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FOREWORD

This report presents the preliminary results of one of the projects participating in the
military-effect programs of Operation Redwing. Overall information about this and the
other military-effect projects can be obtained from WT=1344, the “Summary Report of
the Commander, Task Unit 8. This technical summary includes: (1) tables listing each
detonstion with its yield, type, environment, metgorological conditions, atc.; (2) maps
showing shot locations; (3) discussions of results by programs; (4) summaries of objec-
tives, procedurss, results, etc., for all projects; and (5) a liating of project reports for
the military-effeot programs.
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ABSTRACT

roject 2.10 was conducted to verify the effectiveness of a washdown system as a radio=
logica. countermeasure for ships. The evaluations were made posaibls by the requiremant
for washdown-equipped ships to be stationed within the region of tactically significant fall~
out in order to support several projccu in the fallout characterization program of Opera-

tion Redwing.
To fulfill the instrumentation nqulremonu ol Program 2, the Bureau of Ships test

ships, YAG-39 and YAG-40, were employed. Washdown effectiveness was measured by
a compariscn of gamma-radiation fleld measurements taken in the unwashed control area
forward aud the washed after portion of each ship.

The test ships participated in five shots and at least onn of them was sufficiently coa~
taminated in four of these to make washdown evaluation feasible. Maximum levels of
gamma radiation encountered ranged from 288 mr/hr at 11 bours after Shot Flatiead to
21.2 r/hr 2t 4.8 hours after Shot Tewa. four events provided two general types of
contaminant, a solid particulate material from Shots Zuni and Tews and a salt-water
siurry from Shots Flathead and Navajo. The latter contaminant was similar to that en-

oountered from Shots 4 and § during Operation Castle.
n of ut was reduced 98 to

Tota? accumuhted gamma dose at the time of ces
t for the dry %)l
: and 88 to 98 %e for
e dry matorial sited oca

97 ent in the case of the slurry matsrial, and 78 to
Total dose rates were reduced at the end of washdown 83
the slurry and dry fallout ¢ypes respectively. Removal of
the ships varied from 74 to 86 nt at the time washd

tively small amounts of szit-water slurry-type fallout are
tions for further testing arc made.
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PREFACE

The dependency of Project 2.10 upon the data taken and procesae by Project 2,71 will
become apparent as the reader progresses through this report. The rapid and thorough
decontamination of the teat ships between participations accomplished by Projects 2.8
and 2.9 was 2130 necessary for success. The cooperation of these projects in the design
and conduct of their respective tasks 30 as to provide the inatrumentation and recovery
required for the evaluation of the washdown countermeasure is gratefully ackncwledged.
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’ Chapter |
INTRODUCT/ON

1.1 OBJECTIVE

The objective of Project 2.10 was primarily to evaluate the effectiveness of the wash-~
down countermeasure under fallout conditions resulting from several Redwing shots, and
secondarily, to supplement prior data on washdown.

The results from this project together with the techniques and material studies of Pro-
Joct 2.8 (Reference 2), the proposed standurd ship recovery procedures of Project 2.9
(Reference 3), and the ship-shislding determinations of Project 2.71 (Reference 4), wers
planned to provide basic information leading to the eatablishment of a shipboard radio-
logical countermeasures-and-decontamination system that could be recommended to the
Chief of Naval Operations as part of a Shinboard Nuclear Weapons Defense System.

' 1.2 BACKGROUND

Laboratory studies and ship trials (References 8, 8 and 7), using fallout simulants,
bave indicated that a washdown system capeble of covering an entire ship’s weather sur-
faces with salt-watsr spray is operationally feasible, and provides a rapid and effective
means of reducing the radiation hazard to personnel during and after a contaminating
svent.

Based upou the simulant-type {easibility studies, a request was made by the Chief of
Naval Operations that the effectiveness of washdown systems be verified under actual
contaminating conditions. Consequently, two Liberty Ships (YAG's 39 and 40) wers con-
verted to shielded, radio-remots-controlled test vehicles, one being equipped with a
washdov:a system and one without. Washdown evaluations were conducted during Opera-
tion Custle (Reference 1) and Operation Wigwam (Reference 8).

A typical result obtained during Castle indicated that the washdown countermeasure
reduced an othrwise potential gamma dose of 300 r at 10 hours after burst by 87 to 94
parcent and reduced the radiation field gamma dose rate at an exposed location by 90 to
96 percent at the time fuilout had ended (Reference 1)

During Wigwvam, a deep underwatsr detonation was experienced by the test ship equip-
ped with washdown. The primary radiation hazard was apparently due to air-borne con-
taminant which passed near the ship, a situation in which washdown cannot be effective.
There was little residual contamination from the washdown water, even though the ship
traversed patches of contaminated ocean (Reference 8).

. For operation during the Castle tests, the YAG-39 was completely equipped with a
washdown system and other candidate counte;measures, whereas the YAG-40 was oper-
ated unprotected. Figure 1.1 shows the YAG-40 with a full washdown system in operation
(this was installed subsequent to Castle), and Figure 1.2 shows the YAG-39 with the par-
tial washdown system in operation as used on both ships for Operation Redwing.

The ships were operated together during Castle and it was assumed that each would

CONFIDENTIAL
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, be subjected to the same amount of depusited contanminant. Thus, the washdoe n effec~
' tiveness was to be obtained by direct comparisun of the average gamma doses ind dose
rates measured on the same arcas of each ship. In spite of the fact that the ships main-
tained station and were never more than 1,500 yards apart during fallout, the gamma
’ intensity-time data indicated that the ships were subjected to dufferent degrees of con-
tamination. Before direct comparison could be accompiished, the gamma history of

WASHOOWN PERIOD ————esf

DOSE maATE
WITHOUT WASHOOWN

DOSE RATE
WITH WASNOOWN

DOSE RATE

$IGNIFICANT
FALLOUT PERIOD

TIME

A Dose from contaminant deposited, Sut removed (saved)
by washdown

8 Dose from deposited contominant not removed by woshdown
€ Dose contributed dy oir- ond water~borne contaminant

Figure 1.3 Breakdown of shipboard deck dose rates during
a contaminating event.

one ship had to be arbitrarily adjusted to account for probable differences in amcunts of
contaminant deposited. To eliminate this variable, it was recommended that washed and
unwashed sections on the same ship be compared in any future tests (Reference 1).

Dusing Redwing, the forward sections of YAG-39 and YAG-40 were kept clear of the
washdown in order to assure that no moisture would be carried into the fallout collection
and decontamination study areas (see Figure 1.2). Thus, the washdown test conditions
recommended in the Castle Report (Referene ‘) were provided and washdown evaluation
by comparison of radiation measurcments taken in washed and unwushed areas on each
ship was poasible.

' 1.3 THEORY

During a contaminating event aboard ship, the gamma radiation fleld on deck is the
sum of the radiationa from the contaminant deposited on the weather surfaces, from
radioactive particles in the air surrounding the ship, and from contaminant in the water
nearby. The contribution from each of these sources to the total radiation field at any

13
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particular point will depend on their relative magnitudes and on the intervenirg distances
and structures.
Figure 1.3 shows how deck doses and dose rates can be suppressed by washdown re-
moval of part of the contaminant deposited on the weather surfaces both during and after
the contaminating event. R
Washdown effectiveness is defined as the percentage reduction of gamma radiation
hazard aboard ship attributable to washdown.
This effectiveness may be measured in four ways, each of them significant: (1) Per- .
centage reduction of total dose, ETD; (2) Percentage reduction of dose rate from all
sources (total dose rate), ETR; (3) Percentage reduction of dose from deposited contami-
nant, Epp: and (4) Percentage reduction of dose rate from deposited contaminant, Epg.
Assuming no difference in decay rates in the washed and unwashed areas, no portion of
the washed area is left unwashed, and no contaminant removal phenomena such as rain
occurs, thess measures of effectiveness may be expressed as follows:

[
ETp (t) = 100 1-%:- .1)
ETR ) = 100 1-%] @.2)
Bpp 0 = 100 [1 - Dy ~ 21/ - )] 1.3)
r
EDR ® = 100 [L = Ry~ AV/R, - A) a.4)

Where: Dy = total gamma dose accumulated within washdown area up to time t

Dy = total gamma dose accumulated within unwashed control area up to
time t
4

t = time in hours after detonation
R, = gamma dose rate in washed area at time t
Ry = gamma dose rate in unwashed control ared at time ¢t

a = gamma dose contributed by the air- and water-borne
contaminant up to time ¢

A = gamma dose rats at time t contributed by the air- and water-borne
contaminant

From Figure 1.3 and Equations 1.1 through 1.4, it can be seen that at a given time dur-
ing the pericd of significant fallout, Epp and EpR will be greater, respectively, than E1p
and ETR because of the contribution {rom air- and water-borne contaminant which wash-
down cannot affect. However, after significant fallout has ceased and the ship is no longer *
in contaminated water, EpR and EqR become equal, but Epp will remain greater than Eqy,.

During a contaminating event, the values of washdown effectiveness will vary, dcpend-
ing on a number of factors such as rate of fallout arrival, the portion of the radiation field .
coatributed by air~ and water-borne contaminant, the promptness with which the washdown

it
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is activated, the manner in which the ship is maneuvered relative to the surface wind and

80 on.

As the rate of failout arrival decreases, washdown effectiveness can be expected to in-
creasa and then level off as the amount of material being removed by the washdown water

becomes less and less.

For the purpose of washdown evaluation, the times of major interest during the contarma~
TABLE 1.1 SGMFICANCE OF WASHDOWN EFFPECTIVENISS

Time of iatersst

Maximum Fellout Areivel Ead of Washdown
Rate (Posk Does Rate from  (Assume No More
Alr-borne Costamisast) Significant Fallout)
Erp
Pot reduction, Moasure of total dose
el dose mved by washdown
S
Pes reduction, Measure of future
doee rate, alt @900 saved
sturees
Spo
Pet reduction, Messure of vashdows
daponit does altiity o remove
Sentamirant
om
Pot reduction, Measure of rate of contami~ Meaure of Nature
degoeit doee st remeval ¥y washdown doee saved
e with reapect ¢ maximem
rate of arrival

inating ovent are (1) the time of maximum fullout arrival rate (assumed to be the time of
maximum dose rats from airborne contaminant) and (2) the time of washdcwn cessatica.
The aignificance of the four measures of washdown effectivencsa at these times i{s sum-

marized {n Table 1.1.
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Chapter 2
PROCEDURE

2.1 OPERATIONS

Washdown evaluations were planned for Shots Cherokee, Zuni, Flathead, Navajo, and
Tewa.
Opera‘ional control of the YAG's was exercised aboard the Naval Task Group's Com-
mand Ship, USS Estes {AGC-12), from a central control and communications station. The
ships were positioned according to the requirement of Project 2.863 (Reference 9) to gather
specific data and information concerning the nature and extent of the fallout from each of
the shot participationa. Although this requirement did not allow placement of the YAG’s
for optimum washdown evaluation conditions during all shots, it did provide the opportunity
to obtain comparative information among fairly representative types of weapon exnploy-
ment, both on water and land surfaces.

Based upon fallout predictions, the YAG's were positioned at distances varying 28 to
80 miles from surface zero. Upon arrival on gtation, the ships were maneuvered to cor-
rect for any alterations in the predicted fallout path brought about by varlations in the ob-
served upper wind structure. Once cither ship commenced to receive fallout, the wash-
down system over the after~half of the ship was activated, conning was tranaferred from
the bridge to the shielded control room and the ship was manauvered to maintain a rela-
tively fixed position with respect to surface zero. The washdown system was gecured
when {t became apparent from observed dose rate decay that significant fallout had ceased
and that no further appreciable removal of contaminant was being achicved. When ordered
by the control station aboard the AGC-~12, the ships departed station, and delivered fallor ®
samples to Bikini, and then procceded to Eniwetok. Upon arrival at Eniwetok, radiologica.
decontamination and recovery operations were commenced. When radiological surveys and
special decontamination studies (Reforences 2 and 3) were completed, the ships wero

readied for the next participation.
Details of the ships’ facilities may be found in Reference 10.

2.2 INSTRUMENTATION AND DATA REQUIREMENTS

2.2.1 Washdown System. The washdown water on both ships was supplied from inlets
approximately 20 feet below the water line by three 1,000-gpm pumps, discharging approx-
imately 2,000 gpm at 100 psi.

The nozzles were located to provide complete weather deck coverage on the YAG-39 for
Operation Castle, and minor changes were made for the Wigwam and Redwing participa-
tions. Figure 2.1 shows the nozzle positions on the washed portion of the ship as located
for Operation Redwing.

The system aboard the YAG-40 was designed and installed for the Redwing teats and
reflects the experience gained with the YAG-39 system. Effectively, the only difference
was the arrangement of the nozzles which is shown in Figure 2.2.

2.2.2 Radiation Detection. Certain stations of the gamma-radiation-detection-and-
recording system (called GITR, gamma-intensity-time recorder) installed aboard the

16
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Pigure 2.1 Location of washdown nozzles on YAG-39 used on Operation Redwing.
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Figure 2.2 Location of washdown nozzles on YAG-40 used on Operation Redwing.
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YAG’3 for Cperation Castle, were activated by Project 2.71. The instrument station
locations and identifying numbers of those stations used by Project 2.10 are shown in
Figure 2.3,

Each station conaisted of a group of 4 detectors positicned 3 feet above the deck sur-
face and capable of measurirg dose rates in the range of 1.5 mr/hr to 3,600 r/hr. The
detectors were air-filled ion chambers having a flat energy response down to less thaa
100 kav. The lonization current discharged a capacitor so sized that when a given gamma-
dose increment was received, the associated clectrometry activated a relay which ia turn
sent a pulse to & recorder and also recharged the capacitor. The data were recorded as
dose increments on a conatant speed tape (Figurs 2.4).

A more-complete description of the detection-and-recording systum may be fourd in
Chaptler 8 of the Project 8.4 Operation Castle Final Report (Reference 1) and Redwing
Project 2.71 Interim Test Report (Reference 4).

Gamma-dose and dose-rats information as & functica of time from Stations 13 and 14
in the unwashed areas and from Rtations 67 and 83 in the washed portions of both ships
were required from Project 2.71.

The contribution to deck dose rates, as measured by Stations 13 and 14, 87 and 88, of
radiations from air- and water-borne contaminants was estimated by Project 2.71 per-
sonnel from measurements taken by detector Stations 70 and 3 (air-borne contaminant)
and 28, 26, and 28 (water-borne activity). See Figure 2.3,

The probable instrument srror of the reduced data regarding dose and dose rats is
plus or minus fifteen percent. The orror in tho air- and water-borne contributions variea
from plus or minus 25 to 50 percent. This largs error {s due to approximations necessary
in the estimatircg technique of adjuating recorded values to meaningful ones. For a de-
scription of the data reduction techniques and the assignment of srrors, see Reference 4.

2.2.3 Time of Fallout Cessation. The actual time of fallout cessation was very diffi-
cult, if not imposaible, to measzurs. For the purposes of this report, the end of aignifi-
cant fallout for each participaticn was taken as the reported average of the times when 99
percent of the total activity in each of the Project 2.43 incremental collectors had arrived.

2.2.4 Wind Data Requirement. Relative wind speed and direction data were provided
in reduced form as a function of time from a Bendix Fries wind speed and direction re~
cording set which was installed aboard each ship.

2.2.3 Operational Data. A 2.10 project representative was aboard each ship for each
participation. All opsrational data such as times of washdown activation and shutdown
and a record of ships' maneuvers wers logged.

19
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Chapter 3 .
RESULTS

3.1 OPERATIONS ’

3.1.1 Insignificant Shot Participations. Since neither of the test ships encountered
fallout worthy of mention during the sorties made for Shot Cherokee, no washdown evalu-
ation waa posaible.

The YAG-39, during the Zuni and Flathead operations, and the YAG-40, during Navajo,
received so little fallout as to render valueless any washdown evaluations based on data
from these events.

The remainder of the planned participations produced the data which follows.

3.1.2 Ships’ Operations, General. Tables 3.1, 3.3, 3.5, 3.7, and 3.9 prosent 8 sum-
mary of ship operational data for productive sorties.

The plan for operational coatrol of the test ships from USS Estes worked satisfactorily.

Station keeping presented some difficulty. 1t can be seen in the tables under the head-
ing, “Course and Maneuver” that sometimes a straight course at slow speed was accom-
plished and at other times a figure-eight maneuver was used. This apparent {nconsistency
wag caused by the fact that during Shots Navajo and Tews, the wind and sea conditions
were such that at minimum speed to maintain steserageway, the rate of advance of the ships
excoeded the limits required by Project 2.63. The figura eight perpendicular to the wind,
although not the ideal condition for washdown evaluation, was decided upon a8 a compro-
mise.

No {nstrument failures occurred.

3.2 WATER-BORNE CONTAMINANT CONTRIBUTION

’ The data from detector Stations 23, 26 and 28 showed that the contribution to the ra-
diation fleld on deck from water-borne contaminants, in all cases, was less than one per-
cent of the total (Reference 4). Therefore, in computing the effectiveness of the washdown
countermeasure based on removal of deposited material, only the contributioa from air-
borne contaminant is aubtracted from the total radiation measurements (Equations 1.3

and 1.4)

3.3 ESTIMATES OF THE CONTRIBUTION FROM AIR-BORNE
CONTAMINANT

As was indicated {n Chapter 2, an effort was made to obtain the air-borne particle
contribution to the deck radiation field in both the washed and unwashed areas during each
participation. This was actually possible in caly one case, the YAG-40's Tewa experience.
The lack of one or the other of these air-contribution eatimates is not particularly serious,
however, since in the instance where both are available, they are not significantly dif-
ferent, particularly at the higher values where their influence is most felt. Where only
one of these estimates is available and it is applied {n both areas, wider (: 50 percent)
limits of accuracy are assigned than in the case where one estimate serves as a check
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on the other (: 10 percent at higher levels, £ 25 percent over an intermediate range and
+ 50 percent for the lowest values). (Sce Reference 4.)

During Shots Flathead and Navajo, unfortunately, the intensity of the contribution from
the air to the gamma field on deck was so low as to make estimation impractical. There-
fore, for these shots, no measure of washdown effectiveness based on removal of deposited
material is possible.

3.4 WASHDOWN EFFECTIVENESS AGAINST SLURRY-TYPE CONTAMINANT

Water-surface bursts Flathead and Navajo produced fallout consisting of high-salt-
content liquid droplets, approximately 100 microns in diameter containing radiocactive
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Figure 3.1 Track made by YAG-40 during Shot Flathead participation.

particles iess than 30 microns in size. This type contaminant is hereafter referred to
as a slurry.

3.4.1 Shot Flathead. Operational Data. Table 3.1 and Figure 3.1 indicate the
operational data for YAG-40 in connection with Shot Flathead. Surface winds are pre-
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sented that their effect on washdown can be evaluated. Fallout patterns of course depend
on the winds aloft.
Radiation and Washdown Effectiveness Data. Figures 3.2 and 3.3 pre-
sent the average dose rates and doses versus time from the washed and unwashed areas
{(from Staticns 13 and 14, 67 and 68, respectively). .
Two interesting features of the dose-rate curves in Figure 3.2 are: (1) the length of
time, some 9 hours, from the start of fallout to the peak gamma deck dose rate, Indicat-
ing a gradual arrival of fallout over a relatively long period, and (2) the sharp drop Jff .
of the dose rate in the washed area immediately after the washdown was activated.
The variation of washdown effectiveness based on the reduction of total dose rate and
total dose with the 1imits of uncertainty denoted by the ahaded arcas is depicted in Figurcs
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Figure 3.2 Average gamma deck dose rates from washed and
unwashed areas versus time after Shot Flathoad on YAG-40.

3.4 and 3.8, respectively. See Appendix for sample calculations. The effect of the abrupt
changes in dose rates is not shown on the accumulated dose curves because of the log scale
and degree of uncertainty in the basic data.

Table 3.2 gives the particularly significant washdown effectiveness values as outlined
in Table 1.1.

3.4.2 Shot Navajo. Operational Data. Operatioral data for the YAG-39 during
the Navajo sortie are presented in Table 3.3 and Figurs 3.8.

Station keeping was done by maneuvering the ship in a figure eight with the long axie
perpendicular to the surface wind direction, as the wind and seas were light.

3
CONFIDENTIAL




AT

. .
A L s T

TABLE 3.1 YAG-{0 GPERATIONAL DATA FOR SHOT FLATHEAD

Type of fallout
Distance from GZ
Surface wind velocity
Rain during washdown
Course and maneuver
Time of;

First rise in background

Failout start

Peak air dose rate

Peak deck dose rate

End of fallout

Time washdown contisued after
fallout cesaation

falt -water slurry

40 miles north

14 to 16 knots 045*

None

R+7.5 to H+26, 045° at 3 knots

He'0
Res.2
RB+17.0
B+22.2
Beo.8
B+ 237

0.011 r/he
0.2368 r/r

0126 r
204

18
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TABLE 3.3 SIGNIFICANT WASHDOWN EFFECTIVENESS (PERCENT,
SHOT FLATHEAD AT END OF WASHDCWN (H+13.7)

Lower Upper

Limit Observed Limit
21D "3 " ”
Em ] ” 9

TABLE 3.3 YAG-39 OPERATIONAL DATA FOR SHOT NAVAJO

T)p‘ of contaminant Salt-water slurry
Distarce from G2 23 miles north
Surface wind velocity 8 knots 090
Rain during washdown None
Course and maneuver H+1l o He 18, figure eight
perpeadicular to the wind
Time of :
First riso in background H+30
Zallout riart | 2% X}
Peak air dose rate ——
Peak deck doee rate B+ 80
Rad of fallout | £33 ¥
Washdown on H+sd
Washdown off H+o 1
Washdown on H+8.0
Washdown off Hedd
Peak mean dose rate:
Washed area 0.117 /e
Unwashed area 1.40 t/Ar
Mean total dose at end of washdoww:
Washed area 0.7121 r
Uawashed area 8487
Time fallout continued after
washdown was secured 4.0 he

4,
ey
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Washdown was operated intermittently since it was necessary for personnel from other
projects to be on deck, and it was finally secured 4 hours before the fallout ended.
Radiation and Washdown Effectiveness Data. The average gamma
washed and unwashed deck dose rates and doses versus time are given in Figures 3.7 and
3.8. .
The steep drop in dose rates at H+15.5 was due to a severe rainstorm after washdown
was secured and all significant fallout had ccased. This time was beyond the area of im-
mediate interest, but knowledge of the effect of rain as a radiological countermeasure .
could be of use to ships without washdown.
Figures 3.9 and 3.10 picture the variation of effectiveness based on reduction of total
dose rate and total dose.
The drop in effectiveness based on reduction of total dose rate, EgR (Figure 3.9) at
H+4 is due to a faster rate of rise of dose rate in the washed arca than in the unwashed
area between H+3 and H+ 4.
Since the washdown was secured before significant fallout had ceased (it was difficult
for personnel aboard the ships to determine the time of fallout ceasation), there is a drop
in washdown effectiveness (Eq) after washdown was stopped.
Table 3.4 gives tho significant values of EqR and Eqp

3.3 WASHDOWN EFFECTIVENESS AGAINST PARTICULATE TYPE
CONTAMINANT

Shot Zuni, a land surface burst, and Shot Tewa, a water surface detonation In shallow
water produced particulate fallout of radicactive particles in coral residue (Reference 9).
See Figures 3.11 through 3.14. Shot Tewa particles were generally smaller than those
from Shot Zuni. Although the highest radiation levels of the investigation were obtained
from these two shots, this type fallout is judged to be atypical of that to which naval ves~
selo at sea are likely to be exposed.

3.3.1 Shot Zuni. Operational Information. Table 3.5 and Figure 3.15 sum-
marize the operational information for this shot.

It should be noted that the YAG-40 encountered rain squalls during the washdown pericd
which washed deposited material from the control area, thereafler reducing the measured
washdown effectiveness.

From H+3.5 to H+6 hours, or for the firat 2'4 hours of the washdown period, the ship
was on a course such that the reiative wind was on the starboard quarter, a condition not
conducive to effective washdown, the system of nozzles being designed for optimu..: water
distribution with the wind on the bow.

Radiation and Washdown Effectiveness Data. Figures 3.18 and 3.17 pre-
sent the gamma deck dose rates and doses versus time, of the estimated contribution from
air-borne contaminant ip the washed area (from Station 70), the average total radiation
measurements from the washed area (Station 67 and 88) and from the unwashed control
area (Stations 13 and 14).

Use of the data from Station 3 in the unwashed area for estimation of the contribution
from air-borne contaminants was prevented Ly the rain storms which occurred at H + 7
and H + 8 hours (Reference 4).

Two points of interest on these dose and dosa-rata curves are: (1) the rise in dose rate
in the washed area at the time washdown was secured, and (2) the near agreement hetween
the time of the end of failout marked on the dose curves (from Project 2.63 coliectors) and
the apparent beginning of the constant pertion of the alr-contribution dose-estimate curve.
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Figures 3.18 through 3.21 show the variation of the four measures of washdown effective-
ness (ETg., ETD, EpR, and Epp, Equations 1.1 through 1.4) with time. The upper and
lower limits of uncertainty (shaded areas) are presented as determined by application of
the plus or minus 15 percent accuracy of the total dose and dose-rate measurements and
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Figure 3.18 Track made by YAG-40 during Shot Zuni participation.

the plus or minus 50 percent accuracy of the air-contribution estimate. See Appendix

for sample calculation.
The relative wind speed anu direction as it varied with time is indicated on the dose rate

reduction graphs (Figures 3.18 and 3.20).
The particular significant values from tne curves, as described in Table 1.1, are sum-

marized in Table 3.6.

The decrease in effectiveness based on reduction in dose rate (Figures 3.18 and 3.20)
where ETR drops from 835.5 to 79 and Epg from 835 to 79, after washdown was secured, is
due to the dose rate increase in the washed area at the same time (Figure 3.16).
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TABLE 3.4 SIGNIFICANT WASHDOWN EFFECTIVENESS (PERCENT),
SHOT NAVAJO AT END OF WASHDOWN H+23.4)

Lower Upper

Limit Observed Limit
ET1D 82 87 90 d
Emn 82 87 90.4

TABLE 3.5 YAG-40 OPERATIONAL DATA FOR SHOT ZUNI

Type of iilout “Particulate coral residue
Distance from G2 §2 rmiles nocth
Surface wind velocity 20 kaots 068°
Rala during washdown Stol0minatHeT?,
1S minat He§
Cou-se and maneuver B+3toH+6, 270° at 11 knots;
Hedto H+ 13, 048° at 2 knote

Time ofs

First rise ia dackground R+30

Fallout start 2% X

Peuk air dose rate | 23 8 ]

Peak deck dose rate Hess .

Bad of fallont Ne03

Washdown on B33

Washdown oft | £31 §
Peak mean dose rate: .

Washed ares L3S r/hr

Unwashed area (S %7 14
Meaa total does at end of washdowns

Washed area .73

Uawashed area 4146r
Time washdown continued after

fallout cessation %.34r

TABLE 34 SIGNIFICANT WASHDOWN EFFRCTIVENESS (PERCENT), SHOT ZUNI

At Time of Peak Dose Rate At Time of Xnd of Washdown
Alr Contribution (+8.9) H+13.8)
Lower Upper Lower Upper
Limg  Obterved it Limg O0served ok
1 7 » “s
Em 0 TY) (1)
L T 7 a3 9
Epa ] a3 100 1.8 ss 1.8
R ¥ |
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3.5.2 Shot Tewa, YAG-39. Operational Data (YAG-39). A statement of the
significant operational data for YAG-39, Tewa is given in Table 3.7. Figure 3.221isa
track chart for both YAG's during the Tewa participation. YAG-39 kept station with a
combination of the “slow-into-the-wind” procedure and the figure-eight maneuver.
Note that the start of fallout coincides with the first indication of a rise in background .
and that from the start of fallout to the peak air dose rate only two and a half hours clapsed,
indicating a rapid rate of fallout arrival.
Notice also that during this time of rapid fallout arrival, the washdown was secured .
from H+2.7 to H+ 3.1, and then was operated intermittently. This was done to allow access
to the deck for personne!l from other projects.
Radfation and Washdown Effectivencss Data (YAG-39). The estimate

YAG 40 YAG 39
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On Hed O nel
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Y
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1019 Statrens a o]
o Hoetoge wnad owmd
10 2 4 -+
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Figure 3.22 Tracks made by YAG's 39 and 40 during
Shot Tewa participation.
of air contribution in the unwashed area and the washed area and total gamma deck dose
rates and doses are presented in Figures 3.23 and 3.24. o
The data from Station 70 in the washed area was rendered unsuitable for estimation of
the contribution to the radiation field on deck from air-borne contaminant by the inter-
mittent action of the washdown. .
In Figure 3.23, notice the very steep rise in dose rate in the washed area prior to H+3
hours and the lesser slope after H+ 3, almost exactly coincident with reactivation of the

38 Continued on Page 46
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TABLE 47 YAG-39 OPERATIONAL DATA FOR SHOT TEWA

Type of contaminant
Distance from GZ
Surface wind relocity
Rain during washdown
Course and maneuver

Particulate coral residue

2S5 miles north

8 knots 108°

None

He2to H+4.7, 110° at 2 knota
H+4.7 to H+ 20, figure cight

perpendicular to wind
Time oft
First rise in background H+2.0
Fallout start H+2.0
Peak air dose rate H+4.8
Peak deck dose rate B+4.8
End of faijout B+18.%
Washdown on H+2.1
Washdown off B+
Washdown on B3t
Washdown off Be9.7
Washdown on He10.2
Washdown off Hel0.8
Washdown oa H+11.3
Washdown off A+139
Washdown oa He18.3
Washdown off H+18.7
Washdowa on He13.8
Washdown off Hel0.2
Washdown on H+16.9
Washdown off H+17.4
Washdown o He+17.7
Washdown off He13.8
Washdowsn on He18.7
Washdown off H+20.4
Poak mean dose ratas
Washed area 17.34 r/Ar
Unwashed arca 2.2/
Mean total dose at end of washdown:
Washed area 239 r
Unwashed area 1r
Time washdown continued after
fellout cessation 4.9 hr
TABLE 3.8 SIGNIFICANT WASHDOWN EFFECTIVENESS (PERCENT),
. SHOT TEWA, YAG-3
At Time of Peak Dose Rate At Time of kod of Washdown
Alr Coatribution (H+ 4.8) (H+20.4)
Lower Upper Lower Upper
Limt %™ i Lmie 2% e
E1p ¢ | o 8%
En .3 " 2.8
Spp 0 a9 )
EpRr 10 a3 90 9 ] 14
43
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TABLE 3.9 YAG-40 OPERATIONAL DATA FOR SHOT TEWA

Type of contaminant Particulate coral residus
Distance from GZ 40 miles northwest
Surface wind velocity 8 knots 105°
Rain during washdown None .
Course and maneuver H+4.7to H+17, figure eight
perpendicular to the wind
Time of:
First rise in background H+4.3 .
Pallout start H+5.0
Pesk air dose rate B+8.8
Peak deck dose rate #4173
Ead of fallout B+14.2
Washdown on H+8.0
Washdown off - Hel152
Meas dose rate peak
Washed area 110 e/ar
Uswashed area SN
Mean total dose at end of washdowns
Washed area 10.3¢
Uswashed area “w3r
Time washdown contisued after
fallout cessation 1.0 Ar
TABLE 3.10 SIGNIFICANT WASHDOWN EFFICTIVENESS (PERCINT), .

SHOT TEWA, YAG-4

At Time of Peak Doss Base At Time of £ad of Washdown

Alr Contribution ®+8.9) M+18.2) .
e el i 1

Ep ” ;) 1)

L ] 3 8 n

Rpp % s o

Epa n ] “ 4 ) )

TABLE 311 TOTAL DECK DOSE SAVED 3Y WASHDOWN (Byp AT THE END

OF WASEDOWN)
Lower Upper
Limit Cbesrved Limit Aversge
pot pot pot abaolute ¢
Particulate Tews, YAG-0 18 " " 118
Faliout Tmi, YAG4 M 190 s 29°
Tewa, YAG-4S ¢ | ke ) ' ] - X] -
Rurry Flathead, YAG-40 848 “ n 291
Fallout Navajo, YAG-30 83 " » 4 .
* Values reduced by rain.
“
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TABLE 3.12 PERCENT FUTURE DECK DOSE SAVED BY WASHDOWN
(ETr AT THE END OF WASHDOWN)
Lower Limit Observed Upper Limit
. Particulate  Tews, YAG-39 91.8 84 93.8
Fallout Tews, YAG-40 83 87 91
Zuni, YAG-40 s1°* 88.5°¢ 89
Blurry Flathead, YAG-49 ] 97 9
Fallout Navajo, YAG-39 82 87 9.4

¢ Values reduced by rain.

TABLE 313 PXRCENT REMOVAL OF DEPCSITED CONTAMINANT
®pp AT THE END OF WASHDOWN)

Lower Limit Observed Upper Limit
Particulste Tews, YAG-29 % o "
Fallout Zual, YAG-40 e 83° e
Tews, YAG-40 2% o o
* Values recduced by rain.

TABLE 1.14 PERCENT FUTURE DCSE SAVED BY WASHDOWN (Epn
AT THE END OF WASHDOWN)
Lower Limit  Observed Upper Limit
Particulate  Tews, YAG-39 9 2 "
Fallout Tewa, YAG-40 8 o "
Zuni, YAG-40 700 "ne e
¢ Valuee reduced by raia.

TABLE )13 PERCENT REMOVAL OF DEPCSITED CONTAMINANT AT
TIME OF MAXIMUM ARRIVAL RATE (Epg)

Lowsr Limit Observed  Upper Limit
Zuni, YAG-40 k) 93 100
Tews, YAG-39 10 2] %
Tewa, YAG-40 n 1 84
43
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washdown system at H+ 3.1, Also, the air-contribution dose-rate estimate indicates the
possible presence of air-horne activity which did not fall out on the ship.

In Figure 3.24, the time of fallcut cessation, as determined from the Project 2.63 col~
lectors, agrees closely with the start of the constant portiva of the alr contribution dose
estimate curve.

Washdown effectiveness is presented {n Figures 3.25 through 3.28. The drop in effec~
tiveness shown {n all of the curves marks closely the time when the washdown was turned
off at H+2.7. .

Relative wind-speed-and-direction data from the approximate end of falfout to the end of
washdown is not available. See Table 3.8 for & summary of important effectiveness values
from YAG-39 during the Tewa exercise.

3,5.3 Shot Tewa, YAG-40. Operational Data (YAG-40). Table 3.9 and Figure
3.22 display pertinent operational data for the Tows participation of YAG-40.

In this case, station keeping was done using the figuro-eight procedure exclusively.

Radiation and Washdown Effectiveness Data (YAG-40). The dose
rate ard Jose data for the air-borne contribution (both in the washed and unwashed arcas
from Ntations 70 and 3 respectively), and total dose and dose-rate data from the waghed
and unwashed areas are shown in FPigures 3.29 and 3.30.

This is the only case where it was possible to estimate the contribution to the radiation
fleld from air-borne contaminants in both the washed and unwaxhed areas.

The dose rate in the washed area exhibits an increase at the end of washdown In Fig-
ure 3.29 as occurred on the YAG-40 during the Zuni participation (Figure 3.18), .

The ond of fallout, as evidsnced by the flaitening of the air coatritution dose curves
in Figure 3.30, spproximates again the end of fallout as measured by the Project 2.83
instruments.

The effsctiveness results are given in Figures 3.31 through 3.34. )

In Figures 3.31 and 3.33, the drop in effectiveness based on reduction of dose rate
(ETR and Epg) altar the end of washdown i3 due to the jump in dose rate in the washed
area. The dip in the effectiveness curves in the same figures at approximataly H + 8
hours is due to the drop in duse rate in the unwashed control area at that time. See Fig-
ure 3.29.

The important values from these curves are given in Table 3.10.

3.6 SUMMARY OF WASHDOWN EFFECTIVENESS RESULTS
Tables 3.11 through 3.13 summarize the results.
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Chapter 4
DISCUSSION

4.1 MILITARY SIGNIFICANCE OF RADIATION LEVELS ENCOUNTERED

As noted in Chapter 3, the gamma radiation hazard recorded on the test ships was not
particularly dangerous, with the possible exception of that on the YAG-39 during Tewa
sortics.

According to preliminary estimates contained in the Program 2 Summary, “Fallout
Studies During Operation Redwing” (Reforence 11), the radiation hazard encountered cn
the test ships could have been as much as 10 times as great, had they been positioned
differontly.

This is not to infer that the washdown effcctiveness would have been the same with
this additional amount of fallout, but to point out tha? situaticns could have existed where
washdown would have been more of a military necessity than it was aboard the tost ships
during Operation Radwing.

4.2 EFFOCT OF POSSIBLE VARIATIONS IN AMOUNT OF FALLOUT
IN WASHED AND CONTROL AREAS

Washdown evaluation by comparison of radiation measurements taken in the forward
and aft sections of a ship cannot be considered ideal although it ia preferable to the use
of independently operated ships as test and control areas. Weather surface geometry,
changing fallout particle size, and wind speed and direction are interrelated factors which
cause differences in the amounts of contaminant delivered fore and aft.

Radiation measurements taken during two sortics of the YAQ-40 {without washdown)
during Operatioa Castle show that doses accumulated aft were higher than forward by 8
and 30 percent when the wind was aft or on the beam. With the wind over the bow on the
third sortic, the dose aft was lower by 17 percent than the dose {orward.

The figure-eight maneuver broadside to the wind, used on 3 sorties, and running before
the wind on cne, during Redwing, would, on the basis of the above data, provide test con=
ditions leading to low values for washdown effectiveness. Ons run was made with the wind
on the bow, a condition which would tend to provide inflated values for effoctiveness.
Table 4.1 presents the maximum and minimum measured values for washdown effective-
ness and based on the above-mentioned Castle experience, the possible actual values for
both relative wind conditions. Since the Castle data applies primarily to the slurry-type
faliout, no estimate can be made of the effect of varying physical characteristics of the
contaminant.

No attempt has been made to apply these corrections generally to the Radwing data be-
cause of the high degrece of uncertainty involved. Also, it is apparent from Table 4.1 that
wiadspeeds were lower during Operation Redwing than during Operation Castle and so it
is expected that fore and aft variations in amount of contaminaat would have been legs. It
is felt that these tast conditions do not seriously prejudice the results.

4.3 EFFECT OF INCOMPLETE WASHDOWN COVERAGE

4.3.1 ETD and ETR. In Figures 1.1 and 1.2, it can he seen that the kingpost in the
47
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washed area of hoth ships was not thoroughly covered by the spray. Contaminant on the

kingpost, which ia close to the washed area detectors, would tend to make the readings in

the washed area higher than if this condition had not existed. Thus, the effectiveness

based on reduction of total dose and dose rate (E1p and E{R) as measured, i1 less than

it would have been if: (the kingpost had been thoroughly washed, and (2) the washed area .
detectors had been located farther from the hingpost.

1.3.2 Epp 2nd EpR. Station 70, from which data was obtained to estimate the air~
borne contaminant contribution in the washed arca, {s shiclded so as not to be influenced
by radiation from the kingpost. Therefore, the radiation from this source was not sub=
tracted out with the air contribution estimate, and the effectiveness values based on re-
moval of deposited materfal (Epp and Epgr) aro biased unfavorably, since the wachdown
is charged with not having removed contaminant which i$ could not reach.

This factor is a function of the design of the washdown system, but the cases in point
are typical since masts, antennae, etc., are often left untouched by existing shipboard
washdown gystems.

4.4 TACTORS INFLUENCING WASHDOWN EFFECTIVENESS
(BLURRY CONTAMINANTS)

4.4.1 Shot Plathead, YAG-40. The fallout period was long, the amount of matorial
deposited was apparently slight, and the fallout particles were small. These factors
combined to make for exceptional washdown effectiveness. R

4.4.2 Shot Navajo, YAG-39. Unfortunately, the washdown was secured before the
Navajo fallout had ceased. This fact, coupled with intormittent opsration, prevented the .
washdown from achieving maximum effectiveness.

4.5 PACTORS INFLUENCING WASHDOWNM EJFECTIVENESS
(PARTICULATE CONTAMINANTS)

4.5.1 Shot Zun!, YAG-40. Tke relative wind blowing frora the quartor for the fiyst
3 hours of fallout may have reduced tha cifectiveness of the wash.own. The rain tra-
versed by the YAG-40 during the Zuni fallout pariod removed some contaminant from the
unwashed con(ro! area, thereby reducing the radistion level there, vithout & correspond-
ing reduction in the washed ares. The resulting effect was a falss reducdon of effective-
ness values. Continuation of washdown for 7 kaurs afior the erd of fallout increased
washdown oifectiveness 3 to § percent above the effectivenese 25 the end of fallout.

4.3.2 Shot Tewa, YAG-39. The intarmittent operation of the washdown systom cer-
tainly had an adverse effect on the washdown effect{venress early in the fallout period, snd
had it been operated continuously, greater eifectiveness would have been achieved, partice
ularly effectivencsa based on doge reduction.

Continuation of the washdown for § hours after the cessation of fallow: {ncreased the .
effectivencss,
4 5.3 Shot Tews, YAG-40. Continuous operation of the washdown system vas prac- .
ticed, but the washdown was securcd only 1 hour aiter the end of fallout. 1f waghdown
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had been continued longer, effectiveness would have increased. The drup in dose rate of
H+ 17 hours was dae to decoitamination by shup's force at that time.

4.3.4 Shots Zuni and Tewa, YAG-40. An abrupt rise (n dose rate in the washed area
on YAG-40 coincided with the turning off of the washdown during both Zuni and Tewa. This
phenomenon occurred only on YAG-40 and waa noticeable only with particulate type of
fallout. Possible cauges for this occurrence follaw:

1. Ccntaminant collected near the ship’s rall and around nearby drains could have
been shlelded by the slant thickneas of washdown water on deck between the contaminant
and the detectur. Whazn the washdown system was secured, the water drained over the
side, the shielding was removed, and the dose rate seen by the detector increased.

If the above is assumed ta L» corvect then differences in drainage may have been the
reason why a similar increase In dose rato was nok vbserved on the YAG-39 during Towa.
On this ship there 18 no bulwark or rail near the detoctor in the washed area to hinder the

GANVA
e rEsTOR

SULWARR
1754 40 -0NLY)

CALISTLD
CONTAMINANTY
g WATER

Pigure 4.1 Sketrh demonstrating how bulwark on YAG-40
could collect washdown runoff and contaminant. Not to scsle.

dischargn of water over the side, as on tha TAG-44, It {3 also posaible that differences
in trim may have favored a build-up of water in this arca on the YAG-40 while favoring
runoif ¢n the YAG-39.

2. Additional fallout could have arrived at this time, although the contribution to deck
dose rates from air-borne contaminant dees not clearly icdicate that this is the case. A
amall constant change in dose rate {n both test areas would be more noticeable in the
washed area then in the unwashed section.

3. Preferential removal by the washdown of one o7 more isotopes may have disturbed
parent~Jaughter equilibria, resulting in temporary changes in decay rate until equilibrium
was restored. Indicaion of thia phenoraenon was reported following ship and aircraft de-
contaminasion at Operation Castle (Reference 1), However, it {a difficult to explain why
this we.s not apparent in the YAG-39, Tews dose-rate curves.

4.6 REDWING AND CASTLE COMPARISON

Tabie 4.2 presents a summary of Operations Redwing and Castle resuits. The fallout
cncountered by the YAG's during Operation Castle had the same physical characteristics
as that from Shote Flathcad and Navajo during the Redwing series, though referred to as
& {ine miat Juring Castle and a slurry during Redwing (References 1 and 9).

4.7 WASHUCWN FFFECTIVEWESS AGAINST PARTICULATE FALLOUT

Table 4.2 (ndicates that when particulate contaminant was encountered, washdown was
49
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TABLE 4.1 POSSIBLE VARIATIONS BETWEEN OBSERVED AND ACTUAL WASHDOWN
EFFECTIVENESS DUE TO RELATIVE WIND SPEED AND DIRECTION,

OPERATION REDWING

Principal Rangs of Relative Range of Cbeerved  Range of Possible
Wind Direction Wind Speed Effoctiveness Actual Effectiveness
knots Eqp et Epp pet

Abeam and Astern 10 to 20 19 to 87 40091

{(Figure 8 maneuver (Castle 15 to 28)

and Shot Zunj parti-

cipation)
Wind over Bow 18t 17 ] ]

(Shot Fiathead) (Castle 28 to 30)

TABLE 43 WAZHDOWN EFFECTIVENESS SUMMARY OF CASTLE AND
REDWING RESULTS

Castle Redwing
pat pet
Slurry Contaminant:
Ead of fallout
Bt 87t 94 % to 97
Emn 90 to 94 94 to 98
End of washdown 2 hours alter 1.8 hours aflter
ead of fallout ond of fallout
Brp 89 t0 98 % t0 98
L ) 1097 9§ to 97
Particulate Contaminant:
Bnd of fallout No washdown evalua~
tion of this type of
coatamisast during
Operation Castle
Eyp Mo 8
En 8 to 94
End of washdown § hours after
ond of fallout
Ep 83 to 8¢
Emh 93 to 88
50
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less effective, but with continued washing after fallout had ceased, the reduction in dose
rate approached the effectiveness achieved against the slurry contaminant.

4.8 WASHDOWN OPERATING CONDITIONS FOR MAXIMUM EFFECTIVENESS

The following stipulations are put forth for achieving maximum wasbdown effectiveness.
Washdown should: (1) be activated as soon as possible after fallout arrival is detected;
(2) be operated continuously, particularly from beginning of fallout through the time when
the peak dose rate is reached; and (3) be operated as long as possible after fallout ceases.

4.9 EFFECT OF SHIP DESIGN ON WASHDOWN EFPFECTIVENESS

Study of Pigures 3.11 through 3.14 reveals that collection of fallout material could be
greatly reduced by changes in the configuration of ths weather surfaces of ship3. Deck
seams, ireas with poor drainage, gun tubs and other projections on the weather decks
are points where the contaminant collected. Washdown would be more effectiveona
more streamlined ship. (see Figure 4.1).
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Chapter 5 '
CONCLUSIONS and RECOMMENDATIONS

8.1 CONCLUSIONS

Four cenclusions can be drawn from the resulis of this test. They are:

1. The washdown effectiveness, as reported from Operation Castle, is substantfated
when employed against a siurry-iype coataminaat.

3. Lesser effsctiveness, 78 to 86 percent versus 87 to 97 percent reduction of total
gamma dose at the ond of fallout v:as xchieved against the Zunl-Towa coral residue failout.

3. Muimum washdown effectiveness is achieved by prompt zctivation at the start of
the contaminating event and by continuous oper»:ion as long as posaible after the fallout
has ceased. Washing after fallout cesastion i particularly advantageous in the case of
the particuiate contaminani.

4. Waghdown effectiveness can be matorially increased by smooth and well-drained
ship weather surfaces.

5.2 RECOMMBENDATIONS .

1 is desirable to extend knowlsdge of the viiue of the washdown countermeasure under
two additional circumstances beyond those cbtained in past tasts and applicable to ships
at sea or shore approaches. They are: (1) under contaminating conditions produced by .
& relatively shallow underwaier burst with its attendant base surge and fallout, which
would contaminate at very early timez after burst in a shori time interval, and presum-
ably to a greater degree then in previous experiences, sad (2) under contaminating con-
ditions of & water surface burat in a region of latense fallout such as might have been
encountered in this test series (Relerence 11) whers high (lethal) radiation dose would be
encountered.

it is therefore recommended thet washdown evaluations be accomplished under the
ehava circumatancas.
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. Appendix
SAMPLE CALCULATIONS

Al Eqp AND Eqq
The method used Tor handling the limits of accuracy when applied to the radiation measurements ia

Equation 1.1 and 1.2 is 3a follows:
Egp = 100 [x --gu"-.] a.n

Ep - xoo[x- :'-;] 1.2)

In solving Equaticns 1.1 and 1.2 the ratios D,,/D,, and R /R, were determined. Thc 413 percent limite
for Dy, Oy, Ry, and R, were calculated and applicd to each to determine maximum and miaimum valvas.

Maximum and minimum ratlos wero calculated using Dy, min, R, max/R,min, Dy, min/Dymax, and
Ry min/R,; max. Ratios weru then substituted in Equations 1.1 and 1.2 to yield average, maximum, md

minimum effsctivencsa values. Example:

E1ps YAG-40, Fiathead at end of washdown
Dy = 0.12T r, max D' 2 Dy ¢ 0.15 Dy » 0.148, min Dy, = D, ~0.13 D, = 0.108

Dy = 3.i0 r, max D, « D, ¢ 0.15 D, * 3.385, min D, = D~0.13 D, » 2.338

Dy mex D, min D,
6“- 0.04 ;E—s“—- 0.083 ——-5—“- = (.03
D'mln‘
Bpp (maxj « 100[1---——- = 100 [1 -0.03] » 97 percent
D“m‘ i

Bqy, favg) = mo[x-%:]- 100 {1 ~ 0.04] = 96 percent

Dy max )
Rrp (min) « IOO[I-W = 100[1-0'085} = 94.8 percent

A.2 Hpp AND Epg
Calculation of Xpp and Epp, Eguation 1.3 and 1.4, was accomplished as follows:

Dy ~-a
) Epp - ‘°°[‘"nu... a.y)
Ry~ A
Epr ~ 100 [l - m} {1.4)
Maximum and munimum values for the railos Dy ~ &)/My ~ &) and Ry = A)/®R, ~ A) vare detacmined by

subatitutior of values o that the largest possible numerator was divided by the smaliest denominator pro~
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ducing a maximum value and vice versa for the minimum. This method was chosen so that the final limits
on effectivencas reflect the widest probable range. Example:

Epp. YAG-40, Zuni at the end of washdown

Min. Max. Avg.  Remark
D, = 1740 10.0 8.1 Avg %13 percent
D, = 3.2 47.8 414 Avg 218 percent
as= 111 332 221 Estimate 30 percent

uaxnw-mua]

= D I ——————
Minimum Epp 100[1 Min Dy ~ Maxa

10.0- 1.11
100 [‘ - a‘z—-'a.az']

“f-#]

100 {1 - 0.28] = 78 percent

1o l1 - mnby-m.]

Maximum Epp Wax Dy~ Mina

41.6-111

ol

100 [t -~ 0.09] = 91 percent

100 [1- 1.40- a.az]
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Pearto Rieo
Cosmander-ta-Chief, SUCON, APO L8, Nev Yorx, R.T.
Cosmanding Officar, 9th Nospital Center, APO 100, Sev
York, N.I. ATTN: CO, US Ay Nusiear Medisine
Toseareh Detsgimeat, Burope

TAVY ACTIVITIRS

Chisf of Yaval Operaticns, O/W, Weshington 29, D.C.
ATIS: OP-03N0

Chtef of Naval Operations, DV¥, Washingwom 23, D.C.
AT P-3)

NA;; of l-;; Operations, D/, Wasnington 23, D.C.

T O~

Chtef 5C Savel Operations, D/, Veenington 23, D.C.
ATTE: -2

Chiaf of Baval Operaticas, D/N, Veshington 29, D.C.
ATE: OP-932201

Chiaf of Saval Operations, D/N, Vasbingtea 29, D.C.
ATTE: OP-3262

Chlef of Navul Perscunel, D/S, Weshington 29, D.C,
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Chiaf .f Zaval Mesearchy, D/Y, Wasnirgsca 09, J.C.
AYTY: Cde 32

Chief, Burnay .f Aerneutics, D/R, dvsbigza 79, D.C.
nief, duresu sf medleize and Nrgery, /¥, desiingecn
24, 3.0, AR, - .ial Ypna. et Dtv

Chief, dureay of “rinazce, D/, Washirgica 09, 2.0,

Chtef, Buresy of Orizarce, /¥, vuh'-c.:q 2%, 2.8,
AT 8.2,

Suier, Bareeu of 38ire, D/W, Vaaningion 39, 3.8,

AT?Y; Code 23

Chisf, survea =f Tards and Docks, D/W, Vesbizgtos 29,
D.C. ATTEs D-bdO

Precwr, 7.5, Javel Jeesarch ladoretory, Veatiagioa
22, 3.C. ATIY1 Xoe, Katierine R, Case

Cousarder, 0.3, Javal Orinanes ladore’ory, Viie O3,
Silver Spring 19, M.

Dirsator, Natertal Lah, (Code 300), Few Torg Javel
Migyerd, brooalys, B.X.

Commandizg Offiser wad Dlrestor, Favy Llastronise
ladoratory, Sem Diege %2,

Command ng :ﬁ:m. 0.8, hnl uu Detenss Lod,,
Mnane City, Na.

Cammaadiag OfTiser, 7.8, Maval fadislogieal Dfwcse
ladoretory, 2 Freseiseo, Calif, ATTN Tesh.
iage, Dtv,

Officor-in-Carge, U.5. Javel Civil Wgisweriag M8 1ad.,
U.4. Ival Conetreation Sa. Conterv, Pory hesauss,
Calif, ATTN; Code 7Y

Supsrintesdent, 7.5. Saval Asademy, Assepolle, N4,

Cossendsag Cffieer, U.3. Mval Jemcls Cammesd, 3.3,
Saval Station, Treseure lslasd, 2ea Premetisso, Caltf,

nmmmz, 0.5, Javal Moetgraduate Sehosl, Nontarey,

12,

Cffloor-in-Carge, J.5. Mavul Sedool, CIC Offieere, 9.8,
Savel Cosstrestion Ja, Center, Port Buseems, Cellf,

Commanding CTtienr, Putlesr Veapone Tralaing Ceater,
Atlaatis, 7.5, Savel 3sse, Norfolx 1), Te, AT
Puslear Varfare Do,

Comanding Cffieer, Suslear Veaposs Trataisg Cecter,
Meifle, laval tation, Sem Slego, Calls,

Commanding OfTisee, U.3, Mvel Damage Coutral Mg,
Conter, Bavl Buse, Piiladelphie 12, Pa. ATTN: ANC
Dafense Course

Camanding CfTiser, ALr Development Squsdron 3, VX-9,
Chlza leke, Calif,

Director, Mval Alr Experiment Stetice, Alr Material
Canter, U.5. vl Jase, Mhiladelsnia, M,

Commander, Ofticer 0.5, Mvel Alr Develipmsat Conter,
Jotnsville, Me. ATTN: XAS, Lidrurisa

Commandiag Cfficer, U.3, Mval Nedisal Meesarea Inetfitute.
Sational Naval Nediocal Center, Bothweds, W4,

Commanding Cfftoer and Direstor, David ¥V, Tnpior Wodel
Besin, Yeshingicoa 7, DL, ATTH; Lidrery

Offteer=ia-Crarye, 7.8, Baval Supply PMeeeared aod Devel.
cpmeat Feeility, Waml Apply Deyot, Maycess, B.J,

Cammander-ia-Chtef, 0.8, Atlantie Flaset, 0.5, Mvel
Bese Sorfolr 11, Vs

Cammandant, U.8. Warine Corpe, Washingtus 09, D.C.
ATHN: Code AOVE

Commanding Sensval, Fleet Marine Foree, Atlamtte,
Rorfola, Ye.

Diregtcr, U.5.0.C. Davelopment Center, U.3.0.0, Sehools,
Juaztieo, Ve,

Direator, U.8.:1.C. 2sucational Center, U.8.N.C, Sefools,
Quaatico, Ta,

Commandant, U.8. Coast Ouard, 1300 £, 3t., B4, Vashingron
24, D.C, ATT®: (C1¥)

Chlof, Muresu of Ships, D/W, Vashingtom 29, D.C. ATTE:
Code 72

Compander-ia-Chiaf, Preifie, Pearl Mardor, T.1,

Commander-1n-Chisf, U.3, Pasifis Tleet, Nest Poat
Oftioe, S.a Franeises, Calte,

ALR FORCS ACTIVITIES

Asalgtant for Atcais Dnergy, R, UBAY, Vaaaingtes 29,

D.C. ATIR: X80

Deputy Chief of Swaff, Operstions, M. TOAP, Veskingion
3, D.C. ATTR: APOCP

Deputy Chief of Swaff, Op.rations M. USAP, Veshington
29, 3.C. AITS: Opersticns Analretls

Dlrvewr of Inetallations, 4. UBAZ, Weahlzgtca 29, D.C.
ATTE: APVIR-E

1491486
N7
Y]
W9
1%
1
i
193
1819
1%-160

192195

197

212-29

Asels*ast Chisf of Staff, Incellizonce, X, CSAP,
dasniogion 29, D.C. ATTN: AFCIN-IN2

Dtrecicr of Mesearch and Devel.men:, 0C3/D, R. TOAS,
“ashingen 3, D.C. ATIN: Gufllarce acd Veapons Div,

The Surzecn Cererl, 'R, USAS, Vasaizglon 29, 0.C,
AT Bio.-Def. Pre. Med, Dirtston

Comandersin-Chiaf, 3trategle Alr Cozmazd, Offutt ATS,
Beb, ATTY: CAN3

Commarder, Mmo%ical Alr Command, langley AR, Vs, ATTN:
Oce, Jequridy Brecch

Comsander, Air Defense Command, Ent AFB, Coloredo.
AITS: Ataie Znersy Div., AZ:XM-A

Commarder, 3. Alr Meearch sod Develotment Cowmand,
Andreve ATS, Veshizngion 29, D.C. ATTN: ZTHIA

Commander, ‘destern Development Divisicn (AXDC) 2.0,
g 262, lrglevood, Calif, ATTN; WDSIT, Xy, R. 0. Veits

Commander, AF Casbridge Besearch Centar, L, 0, Mhaseom
Tiel3, mu, Mess. ATTH: CNGAT-2

i Joroe Opeetal Veapons Center, Kirtlsnd

AFS, M\an\n, . ez, ATTF: Tech, Iafo. & Intal. Div.

Direstor, Alr University Lidrary, Razwell AFS, Ala.

Commander, lowry ATS, Denver, Coloredo. ATTH: Dept. of
. Vins, Thg.

Commasndant, 3ehool of Aviation Wedisine, UBAF, Masdolnh
AFS, Tez, ATIN: Resesrch Seeretariat

eu;.u.;. 1009th 3p. ¥pns. quadron, 1R, TSAF, Yeshingtos

s D.Ce

Commander, ¥right Atr Develoment Center, Vright-Puttarsor
AFS, Dayton, Chio. ATTN: WCOSY

Diree’or, USAF Projest MIXD, TIA: USAF Lialscn Offive,
™8 RAND Corp., 1707 Mafa 3t., Jnte Monice, Calif.

Commander, ALr Defetse Jystems Integretion Div,, L. G,
Taasecm Field, Jedford, Mage, ATTN: SIIR-8

Asstatant Chief of Staff, Intelligense, M., USAYE, APO
633, Bev York, .1, ATTN: Direetorate of Aly Tergete

Cosmander, Alasisa Alr Command, APO 542, Seattls,
Yushington. ATTH: AAOTS

Compander-in<Chief, Paaifie Alr Torees, APO 993, San
Traneieeo, Calif. ATTN: FICIE-KD, Base Meocvery

OTIER IRPARDGENT CP IRTXNSE ACTIVIIIZS

Asslatant Seeretary of Defense, Msearch and Engineering,
XD, Veshington 29, D.C. ATTSE: Teoh, Lidrsry

Bxacutive Seeretary, Military lLiaiscn Committes, P.O.
Mos 1314, Veshington 29, D.C.

Chatrman, Armed Services Ryplosives Safety Beerd, IXO,
Mildiag T-7, Gravelly Point, Washington 29, D.C,

Direstor, Veapons Jystems Bwmluation Jroup, Toom 12880,
The Peatagen, Washingtos 29, D.C.

Commandsnt, The Industrial College of The Armed Forces,
. NcRair, Weshingtoa 29, D.C.

t, Areed Torcea Staff College, Norfolk 11, Va.

ATIN: Secretary

Chisl, Arsed Foroes Special Weapons Project, Waahington
25, D.C.

M.“r, Tield Command, AFWP, Sandia Base, Alduquerque,

Comaander, Fisld Comand, APSIP, Sandia Base, Aliuquerque,
¥, Nex. ATDN; FCIO

Commander, Field Coamand, AVSNP, Sandid Base, Albuquerque,
N, Mex. ATTN: FKNT

Commandsr, JTY-T, Ariington Sall Statios, Arlingtom 12,
VYa,

0.8, Documents Offtoer, Offics of the United Statas
MWtional Military Mepresentative - SBAPR, APO 93,
Rov Yorx, R.Y,

ATONIC XXEROY COMMISSION ACTIVITIRS

Atcmio Energy Commisafon, Technical Beports

u.8.
D,C. ATTE: Mre. J, M. C'leary

Library, Vashinglon 25,
(Por IMA)

los Alamos Jotentific laboratory, Report Librery, P.0
BOR 1L03, Ws Aissus, N, hex. Al'iN: uelen Redman

Sandia Corporntion, Classified Document Division, Japdia
Base, Albuquerque, N, Mex, ATTN: 8, J. dmyth, Jr,

Daiversity of California lavrenss Mediation lLaborstory,
2.0, Box 808, Liversore, Calif, ATIM: Clovis Q. Creig

Veapon Data Jection, Technical Information Service
Extension, Oak Ridge, Tenn.

Technical Information Service Extension, Oak Ridge,
Teon, (Surplus)
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