.0 25.0 20.5 37.0 19.3 23.0 22.7 26.0 21.4 26.0 24.2 24.4
3.0 20.2 29.8 29.5 34.5 315.0 27.5 52.0 25.6 32.5 31.9 36.0 30.0 37.0 34-.0 34.32. 36535.0 43.0426

3.5 23.o 42.0 33.0 65.0 30.5 b•. 0  38.9 45.0 37.5 46.5 41.5 42.6
4.o 29.0 42.5 40.o 49.5 43.o 37.0 75.0 34.o 45-o 0 4-. 52.5 43.0 54-.5 48.5 49.6
4.5 32.0 47.0 43.5 55.0 535 40.0 84.0 37.5 50.0 49.2 158.0 47.o 60.0 54.0 54.8
5.0 34.0 51.o 46.5 6o.o 05 7 .5 43.0 92.0 40.5 55.0 53. 62.5 50.0 65.0 58.5 59.0

() s, p, and c indicate that the station Is starboard, port, or on ship's centeriine.

TABLE A.3 CL•JIATIVE GA~MA DOSE (r) FOR nTECTOR STATIONS ON FLIGHT
DECK AND 'Mt' OF HOUSE AT VARIOUS TIMI AFTER SHOT 5

___ 39
Fl igh .t .Dec T.Tn .f. n, • (c )

station Is(a. 2c~a 3P(s) Obs. ICorr 45.(- 46p~( 1) Ohs. ICori'
TieMa enb) I Mead1 ~Meab)

2.0 2.0 1.9 2.6 2.17 1.05 2.0 1.27 1.64 0.80
2.5 3.45 3.65 4.7 3.931 1.98 2.95 1.88 2.4 1Z2
3.0 5.4 5.9 7.3 0,2 3.26 3.> - '5.25 3.2 1.08
3.5 7.7 9 .0 10.3 9.0 4.92 4.9 3.25 4 2.23
4.0 10.5 12.0 13.3 11.9 6.13 5.9 4.01 4.98 2.83
4.5 14.0 17.0 18.0 16.3 9.59 6.9 5.1 6.r 3.53
5.0 17.0 21.5 21.7 20.1 12.3 I 8.0 5.8 6.9 4.21
6.0 22-.3 2.75 27.7 25. .0 9 3 7.2 8.5 •5.9
7.0 26.5 32.5 32.5 30.5 21.4 ! 11.5 8.5 10.0 7.00
8.0 30.0 36. 3c.7 33.9 25.0 12.5 9.1 1. 1.02
9.0 33.3 38/ j 38.5 36.b 28.3 13.6 10.2 11.9 9.16

41 410 39 -41 1:f-1o.0 36.o 1I• io 39 3o l.5 I09 ). c.0
11.0 4 43-5 43.5 4 1.7 33.1 15.2 11.6 13.4 10.6
12.0 4o0.0 45. [_4 _.4_ 31_ 4I2 . 1L2.2 P._ 109

YAC 4')
2.0 ]8.0 14.o 19.0 13.7 .0 5.6 5.8Ih I 

-- I T2.5 14.7 35.0 45., 31.6 i .5 10.7 11.1

3.0 23.3 88.0 80.0 63.6 .0 15.7 16.43.5 32." 123,0 1'. 1-1` -. P F 2u., 11.4
4.0 41l.O 157.o I ]•,-,. 117. " ] 26.o 2t.0 ZT7.O
4.5 54.0 190.0 190--0 145.0 i34•.0 31.5 32.85.0 -10.0 0"0•O. ig 01''O 21,'0.00 38.0 3ý.5

7.0 1-`4-0 -10.0 •3?0ý 2(),C -,)70 t-.. 05.5

.03105.0 390.0 555.0 ;)'' -o0 76.0 73.0 -(5.59.0 I ' .0 , •. 0 ý', ý,',•.o 8.... W .0 ,4
!o.0 jU.'. 14oO.O :41,o. 1",;. 0 9b.o 68-0. .ý- "
( c) • p , mn ,! c Ind icate th ftt the st~ tlcn ij lt~ r bo~ rd port , 3r -r. ship' s

centerl the.

(b) Corr. Mean is adju.ited for difference In fallout on the tuo ships.

( )The%@ stittion. are Partially shil.j.1d,
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TABLE A.4 CU IATrVE GAMMA DOSE (r) FOR DBTECTYR STATIONS ON BOAT DECK
AT VARIOUS TIMES AFITR SHOT 5

YAG 39

Station .8(a) 49p(a) 61. 6 Obs. Corr
Time Mean eob
(hr) _

2.0 2.5 2.0 3.15 2.72 1.32
4.2 3.8 53 4.4.2 2.24

3.0 5.8 5.0 7.8 6.2o 3.263.0 .5 6. 5 O. 8. 4.42
37 2.03 13 8 .10

4.5 11..1 95 15.5 1 1.2.0 7-05
5.0 1.7 3.2 18.02 14.0 8.546,0 15.1 14.3 24.3 6 1.7.9 1.1.8

..0 18 7 :7 31 20 8.

3. 2.5 2.2 33.0 28.

3.0 1.0 29.8 34.o 39.240.5 18
4. 0 20.7 23.0 36.0 5 25.0 2o.4
.10 21.3 22.0 4 37.5 2669 21.4

12..0 21.8 23.0 39.3 28.0 4 21.

AG 14o

2.0 7.0 7.7 121.0 9.5 8.55
2.5 1405 1-.0 21.0 19.0 17.30
3.0 2125 21.2 33. 21.0 25.903.5 31.0 29.o 47.o 39.0 36.5
4.0 13o7 37.0 61.0 50.0 145.0
4.5 51.0 46.5 76.0 62.0 )8.9
5.0 o3.0 56.5 91.0 75.0 71.4
6.o 85.0 78.0 12J.1o 103.O0 96.8
7.0 105.0 1100.0 ý150.0 130.0 1 121.0
8.0 1.22.0 1316.0 :173.0 153.o 1 141.o
9-0 137.0 1132.0 195.0 173:.o 159.0

10.0 150.0 .145.0 213.0 1.9.0 175.0
11.0 163.0 1160 230.0 210.0 191.0

(a) l p, amd c Wifcate that the station is starboard, port, or nn ship'scenterltnJe.

(b) Corr. ¥ean is adjusted ror difference In rm.lout.

TABLE A.', CUWULATIVE GAHMA DOSE (r) FMR DETECTOR STATIONS ON MAIN DECK
FORWARD AT VARIOUAS TI1S• AFITER SHOT 5

UAr DGck Forvad.
Station US(&) 13. 14p 16C 209 30p 31.6 32p Ob. Corr
Tim Mesa ManDb)

2.0 2.0 1.7 2 ?.8 8 1.9 3.0 -1.0 I.o 2.29 i.ii
-.5 3.1, 3.2 5.0 5.1 3.6 5.4.- 3.2.0

3.0 4d.0, 5.4 1 .8 8.0 5.9 5.8 6.50 3.-2
3.5 6.5 J.0 11.2 11.1 9.0 U1.2 8.8 9.49 1, 8
,.o0 b.51 Ll. 15., 15.7 12.3 15.7 12.2 12.9 7.29
4.5U. 2: 15.2 13.5 20.. 16.0 20.0 16.0 016.8 9.89
5.0 13.5 16.7 23.0 25.0 20.o L24.0 20.t L2.6
6.0 G175 24 - 29.7 32.5 2,.0' 31.0 Z 27.0 1i.8
1.0 20o 2.3 35.0 3.0 32 .0 35.5 3,.oI 31.6 22.3
6.0 22 .3 33.0 39.0 .3.0 3'.0 0o.o 3,.0 35-5 2Q.1
9.0 .22.0 30.0 42.5 47.0 39.0 3.3.0 3(.5i :,*.4 29.5

100. 3.- 4.4 50.0 41.5 .40•0 39.5 40., 132.0
U0. 20 0 1 39.0 .6.5 53.0 43-5 4-.0 - • 1.oJ 42.5 i .7

420ýý5 00 4 . 0 1 0 43. 34 I

XAG LO

2.0 5 0.d 10. .0 10.0 10.0 6 9 01 10-,
0 14o 0 0,. :J 35.0 .i.o 24.0 200u. 03.! -3.3

3-- 1,4:.$ '0 k.0 C 6.0 37.0 4o.0 3o.0 41.0i .0
. '0.•,00 ;3.0 S'.0G 10.0 :0.0 ), 0 .o0 (c.o

'.. ')0 '0 0 '00 .0 U5.0 363.0 !00.0 ýO.O 40.0 J.1
.' 0 )7 ., 13 5 .0 1 ',,q 0 1 .0 (o 2 . o '17 1 /0.9 0 , 1 5.

;. .0 l.O •.0 c0.0 1.%0.o 14".0 103.0 134.(0 1•ý,0 114 .o
O.'.0 ''"9.O 0 0 •c10. -N:-00.
,t.u ',-C.u .'30 .. 0 z7 0.0 2!O .O .,.O. 2L'.65 ,•. -o .'.

(•. C3oc 3',..o 5•.' L 3..3-o 333.0 3 0 y. c W 3. - C
c. 0 12X3. 3'0.0 3"0.0 '12).0 A)..0 37.ý 3 '.., -0.,.

:0.J . .0 k? O . 360.0 5,*0.0 -.- oC .2J.0 C 4. 0 -100.0

~ .0400410 2.0 '0.'k -y'.0 -,00 .0 :,G 4.2

(.a ..t , co. ',.o o i'he s'. ,r i .s v rt' ..- rl , '•r. 0 0,. O i .
center, In..

(,.rr. b]ear is mdu.llt.. f',r -l.¶r.eno !o I.
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TABLZ A.6 CUWjIATrVX oAmA DOO (r) FOR M STATION NAN DX
AFT AT VARIOUS TD ATER BHOT 5

station 65s(&) 67s 68
9 71c 0. CorrTi Hm- h= (b)

2.0 3.5 3.7 5.*4 2.7 3.82 1.86
2.5 6.o 7.6 7.1 5.2 6.52 3.29
3.0 8.4 12.3 12.7 7.7 10.3 5.42
3.5 11.2 17.7 16.5 11.0 1h.1 7.71
4.0 14•.5 23.5 1.o0 15.0 18.5 10.5
4.5 17.5 30.0 26.5 19.5 23-.1 13.8
5.0 21.0 35.0 31.Co 23.5 27.6 16.8
6.0 26.5 4.5.0 •0. 30.5 35.5 23.-
7.0 31.0 58 52.5 7 . .360 ,1.6 .
8.0 3510 58.0 52.5 kl.O 46.6
9.0 38.0 62.0 57.0 .4,.5 50., 38.8

10.0 4o0.0 66.0 62.0 S.o 54.o 12.5
11.0 42.0 68.o 65.0 50.0 56.3 ".7
12.0 .3.o 70.0 68.0 .0 1 58.3 45.6 1

_ _ YAG 1.0_ _ _ _ _

2.0 1 0 1.o 0 .. 11o 0 ,o.0 10.8
2.5 24•.0 23.0 25.0 23.0 23.8
3.0 39.0 38.0 43.0 36.0 39.0
3.5 57.0 57.0 63.0 53.0 57.5
4.o 75.0 75.0 85.0 72.0 76.8
4.5 98.0 95.0 110.0 93.0 99.0
5.0 122.0 120.0 135.0 U5.0 123.0
6.0 170.0 167.0 183.0 162.0 171.0
7.0 213.0 210.0 230.0 210.0 216.o
8.0 250.0 250.0 275.0 245.0 155.0
9.0 275.0 280.0 310.0 277.0 286.o

10.0 300.0 307.0 34o.o 310.0 314.o
U.C 325.0 335.0 370.0 330.0 310.0

(a , p , an d c i nd ic a t e t h t t he s t a t i on t o stA r b oa r d, po r t , o r a n sh ip ' s
eneterl ine.

(b) Corr. Mean is adJusted for difference in fnlloyut.

U A.7 A Dom RTs (r/hr) FO1 !R V STATI0R IN Lx M
AWSA AT VARIOUS TD AF S•T 4

sain 10.2a 25. 20. 1A 1.6 10.5 7.5 21A 6 6v.95 8.0 7,v.5

1.5 2.37 6.3 2.5 2.0 -3 2.3 1 .8 5 1.08 15.2 . .990 8.81
2. 1 4.65 2.o51 2.k4 2.0 5 2.0 1.25 15 1 .1 9 0.9 0.705 o.82.5 1.26 1.28 1.65 1 .O 2.4 o.82 ,.4 1-54 0.72 0.54 0.63
3-0 0.7 0.9, 1 .16 0.92 1.55 O.AT 0.86 0.9T 0o.55 0.35 o.40

O.5 0o .9 0.7 1.1 0.35 0.66 0.70 0.325 O.5• 0.29
4~ 0 O039 0 5 0.71 0.55 0oa.8 2 7 0- o51 O,•30..A5 O.•Oz O.M3
4.5 0.32 0.45[ 0:56 0:44 0:6eI 0.al 0.40 0.41 0.193 0.156 0.175
5,0 O .26 0.371 0.147 0.37 0-491 0:17 .0-31 a.33 1Ou5•6 IO0.1B 0,142

1.O 16°7 25•.0 20.0O 841. 10.5 7°5 12.1 lo.9 6.9 8.0 7-45
20 67 60.2 53.o 43.3 18.6 1.1.8 15.1 15.2 15.2 8.6 9.0 8.5

2.5 14.1 51.o 43.0 36.0 22•.7 10.8 15.0 15.1 139 6.- 8-T 7.8
3 10 L2.0 37.0 35.0 28.0 19.7 8.3 13.0 14.7 13.9 1-z 7.0 6.2
3.5 io. 28.5 O NFID22 ENT8 6.8 1 A.5 10L2 11.1 .1 5.4 4.754.0 8.8 23.4 Z2.7 20:'o -0. 5.7 8.5 8.6 8.95 3.2k 41-2% 3-74
4.5 7.5 1B.5, 19.0 5I LL.o •09 k.75 7.1 7.,, 7.h 258 3.35 2.
5.0 6.6 15.5 16.0 [12. •9.3 k.05 6.0 6.1 6.61 2.2 2.73 2.F7

(a) ., p. Lad a wicate tht the station Is strbord port or sm sbip's setelim.

(b) Stattiom 45 and 46 ame pertiallY ablte~d.
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TABLE A.8 GA1A DOSE RATE (r/hr) FOR DETOMR STATIONS ON MAIN DECK AT VARIOUS TIMS AITER SHOT 4

YAO 39
Knjin foax Main Deck Aft

Station 115(a) 12p 13s 1
4

p 16c 29s 30P 31 32p Av. 65. 675 68p 71c AK.

Tim

1.5 1.45 1.64 1.22 2.0 1.5 1.95 2.3 1.65 2.2 1.77 3.1 2-4 4.65 3.45
2.0 141 1 1.52 2.1 2.0 1,71 2.29 12.0 1.98 1.8 2.46 3.35 2.95 35 2.78
2.5 1.3 1.08 1.6 1.6 1.68 1. 43 1 .9 2.1 1.92 1.58 2.33 3.7 2.6 2 .74

3.0 0.82 0.7)1 1.06 1.02 1.13 0o96 1.18 1-35 0.92 1.o2 1., 2.5 1.62 1.72 1.84

3.5 0.57 0.49 0.72 0.72 0 8.8 1.0 0.67 0.74 2.1 1.8 1.U 1.2 1.3
4.o o.41 0: 39 0.51 0.58 0.62 0 5 0:., 0.66 0.53 0.54 0.82 1.31 0. 0.87 0.97

4 I 0 0.71 0672 0.764.5 032 3 131 0.39 0.47I G4I 0,38 0.54 0.50 1 0.5 0:99 0:71 0.76
5.0 0.?:5 .26 0.32 1 0.38 0.39 0.311 0.44 1 0.41 0,33 0.34 0 O 0 59. o.62.

YAG 40 _

1.511.912.2 13.8 12.3 16.8 9.6 14.2 .. 12.6 1.5 16. 12.813.7

2.0 15.9 20.0 20.0 23.7 24.j 117.9 24.5 19.1 I23.2 21.0 23.2 20.5 25.1 22.2 R2.8
2.5 14.2 19.j 17.0 3.1 I 20.5 I 16.8 26.0 18.5 I 219 159.1 25.0 119.5 251 25.0 23.7
3.0 11.2 15.7 13.5 19.0 I16.5 1.39 22 1 15.8 17.9 16.2 21.0 15.2 21.2 20.0 :9.4
3.5 9.o0 .0 10.4 15.3 12.9 .3 17:.1 11.4 14,6 12.7 17.0 12.3 170 ý16.2 15.6
4.0 7.4 210.2 38.3 12.7 10.7 9.o 14.3 10.1 12.0 110.5 13.7 10.2 14 .3 13.2 12.9

. 8.3 7.3 10.8 8.9 I7.3 12.2 8.6 I 9.6 8.8 11.1 8.5 1.u.6 11.0 o0.6
22 6.9 6.6 5..2 7.7 6 2 0 2 1.8 7-4 j6 i 7.2 110.2 9.3 9.1

(a) p, and c ind cate s 1at the station is starboard, port or on ship's conterlino.

TABLE A.9 GAMMA DOSE RATE (r/hr) wOR DZTWITOR STATIONS ON FLIGHT rECK
AND TOP OF HOUSE AT VARIOUS TIMM AMrER SHOT 5

TAG 39__ _ _ _

F~lmt Decir McWý8 b

Station ls(a) 
2

c 3p Ube. Corr 45a 46p Obs. CorrTim Mea Me,~c: Mea Xean~co

2.0 2.8 2.6 3-75 3.05 1.09 2.3 1.55 1.93 0.69
2.5 3.5 3.8 4.65 3.98 1.50 2.02 1.33 1.68 0.66

.0 43 5.2 5.6 5.03 1 2.16 2.12 1.36 1.74 0.75
3. 5.3 0.7 6.3 6.10 2.91 2.3 1.5 1.90 0.91
4.0 6.5 8-3 7.7 7.5 4 .0o 2.43 1.83 2.13 1.16

4.5 7.0 9.7 9.0 8.57 5.26 2.8 1.93 2.37 1.45
5.0 5.9 '.1 7.0 6.67 4.51 2.37 1.83 2.10 1.42
6.0 o .o .6 5.3 5.30 4.24 1.45 1.6 1.68 1.34
7.0 4.1 4.3 4.2 4.20 3.59 1 .3 1.17 1.24 1.06
8.0 3.3 3.35 3.. 3.35 2.:84 1.03 0.94 0.99 0.84
9.0 2.8 2.85 ..8 2. 2.31 0 .6 0.79 o.84 0.09

10. 2.5 2.47 2.4 2.46 1.93 C0.t 0.68 0.73 0.57

11.0 2.2 2.2 3 1'1 2.21 17 0.68 0.68 0[ 0.4 0.55
12.00 1.961 1.93 2.11 2.03 1.37 0 O.1 0.53 0.57 0.39

_AG 40

2.0 11.5 14.o 4. 23.0 9.5 10.0 0 9.75
:5 1', .0 t.0 59.0 46.7 10., 9.1 10.3

3.0 1t L 130.0 80.0 75.5 I. b ).,, 10.1
3-' a..o " 1.0 t7,.0 53.0 U.5 9-9 So.¢
4.0 . 0 830 5 5-3 12.3 10.0 134.5, 30.0 7b.0 W-0. 58.7 1 -.2 12.0 1.2.6
5.0 P7.0 (,'. 0 1 .W- 7.0 14.;' 13.') 1.3.9
u:.0 ý t', . 0 . 1•-3.o: 45.5 13.3 1.2-. 1' 13.0

7 . 3 '.. 14 I3 0 3b- 11.3 U L.
7.0 I 0. .,o ' IL.-5 33- 10.3 9 .475
9.0 1 b.- 170 33.0 I 2.o ý 9.0 8.1 b.•5',

10.0 3 3i ,0 029.. 120.0 .2 ¢-3 ¼:.
12.0 I V< 29o'•. I 042 . .2 jb.1o12.0 1ý.0 %_. 4 , . 5 -3 6. 6. 6.',0

( p and c Ind!-atq that thv sta'lian it o 'arboord, port, ,r ,n ship's

(b .ntfl in..
T'h ome mt i'-,,. a r . r nrt la)l y mh i el d d.

Corr. Mkan Is selusttd for dleron I lt nr the t-o *hire.
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TAILK A.!0 GANNA D086 RATI (r/hr) OR m'tUVr fl.I0• CU 0OAT MCK
AT VARIOUS TS A"TMM SHOT 5

1AG 39

Station 48.(&) 49p 61 .• 2p Ob.. Corr
Time mean MMan(b

2.5 3.2 2.53 :1.5 3.41 1.36
3.0 3.0 2.57 14.6 3.39 1.46
3.5 3.1 2.75 5-1 3.65 1.74
4.0 3.5 3.13 6 1 4,.2 2.29
4.5 ).7 3.-5 6.: '4.42 2.71
5.0 3.3 3.3 b -05 2.74
6.0 2.2 2.73 4:. 3.05 2 71
7.0 1.5 2.05 3.25 2 2.•27 4
8.0 1.17 1.6 2.65 • 1  1.81 1.54
9.0 1.0 1.39 2.25 1.55 1.27

10.0 0.3 1.2 19 135 1 06
11.0 .15 0.7 1-.7T 1.16 0.82
12.0 0. .i 1.6 , 0.71

TAG 140

2.0 14i.e I 13.8 20•0 18.5 16,8
2.5 15.8 I 14.5 24.0 19.8 18.5
3.0 16.2 14.,5 24-.3 21.0 19.0
3.5 17.5 15.5 26.5 22.5 20.5
4.0 20.0 16.2 28.8 25.0 P2.5
4.5 22.0 18.5 30.7 27.5 24.7
5.0 22.5 20.7 33.0 29.3 26.4
6.0 21.0 21.5 u-.O 28.7 25.6
7.0 18.8 19.8 27.0 26.o 22.9
8.0 16.2 17.0 23.0 2 1.0 19.3
9.0 14.2 11.7 •0.3 16.8 17.0

10.0 12.7 13.3 18.3 17.2 15.4
1.00 11.7 12.0 ,17.0 19.7 14.1
12.0 10."6 10.8 15.7 14.5 13.0 j

(a) , P. and c indlcate that the station is starboard port, or on ship'g.
centerline.

(b) Carr. Mean to adjusted for difference in fallout.

TABLE A.11 CAWA DOM RATE (r/br) FOR DMTZoTR STATIONS1 G.N MAIN DECK
FOWARD AT V&RIOS TOM AFTER SHOT 5

TALG 32

Station Is(k) 13, 
1

4P 1-6c 299 3oP 31s 32  
o,. O'rb .

Time lean Nrb)

2.0 3.07 3.3 4.65 4.6 3.5 4.2 - 3.6 3.871 1.38
2.5 2.8 3.65 4.7 .. 25 3.5 9 . 1
3.0 3.35 4.55 5.7 6.1 5.0 6.o - 5.0 5.10 2.19
3.5 3.85 5.8 6.8 7.2 6.5 7.6 - 6.1 6.282 2.994.0 14.5 7 .1} 8.0 ±3.7l .8{ 9.0 - 7. 7.1' 1.4,07

14.5 5.05 7.6 9.1 10.5 8.5 10., - 8.2 8.145 5.17
5.0 4.55 6.9 6.0 9.0 7.7 7.5 - 7.5 7.30 493
6.o 3.145 5.6 5.8 7.1 6.1 5.8 - 5.6 5.651 14.52
7.0 2.5 1.55 1.3J 5.5 ,4.2 14.1 - 14.0 14.1t 3.57
8.0 1.97 3.14 3.33 14.4' 3.3 3.45 - 6 3.0 3.27 2.77
9.0 1.63 2.6 2.67 3..t5 2.7 3. 2.60 2.1 2.66 2.18

10.0 1.•.3 2.7 5.,5 I 3.1 2.35 2.75 2.1 I 2.0 2.29 1.7911.0 2.2l 2'• -6 2' . 2 =6 i •.1 •.7, 2.01 1.43
2.0 1.0t, 1 2 8 -..1 1:8.:71 2,11-.6 1.6 1.79 1.Z

Y.AG 40! I I I -
2.0 1-4 15.1) 2b.0 31- . 18., .26.0 i6.O 22.0 2.1.52.5 18.0 25.5 38.0 !;45.s 30.o 3b.0 28o 38. 3.2.14
3.01').5 20.o .o ;5,z 40.0 ,:o 140.6
3.5 i " 0. 55.0 W00 49.0 59.o 50.0 51:0 50:3
.0 2b.0 41, 5 W5, 0 6.0:0 51.0 66.0 61.0 505•-35.5 29.0 50. i66o 175.0 6.0 67.0 b3.0 700

•.o •.5{oo ,.o .o s 5. 3.o 55.5 62 •
~4, ,. 146. io.5 5'0"00. 13-.0 b- 04- :9. 140710 30 7.0 6.5.~

60.0 36-0 1 0.0 296 -.0 o7-0 63.5 32.0 ro14o 63.0ý.o Jt.o 00o0 4i-.5 8505.o t [0-o 580. 55.5 62.5 59.u
8.0 34.0 1•. -, 39, •;3.o 56.0) 4b.o 4b.5 54.0 50.3

%0 •o •-5 33.0 t).4 •. 5 47.o •7. 43.5

"11.0 19-. 3C.0 2 52.0 140.1 33.5 35.3 6-0 0 3i."
W. . 1 3o.o 0 14.Q 4.8.o 38. N3.5 33.0- o 337 1

(a) p,and c indicate that tho •aelon Is aterboard, porl, or on ship's

(b) Corr. sen Is adjustod for difference in flout.
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TABLE A. 12 GAMMA DOSE RATE (r/hr) FOR MITECTOR STATIONS 01O P4AI DECK
AFT AT VARIOUS TDC AFM SHOT 5

TAG 39
Main Deck Aft

Station 65,.&) 67. 6&) 71c Ob. OUT
Tim an (b)
(hr)

2.Q 5.25 8.8 6.6 4.55 6.30 2.25
2.5 5.0 8.4 1 6.8 5.2 6.35 2.49
3.0 5.3 9.3 7.5 6.1 7.05 3.03
3.5 5.e 10.8 8.6 7.0 8.05 3.83
4.0 6.14 12.3 9.5 8.0 9.05 4.92
4.5 7.2 114.0 1C.5 9.2 10.2 6.22
5.0 6.2 10.7 9.5 7.8 8.55 5.78
6.0 5.25 8.7 8.3 7.4 7.41  5.93
7.0 14.05 6.0 6.2 6.3 5.64 14.82
8.o 3.1 4.8 5.2 3 8 4.23 3.59
9.0 2.65 3.85 4.4 -2 3.53 2.8910.0 2.2 3-3 3.7 2.8 3.00 2.35

11.0 1.9 2.85 3.1 2.37 2.56 1.8212.0o 1"7 t 2.45 2.65 12.05 2.21 1 1.49

YAG 140_ _ _

2.0 21.0 21.5 25.0 20.5 22.0
2.5 29.0 29.5 34.5 29.0 30.5
3.0 33.5 314.5 37.0 32.5 34.4'
3.5 37.0 140.0 114.40 36.5 39.4 |
4.0 40.5 44.5 i 48.o 41.0 143.5
4.5 146.o 47.0 i 52.5 146.3 48.o
5.0 49.5 50.0 55.0 50.0 51.1
6.0 47.0 47.0 52.0 148.0 143.5
7.0 42.0 41.0 44.5 42.0 142.14
8.0 36.0 35.0 39.0 36.0 36.5
9.0 32.0 31.5 3,.0 31.5 32.5

10.0 28.5 29.0 31.5 26.3 29.3
11.0 26.0 26.3 28-5 25.7 26.6

. 23.5 24.3 26.5 23.5 24.5
(a) 0, p, and c indicate that the station is starboard, port, or on ship's

centerline.

(b) Corr. Mean is adjusted for difference in fallout.

TABLE A.13 CUM"JLATrVE GC~ DXSE (m+) FUR INTERIOR DETECTR STATIONS AT VARIOUS TIMES AFTER SHOT

MMLDED1kf SMAIIuNS IN SUPERSTHtIETURE ABOVE LZ4ARPAIQ2VS ADJACENT WIOrMA BOI1I.R RECORD
MAIN DEC FIXN tI ZadM~CK RCXZFRNT HU

Station 38(a) 39C 14.c 4
7P 60p 630 Av- 55. 5 Ayv. 2 -- 5 8 -

1.5  110 230 1411 120 T82127 22 18 P0 67 . 1

2.5 90 1110 283 580 355 72' 64 32 70 ! 76 25,5 14.0' 26.9
3.0 1030 1450 370 1 5 91o 319 1114 85 99.5 315 19.0 38.0
3.5 1190! 1710 430 600 500 lot' 946 130 90 U3 35 .5 2 414.5

40 1320'1900 4w0 870 10 i~o l501145 1,5 121; 3831 25.)5 50.04.5 1U2D 905o 5O 1 112 1541 ' 05 26.0 5-.0
11o 1500 2130 550 13o12OU 'IJO I 1 - j 10:5 5.4

1., 1 6501 73 40  WOO 290! Tio K 3  23 . 81  331.1 10 1.-5-k! -
2. 3,50I 14700 100i i275' :1190 2950 2W0 70 11 90.51 72 6.5 10.1
2.5 T7,' 07 oo i 2alO 14750 211, 5650 5030 0 176 157 , 4ý 11.9 2.r

,0 1@.001 j 2830 6500 2900,08 " 7146-. 24 235i 219.5 1310 16.5 37.0

37 1340 15000 3500o 7900 3550 o10300 1 4 55 a I 2t9.5 lan 0.- 143,
14.5 17 001930o 153& 9500 i5 113100 33c 347 342.5 Q29o0 27.0 52.2

a, p, arP c IndlI-, t hat 'he mae i1s ntlartd rl, , ,r htp' e rll.
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TAUS A. 14 CUIW41LAT-Z GAMA DOi (r) FOR UIISUIELDED STATIONS
IN SUflMTCiUR ABOVE MAIM DECK AT VARIOUS TIMS AFI SHOTr 5

IGIXLI WTIWS X] 8W lT Z ABVE MWI
Sta 38 39 318 p 53p 3c Oba. corr

Tiib ean yn (b)

2.0 0.47 0.70 0.29 0.45 I 0.32 0.80 0.606 0.294
2.5 0.97 1.5 0.53 0.69 I 0.48 1.2 0h.89 o.0452
3.0 1.63 2.4 0.80 0.98 0.65 1.73 1.37 0.722
3.5 2.5 3.4 1.15 1.43 0.90 2.33 1.95 1.07
4.O 3.4 4.5 1.5 1.9 1.17 2.95 2.57 1.46
4.5 4.4 6.3 1.9 2.45 1.4 3.6 3.34 1.97
5.0 5.4 8.0 2.25 2.95 1.6 4.25 4.08 2.49
6.0 7.2 10.8 2.8 3.85 2.0 5.5 5.36 3.53

7.0 8.6 13.2 3.3 4.65 2.3 6.5 6.43 4.50
8.0 9.6 15.0 3.6 5.25 2.57 7.3 7.22 5.31
9.0 10.5 16.7 3.85 5.7 2.73 7.9 7.90 6.08

10.0 11.3 18.2 4.1 6.2 2.9 8.5 8.53 6.72
11.• J 12.0 19.3 4:3 6.4 3.0 8.9 8.98 7.1312.0I 1 .5 20.3 4i.45 6.7 3.05 1 9.3 1 9#38 Y-33

YAr, 4o

2.0 5.7 7.0 3.65 ý 2.1 0.38 3.0 3.64
2.5 13.0 12.5 4.7 3.9 1.6 7.0 7.12
3.0 17.3 21.0 5.9 0.3 2.8 11.2 10.8
3.5 22.7 31.0 7.6 9.0 4.2 15.5 15.0
4.o 30.0 44.,5 10.0 12.0 5.7 20.0 20.4
4.5 43.0 60.0 13•.0 15.5 7.5 25.0 27.3
5.0 56.0 78.0 16.o 19.0 9.4 30.0 34.7
6.0 8•.0 115.0 22,5 27.0 13.0 40.0 49.9
7.0 105.0 147.0 28•.0 33.5 17.0 49.0 63.3
8.0 125.0 173.0 33.0 39-5 20.0 58.o 74.8
9.0 143.0 2000. 37.5 44.5 22.7 66.0 85.6

10.0 16o 0 i220.0 41.5 49.0 24.5 72.0 94.5
11.0 171:0 4.0 4.5 53.5 26.7 78.0 102.0
12.C, 182.0 258.0 47.5 57.0 12.3 84.0 109.0

(a) p and c indicete that the statlon I-, to port or on ship'3 centerline.

(b) Corr. Mean is adjusted for difference in fallout on the two shlip.

TABLE A.15 CUMJIATE GAMMA DOSE (ma) FOR DETECTOR STATIONS BEIOW MAIM
DECK AT VAIRIOUS TD(ES AFTER SHOT 5

OCWGARMX ADJACENT TO MINE CAiIE - SECUDOX
st..u 39 55s T 40Station 3 M -- 56P Obs . 55s 56i Obs.

Tine Mean Nolan

2.0 80.0 59.0 69.5 33. 5. . 87.5

2.5 138. 97.0 .16.0 59.5 190.0 210.0 200.0
3.0 188o0 138.0 162.0 35.2 260.0 3o.o 300.0
3.5 23.00 15.0 223.0 122.0 390.0 40 .0 420.0
4.0 35o.0 .o 95. 166.0 520.0 570-0 545.0
4.5 40.0 300 . 3(0.0 218.0 670.0 720.0 o-6.0
5.0 5'200 350.0 435.0 205.o 810.0 850.0 dio.0
'%.t 60.O J50.0 550.0 362.0 1100.0 1180.0 L.40.0
(.0 750.0 4o0.o 615.0 430.0 1,3o.0 1510.0 1420.0
6.0 O 2) O 510.o 465.00 49.0 1530.0 1800-0 16(0.0
5.0 &XOo 0 53ýo 1 6.0 54ýo0 1700.0 JOO.0 le',.10.0 )2t,: ) '60o 740 >62o.0 Vi4,.o 2, ^- I~ XO O00

U - -0.0 O0.0 775.0 U15.0 ,0. 2L50.O 2ý•.O

___,•__q ~oo •o•___ .o______.o_ O_]••orr Io__o

I.L i .0 t .3 60.0 §90.0 629.0 -. O 2.006- .0 r 1i0.O
,.o iO.0 i, .1 Otr1.0 •.o o70.. , x L•O. 12H .0

,1 23 - . 20.

L.0 Q 0, 02.< .0 ,. .0.0 f Z .52.o 1io) .0 •.o.oi 1,.0

1C.0 2-•.o213 a61. 0 3o'0.o 0.10.0 X o%,X.0 a.oI a30.0
1.o •3e.0 .L . i.0 j,. ,0.0 lo20.o - .o 510.o 40 J.0

, .o..c ;:.o5 wo.o 10 ,so.0 >)Q 1.5.0 5..0o 1,5.0
C, 7 O CQ "2~ 3(n0' 22: 3"

I -

(a, p, 4nd c 1/n.! . '-h e i'.! r Is .-'.'-b.rd, t- or n sh~lv'

cent-O 1 I,-.

"(b: Co.rr. weý.l th&i• -he , , etm "•.1 1, !-. z!.!'or-r, ;r. fa.'!-

okJ r. the t.,) etpie"*.
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TABLE A.16 UAM4A DOSE RATE (mr/hr) FOR DETEC?')R STATIONS (INTERIOR) AT VARIOUS TI•ES APER SHOT

UNSHIEW •sTTIONS IN SUPE I¶0TUPE ABOVE COMPARG2F ADJACEN DOIT T OER RI)

St-iN DECK 1ENINF, CASING 2 #2 How FRONT Rom
Statiom 38M F 390 41c "47P 6 Op - q A-t . -554 -5-• v--- V ' '

1.5, 218 725 1714 25013251790 414 11452 52 52 255 14.3 2

2.0! 680 960 253 51012901535 538i 67 54 60.51 M0 9-4 3G.0
2.5 600 875 236 1425 264 ,475 479, 78 142 60 164 1.2.2 26.8

3.o0 410 610 174 21y, 170 315 327 47.5 27.4 37.51 97 9.7 17.5
3.5 290 460 130 16, U .1 21 237 232 33.5 2.0 . 0 8.
4.o0 21 355 97 121 93 186 178 24.1580 19:81 55 7.2 9.?

4: 8 7 8 9 8 14 137 18.2 12.5 154 3 59 7.6
. 58 56 1 .14.4 10,__ 12_.6! _2 _.9 6.2_

Y..o W
YAO~63 24 _ _ _ __ _ _ _

1.5 30001 3800 11091 ~3450h114M 300 W2 I 1 6309 05 t
2.0 £69W 810O 1780 3850 1710 5300 1461o 114 133 123.5! 1040 10.8 23
2.5 7600 8a., 1950 3700 1750 5400 4750! 145 125 135 1 970 10.85 23.1
3.0 16700 6000 1680 2950 11450 14550 40M 317 102 109.5 730 9.2 16.0

3.5' 5200 5400 ý1340 21420 1170) 360 31.901 97 814 90 5i 580 7.65 u..8
4.o0 4250 42D0 U00 1970 970 2920 25701 77.5 67 72.3:1 470 6.1 9.2

4.5 3500 3700 91.01 .0 790 4702160! 65 56 60.5ý 390 5.07 1 .25
5 0 1000 760 1340 2110 l13o3 53 46.5 49ý8  325 4.35, 5.9

( , p, and c indicate that the station is starboard, Tort, or on ship's centerl]-g.

TABLE A.17 GAMA DOSE RATE (r/hr) FOR DOTECTOR STATIONS IN M'P
ABOVE MAIN DECK AT VARIOUS TIMES AFTER SHOT 5

Statlo 38(a) 39C 1, 14Tp 534 63c O Cj. Corr

Tm 39

2.0 0.90 1 .13 0.45 0.78 0.3. 1.07 8 0.78
2.5 1.2 1.85O. -72 0.3; 1 o 01 0.&36 0o.348
3.0 1.5 2.0 0o.5h 0.79 0.365 1.15 1.o6 0.1,55
3.5 1.78 2.5 0.67 0.90 o0,)5 1 1.23 1.25 0.595
14.0 2.2 3.1 0.62 1 ..0 0.55 " . 30 1.48 0.809
4.5 2.6 1.75 0.77 1.22 0-5i 1-52 1..75 1.06
5.0 2.35 3.55 0.72 1.o0 0.49 1.40 l.b) 1.06
6.0 1.78 3.15 0.56 0.90 0.40 1.29 1.35 I1.0
7.0 1.Zi 2.4 0.•43 0.66 0.-2 1 0.93 1.OC 0.855
8.0 1.01 1.9 0.315 0.51 0.193 0. ot 0.771 0.053
9.0 0.83 1.13 0.1 3 0.14. b. OO .56 0. t 1 0.501

10.0 0.70 1.00 0.223 0-30t 0.123 0 )O 0.498 0.3•9
11.0 0.60 0.90 0.193 0.2950.107 0.-4 1 0.423 0.300
12.0 0.50 0.' o~ 0.16 0.2 o 9 0,* 0 .3o 44 0.37- 23 o.

.0 5.0 6.14 2.0 4.9 2.d 9
2. 9.0 -.3 2.065 i 2.0 I .6

J. 12.0 11.0 3.5 5.0 j2 6 ib2 6.08
3.> 15.0 23.0 4.25 5.14 3.01 3 6. 10.1ý.u Ig.o X.5 4.9 6:2 3,5 9 '-5 1-1-

;43.5 34.0 5. 1 1.1 3.5 10.5 114.1
i~. 2t.3 36., '.5 3 -`3 LI. 1'ý.C

0.0 A,.5 3,b.o 7. . 3.9 -.7 15.3
; .o Zl.,. 1 5 ".• iO I3W • ' 1,3.1

.. 10 4..O 1 3.0 6.1 11.2
3.0 1P,3 " .0 4..• •*) .1'5 2 .55 r .2 9.10

10.0, .. ,, •. 3. w .. 5. 21 1. o. o '.•
il.c ý5.3 1 3-.- 5 3' 03 !]. : 5.t ;.;,I
12.u i. . ... 0 4 i ___

-- .1 ii6 ii
(aP r'rr i:U .l uC' - 1".r eI er ", 'r!!Sot
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TABLE A. 18 GAWAS O PATE (or) POR ITO MTIO~WI MMM VAIM WK
AT VARICE.M TIM~i A7M SMOT 5

nm~,•• Afl~uhT TO0 I m KT - ' in

O b s. C a r 5 5 s r O b sl .

TIMMe i n AA, b)eon

2.0 137.0 78.0 108.0 38.4 170.0 190.0 180.0

2.5 1.16.0 79.0 97-5 38.3 185.0 2D5.0 1.95.0
3.0 1M.0 89.0 115.0 49.2 20.O 215.0 208.0
3.5 172.0 103.0 W1038. 65.5 225.0 255•.0 2.0.0
14.0 200.0 W±.0 158.0 86.o 265.o 275.0 zi0.
1.5 225.0 130.0 178.n 109.0 300.0 310.0 305.0
5.0 203.o0 12a. 162.o 110.•0 310.- 350.0 330.0
6.0 237.0 92.0 15.0 91.5 280.o 345.o 3•3.o
7.0 88.0 66.0 77.o 66.o 230.o 3o7.0 269.0
8.o 66.0 47.0 56.5 17.9 185.0 •4O.0 213.0
9.0 52.0 37.5 44.8 36.' 157.0 2o0.0 179.0

10.0 112*.0 1.0 36.5 28.5 135.0 175.0 155.0
.1.0 34., 22.:0 28.0 19.9 121.0 155.0 n 138.0

12,0 26.0 - .9.0 2, I . L,. . /.o.138.o i 123.0

WMU BOILER YROVF- WBO1'G #2 HOLD RHMC0DL Er"•39W 4[U k ,0 Y.G .• G 40•

2.0 28.0 10.0 - 350.0 125.0 - 41.0 16.8 35.0
2.5 37.' 14.5 - 387.0 152.0 1770 W8.0 18.8 35.0
3.0 26-. 12.0 17.o0 42Do0 180.0 1950 51.0 21.9 40•0
3.5 37.0 17.6I 19.5 470.0 224.0 2180 61.o 29. . 42.o
4.0 47o 25.7 21.5 560.o0 306.0 24o 71.0 3-5.8 50.0
4.5 51.0 31-1 24.5 640•. 390.0 2T70 85.0 51.8 58.0
5.0 74.0 50.0 2.'.0 575.0 388.0 2970 93.0 62.8 68.o
6.0 57.0 45.6 27.3 450.0 36m.0 zlo 97.o T7.6 73.0
7.0 46.0 39.3 24-0 330.0 282.0 2320 91.0 71.8 67.0
8.O 39.0 33.0 2U.5 250.0 212.0 1950 73.o0 6.1 51.0
9.0 33.5 27.4 85 0.0 6.0 1.65o 56.0 45.8 42.0

10.0 29.0 22.7 16.0 165.0 129.0 1410 49.0 38.3 37.0
11.0 27.3 19.4 14.0 145.0 1.03.0 1350 4.0 31.2 32.0
12•.0 25.7 171,4 1,2.3 127.0 d5.8 127 38.0 25.7 26.t(

(&) a, p, and e indicate that th. station in starboard, pc.-t, or on ship's
canterl Lce.

Corr. maens that the station La adjusted for difference in fallo ut on
the two ships.

?tPI3IG SLEL AS R1ORM) AT STATICS 59. CMNJL&T1•. GAIA DOM (mr) AND
GAA OGERATE (ms/lo) AT VARIWS TDES AFT SLIM 4 and 5. W 39,

YAto W RATIO

CUMULATI1VE GAHSM DOGZ GAMA DOSE FAT
tim. W 'TAG .... A0TA3

(bz) YAG 39r YAO 3 A10%4;30YG3r(•r) Corr. • 1 Carr. I

_ __ atio Pa•tio

2.0 4 .2 2.04 11 .0 107 3.8 2.8 1..37

2.5 9.5' .,8 2.6 1.85 1,3.7T 5. 3.3 1.3
3.0 17.0 8.95 4.4 2.03 18.• 7 .71 k.O 1.92
3.• 2C.0 15.3 1 6.1 2.51 22:5 10:7 1 .05 2.31
14.0 1..0 23.3 8.1 2.92 25.0 13.7 5.5 2.46
14.5 55.0 32.4 10.5 3.09 36.0 22.0 6.1 2.60
5.0 (0.0 '2.7 13.2 3.2 311.0 3.. 6.2 3.70

b.0 97.0 b3.8 20-. 3.19 27. 22.2 0.1 3.63
7.0 120.0 53.9 1 2t.0 3.23 23.5 20.0 5.5 3.60
6.0 138.0 1oe.o 3.o0 3.29 20.0 10.9 5.0 3.49
9.0 157.0 1.210 35. 3.46 17.5 314.4 -0. 3.12

10.0 173.0 3..0 3c. 3.53 10o.o 12.5 11.2 296.
11.0 1d.O l14.O . .9 13.0 9.8 3.9 2.51

1--.0 13-0 lt.6
12.0 200.0 1,0 0 54. 1.55 :,2 0.9 • 3.55 2.51

2. 5 -'.5,

2.5 %0 t 1.5 3*.33 0.2 2.37 2.W
3.0 7.6[ -.C 3.00 5.0 • 2.0 2.-50

.•' ooJ3• .a 3.9 I..t 2.)8
4.0 U•.o r, 2• .5i 5-55 1.33 14.17
4,.5 149 45., 2. ob 3-1,5 -L2 3.35
5.- Ib.• G.1 .;2 3.15 0. 0 3.&
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Appendix 8

SUPPLEMENTARY MATERIAL ON SHIP
SHIELDING

B.1 DERIVATION OF THE SHIELDING FACTIO•

B.1.1 Components of the Shielding Factor. Let the dose rate,
or intensity, measured above the deck be Idk, which may consist of the
sum of three elements:

I - contribution from activity deposited on weather surfaces
I - contribution from activity in the air during the fallout
a event

I w - contribution from activity in the sea water.

For this discussion let the ratio of the dose rate in an interior com-
partment to that on the deck define the shielding factor f, witn the
appropriate subscript, for each of the thi-ee components. Then the
overall shielding factor F, defined simply as the ratio of the interior
dose rate to that on deck, due to all radioactive sources, is:

F-i/dk - 313+faIa+ f wI w(B.1)

I + I + I
s a w

Now each f depends on the energy spectrum of the radiatiors, on
the geometry of the radioactive sources, and on the characteristics of
the ship. The value of F, however, is not uniquely determined by the
individual f's, but depends also on the values of the radiation cempon-
ents. Therefore, evaluation of the overall shielding factor for any
fallout situation requires a knowledge of all six of rhe variables in
Equation B.1.

Some conclusions regarding the relation between F and f may be
made by subtracting f from both sides of Equation B.1, giving:s

F -f 3+ (r - f ) 1 a/Idk + (fW - fs) I w/I (B3.2)

Lf the ship is in the fallout event and in contamiinated vater,

F_> f if (f - fs) I + (fw- f ) I >0 (B.3)
a a B a w s w

This presentation is somewhat simplified in that the quantity f I
may consist of the sunm of several such terms. This would be the We 4
if more than one weather surface contributed significantly to the
radiation level at the poii.- of interest, e. g., activity deposited
on the upper deck and activity deposited on the hull.
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If the fall out hP etopped but the ship is still in contaminated water,
Ia =0, anF ->f . - (B.4)

If the ship is out of the fallout event and out of the region of contami-
nated water, I. = O, L = 0, and

8N
F - f3  (B,5)

B.1.2 Ratio of Shielding Factors, YAG 39 to YAG 44. It is assumed
that the two ships are sufficiently close together so that they are
subjected to the eame gross fallout event. Small scale inhomogeneities
in the fallout, however, can cause differences in the activity deposited
from point to point on a given ship. At similar locations on the tvo
ships, some variatlri _n the amount of activity available to be deposited
can also be expected. T2 account for such a possibility, it will be
assumed that the amount of activity available to be deposited on weather
surfaces of MAG 39 differs from that on YAG 40 by a factor k8 , which in
not likely to be mucii greater or less than 1. Such small scale inhomo-
geneities are likely to have negligible effect on the dose rate from
waterborne or airborne activity. In the water, the activity concentration
should tend to be fairly uniform because of constant turbulent mixing.

The dose rate from airborne activity, on the other hand, is due to
sources distributed through a large volume about the ship, so that the
effect of small scale regions of greater and lesser activity concentration
than the average should tend to be smoothed out. It will be assumed,
therefore, that the contribution from airborne and waterborne activity
is tihe same for both ships. Finally, it is assumed that the effect of
washdovn reduces the contribution of weather surfaces on YAG 39 by a
factor a.

From these assumptions:

S= k a (B.6)

s140

I

In terms of Is10 Is, let

I_.3 ksc 1• + I + I(B7
1 2= k . a V r (

dk4 1 + a +w

The ratio of overall shielding factors at any given location is:

337

CONFIDENTIAL



k.s a fsIs + fa +fwF rIf + 1+1(2.]
F40 ar fsls + fa + w

From this expression, the ratio of shielding factors can vary between the
following limits:

F<_<_!
F0 r (B.9)
F40

for ks ac 1, or:

F < ks (B.10)

F40 r

for the more unlikely case where ks a > 1.
From Equation B.8, it is apparent that if the contribution from

airborne and waterborne sources is negligible compared to that from
weather surfaces, then F39/F40  1. Conversely, when the contribution
from weather surfaces becomes negligible compared to that from airborne
and waterborne sources, then F 9/F40 approaches 1/r.

Since r is comparable to i minus the washdown effectiveness (expressed
as a fraction), determined in Chapter 2 to be of the order of 0.05 to 0.1,
it is possible, in locations well-shielded from weather surfaces, for the
overall shielding factor on YAG 39 to be an order of magnitude greater
than on YAG 40.

From Equation B.8 the condition that F3 9 /F40 __ 1 is:

(f a - f s) lI + (fw - fs) Iw > 0 for ks a < 1 (B.11)

which is identical to the condition that F >_ f., as given by Equation B.3.

B.1.3 Relation Between fs and F. The shielding factor for weather
surface contamination can be estimated from measurements of the overall
shielding factor on the two ships in the following way. From the assump-
tions of Section B.i.2, the difference in deck intensities is given by:

1dk4O Is + Ia + Iw

d ks Is + I + (B.12)
Idk4O Idk39 = Is(1-k S a)

The difference in intensiti s at a shielded location is given by:

140 fI + f I + f I40 3s3 a 3 ww

39 s s3 a a +ww (F.3)
1 - 139 = fss(l - ks
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Frow these two equations, and recalling that r = Idk3/Idk4O,

F r (B.14)

To show more clearly the relation between f. and F, this expression
may be rewritten either as

f Fs (B.15)

Lr j
or:

r F3 0

f1 F

r
Except in the instrument recording room, the observed values of F39/Fho
are in the neighborhood of 1½ to 2. The observed values of r, bowever,
are of the order of 10 or 20. From Equation B.15, it can be inferred
that f. is less than Fh, but by at most about 20 percent. On the other
hand, from Equation B.16, fs may be less than half the value of F3 9. In
the heavily shielded recorder room, F1,o/F3 9 and 1/r are of the same order
of magnitude; hence at this location fs may be considerably less than
F4 0 and more than an order of magnitude less than F39 .

B.2 EVALUATION OF THE SHIELDING FACTOR UNDER A 2-IN. THICK DECK

The dose rate, I, measured uader the two 6-ft square plates, due to
sources on the upper deck, car je separated into two components: Itr,
from radiations transmitted through the plates, and Isc, from radiations
which do not pass through the plate. These latter radiations may consist
of gamma rays scattered in an upward direction by the air and by the

second deck and also of rays traveling directly to the detectors from
relatively distant sources on the upper deck. These radiations might
not contribute more than a few percent to the total reading if the plates
were not present.. However, because of the large attenuation of radiations
passing through the plates, Itr and Isc can be of the same order of
magnitrude.

To obtain a beLter estimate of the dose rate under a large 2-in.-
thick deck, an attempt has been made to eliminate Ise in the following
way. Assume Isc is the sauie. for both the 2-in. and h-in. plates. Let
Itr for the 4 -in. plate equal some factor k times Itr for the 2-in. plate.
Then

2" t + I (B.17)
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I" =kI + I4 tr Bc
from which

I 1
2 - 14

1-k

In terms of shielding factors', F a I/Idk where Idk is the dose rate
measured on the upper deck above the plates,

F2"- F/"
Ftr 2 1- k (B.19)

In Section 3.4.4 of the text the quantity F2 " - F4 " has been used as an
estimate of the shielding factor which would be measured beneath a 2-in
thick deck. On the basis of the steel pipe absorption data, k is less
than about 0.15, so that F2" - F4" should be within 20 percent of Ftr.

B.3 CALCUILATION OF SHIELDING FACTORS FOR DEPOSITED ACTIVITY

B.3.1 Basic Approach. Consider a steel plate with isotropic radio-
active sources uniformly distributed over one surface. Assume that the
energy spectrum and the multiple scattering buildup characteristics of
the radiations are such that the dose rate from a beam of the radiations
traveling through an absorbing medium is attenuated as e-Us, where s is
the thickness of absorber and E the apparent absorption coefficient as
determined from Section 3.4.3. This attentuation might be measured by an
isotropic detector receiving radiations incident on it from all directions.

Suppose there are, in general, several absorbers (steel plates and
intervening air). Then, considering also geometrical attenu ation
(inverse square law), the dose rate dI at any point due to the sources
distributed over an element of area dA is given by:

dI =Io -Eus dA -
dI=ITe ~r(Es) 2(B.20)

where Io represents the source strength, and is equal to 4 IT times the
dw zratp measured at unit distance from a unit area of the source. The
summation is taken over all media between the source and the receiver. 1

Integration of Equation F.20 over the entire area containing radio-
active source6 will give the dose rate I at any point in terms of 10.

Lettin6 z represent the total thickness of steel between the con-
tamination and the pcint of interest and h the distance of the point from
a contaminated rectangular plate, the integral of Equation B.20 can be
expressed as:

I II
± _o [- Ei(-ih) + i(-ux 0) (B.21)

1
The approach here hollows that of Reference I except Lhat dose rate is

used in place of radiation intensity (Mev/sq cm/sec), and the expression
for attenuation Be-us, where u is the usual narrow beam absorption
coefficient and B is the buildup factor, is herc :epla-e. by the
empirically determined expression, e-uS.
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Denoting the media steel and air by subscripts a and a, u a . z/h + .La

and -Ei represents the negative exponential integral. The symbol xo is
equal toV 1, where Ro is the radius of a circular plate giving the
same value of I as the rectangular plate.

The first term in Equation B.21 represents the dose rate from an
infinite plate, and the second term represents the dose rate from beyond
the limits of the finite rectangular plate. Their difference therefore
gives the dose rate from sources distributed over the platLe itself.

B.3.2 Evaluation of the Shielding Factor. For compartments below
the weather deck, where the weather deck is considered as the only surface
on which contamination is deposited, the shielding factor for deposited
activity is given by:

F = h (B.22)

where Ih is the dose rate at distance h below the weather deck and 131
is the dose rate 3 ft above the deck.

E"',ation B.22 can be evaluated from Equation B,21 if the decks and
intervening air are considered to be the only attenuating media. The
calculations presented in the text have assumed that the contaminated
area can be approximated by a square of the width of the deck, in which
case Ro is approximately equal to the radius of a circle of equivalent
area. Also, the apparent absorption coefficient for air,;2,, has been
approximated by multiplying /2s by the ratio of the density of air to
that of steel.

4
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Appendix C

SUPPLEMENTARY MATERIAL ON SHIP
DECONTAMINATION

C.l PROTECTIVE COATINGS

C.l.l History. In December of 1952, the Mare Island Paint Laboratory
was contacted in regard to developing a removable paint which would be
temperature sensitive and easily washed off with a high-pressure stream
of hot water. Approximately 6 months later, several samples ol water
emulsion paint were received at NRDL, and laboratory tests weru started
on both contaminated and uncontaminated samples. During the next 5 months,
many variations of the original formula were tested. It wac fourd that
90 percent or more of the contaminant was removed i\, the procesr of
removing the paint. A composition was selected for further study which
could be removed with a stream of water from a hot-liquid-jet unit at
approximately 180°F and 200 psig at a rate of 4 to 5 sq ft/mmn. This
paint was identified as Radiological Protective Coating, Formula 980,
and 300 gal were prepared by Mare Island for evaluation on the test ships
at Operation Castle. Although this paint could be made in any shade from
white to black, a dark gray was selected so its removal could be easily
followed.

In May 1953, BuShips Code 588 forwarded to NRDL a sample of a waste
product from the Sun Oil Company via Sellers Injector Corporation to be
evaluated as a hot-water-sensitive coating for ships. The material was
entirely unsatisfactory as received, so Code 588 requested the Paint
Laboratory at the Philadelphia Naval Shipyard to formulate a paint from
this base that would meet the specifications. Subsequently, a sample of
the new composition was shipped to NRDL for evaluation. It was recom-
mended that this paint be removed by educting kerosene or other mineral
spirits with the hot-liquid-jet units. This formulation was very diffi-
cult to remove, and it was impossible to remove more than 40 to 50 percent
of the paint with prolonged hot-liquid-jet flushing. Since this paint
represented a type different from the water-emulsion paint, 50 gal were
shipped to the test site for limited testing.

C.1.2 Objectives. The objectives of the protective coating study
were to determine the effectiveness of a removable protective coating as
an aid in the recovery of ships contaminated by fallout from a nuciear
detonation and to evaluate specific formulations of hot-water-sensitive-
emulsion paints and solvent or oil-base hot-water-sensitive coatings in
the above application.

C.i.3 Procedure. The starboard gun tubs on both the YAG 39 and 4
YAG 40 were painted with an oil-base paintI and 90 percent of the

Sellers Injector Corp., Formula X-8 0593-gray.
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remainder cf Section 3 on both ships was painted with the water-emulsion
paint (Formula 98C') as shown in Figure C.I.

Upon return of the test ships from the for-ward area after Shot 2,
tests were made on the only slightly active YAG 39 to determine the
removability of the protective coatings. It was found that the oil-base

A A
A 262 <268

261 A A 269

PORT A 264 266 A STBD
GUN TUB 263 267 GUN TUB

A A
271 2797A 03136 0317 A

272 278

0- A A
3A 0 32 -_,! 4 031 316A

(AA______ 313.(311 A 03122 0 18 A 319
03116 312 310 31

A A A A A A A A A
321 322 323 324 325 326 327 328 329

03404 --- 3

A A • A A A0 A A
331 332 334 335 336 338 339

003• 6 035

341 342 344 345 346 348 349
0346-,

tA A Am0 3 5 6 ' A A A
351 352 354 355 356 358 359

Note All weather surfaces painted with water emulsion point (Formula 980) except
shaded area. Starboard gun tub painted with oil-based paint.

Figlire C.1 Plan view of section 3, YAG 40 showing areas of
protective paint and monitoring stations.

paint could not be removed by the hot-liquid jet, even by soaking for
15 to 20 min in kerosene. The water-emulsion paint was relatively easy
to remove from the horizontal surfaces with the 1250-gal/hr hot-liquid-
jet unit but was very difficult to remove from the vertical surfaces and
impossible to remove more than 50 to 60 percent of the paint by this

method alone.
The following procedure was very effective in removing 90 to 95
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percent of the water-emulsion paint from all surfaces: (1) the paint
was sprayed with very dilute caustic solution (approximately 2 percent
commercial grade NaOH); (2) this was allowed to soak into the surface
approximately 5 to 15 min; and (3) the surface was flushed with a l1-in.
firehose at a rate of approximately 100 sq ft/min.

This procedure was used to remove the paint from Zone 3 of the highly
contaminated YAG 40, but it would not loosen the oil-base paint from the
starboard gun tub. Three teams of eight men each were used alternately.
Each team consisted of one caustic sprayer, two 11-in. firehose operators,
five hot-liquid-jet operators (two on each unit, and one to help with
hoses and assist the caustic sprayer). Supporting the three teams were
two hot-liquid-jet control operators, two caustic mixers, one team
coordinator, and two NRDL supervisors, all aboard the YAG 39. The opera-
ting schedule for each team is shown in Figure C.2.

The total area of Section 3, approximatelY 5,200 sq ft, required

ENTER SET-UP

OPERATE

•iCAUSC ,SECURE LEAVE

FR$SHOT LIQUID JET

NROL
EVALUATION

0 2 4 6 8 10 12 14 16 18 20 22 30
TIME (MIN)

Figure C.2 Operating schedule for the teams removing the
paint from the YAG 40 after Shot 2.

12 operating periods of 232 min each to complete the decontamination.
Prior to the participation in Shot 4 all of the weather surfaces of

the YAG 40, with the exception of the flying bridge, aft deck house, and
the hull, were painted with the water-emulsion paint. This paint was
thinned with fresh water in the volume ratio of 1 part water to 4 parts
paint and. applied by spraying to all of the surfaces, except the wood
planking of the boat deck and the flight deck. It was applied to these
two surfaces with swabs. Approximately 75 percent of the boat deck had
been resurfaces with a powered rotary wire brush, and the paint was applied
directly to the bare wood.

The YAG 4o was not decontaminated until after Shot 5, because only
an insignificant amount of activity was present from the preceding shot.
The decontamination was operational rather than experimental. It was
considered impractical to attempt to remove the paint with the hot-liquid
jet alone and the caustic soda procedure was begun immediately.

The general method used to reduce the radiation level and remove the
paint was: (1) firehose; (2) allow to dry; (3) appl caustic solution;
(4) direhose. The initial firehosing, done with a l-ýin. fog nozzle
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firehosed initially, then each section was treated as a unit for paint
stripping. A 5 percent solution of caustic in seawater was applied to
the decks with swabs and a 10 percent solution was sprayed on the
using a solid stream, was intended to remove loose activity and hold
recontamination to a minimum. The surface had to dry before caustic
application because the caustic solution would not penetrate the water
film and effectively attack the coating beneath. The whole ship was
bulkheads with a gasoline engine-driven sprayer. The removable paint
was then stripped with a 1½-in. fog nozzle using the solid stream and
flushed overboard. The main deck passage on either side of the super-
structure companionways, however, were flushed with a Sellers 6,000 gal/
hr hot-liquid-jet unit.

The paint stripping operation took 5 days to complete. The te~ms
were setup similarly to those described for the stripping operation
following Shot 2, except that usually three teams operated simultaneously

C.1.4 Results and Discussion.

C.1.i.1 Application of Paint. The water-emulsion paint (Formula 980),
as received, was found to be very difficult to apply with the available
spray equipment without throwing out large chunks, which resulted in
buildup of a thick layer. It was found that a heavy layer was very
difficult to remove. A layer of 1 to 2 mils was most desirable. The
paint was thinned with fresh water in the volume proportion of one water
to four paint, before applying by spray. In many places the vertical
surfaces showed run streaks. The paint dried tack free In about 1 hr
to a dark gray, almost black color. From 6 to 8 hr vms required for the
paint to take a permanent set. The oil base paint was applied by brush
and appeared to have brushing qualities equal to that of any other good
grade of paint. This paint dried tack free in approximately 4 hr and
set to a yellow gray layer in approximately 12 hr.

C.1.4.2 Durability. A few hours after painting the test ships for
participation in Shot 1, a considerable amount of rain fell, which
resulted in loosening much of the water-emulsion paint on the horizontal
surfaces. The vertical surfaces appeared to be unharmed, as were the
surfaces covered with the oil-base paint.

The deck surfaces covered with the water-emulsion paint were slip-
pery when wet, and heavy traffic over these areas loosened the ?aint,
which was washed away by the rain. However, it was observed, that after
the paint had been given sufficient time to set prior to wetting it
offered much more resistance to wear. When dry, this pe.int was not
slippery; but it did scuff rather easily, and in its present form could
not be considered for use on ship decks.

C.l.I.3 Removal of Paint. In the preliminary tsts on the YAG 39
after Shot 2, it was found that the 1,250-gal/hr hot-liquid-jet cleaning
unit removed only 60 to 80 percent of the water-emulsion paint from the
vertical surfaces, all of the paint could be removed at a rate of approxi-
mately 20 aq ft/min with the same jet unit.

The procedure followed in the decontamination of Section 3 of YAG 40
resulted in removal of approximately 95 percent of the paint. The fire-
hosing operations after pre-treatment with dilute caustic removed between
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40 to 70 percent of the paint, with 95 percent of the rest being removed
by the hot-liquid-jet operation. The total operating rate for the com-
plete process was 320 sq ft/man-hr.

The water-emulsion paint made it possible to analyze the effective-
ness of the 1,250-gal/hr hot-liquid-jet cleaning unit. It was observed
that this jet unit made a path only 1 to lA in. wide at normal distance
from the surface. When operating at the customary speed, a zig-zag
path resulted, with only approximately 25 percent area coverage. It
became evident from these tests that the 1,250-gal/hr jet with the nozzle
used is inadequate for a large-scale paint-stripping operation.

C.l.h.4 Effectiveness. A summary of the gamma and beta reading
before and after decontamination of Section 3 of the YAG 40 after Shot 2
are given in Table C.l. The removal of the water-emulsion paint showed
a reduction in gamna level of from 60 to 90 percent with an average of
78 percent. The beta survey showed a reduction of 52 to 98 percent with
an average of 84 percent. The same decontamination process on an adjacent
unprotected area showed a reduction of 50 to 60 percent with an tverage
of 55 percent removal of the contaminant.

The oil-base protective paint which could not be removed, was found
to be slightly more difficult to decontaminate than standard Navy paint.
The gamma survey showed a removal of 49 percent of the contaminant.

It is believed that the effectiveness of the protective coating
could be increased by making a special effort to avoid recontamination
during the decontamination operation. This could be partially accom-
plished by wor ing from the cop down and flushing the decontaminated
surfaces with water when there is a possibility of recontamination from
an adjacent, not-yet-decontaminated area.

In removing the protective coating after Shot 5, the repeated appli-
cations of caustic soda in high concentrations removed much of the 5H
Haze Gray paint and even some of the red-lead primer. Such severe treat-
ment would not be required to remove the protective coating, if the caus-
tic soda could have been retained on the vertical surfaces long enough
to react with the coating. The rapid runoff made necessary repeated
applications; higher concentrations were used in hope of increasing the
removal rate.

The removal was not uniform because of the lack of control over the
reaction. In some places all of the paint, including Haze Gray and red-
lead primer was stripped to the bare metal; in other sports parts of the
protective coating remained. It is believed that this irregular stripping
lowered the decontamination efficiency because of the extensive recon-
tamination, as well as the faulty removal.

C.1.5 Conclusions. The experimental results show that the selected
radiological protective coatings tested are unsatisfactory for service
use, but the emulsion coating (Formula S80) demonstrated the soundness
of the 0asic theory of a removable protective coating in the decontamina-
tion of a ship.

The hot-liquid- et clean-ng unit and nozzle combination used will
Give adequate coverage when iperating at the required distances and
desired rate of surface coverage.

The following specific conclusions can be made regarding the two
paints tested.

346

CONFIDENTIAL



TABLE C.I RADIOLOGICAL PROTECTIVE COATINGG

SU]hALAY OF DATA, SHOT 2

Gamma - mr/hr Beta MC

Location Station Before After % Resid. Avg. * Before After * Resid. Avg.
Resid. %

WAT'r M24ULSION PALJr Resid.

Port 264 60o 100 16.7 1430 73 5.1
Side 311 6 80 13.3 2900 24o 8.3
Deck 312 600 80 220 1.0

313 60 10-3 2"o~2313 600 13.3 1450 73 5.0
314 420 80 19.1 1050 88 8.4
321 600 80 13.3 2900 240 8.3
322 600 60 10.0 1220 130 10.7
323 500 80 16.0 1400 240 17.1
331 800 100 12.5 1630 150 9.2
332 600 100 16.7 2080 41 2.0

341 500 80 16.0 2080 97 4.7

342 5OO 8o 16.0 2020 65 3.2

351 410 100 24.4 1250 105 8.4

352 460 80 17.4 1150 41 3.6

PoL 2 310 tO 23.5 1220 97 80.0
Side 2o2 360 80 22.2 980 100 10.2
Gun Tub 263 440 100 22.7 1180 1 100 9.3

271 60 1100 !6.7 1630 220 13.5
272 460 120 26.1 1510 150 9.9

Vent 324 800 140 17-5 2600 180 6.9

House 325 800 180 22.6 140 260 22.8

326 440 170 38.6 1050 57 5.4
334 800 150 22.5 104o 130 12.5

335 800 150 22.5 1900 125 6.6

336 600 170 28.3 1OOO 140 14.o
344 800 160 20.0 1750 120 6.9
345 700 190 27.2 860 200 23.3
346 80o 200 25.0 240 26o 108.3
354 600 120 15.C 260 160 57.2

35' 800 120 15.0 2900 180 6.2
35( 8oo 140 17.5 6o 68 7.7

Starboard 32( 260 90 34.6 570 110 19.3
Deck 321' 240 100 41.7 420 200 4".o

338 270 110 4o.7 320 120 3R.5
346 340 120 35.3 420 82 19.5

o56 500 150 27.3 21..7 030 330 39.o

Vertical! 031 1 260 42 15.0
Sections I 032 400 45 11.3

034 143 20 14.0

035 2000 105 4.0

036 60 26 43.3
037 360 42 11.1

o3-111 4W 42 6.d

1 0312 3dO 52 13.1 16.3

OIL bASýE MNO•VAkLE PAIN",i
Starboa `07 OL40. 250I 130 5(.0

Gun Tub 2t6 140 60 5[.2 25, l')0 7.06

2t9 16o io 5o.0 200 1oo 90.0
216 210 'O0 47.. 330 400 -

2'1ý 200 120 W0.0 2)O 240 o2.o 7(.5

:2-h HiAZI. ýhiAY PAIN, i~~r,~6

., trbo&-r4 31b 220 10 45.> 360 250 09.5
Deck 31b 240 100 41.j 4t0 240 51.0

329 22o 1 o 45.5 30W 290 1 .5
33' 340 1w 4•f.1 420 230 54•.0
34, 320 10 50. 300 230 b3.9
3) o450 ,o 40o.0 40,.0 0 o 160 49.3 09.7
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Mare Island Formula 980.
This paint can only be removed effectively after treatment with a

mild caustic solution.
A total of 90 to 95 percent of the aint is removable after caustic

treatment at a nominal rate of 20 sq ft/min and will remove 75 to 90
percent of the radioactive contaminant present.

Sellers Formula X-80593 Gray.
This paint is unsatisfactory for use as a removable protective

coating, because it is no easier to remove than standard Navy paint and
is no less difficult to decontaminate.

Caustic Treatment.
This treatment is an effective method of stripping paint on horizontal

surfaces and also on vertical surfaces if the solution can be retained on
the surface long enough to react.

C.1.6 Recommendations. The progrem to develop a removable radio-
logical-protective coating which will conform to the following specifi-
cations should be continued. The coating should: (1) be easily applied
over Navy 116-5H paint system by either brush or spray; (2) set suffi-
ciently within 2 hr after application that it will be unaffected by rain
or salt water spray and after 4 hr be sufficiently set on horizontal
surfaces that they can be walked on; (3) withstand flushing with 250 gpm
of water at a distance of 6 inches and a nozzle temperature and pressure
of .400F and 35 psi, respectively; (4) withstand radiant heating up to
temperatures of 140°F without detectable change; (5) be removable at a
rate of 50 to 100 sq ft/min using 20 gpm of water at a distance of 6 to
12 in. and a nozzle temperature and pressure of 170°F and 150 psig;
(6) withstand normal service use for 3 to 6 months; (7) fulfill removal
requirements 6 to 12 months after application; and (8) permit visual
determination of the progress of removal.

A protective coating system that involves two easily removable
coatings and is applied over the standard Navy paint should be developed.
The top layer should be removable with a stream of hot water and the lower
layer should be r-moved with a special solvent or weak alkali solution.
It is conceivable that such a system would make possible 90 to 95 percent
removal, afte.- which the ships could be returned to a shipyard where the
second protective coating could be rapidly remo.ved in the industrial
decontaminat. n operation.

Studies tz improve the effectiveness of the hot-liquid-Jet cleaning
1unit for reLving hot-water-sensitive coatings should be started.

Procedures for removal of standard Navy paint with viscous or
thickened paint-stripping sutiuns should be developed.

C.2 GAMMA-DOSE-RATE CURVES

Curves showing Lhe reduction in the average gamma dose rate on deck
due to the combined effects of decontamination and decay are glven in
Figures C.3 through C.5. 1-he end points of the curves were found from
initial and final surveys which included the entire ship. Such complete
surveys permitted the _omputation of the mean value from the sum ot" -he
individual readings.

348

CONFIDENTIAL



800

SHIP: YAG 40SSTART OF DECONTAMINATIO SHOT NO. 2

2 600

I-

g 400

4~

_ _ ACTUAL CURVE EN OF DECONTAMINAI ON

S200

w
>

0--0 I 1I ± I

0 100 200 300 400

TIME AFTER SHOT (HR)

Figure C.3 Average gamma dose rate aboard YAG 40 as a
function of tim after Shot 2.
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Figure C.5 Average gamma dose rate aboard YAG 40 as a
function of time after Shot 5.

However, it was not always possible to establish the value of
intermediate points on the curves by this same direct method. This was
due to the fact that the intermediate surveys covered only those sections
of the ship selected for a particular decontamination operation.

C.2.1 Metilod of Determination. To compute the average shipboard

level after surveying only a portion of the deck, it was necessary to
make decay corrections to the readings taken from the rest of the ship
prior to decontamination, A theoretical t-l.5 gamma-decay law was
employed in adjusting these readings to a common time. The -1.5
exponent was determined from data collected during Operation Castle
(Reference 6).

Because of the imediate need of a decay law in processing the test
data, the -1.5 exponent was offered as a nominal value and was restricted
to the interval from 3 days to 16 days after shot time. It was not
expected to agree exactly with the final value reported in the above
references, since subsequent corrections increased the precision of the
earlier estimate.

The fact that the t-1*5 law very nearly follows the decay low
observed aboard the ships is borne out by Figures C.3 through C.5. The
solid curve shown in each of those figures connects points which have
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been adjusted for decay. The circled points show aver&ge shipboard

levels compiled independently by Radiological Safety personnel from

separate survey data. Although these values need no decay correction,

the circled points fall extremely close to the decay-corrected solid

curve. This tends to substantiate the validity of the t- 1 "5 law.
Table C.2 demonstrates the procedure for calculating the points for

TABLE C.2 COMPUTATION OF THE GAMeA DECAY CURVE FOR
THE YAG 39 AFTER SHOT 5

Column Number 1 2 4 6
Identity of No. of No. of Decay Total of Wt'd Wt'd Avg*
Entry Stat- Read- Corr- Readings Total for Ship

ions lags ection per per (rh~
Factor Section Section

Ccuutat ion I x~ 511
2

Time after Shot Sect-
5-y Hiours ion

Y+3 76 1 47 47 1.0 6155 6155
2 57 57 1.0 1u860 11860
3 50 50 1.0 14040 144O0
4 68 68 1.0 12440 12'A"
5 72 72 1.0 15980 15980
6 *6 36 1.0 _o .4

330 MV5 199

Y+5 130 1 47 37 1.0 2564 3260
4 68 31 1.0 2353 5170
5 72 31 1.0 2232 5180
6 36 21 1.0 11.29 1940

2 57 57 0.447 11860 5300
3 50 50 0.447 14040 .1280

330 27130 82

Y+6 154 1 47 47 1.0 1650 1650
3 50 45 1.0 3930 4370
5 72 72 0.951 4021 3820

2 57 57 0.346 1186o 4ioo
4 68 68 0.775 5170 4010
6 j6 36 0.775 194o 11_••00 9

330 I19450 59

Y+7 179 1 47 21 1.0 814 182O
2 57 45 1.0 1737 2200
3 50 50 1.0 2398 2400
4 wH 26 26 1.0 1440 1440

i4 42 16 0.623 868 1420
5 72 72 0.766 4C21 3040

21 0623 1210 10 41

the solid curve shown in Figure C.4 for YAG 39 after Shot 5. Totals for

the initial survey at 76 hr after shot time are shown. Column 2 lists
the number of readings taken in each section, ard Column 4 lists the
summation of these measurements within each section. Computation of a

single average dose rate for the entire ship is dependent upon uniformly

distributed survey readings. Therefore, within a given section the num-
ber of readings should be proportional to the area of that section. Where

this was not the case, section totals in Column h were weighted by the

ratio of number of stations to the number of readings, iras8much as the

station density over the whole ship was relatively constant. The average

shipboard level of 199 mr/hr in Column 6 was found by dividing the total
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count for the whole ship by the total number of stations read.

65745/330 = 199 mr/hr.

At 130 hr, the table indicates that Sections 1, 4, 5, and 6 have
been recently decontaminated, since the decay factor in Column 3 for each
of these areas is unity.

The summation of readings per section is adjusted in Column 5 by
multiplying the value in Column 4 by the number of available survey
stations in Column 1 and dividing by the number of readings actually
taken in Column 2. For Section 1 this calculation is

47/37 (2564) , 3260.

Readings in Sections 2 and 3 were decayed from 76 hr to 130 hr after
shot time, since these two areas were not decontawinated and surveyed
along with the other four sections. Values in Column 4 were multiplied
by the decay factors in Column 3. For Section 2 the calculation is

0.447 (11860) = 5300

The corrected summations of readings for each section were then
totaled are entered in Column 5. This was in turn divided by the number
of stations to obtain the average shipboard level of 130 hours.

27130/330 = 82 mr/hr.

A similar procedure was followed for survey times of 154 hr and

179 hr, and the values are shown in the table.

C.3 DETERMINATION OF CONFIDENCE INTERVALS

C.3.1 Method. To bracket the true mean values of initial contami-
nant remaining, the 95-percent confidence limits were computed from the
data obtained during the tactical decontamination studies aboard YAG 40
after Shot 2.

These limits were determined in the customary manner using the
equation:

X it s_ where
n

X mean value of samples
s an unbiased estimate of the standard deviation
nf number of samples
t the precentage point of the t distribution for n-1

degrees of freedom and for 0.05 confidence level.

The value of s in the above equation was computed by the technique described
(Reference 24). Table C.3 demonstrates this technique.

Since the frequency distribution of values foi percent of initial
contamination remaining has not been established, it was assumed that the
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TABLE C.3 PROCEDURE "B" ON BOAT DECK

Column Number 1 2 4 5 6 7 8
Identity of Initial Final % Column 3 Max. Mi. Range Sum of
Entry Contam. Contain Resid'l Scrambled Ranges

Contam,
Day and
Time of R49 R+1O

Count 1600 1400
Decay 22 hrs
Correction_ 1.14
Computation 2
Co__tation (u4) (5)-(6) (7)
Station No.

361 570 300 60 48
362 230 100 50 36
368 1040 450 49 48 80 27 53 ý3
369 1250 300 27 47
421 570 400 80 27
429 360 150 48 80
432 570 250 50 46
438 1250 400 36 I
441 970 400 47 33
"449 860 50 46 31
452 900 350 44 50 63 19 44
458 2000 800 46 46
461 905 350 44 44
464 lO4O 300 33 63
466 41o 70 19
469 310 125 46 F
472 1100 300 31 26
475 570 135 27 49
478 410 145 4o 49 60 26 34 78
491 780 175 26 27
494 1500 650 49 50
496 830 350 48 46

450 250 160
23 Total 1009 ____

Mean 43.8

Grou Size(a) Coefficient(a) Sum of Ranges1 o.112 x 53 - 5.94
6 0.122 x 78 .9.52

Unbiased estimate of Standard Deviation(s) , 1546
(a) Coefficienats corresponding to the proper group size are listed in appro-

priate tables contained in reference (2).

sample values were from a normal population. This assumption, although
required for employing the "t" distribution in computing the confidence
limits, did not preclude the existence of a population distribution
other than normal. However, since the means of the samples from most
abnormal distributions tend to appruximiate a normal distribution for
large sample sizes, the resultant error, if any, from the above assump-
tion was not expected to be significant.
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C.4 DAILY LOG OF DECONTAMINATION OPERATIONS

Shot 2
YAG4 o

Time after Shot Time of No. of
Date EaMs Hours DM_ Men Remarks

4/2/54 R+6 147 0930 (b) 12 Surveyed Sections I and 2 prior to FH
149 U130 Surveyed Sections 1 and 2 prior to HS(a)

HLJ and FH flush
153 1530 Surveyed SectioDs 1 and 2

4/3 R+7 172 1030 25 Surveyed Sections 5 and 6
FH Section 5 and 6S

176 1430 Surveyed Sections 5 and 6 -HS(a) and FH
flushed Sections 5 and 6S

178 1630 Surveyed Se:tions 5 and 6

4/4 R+8 194 0830 23 Surveyed Sections 5 and 6 - Applied
C-120 then HLJ and FH flushed Sections
5 and 6D

200 1430 Surveyed Sections 5 and 6

Men transferred to protective coating atud.Zes from 1400 of 4th to 1400 of 5th

4/5 R+9 219 0930 25 S .xeyed Section 4 (wheel house)
224 1430 Applied C-120 then HLJm , H1S(a) and HLJ
226 1600 Surveyed Section 4

4/6 R+10 242 0830 26 HIT- s(a)-HLJ Section 4 (boat deck)
HS0a)and FH flushed Section 4 (wheel

house)
Set up 6000 gal Sellers unit and
turret nozzle.

4/6 B+10 247 1330 26 Surveyed Sections 1, 2, and 3
248 1430 Surveyed S ctions 4, 5 and 6

6000 HLJ(a) Section 1

4/7 R+II 267 0930 24 6000 HLJ(a) Section 2
271 1300 6000 HLJ Section 3

4/8 R+12 293 U30 19 Finished Sectioný a and 3
Started 6C0u KLJka) Section 4
(boat deck)

4/9 R+13 314 0830 21 Finished Section 4 (boat deck)
Surveyed Sectlons 1, 2, 3 and 4
6000 H(aSections 5 and 6

S ab C-120 detergent added

b Times showm are averaged to nearest half hour.
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Shot 2
YAG 40 (Cont.)

Date Time after Shot Time of No. of Remarks

DPys Hours Lea Men

4/10/54 R+14 338 0830 Surveyed Sections 5 and 6

Shot 5
YAG 39

5/8 Y+3 76 1000 Initial survey prior to decon

5/9 Y+4 99 0830 28 Small HW(a) Section 4 and 6ooo (a)
Sections 5 and 6

5/10 Y+5 123 0830 28 Surveyed Sections 4, 5 and 6
123 0900 HS, repeated treatments from lst pass

and FH flushed Sections 4, 5 and 6
130 1600 Surveyed Sections 1, 4, 5 and 6

5/11 Y+6 146 0800 28 Hs(a), 6000 HW(a) and FH flushed
Section 5

149 1100 Surveyed Sectiop
151 1300 CS and 6000 HLJ~al Sections 1 and HS

plus mal .,(a)
Section 3

154 1540 Su-reyed Sections 1 and 3

5/12 Y+7 170 0800 28 6000 H1J(a) Section 2, 3 and face of
superstructure'
HS and small HLJ(a) aft portion of
Section 1
CS, small I[W(a) and FE flushed
Section 4 (wheel house)

179 1630 Surveyed Sections 1i, 2, 3 and 4
(wheel house)

Shot 5

YAG 40

5/15 Y+10 244 0930 Initial Survey prior to decon

5/16 Y+11 268 0900 35 FH Section 1, 2, 3, 4 and 1/2 of 5
269 1030 Surveyed Sections 1, 2, 3,9 and 5

CS and FH Section I and 4 (wheel house)

5/17 Y+12 290 0830 20 Surveyed Section 1 and 4 (wheel house)
CS and FH sections 2, 3, 5, 6 and 4
(boat deck inc1ding port bulkhead)

298 1600 Surveyed. Sections 2, 3, 5 and 6
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Shot 5
YAG 4O (Cont.)

Time after Shot Time of No. of
Date Days Hours _a Men Remarks

5/18/54 Y+13 314 0830 20 CS and FH Section 3 (including face of
superstructure and gun tubs), section
4 (boat deck)

322 1630 Surveyed Sections 3 and 4

5/19 Y+14 338 0830 20 CS and FH Section 4 (aft portion of
boat deck, starboard bulkhead and
gutters), section 5 (bulwarks, aft
bulkhead of superstructure, mast house
and No. 4 batch combing), Section 6

(bulkhead f after deckhouse). CS and
6W0o HJ companionways,
Began CS and FH on stack

346 1600 Surveyed all but wheel house

5/20 Y+15 362 0830 20 CS and FH Sections 5 and 6, Section
3 (fwd deck house, flying bridge and
face of superstructure), Section 4
(stack and wheel house), and ccmpanion-
ways. FH flushed Section 3 and
ccmpanlonways.

369 1530 Surveyed Sections 3, 4j, 5 and 6

5/21 Y+16 386 0900 18 Resurfaced boat deck and FH flushed
wood chips off main deck

393 1500 Surveyed entire ship.

C. 5 PHOTXGRAPHS

Figures C.6 through C.16 are a series of photographs showing equipment
and various phases of the ship decontamination studies.

E4
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Figure C.6 Forward deck area and flight deck as seen from
bridge, YAG 39. Note numbered crosses fixing position of
monitoring stations.

Figi-re C.7 Boat deck aft from starboard side, YAG 309.
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Figure C.10 Hose team washing deck of YAG 40 (Shot 2).
Note plastic suits.

Figure C.11 Drum mounted 1250-gal/hr sellers unit and
hand held delivery lance.
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Figure C.12 The 6 ,OOO-gal/hr Sellers unit

I 
A

Figure C. 13 Turret nozzle jsed in conjunction vilh 6.00c
gal1/hr Sellers unit.
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Figure C. 14 YAG 40 showing Mare Island Formula 980
protective coating on decks arnd superetrudftbre8.
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Figure C. 'L6 lvhmarit floor machin~e anid hand held Aurand
rewurfaitng 001l.
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Appendix D

SUPPLEMENTARY MATERIAL ON AIRCRAFT
WASHDOWN AND DECONTAMINATION

D. 1 CONSMDERATION OF SOME FACTORS AFFECTING DECONTAMINATION RESULTS

There are a number of incontrollable variables that should be
mentioned in discussing the decontamination effectiveness obtained
from these tests. These variables made it impossible to have similar
sets of conditions for all tests and should be kept in mind when com-
paring results. One is the initial level of contamination. No attempt
has been made to compare the results on the basis of high or low initial
contamination. However, the results obtained from the aircraft on the
washdown ship are considered separately from the results obtained from
the aircraft on the nonwashdown ship.

A second variable is the type of contaminant. Although all the
shots were water-surface ones, Shot 2 was detonated in shallower water,
and the fallout probably contained coral or bottom materidl, as evidenced
by patches of a white chalky substance at various locations on 2_e YAG
40 aircraft. It is not known whether this apparent difference in the
content of the fallout affected its ease of removal or the effectiveness
of the decontamination methods.

No attempt was made to correlate decontaminability versus time
after shot; initial decontamination efforts on the different shots were
begun at 54, 76, and 123 hr after shot time (see Table D.9). The data
from this project did not indicate whether the time of decontamination
after shot affected the ability to remove the contaminant.

On some days the beta and gamma survey readings were not taken
either before or after a decontamination effort. In these cases a
nuimber was obtained by taking the last prior reading and decaying to
the proper time through use of decay curves. If the missIng readings
were after a decontamination effort, the numbers were obtained by
calculating -he reverse decay from the following day's readings prior
to decontamination.

The fixed gamma recorder, with its station in the cockpit of the
p aircraft, was started before any decontamination was begun and was run

continuously -:ntil after the final decontamination was completed. This
ina~rument gave a complete gamma record for each aircraft. Only the
results from the aircraft aboard the YAG after Shots 2 and 5 were Plotted,
because the level of activity on the other shots was too low to warrant

No decay allowance was calculated for the initial decontamination
noperatlon on each aircraft, excEpt in data from the fixed gamma recorder.
For all decontaminaticn calculations after that, the nroper readings
were lecayed to Jhe nearest half hour.

The full extent of the effects of the weather on the decontarmi-
nation efforts is not known. .Mnv showers and rainstorms between shot
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times and the completion of the decontamination efforts undoubtedly
washed off some of the contaminant. One rainstorm in particular
occurred between Shot 2 and the initial decontamination effort and
resulted in a 90-mr/hr (about 10-percent) reduction in dose rate on
the fixed gamma recorder. The percentage of contaminant removed was
not considered sufficient to change the classification of aircraft on
the YAG 40 after Shot 2 from Condition A to Condition B. Other shcwers
occurred before and between aircraft decontamination procedures but
were not of sufficient intensity or duration to cause an easily identi-
fied reduction in dose rate on the fixed gamma recordor.

Other variables that probably affectid the results were the
personnel taking the readings and the survey instruments used. Most
of the monitors were sailors who had been given a few hours instruct-
ion in a standardized technique of _Liitoring. Undoubtedly, some may
have developed different techniques with the survey instruments which
would give a variation in the readings. Also, since the survey instru-
ments were used interchangeably during decontamination operations, even
though they were calibrated periodically, this probably introduced a
variable in the readings.

The painted surfaces on the aircraft were generall, in fair to
poor condition. The aircraft had previously been in service and were
not specially painted or otherwise prepared for this operation. How-
ever, they had been treated with Type C preservative before being
transported to the site, and it was necessary to use Gunk to remove
this preservative. This cleaning with Gunk also removed the oil, grease,
and industrial film usually found on operating aircraft, leaving an
unusually clean surface. Ordinarily, this oil and grease would entrap
a larger amount of contaminant than a clean surface, but the oil and
grease plus the contaminant is removed by decontamination.

Thus, the poor condition of the paint on the aircraft was more
than compensated for by the clean surface, and the decontamination
results should be more effective under normal operating conditions.
This conclusion is based on a comparison between the decontamination
of the aircraft surfaces and the test plates with new unweathered
surfaces, which indicated that fire hosing or hot-liquid-Jet washing
removed about the same percentage of contaminant in either case but
that scrubbing with letergent or Gunk was more effective on the test
plates than on the aircraft.

D.2 COMPIIATION OF FIELD DATA

D.2.1 Material Damage. Details of the material damage inspection
are given in Tables D.1 through D.8.

D.2.? Washdown Effectiveness. This section includes the detailed
information Figuies F.I t-'ro.gh D.13) at early times (4 0) of both the
dose and the dome rate that was used, particularly in determining the 4,
washdcwn effectiveress. The Inlormation is corrected for the contami-
nation ratios described in Chapter 2 when applicable.
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TABLE D. 1 MATWIAL DAMAGE INSPECTION PIAN AND RESULTS

Ship YAG 39 Plane xo. W24- shot 1
Date and Time of InspectioQ 23 Feb. Before --- 5 Mar, (After)

Material or Area Insected Findings

Engine ruroup Data (Before)(a) Engine Turnup Daet (After)(a)
1. RPM 1800 1. Simiar to data taken (Before)
2. Cylinder Temperature 2000 C
3. Manifold Pressure 25 in.
4. Oil Teperature 650C Jadio checked out
5. Fuel Pressure 18 lb
6. Oil Pressure 85 lb Rust was evident n unpainted
7. Voltage 27 v ferrous metals such as engine studs
8. Hydraulic preasure 1000 lb and ving locking pin hiouslng.
9. Magneto Dropoff (Grease wan removed frem wing lock-

A. Left 30 Ing pin housing vhen aircraft vas
B. Right 4o0 depreserved.)

Radio checked out.

(a) All readings taken at full-rich poaitim.

TABLE D. 2 KAT•TIAL •AMAGE INSPECTICW PLAN AND RESULTS

hp A3 40 Plane No. C1624 Shot 1
Dnte and Time of Inapection- 23 FebT efore) a3.afTemr,(After)

Matezisia or-Area Inspected Fiadings

Engine i'urnup Data (Before )(a) 1Engine Turnup Data (After) (0)
1. F04 1800 1. Slimlr to data taken (Before)
2. Cylinder Temperature 175

0
C I except that Cylinder Temp. was

3. Manifold Pressure 27 in- 150OC.
4. Oil 'reerature 650
5. Fuel Pressure 16 lb iwdio checked out.
6. Oil Pressure 88 lb

7. Volta,6e ZT-28 v
o. Ad-raullc Pressure 1100 lb Rust wvas eridert on uizstnto4 farrow
9. Magneto ~'1howf metals uwwh as engin stud~s and ving

Left 85 locking pin housing. (Grease vas
Right 90 Ira d from wing locking pin hous-

ing vhe aircraft vas depreserved).

Rad.io che•-k-_ out before.

(a) AlU reodings taken. at li-rich position.
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TABLE D.-3 MATERIAL DAMAGE INSPECTION PLAN AND RESULTS

Ship YAG 39 Plane No. - 814 Shot 2
Date and Time of Inspection 9 Mar. (Before and 29 Mar. (After)

Material or Area Inspected Findings

Engine Twnmp Date (Before)(a) Engine Data (After)(a)
1. Similar to data taken i1. Similar to data taken (Before)

(After) Shot I except that-
A. Magneto Dropoff was:

1. Right 450 and cut out
completely.

Radio checked out. 2. Left 60
B. Cylinder heat temperature

gauge was out.

2. Plugs on front bank of cylinders
were changed and the Magneto
dropoff was:
A. Right 150-200 and still cut-

out.
B. Left 60

Radio checked out.

Exceaaive water noted where lead goes
into plug.

Rust noted on main engine mount in
accessory section.

Rust was evident on unpainted ferrous
metal as noted before.

Corrosion was noted on wheel rims
(inside)

(a) All readings taken at full-rich position.

TABLE D.4 MATERIAL DAMAGE INSPECTION PLAN AND BESULT

Ship YAG 40 Plane No. 81624 Shot 2
Date and Time of Inspection 9 Mar-. (Before) and 29 Mar. (After)

Materia2 or Area Inspected Findings

Engine 'u-nu? Data (Before)(a) Eugine '•uruup Data (After)(a)
I. Luimilar to data taken 1. Similar to data taken (Before)

(After) Shot I except thmt Magneto droporr

Vag:
Radio c'hecked out. A. Right 90

B. Left O0
and the oI tMp. gaugr was out.

Hdiio checked out.

R~mt was evident ou fe-rous metals

as noted beforv.

(a) All realinugs take at :ull-rich posiuioa.
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TABLE D.9 M.ATERIAT, DAMAGE INSPECTION PLAN AND BESULTS

ShipXD & _ Plane No. 13fn Shot 4
Date and Time of Inspection 8 Apr. (Before) and 30 Apr. (After)

Material or Area Inspected Findi•gs

Engine Turnup Data (Before)(a) Engine Turnup Data (After)(a)
1. RPM 1800 1. Similar to data taken (Before)
2. Cylinder Temperature 1900C except that:
3. Manifold Pressure 27 in. A. Cylinder head temp. gauge
4. Oil Temperature 800 C needle oscillates at
5- Fuel Pressure 16 lb 14o-150°C.
6. Oil Pressure 75 lb B. Magneto Drpoff
7. Voltage 28 v 1. Left 65
8. Hydraulic Pressure 1100 lb 2. Right 85
9. Meoeto Dropeff:

A. Left 30 Radio checked ourt.
B. Right 40

Wing locking pin housings were in
Radio checked out. sawe condition as before the test.

They were packed with grease before
the test.

(a) All readings taken at full-rich position.

TABLE D.6 MATERIAL DAMAGE INSPECTION PLAN AND RESULTS

Ship YAG 3q Plane No. 81M Shot _5_
Date and Time of Inspection 30 April (Before) and 7 May (Afterl

Material or Area Ir1pected Findings

Engine Turnup Data (Before)(a) Enine Turnup Data (After)(a)
1. RPM 1800 1. RPM 1800
2. Cylinder Temperature 190

0
C 2. Cylinder Temperature 1900C

3. Manifold Pressure 26 in" 3- Manifold ?ressure 25 in.
4. Oil Pressure 75 0

C 4. Oil Temperature 750C
5. Fuel Pressure 16 lb 5. Fuel Praosure 16 Ib
6. Oil Pressure 80 lb 6. Oil Pressure 80 lb
7. Voltage 27 v .7Voltage Ga out
8. Hyvdraulic Pressure 1100 i• 8. HQydraulic Pressure 1100 lb

9. Magneto Drepoff 9. M to Dropeff
A. Left 4o A. Left 75-85
B. Right 50 B. Right 100 and cuts out.

Radio checked out. Radio checked out.

Rust vwa evident un uxqxaited
ferrous metals.

Wing locking pin housings were in

sae condition as before the teat.
They were packed witb grease before
the teat.

(a) A-l r-adinga taken at full-rich position.
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TABLE D.7 WATZIAL DAMAGI INPRCYON PLAN AmD NESJTS

Ship YAG ho Plane No. 82022 Shot 4
Date and Ti o---•ection 8 Apr,-Beore) w? 2 May (A•ter)

Material or Area Inspected Findings

Engine Turup Data (Before)(a) ngine Turnup Data (After)(')
1. RPMN 1800 1. Siuilar to data taken (Before)
2. Cylinder Teop. guage except that the left wigneto

oscillates at 14O-15O 0C vas rough.
3, Manifold Pressure 27 in.
4. oil Temperature 800C
5. Fuel Pressure 16 ib
6. oil Pressure 75 lb
7. Voltage 28 v
8. Hydralic Pressure 1100 lb
9. M to Dropoff

A. Left 65
B. Right 85

Radio checked out.

(a) All readings taken at full-rich position.

TABI D.8 MATERIAL DAK&GE INSPECTION PLAN AND RESUT-S

Ship YAG 4C Plane No. 82022 shot5
Date and Time of' pectica 2 any 1eMore) a-i y (After)

Material or Area Inspected Findings

Engine T-rnuP Data (Be•o•e)(a) Engine Tmri Data (After)(a)
1. RPM 1800 1. RPX4 2000
2. Cylinder T'pcrature 1900C 2. Cylinder Ternture 1500C
3. Mani-fold 1presoure 25 in. 3. Ma•ifold Pressure 27 in.
4. Oil Tecrature 75'C 4. Oil Trerature 65oc
5. Fuel Pressure 16 lb 5. Fuel Pressure 16 lb
6. Oil Pressure 80 lb 6. Oil Pressure 78 lb
7. Voltage Gaue out 7. Voltage Gauge out
8. Hydraulic Pressure 1100 lb 8. Hydraulic Pressure 1100 lb
9. Magneto DroWfr 9. Magneto topoofr

A. Left [>-&Y A. Left C.t out
B. Right 100 and cuts out B. Hight Cut out

.(adlo checked out. I iaild.o cbecked out,

Rust yeA evident or unPaL-ttd Rust vas evident on un~piint-rd
ferrous metals. ferro"M metals.

Wine locking pin hcus!Dgs Yere in ýCcrrosion vas evident an the

st, -" 4. -ýýMy vcrc,- pacied levident On the vl% lockin, Pin
with Ksracs b'aora tb• test. housall el.

(a) Al). reAj.i s taken at ful-, .cýn poo'tio•.
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Figure D.1 J;amma dose rate at fixed garmi stations aboard
YAC 40 after Shot 2.
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Figure D.5 Gamma dose rates at fixed parnm stations aboard
YAG 40 after Shot 4.
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Figure D.11 Gaa dose rates at fixed gamma stations
aboard YAG 39 after Shot 5
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Figure D.13 Gamma dose rates at fixed gamma stations
aboard YAG 39 after Shot 5.

D;.2. Decontamination Effectiveness. This portion of the appendix
includes not only decontamination operations, decontamination effective-
ness, and time and manpower data but also the estimated materials
requirements for the various decontamination processes used in this
test.

Figures D.14 through D.17 give the flow charts and basic equipment
and materials requirement for the decontamination processes used.
Figure D.15 shows the portable pump used with the decontamination by
firehosing at 100 psig. Table D.9 gives the decontamination sequences
and time after shot for all the decontamination operations. Figures
D.18 through D.29 are graphic representations of the decontamination
effectiveness of the aircraft operations. Table D.10 is a comparison
of decontamination effectiveness results from the aircraft and test
plates. Table D.ll is a ccmparison of the decontamination effectiveness
of the average gamma survey meter readings versus a high initial read-
ing and a low initial reading. Table D.12 is the detailed time and
manpower studies for the decontamination operations.

D.2.3.1 Estimated Material Requirements for the Different Decon-
tamination Processes.

1. Flrehosing, salt water

a. Single nozzle
100 gpm or 6 •"10 gal/hr

C37N5
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b. Two nozzles
200 gpm or 12,000 gal/hr

2A Hot liquid jet with salt water, base rate

a. Salt water to unit, 850 gal/hr

b. Fresh water (steam generation, 100 gal/hr)

c. Salt water (detergent solution) 50 gal/hr

d. Detergent (C-120) 100 lb/hr while washing

2B. Hot liquid Jet with salt water, estimated amount used per hour
for hot liquid Jet only, no scrubbing (50 percent detergent,
50 percent rinse)

a. Salt water to unit, 850 gal/hr

b. Fresh water (steam generation) 100 gal/hr

c. Salt water (detergent solution) 25 gal/hr

d. Detergent (C-120), 50 lb/hr

e. Totals, Salt water, 875 gal/hr
Fresh water (steam), 100 gal/hr
Detergent (C-120), 50 lb/hr

3A. Hot-liquid jet with fresh water, base rate

a. Fresh water to unit, 850 gal/hr

b. Fresh water (steam generation) 100 gal/hr

c. Fresh water (detergent solution) 50 gal/hr

d. Detergent (C-12C) 100 lb/hr while washing

e. Total, fresh water, 975 gal/hr
detergent (C-120), 50 lb/hr

4A. Single scrub, with hot-lilquid-jet fresh-water rinse,
base rate.

a. Fresh water to unit, 850 gal/hr

b. Fresh water (steam generation), 100 gal/hr

c. Fresh water (detergent solution), 100 gal/hr

d. Detergent (C-120), 200 lb/hr

376

CONFIDENTIAL



4B. Single scrub, with hot liquid jet fresh water rinse, estimated
amounts used per hour. Ratio 70 percent scrubbing, 30 percent

rinse.

a. Fresh water to lnit, 255 gal/hr

b. Fresh water (steam generation) 30 gal/hr

c. Fresh water (detergent solution), 70 gal/hr

d. Detergent (C-120), 140 lb/hr

e. Totals8, fresh water, 355 gal/hr
detergent, 40 lb/hr

5A. Single scrub with hot-liquid-jet salt-water rinse, base rate

a. Salt water to unit, 850 gal/hr

b. Fresh water (steam generation), 100 gal/hr

c. Salt water (detergent solution), iOO gal/hr

d. Detergent (C-120), 200 lb/hr

5B. Single scrub, with hot liquid jet salt water rinse, estimated
amounts used per hour. Ratio, 70 percent scrubbing, 30 per-
cent rinsing.

a. Fresh water (steam generation), 30 gal/hr

b. Salt water (hot liquid jet), 255 gal/hr

c. Salt water (detergent solution), 70 gal/hr

d. Detergent (C-120), 140 lb/hr

e. Total, Fresh water, 30 gal/hr
Salt water, 325 gal/hr
Detergent, 140 lb/hr

"6A. Single scrub, with Gunk, followed by hot-liquid-jet fresh-
water-with-detergent rinse, followed by clear hot-liquid-jet
fresh-water rinse, base rates.

a. Gunk, Spraying, 30 gal/hr
Scrubbing, 10 gal/hr

b. Kerosene, Spraying, 240 gal/hr
Scrubbing, 80 gal/hr
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c. Fresh water (to unit), P50 gal/hr

d. Fresh water (steam generation), 100 gal/hr

e. Fresh water (detergent solution), 50 gal/hr

f. Detergent (C-120), 100 lb/hr while washing

6B. Single scrub, with Gunk, followed by hot-liquid-jet fresh-
water-with-detergent rinse, followed by clear hot-liquid-jet
fresh-water rinse. Estimted 10 percent spraying Gunk, 60
percent scrubbing, 15 percent detergent rinse, 15 percent clear
fresh rinse.

a. Gunk, Spraying, 3 gal/hr
Scrubbing, 1 gal/hr

TABLE D.9 DECONTAMINATION SEQUENCES AT VARIOUS TIMES AFTER SRCTS

Decon. Shot 2 Shot 4 Shot 4 Shot 5 Shot 5
Number YAG 10 'LAG 39 YAG 40 YAG 3 YAG 40

1 Fire Hose Scrub vith Hot-liquid Hot-liquid hot-liquid
detergent jet jet jet

Time after 124-126 1/2 54-57 hr. 123-124 hrl 77-79 hrs 76-79 hr.
Shot

2 Fire hose Scrub vith Scrub with Scrub vith Scrub w'.th
detergent detergent detergent! detergent

Time after !26 1/2-129 77-81 124-128 103-105 79-82
Shot 4

3 Hot-liquid Scrub vith Scrub vit2 Scrub with
jet detergent detergent detergent

Time after 147-154 128-130 125-130 99-105
Shot

4 Scrub with Scrub with
detergent detergent

Time after 173-176 122-i-9
Shot

Scrub with Scrub vith
detergeat Gunk

Time after 194-197 148-151
Shot

Scrub with Scrub with
.etergent Gunk

Time after 197-201 170-1Y3
Shot ___ __ ___ __ ____

7 Scrub with
Gunk

Time after 216-221 T'me after shot indicates times when
Shot moniUt-ing surveys vere wade before

and .fter decontamination.
Scrub with
Gunk

Time alter 221-224
Shot
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TABLE D. 10 COMPARISON OF DFCONTAMINATIOCN EFFECTIVERESS PESULTS FROM AIPCRAFT AND TEST FLATES
BASED ON GAMMA SUPVFY

lst Decontamination 2nd Decontamination 3rd Decontamination
• of original % of original -of previous % of original % of previous % of originlr
contamination contamination contamination contamination contamination contamination
removed by remaining removed by remaining removed by remaining

I this decon. after this this decon. after this this decon. after this
decon. _ decon. dacon.

Decon.Method Firehose at i00 blaq in Firehose at 00 lb/sq in Hot Liquid Jet

Shot 2 Aircraft 36 64 28 49 27 45
YAG 40

S4o 
Test Plate 35 65 30 46 -

Decon.Method Hot Liquid Jet Scrub with Detergent Scrub with Detergent

Shot 4 Aircraft 23 77 39 50 14 44
YAG 40

Test Plates 29 71 ý0 35 -3 36
Hot ud Jet

Test Plates 26 74 -1 quid Jet 50 __37
Deoon.Method Firehoae at 20 lbsag in Firehose at 20 ib/sq in Scrub withTDetergent

'rest Plates 3 2 4 88 54 _0

Decon.Method Hot Liquid Jet Scrub with Detergent Scrub with tergent

Shot 5 Aircraft Y2 68 4642
YAG 40 2 Hot Liquld Jets

Test Plates 26 114 76 18 21 14
Decon.Method 2 Firehosings at 100 lb/ 6crub with Detergent Scrub with Detergent

aq In

Test Plate 15 18 75 2.1 52 L0

TABLE D.11 DECONTAMINATION .'ECTIVENEESS - COMPARISON OF AVERAGE TIB READING FOR AI1CRAFT ABOARD
TAG 40 AFTEP SHOT 2 VERSUS L(AxATION 40 (HIGH INITIAL) VERSUS LOCATION 20 (Low inITIAL)

Ave e 11B Readings Re at Location&4  Readipgs at Lottion 20
of Remaining of Remaining I (if em~i-ning

Contaminant Contaminant Contaminant
Removed Removed Removed

innh By By mr/hr By By mr/br By By
" Decon. _ Decay Decon. IDecay Decon

31 Marchb - BeforeI
decontaminati on 2620 10,300 1500

By Decay 14 14 14
2240 83,870 1290

Reduction att~rtbuted
to rain 8 ,2,2 °__

1 April-Before i 0250 000
decontaminatioi 2060 "

By decontamination I 36 55 i 15
After lot Decon. 1330 _2.6W 1 _50

By Decay 3 3 3
1 April1-Before 2nd

decontamination 1290 2,(20: 825
By decontainina-

t oion 28 26
After 2nd decon. to 

39,, _500 -

By decay +7Ca) 3
2 April-Beforr 3rd.

Decon. 104O 1,930 700

By decontamination Z( 33 36

After 3rd Decon. 11030 450o

By Dectay 10 10 10
3 April-belfor-t 4th I 10

Decon. 693 1,170 395 i

By Leeontwn mltiod 6-1 44
After 4th Decon. ¶31 215 225i 22

(a.)Readings were higi",r arter decay period. Location i0 is on top or inboard side o," left wing,
See Fig. L.30. ication 20 is on right side of fuselage just behind the cockpit, See. Fig.
D.30.
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SALT WATER 180 FT'- 4 IN. 100 FT - 21 IN./HYDRANT •/SUCTION HOSE /FIRE HOSE• 2

5OFT-11 IN. FIRE HOSE

P-500 PUMP 2F !N.x Ij IN. WYE

Il IN. THREE-WAY NOZZLE

INLET HYDRANT PRESSURE EOUIPMENT USED

20 LB/SO IN. (EST) 180 FT - 4 IN. SUCTION HOSE

I P-500 PUMP
OUTLET - P-500 PUMP

100 FT - 2? IN. FIRE HOSE
100 LB/SQ IN. 2

100 GPM (EST) 100 FT - I- IN. FIRE HOSE

2 I- IN THREE-WAY NOZZLE

Figure D.14 Equipment hookup for firehosing with
salt water.

444

Figure D.15 used to boost the water pressure

to that nec • .or firehosing.
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3
50FT-' 1 IN. WATER HOSE

STEMESPPL

FTESH G100 FT- I IN. HIGH PRESSURE
HYDRANT 7J WATER HOSE . . .

DETERGENT HOT LIQUID JETFIR SOLUTION LANCE AND NOZZLE

INLET SALT WATER HYDRANT EQUIPMENT USED
20LB/SO IN. 850 GPH(EST) 50FT-- IN. WATER HOSE

INLET FRESH WATER HYDRANT STEAM GENERATOR
20LB/SO IN. 100 GPH (EST) I- 25 FT-Ij•IN. STEAM HOSE

INLET DETERGENT SOLUTION 50 FT-2 IN. FIRE HOSE
50 GPH (EST) 2

I HOT LIQUID JET UNIT
OUTLET HOT LIQUID JET NOZZLE (1000 GAL/HR)

1000 GPH (EST) 100 FT - I IN. HIGH PRESSURE
170* F TEMPERATURE WATER HOSE

I HIOT LIQUID JET LANCE
180 LB/SO IN. PRESSURE I N D JETZLE

AND NOZZLE

Figure D.16 Equipment hookup for hot-liquid-Jet wash
with salt water.

50 FT -2- IN. WATER HOSE

COMBINATION
PORTABLE STEAM 100 FT - I IN. HIGH PRESSURE

FRESH WATER GENERATOR AND WATER HOSE
HYDRANT HOT LIQUID

JET UNIT I

D•ETERGENT ••TL=

SOLUTION LIQUID JET LANCE
AN D NOZZLE

INLET-FRESH WATER HYDRANT EQUIPMENT USED

75 LB/SO IN. (EST)
950 GPH (EST) 50 FT - IN. WATER HOSE

COMBINATION PORTABLE STEAM
INLET DETERGENT GENERATOR AND HOT LIQUID

50 GPH (EST) JET UNIT

100 FT - I IN. HIGH PRESSURE
OUTLET HOT LIQUID JET NOZZLE WATER HOSE

1000 GPH (EST)
170*F TEMPERATURE I HOT LIQUID JET LANCE
180 LB/SQ IN. PRESSURE AND NOZZLE

Figure D.17 Equipment hookup for hot-liquid-Jet wash
with fresh water.
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Figure D.18 Decontamination effectiveness for all
operations on the aircraft aboard the YAG 40 after

Shot 2.
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Figure D.19 Decontamination.effectiveness for ali
operations on the aircraft aboard the YAG 40 after
Shot 2.
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Figure D.20 Decontamination effectiveness for 9ll
operations on the aircraft aboard the YAG 39 after
Shot 4
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(Note larger scale)
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Figure D.21 Decontamination effectiveness for al&
operations on the aircraft aboard the YAG 39 after
Shot 4.
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Figure D.22 Decontamination effectiveness for all
operations on the aircraft aboard the YAG h0 after
shot 4... .
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Figure D.23 Decontamination effectiveness for ali
operations on the aircraft aboad the YAG 1•O after

Shot 4.
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Figure D.24 Decontamination effectiveness for all
operations on the aircraft aboard the YAG 40 after
Shot 4.
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Figure D.25 Decontamination effectiveness for all
operations on the aircraft aboard the YAG 39 after
Shot 5.
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Figure D.26 Decontamination effectiveness for all
operations on the aircraft aboard the YAG 39 after
Shot 5.
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Figure D.27 Decontamination effectiveness for all
operations on the aircraft aboard the YAG 39 after
Shot 5.
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Figure D.28 Decontamination effectiveness for all
operations on the aircraft aboard the YAG 40 after
Shot 5.
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Figure D.29 IDecontamination effectiveness for all
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Shot 5.
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b. Kerosene, Spraying, 24 gal/hr
Scrubbing, 8 gel/hr

c. Fresh water to unit, 255 gal/br

d. Fresh water (steair generation), 30 gal/hr

e. Fresh water (detergent solution), 8 gal/hr

f. Detergent (C-120), 15 lb/hr

g. Totals, Gunk, 4 gal/hr
Kerosene, 32 gal/hr
Fresh water, 293 gal/hr
Detergent (C-120), 15 lb/hr

D.2.4 Comparison of Beta and Gamma Data. Gamma readings were
taken with a fixed gamma recorder and with the gamma survey instruments.
A comparison of the results of the decontamination of the aircraft on
the YAG 40 after Shots 2 and 5 obtained by these two methods are given
in Figures D.30 and D.31. With the exception of the first decontamina-
tion on the aircraft after Shot 2, the results obtained by these two
methods correspond reasonably close through the entire decontamination
efforts.

The close check of the results percentage-wise from the gamma-
survey instruments and the fixed gamma recorder shavs that either
method gives reliable and reproducible results. it mndt be remembered
that the gamma-survey-inetrument readings are the ave.age of 50 or more
individual readiigs caken all cver the Lircraft surface, while the fixed
ganaa recorder data were, obtained from a single instrument, located in
the cockpit of the aircraft, which transmitted the data to the recorder
located in the tent.

The discrepancy in beta ani gamma percentage removal led to a
further investigaticn cf the ratic. of beta survey readings in micro-
curies divided by the gamm•, -rvwvty ieadings iri inilliroentgen per hour.

The test plate data from Shots h and 5 were used in this study
beca'.se the gammB readings lid not have the high background readings as
was the case with gadn .- eauings taken on the aircraft. The data in-
dicate that beta and gamms are reno'ed at rbout the same percentage
rate when the decontamination method is f 'relhosi.ng or washing with the
hot-liquid jet. When the decontamlination method is scrubbing with deter-
sent or Gunk, the percentage of beta contaminant removed is greater than
the percentage of gamma contaminant removed (see Tables D.13 and D.14
and F4igures D.32 tnroaugn D.3t).

D.2.5 Contamination Distribution. Beta surveys were made on the
a-rcranft aboard the YAG 40 after Shots 2 and 5 to deterzir- the contami-
nation distribition. See Tabies D.15 through D.11.

SThe exact. location of each monitorin7 locatiun is shown on the
aircraft diagrams, Figires P.-37 Anid D.38. The numbers wh'cii are under-
lined were iused only on the aircrfft abcari tne YAG 40 after Shot . to

395

CONFIDENTIAL



designate monitoring locations for the initial beta and gamna survey
while the aircraft was still on the ship. Numbers not underlined
indicate the monitoring locations for the detailed surveys which were
taken after both Shots 2 and 5.

TABL D0.13 BMX TO OA?04A RATIOS (a) FOR TEST PIATES ON YAG 40 AFTER SHOT 4

I Test Plate Noe. Test Plate Nos. Test Plate Nos.
1i 26 2 3 4 14 5 6 8 9

Beta 100 136 155 161 137 172 159 162 135
Gemna 38.4 144.4 49.4 38.6 38.6 41.0 38.2 41.4 36.2
Eatio 2.61 ,- 3.07 3.14 4.16 3.54 4.19 4.27 3.91 3.'72

Average 2.94 3.96 3 97 37
Decon Hot Liquid Jet Fire Hose Hot Liquid Jet
Pn.)ess Salt Water at 20 psi Salt Water
Beta 78 11 •5 150 122 164& __ 1.3 119 104

Goa 29.2 34.0 34.8 36.2 35.4 37.2 26.0 28.8 25.0
Ratio 2.67 3.12 3.31 4.14 3.45 4.40 4.04 4.13 4.16
Average -_3.03 4.o 4..1.
Decon Hot Liquid Jet Fire Hose Scrubbing with
Process Salt Water at 20 psi Salt Water Rinse
Beta 70 93 105 147 123 160 47 2 39
Gazma 29.6 34.0 35.2 34.4 34.0 35.8 14.6 13.14 12.4
Ratio 2.36 2.74 2.98 4.28 3.61 4.48 3.21 3.13 3.14
Average 2.69 4.12 3.16 I
Decon Scrubbing with Scrubbing with Scrubbing with
Process Salt Water irnse Salt Water Rinse Salt Water HRine
Beta 32 4o E2 42 29 4 3 43 31
Gomma 16.4 16.2 16.k 16.2 m15.6 16.0 13.6 13.8 14.0
Ratio 1.95 2.147 2.56 2.59 1.66 2.75 3.16 3.12 2.21
iAv ra- ý -e 2.33 __ 2.40 2.83

(a) uatio of Beta (pc)/Gama (mr/•r).

TAPI.ý T).14 BFTA TO GAMMA PATIOS (a) FPfM TEST P[ATES ON YAG 40 AFTEP SHOT r

Silebt Plate Nos. Test Plate Nos. Test Plate Non.
_3 4 56 9

5eta 8200 050 7800 6000 5900 55O0 4ooo 3700 34o0
Ge•za 2160 2300 low 1620 1640 141o 1260 1500 146o
Ratio 3.79 3.02 3.96 3.70 3.60 3.82 3.18 2.47 2.32
Aer•e 1 3.86 3.71 _ 2.66
Decol. Hot Ls id Jet Fire Hose at Liqrl Jet
Proc~so 66f _______100 psi _ _ c

Beta 1530 500 5100 500 " 5 500 5000 3200 3300 3500
GanaM 11370 166 1370 1660 1720 1480 1080 1260 1280
Ratio 1 3.( 3.01 3.72 3.49 3.20 3.38 2.96 2.58 2.74
Average 3.531 1 3._6 2,76 1
Decon. Hot Liquid Jet Fiie Hone at Scrubbed with Gunk
Process FW 10 psi4 Rinse
Bet 10 5900 5500 5000 42oo 188 '161 128

c 1131o 1000 1-76o 1320 1440 12oW LC 13L 126
Ratio 14.1& 3.u) 3.12 3.79 3.28 j.33 1.o2 1.18 1.00
Average K.• _ __ _ 3.647 _ 1.2_1
Decon. Scrubbing with ScrubbiW with Scrubbing with Gunk
Fror-so SW irnse SW Rinse FW Rinse
Ie-a 610 1300 1U0 730 660 360 159 113
CA.Ua 34 143 2 39E 372 352 f 254 79 90 76
(at 1o 2.0( 3.01 2.97 1.90 1.67 1.142 2.13 1.7o 1.45

Average j 2.66 __i.___ _11.75

Scrubb•ng wit, Scrubbing with
irucecU IiW inse ______S Rins~e

660'~ 914 60 3')0 f X 2600
Germs, 2tý2 33,ý 310 1516 160 140
Ratio 2. 52 [2673 2.dl 2.47 2.10

Avere1 "t 2.1,r

c) , ires vatcr
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TABLE D. 15 HI COMITAMATIOZ DISTrIBUTIN AFyE SHOT 2

Monitoring Location Position Reading

Pro. 1 13,500
En 2 1,500
Eng. rol s 3 7,000
Air Cooler 4 6,ooo
L. Wing B 5 9,000
L. Wing s 6 7,750
Stub Wing S. 7 1,500
S. Fumelage 8 8 4,500
Vr. Stab. S. 9 5,750
Nor. Stab. S 10 5,750
Nor. Stab: S U1 3,000
"Nor. Stab. P 12 1,000
2.r. Stab. P 13 1,000
'er. Stab. P 14 1,500
S. rusel. P. 15
Stub Wing P. 16 1,000
L. Wing P. 17 1,0OO
L. Win P. 18 1,000

Air Cooler P. 19
Eng. Col. P. 20 500

TABIF D.16 BMW COaMMIUATION DIS-MTIUTION ATIU f'HCT 2

Monitoring Location Position Reading

Prop. 1 10,500
EngineS. 2 1,500
Engine S. 3 U1,000
U. Covl. S. 4 10,500
L. Cowl. S. 5 4,000
Ex. S. 6
Tire S. 7 2,5CO
U. Wing S.O. 8 8,000
U. Wing S.O. 9 14,500
L. Wing S.O. 10 15,000
L. Wing S.O. u lOw
Wing Root S. 12
St. Wing S. 13
St. Wing s. 14
U. Wing S.I. 15 1,000
U. Wing S.I. 16 500
L. Wing S.I. 17 1,000
L. Wing S.I. 18
T. Fusel. 19 2,000
S. Pusel. S. 20 3,000
S. Fs el. S. 21 8,500
T&I.1 Wheel S. 22 1,000
Vert. St;&,. S. 23 10,500
Vert. Stab. S. 24 12,000
Hor. Stab. S. Top 25
Nor. Stab. S. Top 26 3,C00
Hor. Stab. S. Under 27 500
Her. Stab. P. Top 28 2,000
Her. Stab. P. Urdcr 29 500
Nor. Stab. P. Top 30 1,0C-
Ver. Stab. P. 31 4,750
Ver. Stab. P. 32 1,000

S. Fusel. P. 33 75)
T. Fusel. F. 34 i,00
B. Fusel. P. 35
T. Fumel. P. For. 30 500
Stub Wirg P. 37 5o0
Stub Wing P. 38 500
U. Win,. P.I. 39

U1. Winrg P.:. 40 20,000 of" scale

I.. Wing. P.1. 41 2,000
L. Wing P.I. 42
Wing itoot P. 43 1,000

U. Win. P.U. 45
U. Wing P. i. 4c 750
U. Win P.0O. 47 750

Exh. F. 
4d

:Ire Port 49 1,000
U cvl. Port. 50 500

L. .ol. Port 51 50.
.n ile ort 52 2,50,

F-:- n ort 53 1,000
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"T"BIZ D. 17 BETA COIMRNINATION DISBIBUTIOC A7T• SHOT 5

Mnitoring Locatiom(a) Posintion Reading

lIt Pi• pellor Blade-For 1 10,750
2nd Propellor Blade-At la 1,025
Enine-For. Star. 2 2,500
Engine-For. Star. 3 8,000
Eug. Cowl. Upper-Star. 4 3.1A0
Eng. Cowl. Lower-Star. 5 3,000

haku&t-Starboard 6 3,00G
Tire. Star. 7 4,500
Wing-Uppe- Star. Out. 8 2,225
Wing-Upper Star. Out. 9 2,250
Wing-Lover-Star. Out. 10 2,000
Wing-Lover-Star. Out. 11 2,750
Wing Root-Star. 1£ 1,300
Stub Wing-Star. 13 1,250
Stub Wing-Star. 14 3,000
Wing Upper Star. In. 13 1,150
Wing Upper Star. In. 16 2,750
Wing lower Star. In, 17 1,100
Wing Lover Star. LL. 18 1,650
Fuiel. Upper-Star-Upper 19 1,850
Fusel. Mid. Star. Aft. 20 950
Fuiel. Mid. Star. Aft 21 1,125
Tall Wheel-Star. 22 700
Vent. Stab. Star. 23 1,125
Vent. Stab. Star. 24 775
lior. Stab. Star. Top. 25 3,100
Har. Stab. Star. Top. 26 1,675
Hor. Stab. Star. Uader 27 475
Hor. Stab. Part Top 28 1,650
Hor. Stab. Part Under 29 1,350
Hor. Stab. Part Top 30 4,750
Vert. Stab. Port 31 1,100
Vert. Stab. Port 32 1,300
Fusel. Mid-Port-Aft 33 1,700
FuAel. Upper-Port-Aft 34 1,750
Fusel. Lower-Port-Aft 35 1,600
Fusel-Upper-Port-For. 36 2,250
Stub Wing-Port 37 3,500
Stub Wing-Port 38 3,000
Wing-Upper-Port-In. 39 350
Wing-Lkpper-Port-In. 40 775
Wing-lover-Port-In. 41 325
Wing-Lover-Port-In. 42 575
Wing Foot Port 43 900
Wing-Upper-Port-Out. 144 6,750
Wing-Upper-Port-Out. 45 3,750
Wing-LOver-Port-out. 46 5,250
Wing-Lover-Port-out. 47 3,250
Exbauot Port 148 14,000
Tire-Port 49 1,300
Engine Covl-UpCr-Port 50 3,000
Engine Cowl-Lover-Port 51 1,450
Engine-For. Port 52 U, OO,
Engine-For. Port 53 5,250

(a) See Airplane Diagrams for more details.
Readings taken j950-1030 5/8/54.
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Figure D.30 Comparison of average TIB versus fixed
gamma readings for aircraft aboard the YAG 40 after

Shot 2.
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Figure D.31 Comparison of average TIB versus fixed
gasm readings for aircraft aboard the YAG 40 after
Shot 5.
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Appendix E

SUPPLEMENTARY ,MATERIAL ON SHIPBOARD
INTERIOR CONTAMINATION

E.1 PLOW STRUCTURE

In thi5 trpatment of flow structure, consideration is given to air-
flow characteristics in the ventilation and boiler-air systems, as vell
as the auxi'liary parameters, temperature, relative humidity, and baro-
metric p-essures.

E.J.I Air~ow Characteristics. Primary constituents of the ventil-
ation ducts are summarized in Table E.l.

Airflow-volume rates in the ventilation ducts on the YAG 39 and
YAG 40 were determined prior to the test from measurements made with the
sampling cones in place. The flow rates were derived from oitot traverses
where the velocities at a series of positions across a centerline in one
plane of each of the ducts were measured as velocity pressure (inches of
water) on an Ellison Draft Gage. Corrections for the local temperature,
pressure, and humidity were made from a table of velocities of air at
standard temperature, pressure, and given humidity versus the velocity
head in inches of water; the flow rate was determined from the known
cross-sectional area at the pitot traverse. Traverse stations were located
downstream of the combination heater. Exact location of pitot tape were
shown in Figure 6.4. The parallel plate structure of the heaters acted
as a flow straightener. Three pitot taps were set 600 apart from each
other around the circumfe- .nces of the ducts to provide an accurate three-
dimensional traverse of tne flow contours at each station; however, two
traverses per station were generally sufficient. Air velocity contours
for each of the six systems are shown in Figure E.l.

Each system had been balanced to obtain approximately tLe desired
flow rate prior to the flow determination. Balancing was done by in-
serting orifices in the intake duct ahead of the wye branches. The flow
rates are given in Table E.2

During each test the flow rate in each ventilation system was checked
for variation from that in the calibration run with a Hays recorder, which
gave a continuous recording of the static pressure differential between
two static pressure taps. It may be noted that three static taps are
shown for the various systems in Figures 6.4 and 6.5; the two taps that
gave the maximum scale reading within the limits of the pressure differ-
ential recorders were selected from each system for connection to a
recorder. In general, flow was uniform througn each system, but vari-
ations from the calibration run were observed. Variations from the cali-
bration run are given in Table E.3

The Westinghouse precipitron was installed on board the YAG 40 as
one of the ventilation countermeasures to be tested. The installation
was made by the Mare island Naval Shipyard according to the
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TABLE E.I SUMIARY OF VENTILATION DUCT CONSTITUENTS

Type 1ype Duct cfn for

Cubicle Type Fan Preheater Reheater Vents Cubicle Wall Duct Diameters which
(not (not Intake Exhaust Terminal Thick- Intake Exhaust Designed

operated) operuted) ness ) (in.) (in.)
___- - - ______ ___ (in.) I_

Condition A1hW5 26M 26H mush- mush- 7-in 0.125 8 to 7 8 ahee 670

I, intake roan room diffuser branches of

YAG 40 and size size exhaust
exhaust 10 8 fan

7 Lftex
fan

Condition A1A4W5 264 26H mush- mush- 7-in. 0.125 8 to 7 8 ahead 1000
II, intake room --m diffuser branches of

YAG 4o and size size exhaust
exhaust 10 8 fan

7 after
fan

Condition AIA4W5 26M 26H mush- mush- 7-in. 0.125 8 to 7 8 ahea 1000
III intake roam room diffuser br-krches of

YAG ý0 and size size exhaust
exhaust 10 8 fan
(not 7 aftev
operated fan

Condition A1A4W5 26M 26H mush- mush- 7-in. 0.125 8 to 7 8 ahead 1000
IV, intae roam room diffuser ranches of

YAG 4< and size size exhaust
exhaust 10 8 fan

7 after
fan

Condition A1A4W5 26M 26H mush- muth- 7-in. 0.125 8 to 7 8 ahead 1000
V, intake roon roan diffuser brancheE of

YAG 40 and size size exhaust
exhaust 10 b fan

7 after
fan

Condition A1A1 W5 26?4 2611 aush- mush- 7-in. 0.125 9 1/2 8 ahead i000

Vi, intake room roan diffuser to 7 of

YA0 40 andl size size brnches exhaust
ehaiust 10 b fan7 after

fan

Condition A1A4W5 26M 26H mush- mush- 7-in. 0.125 , to 7 8 ahead 1000
iIA, intake room roam diffuser branches of

YAG 39 uld Size size exhaust
exhaust 10 6 fan

7 after

___ f an

(a) Dirt material was galvanized steel.

specifications from the Naval Research Laboratory; a Wrestinghouse rep-

resentative checked the installation. Prior to departure for the test

site, NRL representatives made final modific'tions preparatory to the

field tests.
All the available data on the operation of the precipitron are iu-

eluded in Table 1.4.
9n reboarding the shin after 27 March 1954, one filter was remove-a

and read with a TIB on board ship in a background of 25 mr/hr. Tho

reading was 30 mr/hr; so the filter was replaced, sinc3 this reading was

comparable Lo the hbckpround and there was no dirt visible. The maximum

readnI7 on the outer housing of the precipitron wes 500 mr/hr, with an

averaFe of about 300 mr/hr. The average reading along the interior waI17

of the precipitron housing was about 35 mr/hr, though the extent of the
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Figure E.1 (Coat.) Pitot traverses for the (6) six test conixitions.
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TABLE E.2 FLOW RATkS THROUGH THE DUCTS

Measured iM ?a9
Cubicles Velocity~a) Duct Dia. Flow Rate

________________ (t/min) (in.) (cnnM)

Condition 1, YAG 40 1,829 8 638
Condition I1, YAG 40 3,190 8 1113
Condition III, YAG 40 - 8 -
Condition iV, YAG 4U 2,949 8 1029
Condition V, YAG 40 2,735 8 955
Condition VI, YAG 40 2,273 9.5 1118
Condition IIA, YAG 39 2,311 8 807

(a) Values corrected to the following conditions:
cubicle temperatures, 81.50 to 870F
barometric pressure, 29.42 to 29.70 in. of Hg
relative humidity, 74 percent

contribution to this reading from the activity on the exterior of the
housing is unknown.

E.1.2 Boiler-Airflow Characteristics. Four pitot taps were spotted
around the perimeter of each boiler air duct 38 in. ahead of the expansion
section above the forced draft blower. These taps were stationed to pro-
vide four traverses at 450 to each other in each duct for each dial speed
of the ship; however, only three traverses per dial speed were made on
YAG 39. Space limitations prevented the straight section ahead of the
forced draft blower from being more than six duct diameters in length.
The requirements of flow measurement were compromised still further by
the sharp turn of the airstream upon entering the blower housing. Flow
straightening devices were avoided for fear of inserting too many non-
typical deposition surfaces into the airstream. Nevertheless, two sets
of turning vanes were installed---below the simulated armor grating and
in the elbow at the top of the intake duct.

Pitot traverse plots are shown in Figures E.2 and E.3. The patterns
are irregular, but they are superior to those available anywhere else in
the boiler-air systems. On the basis of these measurements, flow rates
at various dial speeds were computed (Table E.5). The ships' speeds
corresponding to the various dial settings are not accurate. They are
expected v'lues since no calibration was made.

Pressure differential recorders were set up to record the differences
in static-pressure drops between two taps located between the uptake

TABLE E.3 STATIC FRISSUR} DEVIATIONS FOR S1*'TS 2, 4 and 5

Shot 2 Shot 4 Shot 5

Condition I, TAG 40 1.000 1.022 1.000
Condition II, YAG 40 1.012 0.975 0.960
Condition IV, YAG 40 1._•C) 0.952 0.965
Condition V, •AG 40 0.965 0.965
Condition VI, TAG 40 I1.02o 1. 1.041
Condition IIA, TAG 39 1.C O. .. N ) 0.9w

(a) No low,
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TABLE E.4 REcIPITRON OprRATIONs

Arcs Since Cumulative Operating
Date Time of Cutulative Last Operating Times R erks

Observation Arcs Observation Time since Last
(hr) Observation

27 Jan. 54 0800 18,746 221.6 At end of vashing cycle.496 7.3
29 Jan. 54 1435 19,242 218.9 Cleaned on 15 Feb. 54

6,718 52.2
16 Feb. 54 0739 25,960 301.1169 7.1
16 Feb. 54 1445 26,129 308.2

16 Feb. 54 1515 26,129 308.7
0 0.9

16 Feb. 54 1610 26,129 309.6 During last dry run2Fe659 18.8
22 Feb. 54 0314 26,788 328.4 8 After dry run40 7.8

22 Feb. 54 10OO 26,828 336.2

1,228 11.7
1 Mar. 54 0330 28,056 347.9975 47.9
27 Mar 54 0305 29,031 395.8 Precipitron cleaned prior to 26

3,473 264-.7 April but filters not chanued.
26 Apr. 54 0240 32,504 660.5 Precipitron cleaned and filters

0 84.4 changed 2 May.
5 MMY 54 0215 32,504 754.9 Shot day.

0 57.2
30 M&y 54 0900 32,504 812.1

spaae- and the forced draft blowers of the two test ships. Both re-
"•--.-'.i •. YAG 39 and YAG 40 failed during Shot 5 and that on TAG 39
faA. I dur-g'i Shot 4. From the remaining records the average flow rates
in Table F ') wore derived. It must be noted that these values apply
only during the time the power-driven samplers were operating, since the
pressure-differentia! recorders wpre on the same timed circuit as the
sampling instruments.

Air velocity measurements e madp at air r-mpler stations in the
combustion air ducts of YAG 40 to ae..r. 1s a n,,i.• ,tm, ol *.hose units to
isokinetic flow. A single velocity-pressu -, meabrero". wa. made at each
station just ahead of the cone intake. Table ..7 presentc the results.

E .a _elt.3 & m itR.a ometric Rec-

TABLE E-5 BOILER AIRFOW CHARACTERISTICS FOR TAG 39 AND TAG 40

______ !040 __ Aa 39
Mean Air

Dial Speeds(a) Ship's Velocity Flow Rate Dial Speed() Ship' Is Mean Air Flow Rate
or setting@ Speed (ft/Mm) (cfh) or Settings Speed Velocity (€)(•,';) •x•)i (rt,;/•.f)

(knots Mea (knots Q
4 6.7 592 6,560 4 6.7 806 8,950

6 8.9 730 8,100 6 8.9 940 10,420

8 _.0 903 _O00 8 _ _ .0 l _el 12,000

(a) Speed ranges in which the ships could operate were determined by 8 throttle settings. Dial
speeds 1 to 8 were available but principal operating speeds used settings 2, 4, 6, and 8.
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Figure E.2 Pitot traverses in boiler air inte-ke duct of
the YAG 39.
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TABLE E.6 AVERAGE BOILER AIF FLOW RATE (eta)

Shot 2 Shot 4 Shot

YAG 39 - 114 00(a) 1 14O(a)

YAG 4O 738O from S to 88O0 88 0 (a)
(S + 4 1/2 hr) from S to

(S 12 hr)

(a) The following assumptions were made:
(1) Both ships stayed close together during Shots 4

and 5; therefore, they must have been opeixting
at the sam speeds.

(2) Both ships steamed at dial 6 or dial 8 during
Shots 4 and 5
A combination of the above assumptions awd the
approximate ratio of 1.3 between the one complete
flow record of YAG 40, Shot 5 produced the marked
values.

ords were made of the temperature in the ventilation test cubicles, at
sampling stations in the boiler air systems, and at. weatherside sampling
stations. These data are given in Table E.8, together with measurements
of relative humidity and barometric pressure.

E.2 INSTRUMENTATION DETAILS

Details of the air sampler, particle collactor, and suction unit,
together with a discussion of their operational timing and performance
are given in this section.

E2.E 1 Air-Saper Desian. The continuous air sampler used for this
investigation was required to operate under the following conditions:
(i) where there were ambient air stream velocities ranging from 0 to 50
ft/sec; and (2) where there were ambient temperatures ranging from 66 to
4750F.

In addition, the sampler was designed, as -:losely as possible, to:
(1) collect isokinetic samples whenever sampling a moving air stream;
(2) sample continuously at a constant volume rate 9nd constant filter
paper speed for an 8-hr period; and (3) sample from wet or dry atmos-
phere.

TABLE E.7 AIR VELOCITIES AT SAMPLING STATIONS IN YAG 4C BOILER aIR
SYSTEM

Speeds at Dial Sctti ngs(ft/min)

In duct bencath fiddley space 859 1060 1551

Starboard vindbox downstream O9 896 1266
of forced draft blower

Air duct connecting vindboxes 694 1416 1602

Top of stack - - 630

413

CONFIDENTIAL



TABLE E,8 TEMPFRATURE, HUMIDITY, AND BAROMETRIC PRESSURE W.EASUREMENTS
FOR THREE SHOTS

I Shot 2 Shot 4 Shot 5
S, YAG 40 YAG 39 Tem'erature -°F_.

Top of deckhousc 78 80 79
Condition II 81 85 86
Condition III 83 87 89
Condition IV 82 86 87
Condition V 81 85 84
Condition VI 82 86 86

Condition IIA 92 81 85
Between boilers 130 130 130
Fidley space 131 120 120
Starboard windbox 130
Port windbox 130 124 120
Ahead of forced
draft blower 130 120 115

Stack top 330 390 390
Between boilers 118 122 ii1
Ahead of forced
draft blower 110 116 115

Top of No. 2
kingpost 90 90 65

Weatherside
relative
humidity 96% 88ý 75%

Weatherside rela- Reading Reading
tive humidity 77ý not taken not taken

Barometric 29.5 max 29.55 max Reading nol,
Pressure (in. of Hg) 29).25 min 28.95 min available

The instrument consisted of the following basic element.,, (1) a
cone-shaped sampling inlet designed to allow isokinetic sampling while
reducing the sampling velocity to a desired amount through the filter
paper strip; (2) a feed system designed to pull the filter-paper strip
past the sampling port at a constant speed; (3) an airtight case intended
to prevent interzal contamination and to permit no other flow into the sam"
pler except that uhrough the cone; and (4)a suction unit (Reference 17)
to produce constant volume rate sampling through the filter paper.

There were two main types of sampler, hereinafter referred to as
"long" and "short" samplers. The former were designed primarily to
operate at temperatures above 100OF in the boiler air systems and the
latter at temperatures up to 100OF in the ventilation systems (Figure
E. 4 ). Both types contained the same basic mechanisms.

The sample inlet was the snall end of a 5.130 total angle diffuser
cone designed to accomplish three things. It would make isokinetic sam-
pling possible by reducing the air velocity of the ambient airstream to
the sampling velocity at the filter-strip commensurate with the require-
ment that. the drag force, caused by the pressure drop across the filter
strip, be less than the tensile strength of the paper. It would make it
possible to place sampling inlets in duct systems sufficiently far up-
stream from elbows so that. sampling would not be done from areas of tran-
sitional air flow. Further, the cone would direct the flow of air sam-
pled from the ambient airstream against the filter surface.

The filter paper feed system was designed to pull a strip of filter
paper 5 in. wide and 270 ft long past a 3ý-in.-diameter, pierced, stai.nlless-
steel sampling port &t a constant speed. This was done by a synchronous
motor geared through a five-speed gear box by sprocket and chain linkage
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to a knurled aluminur drive roller in the long samplers and to a rubber-

covered drive roller in the short samplers. The gear box allowed a
choice of speeds in multiples of 2 from i to 4 in./min. The design of the
drive rollers assured no slippage of the fliter paper.

An aerosol incident at the cone intake was sampled with a lineal flow
approximately equal to that of the aerosol stream. It was expected that a
considerable fraction of the particulote matter would be deposited in the
cone; so it was installe)d with a removable liner in such a manner as to
give a clearance of approximately i in. between the cone and the filter
strip to prevent tearing the latter. Since the aluminum case itself was
airtight and the cone projected through a rubber diaphragm in the case,
there was no air leakage. The face of the filter strip was protected by
a covering strip 5 in. wide before passing through the drive rollers. In
low-temperature conditions, the cover strip was cellophane; silicone-
coated fibrous glass was used in the fire room. To prevent sapping of tht
filter strip after passing through the drive roller, a slot 3/16 in. wide
was cut full length into each drive roller to allow the proper amount of
covering strip to slide past with each revolution. In the sample collec-
tion, this feature caused a maximum error of 2 percent for any drive-
roller revolution period. Each sample was retrieved after the cperation
as a filter strip with protective covering strip rolled onto a takeup reel
and was sent back to the laboratory for analysis.

Extensive tests were made on various commerclal filter papers during
the design of the air sampler (Reference 25). MSA 1106B was chosen as
having the best resistance to temperatures greater than room temperature
combined with high efficiency and low pressure drop. This paper was used
exclusively on the air samplers. Average pressure drop through the paper
was estimated at 2.4 in. of Hg for a face velocity of 270 ft/min.

The sampling port was linked with the constant-volume-rate suction
unit through a 90o, 3f-in.-diameter, long-turn, brass elbow threaded to
take a gasketed cadmium-coated brass reducing connector, which was remov-
able for sample recovery. This connector in turn was linked to the suction
unit by a 10-ft length of l-in.-diameter flexible hose, or in the case of
those located in the fireroom, through l-in,-diameter pipe to the cold
chest where the suction units were installed. The whole -,uction assembly
had airtight integrity up to the sampling port, so there was no possibil-
ity of the sampled air being cycled through the case or bypassing the
filter paper.

110-v alternating-current power to the synchronous motors and the
"-uction units was urnished by a 60-KW motor generator system.

E.2.2_o Molecular filters furnished
the optical y tiinsparent collecting surfaces required for particle sizing.
For greater ese in processinp and analysis, a dispersion on the order of
160 active particles per square millimeter is desirable. On the basis of
estinates of percent of particles which would completely trnverse the in-
take duct systems and estimates made of concentration of aý ive partirles
in the air from Greenhouse and Buster Jangle report data (References 25
and 27), a flow ratio cf 30 to I between collectinr heads was selected; the
toial flow through both heads for each perticle collecting unit war 10
cfm. If the estirrat.e of active rarticuiate concentration were correct,
the desired flow rate to produce the preferred dispersion would be IL
To broaden the rp-.npe of the instr-ument, this v.'nlue was bracketed 30
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by the high and low flow heads:

i0j cf'm30 c x 30 :10 cfm : high flow30

10 x 1. 1 cfm low flow
30 30 3

This, then, would give an adequate sample for radioautography on one or
the other of the two heads over a range of three decades (Figure E.5).

Power and timing for the units were identical to that of the contin-
uous air samplers.

21"

Figure E.5 Molecular filter collector

E.2.3 Suction Unit Letails. Suction units Figure E.6 for particle
collectors and air samplers were designed to maintain a constant flow through
the collecting filter, regardless of changes in pressure drop -- ough the
filter. The units consisted of a Roots blower driven by en electric motor.
Flow ccntrol was obtained through the presence of a vactuum-control valve
ahead of the pump. This valve maintrined a higher total pressure drop
through the system than that of the test filter. As the pressure drop
across the filter increased from losding of the filter, the valve opened to
compensate. Flow could be controlled over a range of 0 to 8 in. of Hg.

Two types of suction units were used for this study. Those units
which provide suction for air samplers were driven by a 3/A-hp variable-
speed motor. This arrangement permitted a variation in flow rate over the
range of 1 to 15 cfm, since it was considered that isokinetic sampling at
the air-sampler stations could be best accornardated by changing the sam-
pier intake flow rate to meet charges in duct air or wind speeds. The
suction units associated with the molecular filter particle collectors
differed only in that the motors were 1-hp constant-speed units coupled
to the pumps with belt drives. Thebe units were designed to draw a con-
stant 1(0 cfm.

Both types had the comnon features of a flow recorder, control vacuum
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ketaroecorde offoCaiain yonnt tril th ifrnei Tatic
pre lture betee atopoladavenuiioh upehut

L~i f nstumntacuu ConFielt
Pefomace* abeVa9lve met thebetoaalalrnfr

tiononute tiEs6 fcoerationiara of powrdrivgenmntuentof suc enitionunt

gage.-~ ~TBL filte OPERAIONA TIagN aOR SafeTS 2,te ahead oftepm.Tercre

tiononhe imestrfopentradIntriont Vfpoentilaioen Cuinstrumierts Airiato

Fans Started Stopped Fans Stonned Shutdown
Shot 2 _____ __

YAG 39 S-3 hr S+5 hr S+5 hr S44 hr 30 min

YAG 140 S-3 hr 35 min S+4-1./2 hr r1+6 hr(a) Not knw
to S-3 hr
25 min________

____________ s hot -4_________

YAG 39 Fans no ~ S+12-1/2 hr Fans noV No chutdowrn-
startel~) starteditb) sarples re-
Instruments--. covered by
started S4-32 hr
S-4t5 smi

YAG 14o s-3-1/2 hr S+19-1/2 hr S+20 hr(c) s+43 hr 14o min
_______________Shot 5 ________

YAG 39 S-1 hr S+21-1/2 hr S+26 hr :lo shutdown-
sanpl,-, re-
covered by

YAG 140 S-3 hr 45 mlin S+18 hr 145 S+20 hr(c) S+ hr 15 min
I _____ _ I min 1 _______ 1_

(a) Record shove a drop to 0 in. of water between static tops at shot
time for Condition V, YAG 140. Either the recorder or the ventila-
tion fans had stopped.

(b) A personal error resulted in a failure to start the fans.
(cý Time of shutdown of fanus in Condition I not known but after 5+20
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fans and boiler air shutdown for the three shots from which data were ob-
tained.

It may be observed in Table E.9 that the instrument operation time
was increased considerably for Shots 4 and 5. This Ilicreased time re-
quired a reduction in the speed of filter-paper movement through the
continuous air samplers in order that the available 270 ft of filter paper
would not be exhausted during the run.

Filter-reper speeds in below-detks samplers were less than those in
weatherside samplers to allow for reduction in activity levels ýn the below
decks spaces at the expense of activity peak discrimination. Air-sampler
filter-paper speeds for three shots are given in Table E.10.

Table E.1l lists the performance of continous air sampler•a for three

TABLE E.1O LINEAR SPEED OF FILTER PAPER PASSING INTAKE PORTS OF THE
CONTINUOUS AIR SAYPLERS

Ambient Linear fSied Ot Filtur Paper (in/min)
Location of Air Samples e Temperature Shot 2 Shpto4anl

Cond. II - S-.ation 1 YAG 39 short normal 4 1
Cond. 1I - Station 5' YAG 39 short normal 1/2 1/4
Cond. I - Station I, YAG 40 short normal 4 1
Cond. I - Station 5 , YAG 40 short normal 1/2 1/4
Cond. II - Station 1, YAG 40 short normal 4 1
Cond. Ii - Station 2 , YAG 40 short normal 2 1
Cond. II - Station 3 , YAG 4o0 short normal 1 1/2
Cond. II - Station 4 YA, 40 short normal 1/2 1/4
Cond. II - Station 5 , YAG 4• short normal 1/2 1/4
Cond. III - in cubicle YAG 40 short normal 1/2 1/4
Cond. IV - Station 5 , YAG 40 short normal 1/2 1/4
Cond. V - Station 5 , YAG 40 short normal 1/2 1/4
Cond. VI - Station 5 , YAG 40 short normal 1/2 1/4
Top of deckhouse YAG 40 long normal 4 1
Top of bridge - YIG 40 long normal 4 1
Under fiddley space , firorocr,YAG 40 long high 4 1
Ahead of blower-boiler air duct,YAG 4o long high 4 1
In starboard windbox , YAG 40 long high - -
In windbox between boilers, YAG 40 long high 1/2 1/4
In tireroom between boilers YAG 40 long hijh 1/2 1/4
No. 2 kingpost YAG 39 long normal 4 1
Ahead of blower -boiler air duct ,YAG 39 long hig7j 4 1
Between boilers fireroom ,YAC 39 long high 1/2 1/4

shots. No difficulty was experienced with any of the suction units at-
tached to air samplers during these three events.

Table E,12 summarizes the molecular filter particle collector opera-
tion for three shots. The top line for each particle collector and shot
refers to the operation of the suction unit. The bottom line describes
damage, where it occurred, to the molecular filters.

E.3 ANALYSIS SUPPLEMENT

E.3.1 Decay Correction of a TnicaGgph__fActivity Versus Time. To
demonstrate the nature of the airborne activity concentration during the
actual test run, a typical graph obtained from the air sampler at Station
5, Condition II, YAG 40, Shot 5, has been corrected for decay poltat by
point to the time of arrival. A comparison of this curve is shown in
P'igure E.7 with the same curve, all of whose ordinates are corrected to
S+10 days.
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TABLE E.11 WONTINUOUS AIR SAMPLER PERFORMAICE FOR 3 SHOTS
Operation During Operation During Operation During

Air Sampler Location Shot 2 Shot 4 Shot I

Cond. II - Stal;on 1, YAG 39 operated successfully operated cuccessfully operated successfully
Cond. II - Station 5, YAG 39 operated successfully operated successfully operated successfully
Cond. I - Station i, YAG 40 operated successfully operated successfully operated successfully
Cond. I - Station 5, YAG 40 operated successfully operated successfully operated successfully
Cond I! - Station 1 , YAG 40 pin broke in drive operated successfully ran out of filter

roller . record lost paper near end of run
Cond. II - Station 2, YAG 40 operated successfully operated successfully ran out of filter

paper near end of run
Cond. II - Station 3 , YAG 40 operated successfully operated successfully operated successfully
Cond. II - 3tation 4 YAG 40 operated successfully operated successfully operated successfully
Cond. II - Sta',ion 5 YAG 40 operated successfully operated successfully operated successfully
Cond. III - in cubicl, YAG 40 operated successfully operated successfully operated successfully
Cond. IV - Station 5 ' YAG 40 operated successfully operated successfully operated successfully
Cond. V - Station 5 , YAG 40 operated successfully operated successfully operated successfully
Cond. VI - Station 5 , YAG 4o0 operated successfully operated successfully operated successfully
Top of deckhoase , YAG 40 operated successfully stopped intermittentl stopped intermittently

part of record part of record
satisfactory satisfactor-y

Top of bridge , YAG 40 filter paper wound filter paper tore filter paper tore -
erratically on take- after a brief run stationary sample
up reel lost

Top of stack starboard side failed during Shot 1 Discontinued for
of YAG 40 0 succeeding shots

Top of stack , port side of YAG failed during Shot 1 Discontinued for
40 succeeding shots

Under fiddley space*,fireroom opeiated successfully ran out of covering discontinued
YAG 40 strip; filter ran

successfully; sample
lost in analysis

Ahead of blower boiler-ail operated successfully operated successfully discontinued
duct , YAG 40 I

In starboard windbox YAG 40 destroyed by salt water corrosion following Shot 2
In windbox between bollers,YAG 4 filter paper tore , record lost

stationary sample
returned to NRDL

TABLE E,12 M)LECULAR FILTEfi PARTICLE COLLECTOR P•R•FOpjNCE FOR 3 SHOTS

Particle Collector Shot 2 Shot 4 Shot 5
Number Operation Operation OCeration

suction unit Operated successfully Operated successfully Filters loaded , f1low dropped
I particle collector samples cTplete samples ccmplete samples coplete

2 suction unit Operated successfully Operated successfully Filters loaded , flow dropped
particle collector samples coplete samples complete samples complete

3 suction unit Operated successfully Operated successfully Operated successfully
particle collector samples complete samples complete samples ccmplete

4 suction unit Operated successfully Stopped during run Operated successfully
particle collector one sample complete one sample complete one sample complete

suction unit Operated successfully Operated successfully Filters loaded , flow dropped
5 particle collector samples complete samples complete samples complete

6 suction unit Operated successfully Operated successfully Operated successiullyparticle collector samples complete samples complete samples complete

suction unit Operated successfully Operated successauliy Operated auccessfully
7 particle collector samples complete sample 72 destroyed both samples torn

8 suction unit Operated successfully IOperated success fully Operated successfully
particle collector samples complete sample bi destroyed both samples destroyed

sample 62 cornplete

suci ion unit FIter loaded-flow drupped Filter loaded, 'low dropped Filter loaded , flow dropped
9 particlu collectir sa -,i% complete samples complete samplas coq~lete

10 suctiDn unit Operated successfully Operated successfully Operated successfullyparticle collector smples complete samples complete both samples torn

suction unit Filter loaded ,flow droppe Filter loade,2 ,flow dropped " liter, loadedliow dropped
1l particle collector samples complete samples complete sam;ples complete

suction unit Operated successf"ully Opcration intcrniittent Operattd succssflully
12 iurticle collector samples cors•lete samples ccrl te jsau;jles c¢omletc
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Figure E.7 Comparison of curves of activity versus time for
Condition II, Station 5, Shot 5 corrected to time of activity
arrival and corrected to S410 days.

E.3.2 Activity Rat-os letween High- and Low-Flow H--adp It is

notable that the ratios between the counting rates of the high-speed col-
lecting heads and the low-speed heads are not the same as the flow ratios
between those heads (Table E.13).

Small differences are seen to e•xist between the measured flow ratios
and the intended ratio of 30 to 1; however, very -large differences occur
among the ratios obtained from the count rates of the molecul'Rr filters.
Particle Collector 3 sampling from the most undisturbed air shows the
beat consistent ratios whereas Particle Collector 6. sampling from a much •
smaller particle population, and Particle Collectors 9 and 11, whose flow

6- rates rapidly dropped 1,ecause of soot-choked filters, produce the snallest
ratios. Figures E.8 and E.9 indicate a drop in flow of collectors 1, 2,
and 5 for Shot 5. This circumstance reflects in Table E.13.
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TABLE E.13 COUNT RATE AND AIR FLOW RATIOS BETWEEN HIGH-FLOW AND LON-FLOW
PARTICLE COLLECTOR HEADS

II
Shot 2 Shot 4 Sbot5

Particle P Count Fatio 7 Count Ratio P Count Ratio 7 Count Ratio 1. Count Patio 7 Count Ratio Measured
Collector Between High Between High Between High Between High BetweeL, High Between High Flow
Number and Low Speed and Low Speed and Low Speed and Low Speed And Lom Speed and Low Speed Ratios

Collecting Head Collecting Head Collecting Head Collecting Head Collec ing Head Collecting Head

1 - 18.3:1 9.5:1 17.8:1 0.83:1 1.4:1 28.6:1

2 - 9.3:1 8.8:1 21.8:1 18..•:1 5.8:1 27.1:1

3 - 20.7:1 15.3:1 34.3:l 17.7:1 20.0:1 26.9:1

5 - 13&2 :1 35.2:1 20.8:1 17.8:1 12.5:1 29.9:1

6 - 0.38:1 10.7:1 34.4:1 5.0:1 2.7:1 30.5:1

9 - 1.3:1 1.6:1 0.97:1 1.1:1 1.7:1 27.1:1

Ii - 3.1:1 2.0:1 1,2:1 14.8:1 16.8:1 -

12 - 11.5:1 12.9:1 22.1:1 28.8:1 14.6:1 30.9:1

E.3.3 Estimate of Suction Unit Flow &ates. In practice, the suction
units varied from the ideal of a l0-cfm continuous flow rate. Some of the
motors overheated from undeterm~i:e causes and were cut out by the thermal
protection switch. Filters clogged with soot causing excessive pressure
drops, especially in the boiler systems, which resulted in reduced flow
rates, and in general, the actual flow rate would drift away from 10 cfu
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Figure E.9 Particle collector auction unit flow rates versus
time, Shot 5

over periods of days or weeks. On the basis of the recorder charts taken
from each auction unit, it has been possible to plot the estimated flow
rate of each unit against time. The plotted points (Figures E.8 and E.9)
begin at the time fallout was first encountered and end at the time the
pumps shut off since no cessation of airlyJrne activity is evident on the
continuous air-sampler graphs. In averaging some of the sharp variations
in the curves, the total volume of air through each particle collector
was obtained and is given in Table E.14.

For Shots 4 and 5 the flow rates through Collectors 9 and 11 were

TABLE E.14 TOTAL VOLUME OF AIR SAk/PLED BY PARTICLE COLLECTOMS

Volume of Air Sampled (cu ft)
-Shot 2 Shot 4 Shot 5

I - 6090 12430
2 609 10Z70 9530
3 788 1680 u 0
4 781 495o 1219
5 816 12710 11880
6 670 10630 10540
9 150\a! - -

11 57 4 & - -
12 728 9450 9660

Air sampler between boilers,YAG 39 - - 8960
Air sampler between boilerapYAG 40 - 6250
Dtt{ filter on bridge, YAG 40 1-J10o 9880

(a) Flow meaasure nt difficulties made tho accuracy of these values

espec ially unreliable.
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negligible. 1ioever, for Shot 5, stationary filters from the air sam-
plers at equivrlez+. locations as Collectors 9 and 11 are substituted
(Figure Z.10)9

12 
T

SHOT FALL-OUT
1 TIME STRTEO

e: • INSTRUMENT
S 

STOPPED

INSTRUMENT STARTED AT 0 TIME

--- i _* I0

INSTRUMENT
STOPPED

0 2 4 6 a 10 12 14 16 Is 20 224 24 26

TIME (HR)

Figure E.1O Flow rate versus time for fire room air sampler
suction units, Shot 5

E.3.4 Estimate of Beta Disinteeration Rate and Calibration of
Ionization Cha ber, Absorption curves were made of four stand-

ards (C 6, Co&0,TI04, Pa234) manufactured by the Atomic Instrument
Company. These standards were each inscribed with an effective disintegra-
tion rate referred to a specific date of count. Accuracy was listed as
# 10 percent. Since the standards were covered with varying thicknesses
of aluminum absorbers to stop undesirable beta components and to protest
the activity deposits from damage, the disintegration rates listed were
not those of the samples but, rather, the apparent activities of the sam-ples after correction had been made for geometry losses. That is, the

apparent disintegration rate of each sample would be that of an uncovered
sample whose activity was less by an amount equivalent to the reduction
ý-f beta activity of the standard in passing through the cover foil. Allow-.
sAce was made for the cover thickness and tube-window thickness (1.8 mg/sq
cm) on the aluminim absorption curves (Figure E.11) of these standards.
These curves were normalized to a maximum activity of 1.0 by di7iding the
counts at each absorber thickness by the count rate at minimum absorber
thickness.

Figure E.12 consists of aluminum absorption curves of four different
samples taken from Shots 4 and 5. All but the sample of copper liner from
the top of the deckhouse, Shot 5, are molecular filter samples. It may be
noted that, except for the eopper liners, all the curves are similar in
shape. Identical mountings were used for the test samples as were supplied
with the standard. The constant-slope section of the molecular-filter
absorption curves (between 200 and 800 mg/sq cm) represent a =mxiumbeta energy greater than 2.32 Mev (the maximum beta energy of P*234) or a

very-low-energy gamma component. For the purposes of this discussion, it
will be identified as a high-energy beta component.
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Figure E.11 Absorption curves of isotope standards

Figure E.13 reproduces a superposition of the absorption curves of
,amnles 72-5 and 101-4 with the identifiable gamma ccmponents subtracted
ou\.. Here again, the curves have been normalized to a maximum count rate
of l.0. Hereafter, the contribution of the gamma activity to the unab-
sorb. count rate of the test samples will be ignored, inasmuch as it amounts
to less than I Percent of the total count.

Isotopes with maximum beta energies greater than about 1.2 Mev have
been found t( caduse similar response in a GM tube. Because of this circum-
stance, it is Cessible to consider the high-energy beta component of the
molecular filter samples to be equivalent to Pa2134. This component has
been labelled Componcrnt X and is subtracted in Figure E.13 from the total-
absorption curve. The 1-nitial slope of the resultant closely resembles
that of the beta contributiou to the Co6O absorption curve. The latter
cannot be subtracted to prodLce Rtil] a third, low-energy beta component.
Thp poor resolution of this pro-eQ.re is evident in that beta energies
much lower than 0.31 Mev (maximum ent-py of Co6 O) are known to exist in
fission products. As a result of th. u.1certainty, disintegration rates
for the test samples derived from this stviy must be considered, at best,
lower limits of the actual disintegration rates.

Considering, hypothetically, that the samples consist of +-- isotopes,
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?igure E.12 Absorption curves of cone liner and molecular
filter samples.

0o60 and Pa2 34 , it may be seen from the curves in Figure E.13 that Co60

contributes 54 percent of the observed count rate and Pa 2 3 4 supplies 46
percent.

On 31 August 1954, the Co0 standard j.roduced 3,980 c/m in the GM
tube (Shelf 2). On the same date, Pa2 3 4 counted at the rate of 2,340 c/W.
The eifective disintegration rate of Pa 2 34 as of 31 August was 1.02 x 10
d/m., The total geometry for an isptope of energy equal to or greater than
pa23 4 must be 2.34 x l03/ý.02 x 10 = 23 percent.

The situation for Co 0 is more complex as a result of the s•,nificant
gamma component. Extrapolating the total absorption curve of Co back to
the points of 0 absorber, it may be seen that for a total (p 4*y ) count of
2,500, 78 c/m are gamna; 2,500 - 78 = 2,422 c/nm of beta alone. Since there
are two gamma's and one beta emitted upon each disintegration, the tube
has twice the chance of perceiving a gamma event as it has of perceiving a
beta event. Therefore, the response of the GM tube to gamma radiation is
78'2 x 2,422 x 100 percent - 1.6 percent. 1 Correcting the 31 August count
for beta absorption: 3,980 x 2.5 percent 1 9,550 c/m total beta and gamma
radiation. Let X = beta count with no absorber
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Figure E.13 Determination of apparent beta components for
comparison of sample and standard absorption curves.

x 1, 2x- 0.06 = 9550 = 1.032X

X = 9640 c/m

Whereupon 9550 c/m - 9640 c/m : 310 c/mr of gamma, assuming the gamma count
to be unchanged upon the addition of 12.7 mg/sq cm of absorber. The beta
count rate as of 31 August = 3,670 c/rn. 3.67 x 103 = 9.8 percent geometry of

3.73 x l10
tube for Co6 beta radiation. Where the effective disintegration rate of
each sample where Z is the observed counting rate:

0.23 x (o.46y) 4 0.098 x (0.54Y) = Z

producing Y = 6.3Z.
The calibration of the 4 1 ionization chamber against the gama scin-

tillation counter was done by counting molecular filters in both. Molecu-
lar filters of various radioactive ages were counted on the floor of the
scirtillation counter. The same filters were then counted in the ioniza-
tion chamber yieldin• activity in terms of millivolts. A plot of milli-
volts against counts/sec is given in Figure E.14, where a straight line has
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Figure E.14 Calibration curve of ionization and scintillation

counters

been drawn by eye through the experimental points. Extrapolations were
performed where necessary to express cone liner, adhesive-coated paper and
DIRT filter data in terms of counts per minute.

E.3.5 Analysis of Weatherside Cone Liner, Shot 5. A cone liner taken
from the air sampler mounted on the deckhouse of YAG kO was divided into
small pieces for counting with the Geiger tube. A plot of the average
beta activity per square centimeter against distance from the cone intake
is shown for this copper liner, exposed in Shot 5, Figure E.15.

The factor of 2.5 is derived by taking the ratio of the total P;.y
count at 0 absorber thickness to the P Vy count at an absorber thickness
of 12.7 mg/sq cm (see Figure E.II).
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Appendix F

DESIGN AND DEVELOPMENT CONSIDERATIONS
OF INSTRUMENTATION

F.1 FIXFD GAMMA RECORDER

The gamma measuring and recording system had to supply information
about the dose and dose rate at a large number of points aboard two ships.
Originally it was planned to use conventional logarithmic responding
instnuments to indicate the dose rate; however, such instruments have a
rather large irherent error. Assuming a 1-percent instrument reading
error and a 5-decade response, the Inherent error due to the logarithmic
response is + 26 and - 20 percent, which is too large. Another factor
against these instruments was the fact that records of dose as a functinn
of time were the primary requisites of the field operation.

A different approach was made to the problem. The instrument employed
was a recycling integrating ion chamber by which each increment of dose
was recorded. The record of dose versus time was the running total of the
dose increments. The dose rate was the slope of the dose curve or could
be computed by measuring the time required to accumulate the dose incre-
ment. Such a system is capable of ± 5 percent accuracy, at least. Be-
cause the dose rates were expected io range from background to 10,000 r/hr,
each instrument station should consist of a group of detectors. Thus, to
detect background rates a detector would have to recycle at 0.1 mr; in
fields of 10000 r/hr it would have to recycle 108 times per hr. Such a
requirement is impractical. Also, the ion chamber would have to be rather
large to detect the 0.1-mr increments and a very-high voýltage would be
needed to collect in the 10,O00-r/hr field. The number of detectors re-
quired at each station was finally settled by the choice of the recorder.

Several types of recorders were considered; some were discarded be-
cause of their complexity and others because of their cost. Since 137
stations were to be equipped with groups of detectors, a large number of
channels of inexpensive recording was required. Magnetic tape recorders
were considered but discarded because of their cost and the additional
maintenance they required. Pen-9nd-ink recording was chosen, as it was
the simplest, most reliable, and most economical. Pulse-type recording to
indicate when the increment had been accumulated was adequate, because it
was not Yecessary to designate levels or relative amplitudes. The function
recorder normally employed to indicate when circuits are energized or
de-energizad was selected for use with the gamma detectors. This recorder
contains 20 individual pens actuated by solenoids that displace the pens
approximately 3/8 in; it records 20 channels of information.

The recorders held a 100'-fO roll of tape driven by a mechanical 8-day

1 Mfg. by Raytheon Manufacturing Co., Newton, Mass.
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clock. Since unattended operation for periods of 100 hr was required, the
tape was run at 1 ft/hr. If pulses were spaced at 40 per in., individual
pulses were barely discernible. This spacing would correspond to a chamber
recycling 480 times per hr or I increment every 7.5 sec. To provide a
safety factor, a maximum pIlse spacing of 30 per in. (I every 10 sec) was
selected.

Conversion of pulse spacing to dose and dose-rate curves would be
difficult unless each chamber covered a whole number of decades. If each
chamber covered 2 decades, the maximum time between increments was 1,000
sec; if it covered 3 decades, the pulse spacing was 10,000 sec. which would
yield poor time resolution. With each chamber covering 2 decades, four
chambers per station were required. The most sensitive chamber, A, was
sized for an increment of 0.1 mr; B for an increment of 10 mr; C for an
increment of 1 r, and D for an increment of 100 r. Since any chamber could
be used at recycling rates as great as 360 per hr, fields of 36,000 r/hr
could be handled by the D chamber.

The recycling integrating ion chamber instrument consisted of four
basic elements; the ion chamber, an electrometer vacuum tube, a power
amplifier and a relay. Scveral different designs of ion chamber were con-
sidered. A parallel-plate chamber was designed, but its energy response
was inadequate, and the chamber was difficult to fabricate. A concentric
cylinder design was used, but the A ion chamber presented some difficulty.
The charge produced by a dose of 0.1 mr in a volume of 1 liter is 0.922 x
1013 coulombs. If the chamber capacity and integrating capacity are each
a reasonable size, the chamber volume would be too large to be practical.
Even stray wiring capacity was too great to be discharged by a 1.2-liter
chamber that operated at atmospheric pressure. Consequently, the A cham-
ber was operated at 10 atmospheres. The B chamber was operated at only 2
atmospheres and with an integrating canacitor of 100 lpf. The C chamber
was operated at 2 atmospheres and with an integrating capacitor of 0.01 pf.
The volume of each of these chambers was 1.2 liters. The D chamber was
not the same volume, because the collection voltage would be impractical.
Instead of using the 1.2 liter chamber and increasing the integrating
capacitor by a factor of 100, the volume was reduced by this same factor;
a 0.01 uf integrating capacitor was used, and the D chamber was op'2rated
at 2 atmospheres.

Energy response was important, because the gamma field to be measured
was due to mixed fission producLs. The A, B, and C chambers hal excellent
energy-response curves. The curve for the D chamber had a large peak at
low energies, and filtering was necessary to improve the responA. A
6-&ril lead foil which was wrapped and crimped around the aluminum chamber
was a satisfactory filter. The response was within 15 percent of being
linear from 100 key to 2 Mev.

The chambers were filled with nitrogen. To facilitate testing of the
pressurized chambers, 2 percent of helium was added, and a heliu_- .eak
detector was used to test the chamber seals. A group oC the chambers were
placed in a vacuum chamber, and any leakage from them %s drawn oui by the
vacuum puap through the helium-leak detector. Unfortunately, somt of the
chambers developed leaks after they had been in use. This difficulty was
probably caused by vibrations and shock to which the chambers were subjected
during calibration and installation aboard the ship.

ConsLderable difficulty was encountered in obtaLing satisfa>.ory
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integrating capacitors. These capacitors had to have a self-time constant
in excess of 10 hr, which means a leakage resistance of 3.6 x 1014 ohms for
the 0.01 )if capacitor. The leakage resistance must be maintained at tem-
peratures up to 1200 F. The capacitance must be stable, and the capacitors
must not polarize. Some of the capacitors tested exhibited a capacitance
change if voltage was applied for several hours. This condition could not
be tolerated. The capacitors used were the Stabelex D.1 The leakage re-
sistance was measured by a vibrating-reed electrometer to measure the
voltage drop across a high-megohm resistor caused by the capacitor leakage
current. The only difficulty encountered with the capacitors was caused
by gamma radiation. In high gamma fields, the leakage resistance decreased
to such a point that the capacitors could not be used without shielding them.
A half inch of lead provided sufficient shielding to maintain the required
capacitor leakage resistance.

The decision to operatu the electrometer tube as an inverted triode
was based on a number of considerations: Since a large swing voltage was
to be used to increase the accuracy of the system, it was felt that the
grid current would be excessive if the first grid G was onerated at large
negative voltages. Also, considerable work had been done at RDL on in-
verted triode electrometer circuits. Tests were conducted on several types
of electrometer tubes and type 58001 was chosen based on the results and
past experience.

Since battery operation wasdesiraole, an attempt was made to use a
transistor as the power amplifier required, because the output current from
the inverted triode was not sufficient to drive a relay directly. Consid-
erable effort was devoted to the transistor circuit. From tests it was de-
cided that a NPN transistor used in a grounded emitter circuit would be the
best. As design and testing progressed, it became evident that such a
circuit would not be stable enought The transistors available were not
hermetically sealed so were subject to failure due to moisture absorption.
Also the transistor characteristics varied over wide limits with moderate
temperature changes.

A brief attempt was made to use a vacuum tube or gas tube power amp-
lifier circuit. Although such circuits can be made to operate satisfactor-
ily, considerable more power is required than when a transistor is used
and since the circuit is more complex, frequent fai~ures are to be expected.
The circuit finally selected used a Sensitrol relay' which is a meter type
movement with magnetic lock-in features. This relay can be reset electric-
ally by energizing a solenoid and can be obtained with a 5-p amp sensitivity.

A 5-p amp Sensitrol was used but it was biased so that 25 to 50 V amp
were required to energize it. The inrnit-voltage versus output-current
characteristics of the inverted triode are shown in Figure F.1. The char-
acteristic curve is much steeper at 50 p amp than at 5 u amp, consequently
the 50 p amp firing noint will Dermit less error in determining the volt-
age point at which the ion chamber and integrating capacitor discharge.
The bias current for the Sensitrol wss obtained from a dry cell and was set
with a potentiometer.

The power amplifier energizes the recycling relay which must recharge
the ion chamber and integrating capacitor and energize the recorder. It

I Mfg. by RAytheon Manufacturing Co., Newton, Mass.
2 Mfg. by Western Electrical Instrument Corp., Newark, N.J.
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Figure F,1 Characteristic curve of the inverted triode.

also recharges the delay circuitry. The ion chamber circuit must have a
minimum resistance of 1013 ohms to ground. Because relays are not avail-
able with insulation of this magnitude, a special relay1 was required.
The relay contact which recharges the ion chamber circuit was a special
coiled spring which was gold washed to decrease contact corrosion as very
little contact pressure was available. This spring made contact with the
supporting stud which contacted the chamber collecting electrode.

The delay circuitry limited the maximum recycle rate of the system.
If an A chamber is allowed to run at its maximum rate, the recorder will
draw many pulses on the same part of the tape. The excess ink is likely
to splatter and weakens the paper tape. The RC network applies a voltage to
the electroreter tube which prohibits current from flowing to the output
circuit regardless of the input voltage on G2 . The RC time constant is
such that output current cannot flow for approximately 7 sec. At this pulse
rate, individ,•al pulses are just discernible on the tape.

F.2 DATA REDUC T ION APPARATUS (DRA)

When the decision was made to use dose-increment instruments instead
of logarithmic indicating dose rate ones, it was also decided to provide
sore mechanical means of reducing the data since a time record of dose
increments from four chambers is difficult to interpret. Although the to-
tal dose as a function of time was primarily important, the dose rate as a
function of' time was also of interest. A data reduction apparatus (DRA)
was planned to provide a plot of total dose and dose rate as a function of
t ime.

The total dose at any time is simply the weighted running total of the
dose increment pulses. The average dose rate over any dose-increment
period is the vwlue of the dose increment divided by the time needed to col-
lect the dose increment. Obtaining the plot of total dose as a function of
time was relatively simple. A cascade decade register with parallel in-
put provided the necessary totalizer. The parallel input provided the requi-
site weighting. Pulses representing A chamber increments were fed into the
first dacade; pulses representing B chamber increments were fed into the
thira decade. The decades used were stepping relaye, because of experience
with these units. Relays were chosen in preference to electronic decades
for several reasons. First, this type of relay has been tested for 200
million oterations between adjustments. They were developed for telephone

1 Mfg. by Poller-Brumfield Yfg. Co., Princeton, Indiana.
2 Mfg by Autcmatic Electric Co., Chicago, Illinois.
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service where design life is greater than 20 yr. Consequently, the reli-
ability of these electromechanical decades i, better than for vacuum tubes.
Second, the DRA is not a high-speed machine. There is a practical limit to
tape speed. As designed, the original tapes are run through the DRA at
100 times the original recording speed. The maximum pulse density is 10
pulses/sec. The stepping relays will operate at 35 steps/sec, so the
greater possible speed of vacuum tube decades is not required. Third,
the power consumption of the mechanical decades is less than with vac-
uum tube decades. In 5 months of operations there have been no relay
failures.

The total dose is read out on an analog curve plotter connected to
the readout matrix as a self-balancing bridge. In this way, changes in
supply voltage do not effect the accuracy of the plotted point. The curve
plotter does not draw a smooth curve but, rather, a histogram. When any
dose increment is received, the curve plotter indicates the new value of
total dose. As the curve plotter type is moving continuously, any indi-
cated value of Lotal dose is maintained until another dose increment is
received.

The curve plotter has a 10-in. span. Because accuracy would bave
been sacrificed if the full span was to represent the available 10 decades,
it was decided that each decade would cover the full span. At the end
of each decade, the pen would return to the low end and begin the next
decade. Side-pen markers drew Dips to indicate which decade any portion
of the curve represented. As any chamber could be used up to a maximum
rate of 360 increments per hr, the A chamber was useable to 36 mr/hr,
8 chamber to 3.6 r/hr, C chamber to 360 r/hr, and D chamber to 36,000
r/hr. Consequently, full scale on the chart was designated as 40 mr or
400 units of A chamber increments. At 36 mr or 360 increments, the curve
plotter pen was depressed to 3.6, and the next decade started. Each
decade was represented by a full-scale span, as it was difficult to pre-
dict how small a difference between detector stations would be of inter-
est or would be recorded.

A logarithmic plot of total dose was also provided. This plot would
cover any five preselected consecutive decades. The 5-decade presenta-
tion covered the full chart.

The dose-rate unit computed the dose rate from the time between dose
increments. At first it was planned to use conventional analog computer
techniques to perform the computation.

Dose Increment
Average Dose Rate over Time T

T = Time to collect Dose Increment.

However, it soon became apparent that considerable mechanical desiwn would
be involved. The above computation would have to be rerformed many times.
An involved clutch system would be required to return the computer to the
initial conditions after every computation, or two computers would be re-
quired with each computer performing every other computation. Either of
the two conditions would have to be met as a pulse signifying the end of
one computation period also denoted the start of the next. A different
metinod was decided upon. As the dose increments are constant while any
one chamber is used and differ by integral decades Detween chambers, the
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average dose rate over a period is inversely proportional to the time be-
tween pulses on the recorder traces. If a count of a fixed frequency is
starred by one pulse and stopped by the next pulse, the count registered
in the counter is inversely proportional to the dose rate. If the
counting is done by a binary chain and each binary switches into a relay
matrix a resistor weighted by the position of that binary in the chain,
then the value of the matrix can be made inversely proportional to rate.
If the reciprocal action is used, i.e., each binary switches in a con-
ductancy, then the voltage drop across a fixed resistor in series with
the conductance matrix will be proportional to dose rate.

The recorders require a minimum of 0.5 sec to traverse the chart.
As any chamber is useable at s~ds up to 10 sec/pulse and the DRA runs the
recorder tapes through at a 100-to-I speed up, pulses can occur at a
minimum spacing of 0.1 sec. So even though computations could be made
rapidly enough, the points could not be plotted that rapidly. Conse-
quently, it was necessary to use a decade scaler between the pulse input
and the dose rate computer. Each chamber covers 2 decades, and the decade
prescaler is only used for the upper decade. Therefore, the minimum
pulse spacing into the dose rate computer is 1 sec and the maximum is
10 sec. The I-sec minimum allows time to print the solution to the pre-
vious computation and reset Lhe binary chain. The conductance matrix
associated with the binary chain is so adjusted that zero count in the
binary chain gives an output reading of 36 mr/hr, or 360 mr/hr or 3.6
r/hr.

The DRA has performed remarkably well, considering the rapidity with
which it was developed, designed, and fabricated. The unit has been op-
erable approximately 90 percent of the time. Approximately 140 vacuum
tubes, many of which are dual tubes, are used. Because of the time avail-
able, it was sometimes necessary to omit maintenance aids and consider
just the ease of fabrication.
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Appendix G

SUPPLEMENTARY MATERIAL ON RADIOLOGICAL
SURVEYS AND FALLOUT PHOTOGRAPHY

G.l INSTUMEWNTATION

Radiacs, a directional beta detector, a directional gamma detector
and wipe-sampling equipment were procured and shipped to the test site for
the radiological surveys of Operation Castle. A brief description of these
instruments, together with calibration and maintenance data and an evalu-
ation of their performance, follows.

G.l.1 Radiacs. Three types of standard radiacs were used in the
surveys: 25, AN/PDR-TlB; 12, AN/PDR-18A; " 25, AN/PDR-27C.

G.1.1.1 AN/PDR-TlB. This instrument (Reference 28) is the ion-chamber
type, with five ranges from 5 mr/hr to 50,000 mr/hr fullscale and measures
gamma radiation only. It is nondirectional, has a range switch, zero set,
and operational chs:Zl with built-in source, and operates from batteries
(two special, two radio type). All the instrument switches were modified.

Calibration. The instruments were calibrated approximately every 2
weeks on a Co-' gamma range (UDM-l Radiac Calibration Set). Mid-scale
intensities for each range were utilized, i.e., 3 mr/hr, 30 mr/hr, 300 mr/hr,
3,000 mr/hr, and 30,000 mr/hr. Actual readings were recorded for future
comparison since the factory (Reference 28) guaranteed no more than the
115 percent at 4/5 fullscale. Most instruments were better than this.

Maintenance. Practically none required. Instruments were occasion-
ally dropped; such accidents resulted in one broken chamber mouit and oev-
eral damaged meter movements. No battery failures occurred. Salt water
spray caused rusting of the outer steel case where there was a poor paint
film. It also caused some of the control shafts to stick. All repairs
were made in a dehumidified room.

Evaluation. This radiac was the best avai'l-le for this particular
operation. It was simple to operate even with its zero adjust; very
dependable if it worked at all; had the longest battery life of any of the
radiacs; ranges of 5 mr/hr to 5,000 mr/hr were used principally; there
was close correlation of readings aong instruments; some difficulty was
experienced in reading meter at 10 percent of fullscale because the
switch was over this point.

Recomndations. This instrument is highly recommended for ga•ws
field measurements. Only fresh batteries should be installed. A shoulder
strap with reliable clips should be used to carry this instrument safely.
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G.1.1.2 &N/FDR-18A. This instrument (Reference 29) is the scintil-
lation type with internal photomultiplier tube, using 4 ranges, 0.5 r/hr
to 500 r/hr fullscale. It measures gamma radiation only, is relatively
nondirectional, has a range switch, zero set calibration set, and op-
erates from common flashlight dry cells (BA O).d

Calibra&ti2n. All instruments were calibrated every 2 weeks with Co60
range; midscale readings were checked on each range; the 500 r/hr range
was not checked.

ata_. None required.

Evaluation. This instrument not used because useable ranges were too
high; the instrument could not be calibrated with internal source in a
gamma radiation field such as that encountered on the test ships.

Recommendations. Not recommerded for future operations. The AN/PDR-18
or 18B would be useful only if intensities higher than 50 r/hr were to be
measured.

G.I.l.3 AN/PDR-27C. This is a double tube instrument with four
ranges from 0.5 to 5 mr/hr using a G-M tube probe detector and 50 to 500
mr/hr using an internal G-M tube. It measures beta and gamma radiation
with the probe, and gamma only on the two higher ranges. It has nondi-
rectional gamma sensitivity. A range switch is the only control; the
instrument operates from dry cells (three special types).

Calibration. All operating instruments were calibrated approximately
every 2 weeks with Co6O radiation. Mid-scale intensities for each range
were utilized except where gamma background on Parry Island was above 10
percent of full-scale reading (background was as high as 10 mr/hr).

Maintenance. Battery failures occurred very frequently, particularly
the BA-7O0/U and BA-416/U. New batteries were installed in each instru-
ment before shipping, but when checked 3 months later at the test site,
8 instruments hae defective batteries, and by the end of the operation, all
batteries had to be replaced. The BA-40Oi/U batteries leaked so that their
holders had to bb washed and carefully dried to remove and prevent corrosion.
There were other maintenance problems because instruments were seldom used.

Evaluation. The short operating life in tropical climate was caused
primarily by battery failure. Instrument was not suited for personnel
monitoring because probe ranges -ere too low (only 5 mr/hr, when the back-
ground was often 5 mr/hr or more); it was not completely useable for ship-
board monitoring because many intensities were higher than the 500-mr/hr
upper limit of the instrument. The PDR-27C was a complete misfit, and
as a result was used very little.

Recommendations. Not recommended for field tests unless radiation
levels below 5 mrihr are to be encountered. If personnel monitoring is
to be accomplished, a 3ide window G-M instrument like the MX-5 would be
preferable.
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Q.122 Directiolnal Beta Detector . The directional beta detector is
twin air ion chamber type instrument with gamma bucking circuit. The

inijtrument, (Reference 29) shown in Figures G.1 and G.2 was made at NRDL

Figi~re G.1 Beta directional instrument, BRBI-12-

Figure G.2 Beta direction instruptnt with~ case remvod to
show electronic cacoieprnts and double bucking ion chambers.
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and has four ranges from 20 to 20,000 microcuries equivalent of strontium-
yttrium 90, meter readings from 0 to 20 p amp and ranges from Xl to X1000.
It measures beta radiation only from an area 10 by 10 cm when nlaced I cm
above the surface to be monitored. It contains one BA-30 battery, two 30
Yaand one 15 hearing-aid batteries, has an on-off switch, range switch, and
zero controls. It is covered with a polyethylene bag 2 mil thick which
is held in place with a removable clip. Twelve of these instruments were
used at the site.

Calibration. Each instrument was checked on beta-calibration buttons
before each day's monitoring operations. Four Sr 9 0 -y 9 0 standards which
permitted midscale checks on each range, i.e., at 10 pc, 100 )c, 1000 pc and
10,000 pc were used. These data were recorded and compiled thereby per-
mitting a continual check on the performance of each instrument. The same
backing material (wood) had to be used for mounting the beta buttons to
keep the back-scatter uniform.

Maintenance. These instruments were excellent electronically but
fragile mechanically. The most common causes of failure were unsoldered
chamber and battery connections, broken lucite and glass stand-off insu-
lators and chamber separators, window breakage, range switch and toggle
switch failure, and several 20 Vc meter movement breakages. Tht loose
connections were easily resoldered, the separators were remade of brass
and the insulators of phenolic plastic instead of lucite. Switches were
cleaned, or replaced (toggle only). There were few 30-v chamber batteries
replaced, no 15-v, and few 1.5 v A cells. No tubes needed replacing.
Broken windows were restraightened and used even though torn. All repairs
were conducted in a dehumidified room, and the instruments were stored
there until sealed in polyethylene bags. Torn bags in the field allowed
the instruments to absorb moisture resulting in high readings.

Evaluation. This instrument was the only one available which would
read localized beta radiation in a high gamma field. The meters were
easy to read; the data were recorded as actual meter readings plus range
scale position (e.g. x 10). It wa3 easy to operate despite zero adiu~ti
however a carrying strap would have been helpful; the sensitivity rdnge
was adequate for this operation, few readings were off scale on XlOOO scale
and few were below 1 lia on the X1 scale, the meter time constant was sat-
isfacotrily rapid on all but the Xl scale, linearity was excellent, the
instrument holds zero setting very well; there was a very slow calibration
drift of about 6 percent per month. Tbh correlation of readings between
instruments was fair, however, calibration factors were calculated for
each instrument based on the calibration dati, and the monitoring data were
corrected with these factors (ranging from 0.80 to 1.1). They were ilso
sufficiently insensitive to gamma for practical use, see T'hL G.1. ' •ese
instruments were assembled just before shipping to the test site, tund no
preliminary testing was possible. Many of the mechanic-! weaknesses w-. ld
have benn corrected if sufficient la'ooratory testing had been possiz1c,
The electronic circuit, size. and weight were excellent. Aside frcm tre
mechanical failures, the operational life could be considered to be an(ui
the same as the TlB. X1O0 and XIOOO scales were insensitive to g~mma
radiation from 0 to 20 r/hr.
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TABLE G0. GAUVA SENSITIVITY OF BETA PROBE

Ga&W Beta Beta
Intensity Sample I Sample 2
(mrA/r) XI Scale X10 Scale

0 9.3 5.3 x 10
10 9.5 5.3 x 10
50 9.5 5.3 x 10

100 10.0 5.3 x 10
200 10.3 5.3 x 10
500 12.2 5.3 z 10

1000 15.0 5.9 x 10
2000 17.2 6.0 x 105000 19.5 6.5 X 10

10000 - 7.5 X 10
20000 9.3 X 10

Recommendations.

1. The instrument should be of sturdier construction.
2. Twice the number of switch points or sensitivity ranges should

be added i.e., Xl, X3, X1O, and X30.
3. Carrying cases and straps for the instruments should be provided.
4. The bag clip and stand-off feet need improvement.
5. A power supply using only flashlight type dry cells (BA-30)

should be designed.
6. A similar instrument with greater sensitivity (10-50 times)

should be designed for monitoring industrial decontamination operations
at -ipyards.

7. The NRDL RBI-12 or similar instrument should be used in future
field operations to determine decontamination efficiency.

G.1.3 Directional Gamma Detector. Two directional gamma detectors,
designed and fabricated at NRDL, were completed just prior to shipment to
the test site. The directional gamma dAte--; r shown in Figures G.3 and
G.4 consists of a small G-M tube shieldA ýd r. lerd sphere, 6 in. in di-
ameter with 600 conical "rindow". The sphe're is mounted on a tubular steel
stand 30 in. high which also holds the electrometer case and calibration
button. When the detector is directed downward, it covers a circular area
of about 7 sq ft. Only the gamma rays inside this circular area are seen
by the G-M tube and except for about I percent leakage through the lead
shield are detected. This "background" is measured and subtracted by in-
serting a brass covered lead plug in the conical window. The calibration
button (Co0bO) is also held on the end of the plug when the instrument is
calibrated. The electrometer case has a control panel including an in-
dicating meter a range switch, zero set, on-off switch, calibrating screw
(potentiometer 5 , and G-M tube cable connectors.

Calibration. Both instruments were calibrated on gamma range before
each operation. During primary calibration each instrument was made to
read 25 on the "C" scale at a radiation intensity of 25 mr/hr. The gamma
button was then placed on the end of the lead plug and inserted in the
spherical shield. It usually read about 20 on the "B" scale. Primary
calibration was then continued and meter and scale readings were plotted
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Figure G.3 Li~rectional gamma detector, PGG-l. Showr
are the tubular steel stand, spheric:al GM tube shield,
shield plug in operat-or's hand ane electrometer box.

Figure G.4 Close-up of' directional gamrzn detec'cx-,,r
showing GM tube in center of' spherical shield. Gamma
calibrating buttons are carried In aeiall plastic box
near the electrometer.
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against actual radiation intensities. The instrument was quite nonlinear.
All monitoring data were recorded as meter reading and scale setting, and
later converted to mr/hr by consulting the calibration curves. During act-
ual monitoring operations it was necessary to check the calibration every
few minutes with the gamma button, A screw driver was used to rotate the
calibrating screw which adjusted the voltage applied to the G-M tube until
the meter read the predetermined value (20 on "B" scale) found during pri-
mary calibration.

Maintenance. No serious maintenance problems aside from replacing
two G-M tubes, and cleaning and drying the high voltage cables which
devloped current leaks after being exposed to salt water spray. The in-
ternal batteries lasted for the entire operation.

Evj~in. In general, the gamma probe was not considered satis-
factory in its present stage of development. It weight and bulk made it
very difficult to handle aboard ship. Two readings plus reference to
calibration curves were required to record a single radiation measurement.
The instrument was very voltage dependent, and to maintain accurate cal-
ibration, it was necessary to reset the G-M tube voltage before each
measurement, which further decreased the speed of operation. Constant
handling of the Co6 0 gamma button, carried with the instrument, resulted
in the source holder (plug) becoming contaminated and rendering subsequent
measurements uncertain. The nonlinearity of the instrument made meter
readings and scale settings difficult. The instrument was satisfactorily
directional, but the G-M tube had tco small a volume for stability at low
intensities. The energy d~pendency was never checked, so the correlation
between readings on the Co0U gamma calibration range and measurements of
mixed fission products is questionable. Because of the slowness of its
operation, excessive dosage was received by the operators. Because dosage
was at a premium, few directional gamma measurements could be taken:.

Recommendations. Not recommended for field operations.

G.1.4 WieS ampling Fjauipment. The wipe sampling equipment consisted
of five special samplers, filter papers, No. 10 rubber stoppers, beta but-
tons, lead castle, gas flow proportional probe, special laboratory type
rate meter and a decimal scaler. The special wipe sampler consisted of a
filter paper holder which ap>,ied a fixed pressure to the wipe papers; a
bag opener for facilitating the dropping of the wipe sample in a pro-
tective plastic bag; drid a box for storing and carrying the filter papers
and plastic bags (Figures G.5 and G.6). In very windy locations it was
necessary to hand-hold the filter paper wipes and apply wiping pressure
with a No. 10 rubber stopper.

Tne wipes were monitored with either a proportional probe with a
laboratory rate meter or counted with a G-M tube and a conventional Atomic
Model 105 scaler. A beta button standard was used to determine the ef-
ficiency of the counting equipment. All counting was done in a lead cas-
tile to minimize background radiation.

Calibration. The efficiency of the wipe samplers was never deter-
mined. The counting equipment was calibrated with a beta standard beforA
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Figure G.5 Automatic pressure regulated wipe sampler.

Figure G.6 Wipe sample kit, including filter paper, rubber
stopper prs9sure applicator.

"443

CONFIDENTIAL



and after each group of samples were monitored. Background counts were
taken after each 20 samples.

Maintenance. The double sided pressure sensiti'Te tape was renewed
regular]y on wipe samplers. Window on pro-ortional probe was broken and
no replacement was made. The Atomic Model 105 scaler was moisture sensi-
tive and had to be left running 24 hr a day to maintain its accuracy.
Several tubes were replaced, and the register relay was repaired on the
Atomic scaler.

Evaluation. The wipe samplers were satisfactory except when uaed
in the wind, which blew the filter paper off the double coated pressure
sensitive tape. The rate meter with gas flow probe would have allowed
more rapid monitoring of the wipe sampler, but early breakage of the probe
prevented its use. Extreme sensitivity in a G-M tube was not needed in
field type wipe sample counting because contamination levels were normally
high. Semi-automatic decimal scalers like the Atomic scaler definitely
facilitated sample counting. It was found that with a little training,
nontechnical personnel could operate all of the wipe sampling and counting
equipment satisfactorily.

Recommend j.

1. The present wipe sampler should be improved, and used in future
operations to obtain uniform wipe sampling.

2. The efficiency of the wipe sampler should be determined for
various surfaces.

3. Rate metering equipment for wipe samples should be perfected and
used in future operations.

G.2 SURVEY STATION LOCATIONS

The locations of the surveys taken aboard the experimental ships are
shown in Figures G.7 through G.9 and in Table G.2.

G.3 PRELIMINARY WORK ON FALLOUT PHOTOGRAPHY

It was anticipated that the fallout to be photographed on the YAG 40
would be in the form of a rain or a fog such as the rainout and base surge
experienced at Bikini "Baker". It was estimated that the fallout would
occur within the first 4 hr after shot time. Since radiation levels on
the ships were assumed high enough to give 10,000 r total dose gamma ra-
diation over a week's time, shielding the camera's film to minimize fogging
presented a problem.

The following conditions were considered necessary to insure satis-
factory photographs of the fallout arriving at the YAG 40: (1) stoppage
of practically all particle motion; (2) sufficient illumination for 10 p
particles and larger; (3) adequate resolution for particle size determina-
tion and differentiation between liquid and solid particles; (4) sampling
period of 4 hr or more; (5) time resolution, 30 see (interval between pic-
tures); (6) film which was relatively sensitive to light but insensitive
to gamma radiation; (7) shielding around film to minimize fogging when
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1 and 2 f'or the shielding stidies.
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TABLE G.2 BOILER-AIR SURVEY LOCATIONS

Station Nos.

Location T its
Beta Readings and Wipe S§n ale. BK ABLE

Fd end of firing aisle 901 951

6" fNd of Nd burner, stbd 902 952
24" above of fNd burner, stbd 903 953
24" above of 2nd burner, stbd 904 954
24" above of 3rd burner, atbd 905 955
24" above of aft burner, stbd 906 956

6" ant of aft burner, stbd 907 957
Log deck at aft end of firing aisle 908 958
6" aft of aft burner, port 909 959
24" above aft burner, port 910 960
24" above 3rd burner, port 911 961
24" above 2nd burner, port 912 962
24" above Nd burner, port 913 963

6" fNd of fwd burner, port 914 964

Directional gamma stations

Upper dk fwd of boiler fidley 917 967
Upper dk stbd of boiler fidley 918 968
Upper dk btbd of boiler fidley 919 969
Upper dk port of boiler fidley 920 970
Boat dk fNd of boiler fidley 921 971
Boat dk itbd of boiler fidley 922 -2
Boat dk aft of boiler fidley 923 vfJý
Boat dk port of boiler fidley 924 974

Ga-a Stations

Port of boiler air intake duet 8' above elbow 925 975
Below boiler air intake auct 8' above elbow 926 976
Aft of elbow, air intake duct 927 977
Below elbow, air intake duct 928 978
Aft of boiler air intake duct, top of engine

caasnC level 929 978
Below boiler air duct, top of entwine casing

level 930 980
Aft of boiler air duct 12" above lower

transition piece 931 981
Below boiler air duct 12" above lower

transition piece 932 962
Ptwn 1st and 2nd burner, 36" froa dlk stbd 933 983
Btvn ist and 2rid burner, 36" from dkl po-t 934 984
Ftvn 3rd and 4th burner, 66"' froem di port 935 985

In boiler fidley 936 986

Bridge dk 'vd of fidley 94,5 995
Brid6e d. dtbd of fidlty 946 996
Bridge dk &ft of fidlt.y 947 997
Bridge dk port of fidley 948 998

exposed to the gamma radiaticn doses antic!pated; (8) small camera, so as

to reauire the minimum size of shielding; (Q) sufficient film capacity in
camera for about 500 frames or individual pictures without reloading or
rewinding; (10) means of synchronizing the camera shutter to the electronic
"lash lpmp; and (']) means of starting and stopping the entire syster. auto-

matically.
In preliminary lRborAt.ry tests to determine the type or film to bg)

used, varicus commo-n films were exposed to increasing gnmra dosa~s (Cog
and the resolution of the film was plotted against gamra exposure'. The
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Eastman Kodak Special Order 918 film proved to be the best for the antic-
ipated conditions.

Various light-concentrating mirrors were tested to determine the
correct focal length to use and the optimum placement of mirror and
electronic flash lamp. The best combination was an eliptical mirror, with
the flash lamp at the far focal point and the target volume at the near
focal point. In this way a very intense beam of light of 1/2000 sec dur-
ation was produced. This beam was capable of illuminating and partially
stopping rapidly falling droplets as well as fine mists and powders.

Figure G.1O is a photograph of falling water droplets produced by an

Figure G.1O Water s•.',
enlarged (7.3 X) frc, an
aerosol camera frame.

atomizer. Figure G.ll is a photomicrograph of a small area of Figure G.1O.
Note the tear drop shape which was caused by the uneven output of the
flash lamp. When the flash lamp discharges, it emitq very intensely at
first but imnediately diminishes for a fraction of a millisecond. The
image of the particle appears largest when the illumination is brightest
and the image shrinks toward the end cf the flash tube's discharge. With
moving particles a tear drcp shape is always produced with the tear drop

Figure G.11 Photcmicrograpb
(90 X) of a section of Figure

G.10 shcoing characteristictear-drop imagea of rapidly •

moving water part4cltes.
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pointing in the direction of movement. This same effect was noted with
solid as well as liquid particles. Rain drops show characteristic paired
images of the highlights caused by reflections from the flash lamp ard
mirror on either side of the drop. This appearance is a possible way of

Figtre G 12 Wires photographed at an initial 12:1
reduction illuminated by ordinary room light. The
I and 0.5-mul wires are barely discernible. Enlarged
0.9 X actual size.

Figi:re G.13 Same wires photographed as above biu4

illuminated by a single flash discharge from the
electronic flash lamp. Ail wiree are intensely
recorded. Enlarged 0.9 X actual size.

di#ferentiating large solid from large liquid particles. The images of
small water droplets merge into a single recorded spot as shown in the
figures.

Using the initial laboratory setup and the shipboard installation,
pretest photographa were made of coarse and fine mists, fogs, smokes and
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coarse and fine particles from solid aerosols. In all these cases, how-
ever, the number of particles per unit volume of air was fairly high,
such as would be encountered in a heavy rain, fog, or dust storm. A series
of fine wires were photographed with the aerosol camera to obtain a rough
calibration of the magnification of the system so as to determine whether
it would be possible to estimate particle sizes from image sizes. Actual
magnification on the film was 1/12 x. Figures G.12 and G.13 show the
frame holding two sets of wires whose sizes were 30, 10, 4, 1, and 0.5
mils, nominally, or about 750, 250, 100, 25, and 12 p in diameter. The
width of the images was measured with a microscope equipped with a micro-
meter ocular. When image width was plotted against actual wire size, a
straight line mas obtained down to the 4-mil (100 ji) wire, Below mils
the image width remained nearly constant, but its intensity diminj hes.
The 12 p wire is still very intensely reoorded, so it may be assumed `,at
while particle size determinations below 100 p may not be estimated, cer-
tainly, the system is able to record diffraction of particles as small as
10 p and, perhaps, as small as 2 p.
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Appendix H

ESTIMATION OF RADIATION FLUX ABOARD
YAG 40 DURING RECOVERY OPERATIONS

H.1 TWORETICAL CONSIDERATIONS

To estimate the radiation flux aboard the YAG 40 on the basis of dose
rate measurement taken at some distance from the YAG, it is necessary to
have some concept of the relationship of the radiation flux and distance.
As a first approximation, the YAG 40 was considered to be a rectangular
source and the following equation (Reference 31) was used:

I = K x SA loge WL ý a2

7~a2

where I = radiation flux (r/hr)
K = conversion factor (1.92 x 10-6 in this case)

SA : activity per unit area (mev/sq cm/sec)
W r width
L Z length
a = distance from source

By substituting appropriate numbers and then normalizing these to the
radiation flux at 1 ft, the curve shown in Figure H.1 is obtained.

H.2 EXPERIMENTAL MEASUREMENTS

The following procedure does not produce a precise measurement of the
radiation flux. There are many factors that are not accurately measured
and there are correction factors that could be applied but were not. The
purpose of these measurements was to make an order of magnitude determin-
ation of the radiation flux and, as indicated in the body of the report,
the results of three separate trials produced this degree of correlation.

To simplify the data taken during recovery operations one person was
assigned the responsibility of estimating the relative distance between
the YAG 40 and the ATF 106 at various times. Figure H.2 is a plot of these
data. All personnel aboard the ATF 106 concerned with dose rate measure-
merts noted the time at which readings were taken. It was then possible
to eztizate the corresponding distance for each radiation level by using
Figure H.2. Figure H.3 is a plot of the radiation flux measured aboard
the ATF 106 during recovery operations. While it is noted that there is
some randomness to these data attributable to such -actors as distance
unce-tainty, and inherent instrument inaccuracy, it is possible to draw

452

CONFIDENTIAL



100

a10

DISTANCE (tr)

Figure H.1 Percent of radiation flux at 1 ft as a function
of the distance from the deck of the YAG i40.
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Figure H.2 Distance versus time during YAG 40 recovery

after Shot 2.
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the straight line showii as a possible relationship for radiation flux
versus distance. Compairison of Figure H.3 with Figure H.1 shows that the
intensity versus distance pattern for the 100 to 1000 ft distance is a
straight line on log-log paper.

Table H.1 presents ty-pical data from corresponding points taken from
Figures H.1 and H1.3 and the resulting radiation flux at 1 ft on board the
YAG 40. These data were not corrected for decay to any given time. They
specify levels existing at the time of measurement.

Figures H.4 and H.5 are simi-lar data taken after Shot 4 and Table H.2
presents tyvpical date from Figures H1.1 and H.5 and the resulting radiation
flux at 1 ft on board the TAG 1.0. Due to the general background of 30 mr/hr
created by the contaminted ocean surface it-was felt that readings taken
at distances greater than r500 ft wer3 too distorted by the high background1
to be reliable.

Figures H.6 and H1.7 are similar data tkicez after Shot 5 and Tiable H.3
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TABLE R.1 TYPICAL DATA FOR RADIATION FLUX ESTIMATES FOR SHOT 2

d (ft) I(F14rL H-3)F% Io1 (Fig. 1101) 1. (r/hr)(b)

z o 5 0. 1 5
500 30 0.5% 6
300 100 1.2% 8
200 250 LI.
150 400 3.4ý 11

(a) 1o 0 Established radiation flux at - ft from deck of TAG 40

(: I x202)
0 I

(b) AV Io a 8 r/hr

presents typical data from Figures H.1 and H1.7 and the resulting radiation
flux at I ft on board the YAG 40.

H.3 CONCLUSIONS

In order to carry out the above for any ship it is necessary to have
available a curve similar to that of Figure H.1 for the ship involved.

7400-

6 00

500 - .

Z 400 -
__

200

1925 1930 1935 1940 1945 1950 1955 2000 2005 2010 2015
TIME

Figure H.A Distance versus time during YAG 40 recovery
after Shot 4.
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Figure 11. 5 adiation flux verell8 distance during YAG 40
recovery after Shot 4. Measurements include a generalbackground of 30 mnr/hr.

TABLE H.2 TYPICAL DATA FOR RADIATION FLUX ESTIMATES FOR SHOT ,

d. (it) I Figure H.5(&) I ,0 (Fig. H.1) I (b)

300 70 6
20O 90 2.2p 4
100 14o 6.5/,; 2

Notes Average I0 e 4 r/hr

(a) Corrected for Gen. B.O. of 30 r/h-r.

(b) Io a Estimated radiation flux at 1 ft from dick of lAG 40
10 1 x 100
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Figure H.6 Distance versus time during recovery of YAG 40
after Shot 5.
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IFigure H.7 Padiation flux versus distance during YAG 40

recovery after Shot 5. Flux measurements include a
general background of 6 mr/hr.
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TABLE H.3 TIPICAL DATA FOR RADIATiO fLUX ESTIMATES MR 51O4 5

d(ft) I (F t 1.•') ý I0 (Fie. H.1) b
r/I•) , r

1000 14 0.1w, 13600 60 o.4,1 I 15
1400 164 0 .75'S 22
300 309 .,,26
200 794 2.36

Average I., a 22 r/hr

W Corrected for Gen B.G. of 6 or/br.

(b) 10 = Estimated radiation flut at I ft from deck of YAG 40.

Obviously this curve will vary in accordance with the ship dimensions.
Radiation measurements can be made to determine the relative relation-
ship of radiation flux versus distance from which an estimate of the
radiation flux at 1 ft can be made as outlined above.

Since the procedure is for order of magnitude determination only,
it will always be necessary for any boarding party to conduct monitoring
surveys, particularly to locate any "hot spots.* However, it is felt that
a procedure similar to that described above can be used to provide a rough
estimate of the expected dose rates and serve as an indication of the de-
gree of radiation exposure to be expected during the boarding operation.

Since this system was tried oat during Operation Castle on a limited
scale (three trials) it would seem in order to conduct additional studies
to determine how sensitive the system might be to the variables involved,
before a wide scale usage of the procedure is recommended.
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