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pheThe nuc1g{r-rad1at1on program, larger than in any previous operation, has as its
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connection with the mechanism of fallout for use in the development of a fallout model.

This program also included projects to study decontamination and nuclear-radiation
countermeasures and initial neutron and gamma radiations. 7;
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FOREWORD

This report has had classified material removed in order to
make the information ava‘lable on an unclassified, open
pubiication basis, to any interested parties, This effort to
declassify this report has been accomplished specifically to
support the Department of Defense Nuclear Test Personnel Review
{NTPR) Program. The cbjective is to facilitate studies of the
Tow leveis of radiation received by some indivicduals during the
atmcspheric nuclear test program by making as much information
as possible available to all interested parties.

The material which has been delated is all currently
classified as Rectricted Data or Formerly Restricted Data under
the provision of the Atomic Energy Act of 1954, {as amended) or
is National Security Information.

This report has been reproduced directly from available
copies of the original material. The locations from which
! material has been deleted is generally obvious by the spacings
and "holes" in the text. Thus the context of the matarial
deleted is identified to assist the reader in the determination
of wheiher t=:e deleted information is germane to his study.

It is the belief of the individuals who have participated
in preparing this report by deleting the classified material
and of the Defense Muclear Agency that the report accurately
portrays the contents of the original and that the deleted
material is of little or no significance to studies into the
amounts or types of radiation received by any individuals
during the atmospheric nuclear test program.
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ABSUTRACT

All of the 17 devices detonated during Operstion Redwing were basically develepmental
in character,} One of the zignificant de-

sign features of several of the large-yield devices)

The blast program for this operation was designed to establish the basic blast phenom-~
enology for specific shots.

The nuclear-radiation program, larger than in any previous operation, had as its
primary objective the determinaiion of {allout contours and collection of data in connection
with the machanism of fallout for use in the development of a faliout model. This program
alsv included projests to study decontamination and nuclear~radiation countermeasures
and initial neutron and gainma radiations.

The structures program was chiefiy corcerned with checking the effect of the duration
of the positive phase of blast n structural response.

The biological-effect program consisted of a project to study chorioretinal burns.

The primary objective of the program on effects on aireraft structures was to ascer-
tain the reliability of current weupons-delivery criteria. A secondary objective consisted
of the collection of basic input and response data for use in analyses of delivery capability
of other aircraft.

In the program of tests on service equipment and studies of electromagnetic effects,
the emphasis was placed on studying loag-range detection of nuclear explosions. An
additional objective was the study of the effects of nuclear detoneations on the ionosphere
and microwave attenuation studies in the highly fonized regions mear the burat point.

The primary cbjective of the thermal program w:as the complete documentation of
thermal phenomenalogy.[‘

The support-photography program had the mission of documenting photographically
the history ot the nuclear cloud and supplying various technical and documantary photo-
graphic coverage ic essentially every project in the military-effect programas.

The organizatior of Task Unit 3 within Joint Task Force 7 is discussed. A brief sum-
mary of the functions and operations of the various staffs of Task Unit 3 is also presented.
With the exceptidn of the loss of data caused by the delivery error of Shot Cherckee,
the objectives of the blast and shock experiments were attained. Scme good data was ob-
tained at the surface during that event. Although the free-alr data was disappointing, the
analysis suggested slight upward revision of the then currently accepted positive-phase

duration standard curve.

Surface data was recorded on hoth Shota Lacrosse and Zuni, pormitting a composite
curve to be drawn representing the pressure-distance relsticn on the ground from sur-
face bursts, The drag-force data compared with the flald results of Operation Tezpot
and correlated raasonably well with data from identical scale models tested under labora-
tory conditions in the shock tube and wind tunnel. Precursor-type waveforms were re-
eorded on both surface events, and the propagation of the precursor was documented over

a vegetated area.
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A good range of crater data was measured under a wide range of source conditions and
environment. Water-wave measurcments were ohtained {rom the directly generated
Jageon waves and from those generated indirectly by an air-water coupling mechanism
and cbscrved at distant islands. On all shiots, a high percentage of instrumentation op-
erated at, and through, zhet time.

The documentation of the fallout distribution by various coordinated projects was
successfully accomplished. Evaluation of laboratory data yielded the necessary conver-
sion factors to correzt any guantitative errors in the measured patterns. Final data
analysis included corrections for background radiation. The combining of the corrected
fallout distribution with data from incremental and total samplers and with reduced data
from the rocket flights through the mushroom yielded sufficient informaiion for the con-
struction of a detailed model of the initial conditions for {allout-prediction methods.

The initial-radiation studies cxicnded the previous data to different weapons and yields.
The documentation of the radiation from a thermonuclear airburst was not accomplished
because of the drop error of Shot Cherokee.

Valuable data on contamination was gathered on ships, a!.hough the resuits are not
complete because of the lack of high contamination levels. Removal of contamination by
weathering during the journey back to Site Elmer was instrumental in limiting many of
the contamination~decontamination studies.

Because of the error in the delivery of Shot Cherokee, all six of the stesl-frame
industrial buildings (30 feet in height, 40 feet in span, 40 and 80 feet long). which com-
prised the relatively large structures program, were subject to higher pressures than
expected. As a result, the planned gradation of damage to the various struoctures was
not achieved, and all structures collapsed. However, a direct comparigon of the resulis
with those from four similar structures tested during Operation Teapol shows that, in
the case of one drag-type structure, the damage suffered was much greater at a smalier
overpressure during Operation Redwing {multimegaton device, long-duration-positive-
phase blast) than durirg Operation Teapot (kiloton-range device, short-duration-pesitive-
phase blast. Thus, a full-scsle, qualitative demonstration and an agreement with theoret-
ical studies were accomplished. The test results were analyzed to determine the quanti-
tative magnitude of the bonus effect of the long duration of the positive phase.

Results from the biological-effect program showed that climatic conditions and the
thermal-pulse characteristics at some exposure stations reduced the radiant exposure
beiow the threshold necessary to produce chorioretinal burns. Both the first and second
peak Irradiances may produce chorioretinal burns. Blink reflex is not sufficiently fast
to protect the eye.

The limitations of the capability of the aircraft testad to deliver nuclear weapons were
determined. Basic thermal and blast data was obtained for aircraft-design research.
Results showed that primary structural componants are not alwavs the factors limiting
delivery capability; the secondary structural parts and miscellaneous non-load-carrying
clements frequently establish the limits.

It was successfully demonstrated that: (1) cperationally usable lines of position and
fixes could be obtained from the bomb pulse at great distances when time of detonation
and vield were known; {2) airborne flush-mounted antenna and photocell combinations
would pick up electromagnetic and thermal pulses giving results that could meet the re-
quirements for yield determination; (3) high-yield nuclear detonations produced effects
upon the junosphere that were more proncunced in the test siwe area to the south than to
the « st of ground zero; and (4) the microwave attenuation versus time in the jonization
region resulting from atomic detonations makes it advisable to store telemetry informa-
tion during the initial 10 to 20 usec, afterward utilizing UHF or SHF to telemeter technical

information. P
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The thermal progrum was generally successful from an instrumencai point of view
tut the irterpretation of the results is uncertain because of the lack of sufficient Atmos -
pheric attenuation data, the excessive cbscuration at several of the stations, and the
large delivery error of Shot Cherckee.

On the basis of the limited results. the scaling of surface bursts appears to be differ-
ent from the scaling for airbursts. The time to second muximum for surface bursts
appears to scale about W3 whereas the second maximum for airbursts appears to scale
more to W4, The scaling of thermal ylelds for surface bursts is not well established
but appears to be different from the Wo-% scaling that has been observed for cirbursts at
low altitudes.

The support photography program fulfilied its overall mission of providing technical
photographic support to the various projects. A documentary motion picture of the Red-
wing weapon-effect programs was produced and distributed. Excellent navigation toyt.ther
with improved camera installations made it possible to obtain more complets cloud-

survey data than on any previcus operations.
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FREFACE

with the Giring of Shot Huron on 22 July 1958, Operation Redwing, the most extensive
series of nuclear tests to that datc, was broaght to conclesion. On 10 August 1956, the
Commander, Joint Task Force 7, terminated the Redwing Operaiionsl phase, during
which 17 nuclear devices had been detonated.

This report is5 the {inal summary of the technical results {rom the eight programs
implemented during Operation Bedwing. It has been prepared by the Dirsctor, Test
Division, and his staff of the Office <f the Deputy Chief of Staff for Wespons Effects Tests.

jeld Command, Dofense Alomic Support Agency (DASA]. At the time of Operation Rad-
wing, the Command was designated Field Command, Armed Forces Special Weapons
Project {AFSWP).

Grateful acknowledgement is made of the invaluable 2ssistance of J.R. Eelso, Blast
Branch, Weapons Effects Division, Headguarters, DASA, in ‘he nreparation of Chapler
2 of both the preliminary report and this final report, and of P.B. Perkins, LCDR, USN,
Fallout Branch, Radiation Division, Headquariers, DASA, in the preparation of Chapter
3.

The preliminary summary report, ITR—-1344, prepsred by tbe Commander, Task
Unit 3, Operation Redwing, and his staff, has been used a8 2 point of departure in pre-
paring this final summury; thus, much of the material hereir is based directly on the
preliminary version.

Chapter 1 contains a summary of the functions and activities of the several operational
and suppori staifs of Task Unit 3. Subscqguent chaplers contain general discussions of the
findings of each test program. In many cases, these findings are consolidated for a
number of coordinated projects designed to give an overal] result; therefore, tiw resaits
{rom individual projects are not always considerad separately. The sppendix contains
brief abstracts and bibliczraphical information on the projects.

For more detaifled technical informaticn, the reader is referred to the finzl reports
of the individual projects. The final reports (WT reports) are listed under the projects
described in the appendix.

A preliminary summary report of the fallout studies of Program 2 was published as
ITR~-1354. No final report of that study will b= published; therefore, the useful portions
of the canceled WT —1354 have been incorporated into Chepter 3 of this report.
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Chapter 1

INTRODUCTION

1.1 BACKG 'ND

In a letter aated 28 February 1955, Headquarters, Armed Forces Special Weapons
Project (AFSWP), advised the services that Operation Redwlng was scheduled to ¢sm-
mence in the spring of 1956 and invited proposals for experiments, measurements, and
tests.

After review and coordination of the proposals, an outline for the Redwing Weapons
Effects Programs for 13 shots and an initial budget of $15,385,350 wers submitted to the
Assistant Secretary of Defense for Research and Development cn 29 June 1955 and were
approved on 14 July 1955. The Joint Chiefs of Staff, on 18 July 1985, zpproved the in-
corporation of military-effect programs in Operation Redwing.

On 5 August 1955, the Chief, AFSWP, in a letter to the Commander, Field Coinmand,
AFSWP, directed the implementation of the mititary-effect programs of Operation Red-
wing. Thia was followed by a letter from the Chief, AFSWP, dated 18 August 1955, to
the participating agencies, outlining certain policies and procedures essential to the
successful execution of the Redwing military-effect programs.

As planning progressed, ths number of shots in the series was increased from 13 to
17. Some new projects were added, and 2 faw were deleted. The Redwing 3eries was
begun on 5 May 1956 when Shot Lacrosse was detonated on Site Yvonne, Eniwetok Atoil.

1.2 OBJECTIVES

All of the 17 devices detonated were basically developmentsal in character,'—-

, Shot Cherckee was included in order to obtain bssic
military-effect and fsllout data from a high-yield airburst over Iard. It also proviced the
first opportunity for the Alr Force to atudy delivery technique of & multimegaton weapon.

There was oue &ir drop in sddition to Charokee. Of the other devices, six wsre deto-
nated on 200- or 300-foot towers, five on barges on the surface of the water, thres on
limited land surfaces, and one on 2 barge in shallow water over the reef. No underwater
or underground bursts were planned for this operation. it was around the above family
of devices and their detonation envirorments that the military-effect programs were
formulated. ——

One of the significant design features of ssveral of thg Iarge-yield devices

This was in contrast to the
multimegaton devices of Operation Castle,

One of the fundamental considerations In planning the tachnical programs for Redwing
waa the inclusion of projects to obtain data for which there was an urgent military need




and which could not be obtained with devices of smaller yields at the Nevada Test Site
(NTS).

Program 1 (Blast Effects) was designed to establish the basic blast and shock phe-
nomenology of specific shots in varfous environments. This was to be accomplished by
measuring various blast-wave parameters in free alr ard along the surface.

Program 2 (Nuclear Radiation) represented the largest effort that had ever been ex-
perded for this program {o date. The Redwing program was highlighted by a concerted
effort to establish fallout contours and to obtain data on the mechanism of fallout. This
increased effort evolved from the results of Skot 1 during Operation Castie, which cleer-
ly indicated the tremendous scope of the fallout hazard. The program in Redwing was
designed to obtain complete data in the areas affected and to assist in the construstion
of a realistic fallout model that would permit extrapoliation to differant devices, burst
heights, and surface conditions. In addition, a number of projects involving decontami-
nation and nuclear-radiation countermeasures were Included to close existing gaps in the
knowledge of techniques to combat the fallout hazard. Finally, certain projects to study
initial gamma and neutron radiations were inciuded to obtain data in areas where existing
knowledge was considered unreliable or incomplete.

Program 3 (Eifects on Structures) was chiefly concerned with checking the effect of
blast positive-phase duration of multimegaton devices on structural respoase. The re-
sponse to blasts of short-duration positive phase had already beer studied during Opera~
tion Teapot. Therse were a number of questions regarding the applicatility of a simpli-
fled mathematical model to the load-duration problem where the particular model was
considered & masa-spring system with one degree of freedom.

Program 4 (Biological Effects) consisted of one project that called for exposing animals
to study chorjoretinal burns.

Program § (Effects on Alrcraft Structures) was primarily designed to make certain
that the current weapon-delivery criteria were reliable and that the maximum delivery
capability of the xircraft was correctly defined. Caleulations indicated that, for large-
yield devices, the dellvery capability of aircraft was limited by thermal effects. A sec-
ondary objective consisted of the collection of basic input and response data for use i{n the
theoretical analyses of the delivery capabllity of other aircrafl types.

Program 6 (3tudies of Electromagnetic Effects) placed emphasis on studying long-
range detection of nuclear explosions, utilizing the electromagnetic signal. An additional
objective was the study of the effects of nuclear explosions on the ionosphere and the
attenuation of super-high-frequency (SHF) and ultra-high-frequency (UHF) radio waves
in highly icnized regions.

Program 8 (Thermal Radiation and Effects) had & primary objective of documenting,
as completely as possible, the thermal phenomenology associated with & multimegaton
sirburst. The secondary objective covered the collection of dats on thermal phenome-
nolegy and thermal effectz on materials on several of the other shets,

Program 9 (Supporting Photography) had the missgion of documenting photographicelly
the history of the nuclear cloud and supplying technical and documentsary photographic
roverage to essentially every project in the militsry-effect programs.

1.3 SUMMARY OF SHOT DATA

Table 1.1 gives yields and certain environmentel data ot the time of firing. The yields
given in the table are the latest available at the time of publicatior of this report.
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1.4 PARTICIPATION

Table 1.2 indicates {1e shots on which each project actually participated. In some
cases this varied from planned participation, because of such factors as instrumentation
difficulties at the time of a particular shot and changes in vield or firing schedule that
would make participation on 2 different shot more desirable.

1.5 ORGANIZATION

A memorandum from the Joint Chiefs of Staff, dated 24 April 1953, directed the Chief,
AFSWP, to exercise {within any task force organization) technical direction of weapon-
effect tests of primary concern to the Armed Forces. Based on a directive to implement
the military~effect programs from the Chief, AFSWP, to the Commander, Field Command,
AFSWP, on 5 August 1955, the preoperational phase of Operation Redwing was executed
by the Commander, Field Command, through the staff office of the Deputy Chief of Staff
for Weapons Effects Tests (FCWT). Figure 1.1 shows the organization of this office.

In early .ary 1956, personnel began to arrive in the forward area to make prepa-
rations foi the milltary-effect programs.

On 12 March, the Deputy Chief of Staff for Weapons Effects Tests and his Technical
Director and Test Division Director, departed for the Pacific Proving Grounds (PPQG).

It was at this time that the military-effect programs entered the operational phase and
were integrated into the organization of Joint Task Force 7 {Figure 1.2). The military-
effect programs were organized as Task Unit 3 {TU-3) under Task Group 7.1 (TG-7.1).
While at the PPG, the Commander JTF-7, through CTU-2, exercised operational con-
trol over all personnel assoclated with the Department of Defense (DOD) weapon-effect
programs and the equipment ard material in their possegssion. The Chief, AFSWP, re-
tained technical direction of these programs during the operational phase. ‘The dotted
lines on the chart Indic¢ate .le channels for this direction.

The organization of TU-3 is shown in Figure 1.3; it was activated on 1§ March and
deactivated on 10 August when the cperational phase of Redwing ended.

1.6 PERSONNEL

1t was considered advisable for the Personnel Officer from the Support Divigion, FCWT,
to augment the TG-7.1 Staff as an Assiztant Adjutant General at an apprupriate time,
primarily for the iasuance of overseas travel orders, inasmuch as the plans and problems
of TU-3 personnel (approximately half of TG-7.1) were more familiar to FCWT. All
administrative procedures relative to requests for orders from DOD agencies were proc-
essed through FCWT asd coordinated with Program Directors and the FCWT Security
Officer prior to for: -arding to TG-7.1 for lasuance of orders. Requests for travel orders
for TU-3 personnel continued to be processed through FCWT at Sandia Base, New Mexico,
even after TU-3 was activated at the PPG. Figure 1.4 shows the TU-3 parsonnel strength
as a function of time during the Redwing operational phase.

1.7 ADMINSTRATION

The Administrative Section of TU-3 maintainad offices st Eniwetok and Bikinl. Each
office provided the following services for thoss TU-3 psrsonrel on its respective atoll;
4) distribution of official and personal malil with related systems for suspense files,
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locator files, and correspondence logs: (2) maintenance of TU-3 central files; (3) mainte~
nance and supervision of the control and receipt system for classified documents; (4)pro-
cessing of outgoing correspondence; {5) mustering of personnel; (6) assistance in the
preparation and dissemination of adminstrative practices directed by higher headquarters;
and (7) aseiatance in correspondence of service members with their parent organizations
on military matters.

Headquarters TG-7.1, assisted by TU-3 personnel, prepared p:r diem vouchers for
TG-1.1 as a whole.

The volume of the above activities was consistently large; in most instances, personnel,
time, ané working facilities were limited.

1.8 SECURITY AND CLASSIFICATION

During Operation Redwing, the TU-3 Security and Classification Oficer assumed only
certain aspects of the overell security function. These were mainly security liaison, the
operation of the personnel security-clearance system for TU-3 personnel, the operation
of the badge-request gystem for TU-3 personnel, and miscellaneous functions such as
control of contraband. The remsinder of the security function was retalned by FCWT in
the CONUS or assumead by other Task Groups. All physical security functions were the
responsibility of TG-7.3 and TG-7.5, while CTG-1.1 exercised command security re~
spensibility for TU-3.

A TG-7.1 and 1 J-3 Joint Classification Cffice was established. Upon the departure
uf JTF-7 and TG~7.1 classification personnel, the TU-3 Classification Officer assumed
all classification functions at the PPG.

The organizational and operational arrangements of both the Security and Classification
Offices were satizfactory and proved to be a decided advantage in accomplishing the over-
all mission of TU-3.

1.9 OPERATIONS

During the planning stage, the Operations Branch, FCWT, was primarily involved in
coordinating and publishing general pianning information for the projects znd in coordi-
nating operational requirements. Monthly consolidations of requirements were prepared
for forwarding to Chief, ATSWP, CJTF-7, and CTG-7.1. Included were summaries of
requirements involving ships, aircraft, sample-return flights, Uiming signals, navigation-
al aids, and the like. Information on requirements was extracted from project status
reports a2nd this, with Castle experience, formed the basis of Redwing operstional planning.

A Concept of Operations was published by CTG-7.1 on 12 April 1855, and it appeared
that a TG-7.1 Cperax on Plan would not be available until sbortly before some TU-8 proj-
ects were due {0 move to the PPG. In order to give projecis some guidance on operation-
al matters, a FCWT Planning Directive was published 26 September 1955. Althougha
number of changes were necessary, it served iis purpose as 2 planning aid and was can-
celed upon publication of the TG-7.1 Operation Plan on 20 February 1956 and the TU-3
Administrative Plan on 15 February 1356,

In the field, the program officers did a large part of the operations work. The Oper-
ations Section within TU-3 sssisted as requested, published information as necessary,
and cuordinated matters affecting more than one program. At Eniwetok, the project and
program personnel usually placed their requirements for iransporiation and similar
suppert directly with the J-3 section of TG-7.1. The Opsrations Officer with the TU-3




T
R R AR

e

\}IW

element on Bikini rececived all requests and relayed them to the J-3 office at Bikini.

1.16 COMMUNICATIONS AND ELECTROKNICS

Coordination of communications and electronics matters pertaininy to participation by
the milltary-effect pregrams in the operation was a function of the TU-3 Operations Section,
and one officer was assigned for this purpose.

Radio-frequency requirements, changes, arnd operational use were coordinated with
JTF-7 through TG-7.1. TG-7.5 (AEC) provided and maintained basic interatoll and intra-
atol! communicativn systems through its contractor organization.

At Eniwetok Atoil, the interisland telephone system was extensive enough so that only
one base radio station and two portable units were maintained for TU-3 emergency com-
munication. A separate net was provided for Program 2, becauzse many surface vessels
were involved and buoy cable facilities in the lagoon were limited and normally used only
by major surface vessels.

At Bikini Atoll, a limited interisland telephone system necessitated the establishment
of three separate radio agets. The TU-3 orgenization at Bikini uiilized @ base radio sta~-
tions and 12 portable radio units. The Raydist positioning and tracking system utilized
5 base stations. Program 2 atilized 3 bzse stations, In additicn to units installied sboard
vessels operating (b the program. The 12 portable radic units were controlied by TU-3
and z2ssigned generally on a daily basis as required. The equipment used [n these nets
could be manually tuned and proved extremely flexible in operation.

Primary positioning and tracking of effects aircraft was accomplished by the use of
Raydist navigation systems at Bikini and AN/MSQ-1A radar systems at Eniwetok.

The Air Task Group (TG-7.4) provided an air traffic control system consisting of
radar and communications facilities at Eniwetok 3sland. The Air Operation= Center (AQCC)
provided a secondary positioning system for effects aircraft and, in event of emergency,
could take control of any alrcraft participating in a particular event. This task group also
provided all navigational 2ids required for the operation.

The JTF-7 Message Center {acilities were utilized for trafiic iv Wotho, Kusaie, and
Rongerik Atolls, when project stations had to be informed of ahot aierts, delays, and
cancellations.

.11 TIMING SIGNALS

The TU-3 Electronics Staif Officer was responsible for the Implementation of all timing
signal requirements of the DOD projects. During the Redwing planning phase, the con-
solidated requirements for timing signals, azfter being reviewed, were forwarded through
Requirements to the J-6 Section at Los Alamos. Holmes and Narver (H&N), an AEC
civilian contractopr, was charged by J-6 with laying the necessary wire. Ancther civiilan
contractor, Edgerton, Germeshausen, and Grier (EG&G), provided timing relays, made
the required coanections, and cperated the timing system.

At the peak period of the operation (during Shot Cheroke2), 28 hardwire timing signals
and 10 radico timing signals were supplied to DOD siations. In addition, EGLG supplied
the DOD projects with 44 biueboxes (timing relzys) for activatiog ihe Instrumentation.

Timirg-signal dry runs wer2 normaliy heid twice daily. The Iaat scheduled dry run
usually oocurred at 1500 hours on D—2 days for Bikinl Ato}l and 1000 hours on D—1 day
for Eaiwetok Atoll. However, for successive days that were designated either s3 D-2
or D-1, it became the practice to hoid tUming-signal dry rune at 1000 hours every other
day.
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The installation of the required wire and the chackout of the timing signal system
provad to be one of the critical factors In the oversll readiness for Shot Cherokee.

Although the use of radio timing signals In certaln sreas was less costly and more
earily installed, the hardwire timing signale were more relisble.

1.12 LOGISTIC SUPPORT

The preparatory phase of logistic planning and support for the military-effect programs
was accomplished by the Support Division, FCWT, and began in the spring of 1855. All
parlicipating agencies were advised of the supply and traneportation limitations of & PPG
operation. The preparatory phase reguired s monthly compilation of the support reqaire-
mente, which the projects submitled in periodic status reports. Reguirements for items
such as vehicles, furnlture, surfice and air transportation, and special {ten.s were co-
ordipated with TG-7.1. The requirements were acreensd, and consolidations were for-
warded 1o CTG-7.1.

During the latier part of the preparalory phase and during the entirs operational phasse
zt the PPG, a logiziic Officer from the Support Diviglon, FCWT, waa asgigned to the
J-4 gection of TG-7.1 z¢ Military Property Officer. The Support Division mairiained
Hzison in the Zi for TU-3 on property, {iscal, personnsl, and related matters.

1.13 COKSTRUCTION

Early in April 1355, Headquarters AFSWP regaested all approved Redwing projects
to submit field construction reguirements as soon 2s possible. The degdline for sub-
mission of the requirements was 1 May. Because many of the agencies a2pproved for
participation in Fedwing were then engaged in Operation Teapot, very few construction
requiremenis were submitted prior to 1 July. The bulk of the requirements were received
and passed to the Architect-Engineer (H&N) during the period July through Gotcber 1855.
These late submissicns of construction requirements, coupled with the Archifect-
Engineer’s subsequent deiays in turning out preliminary and final design drawings, gave
rige to many of the later difficulties in meeting test schedules.

During May 1955, a liaison officer from FCWT was assigned tc the J-§ office of TG-7.1
st Los Alamos to expedite the kandling of the DOD construction and other requirements.
This arrangement continued until the departure of the TG-7.1 staff to the PPG.

Upon arrival of the FCWT {TU-2) personnel at the PPG, it was found that generally the
test and support construction was {rom 4 10 6 weeks behind the desired progress schedule.
Although the construction was eventually completed in time for scheduled shots, the devi-
ations from the desired schedules did not permit early occupancy of test stations, for
dry runs and testing of signal, recording, and operational procedures.

The conrtruction costs of test structures and facilities, cumulative to 31 August 1956,
totaled approximately $1,135,000. Costs of support-type work orders issued in the PPG
totaled spproximately $547,600. Costs of photography and timing signals was approxi-
mately $458,000.

1.14 FISCAL

The original Redwing research and developruent (RED) budget totaled $15,385,350 when
presented 1o the Assistant Secretary of Defense (RED) by the Chief, AFSWP. [t was
computed from budgets submitted by the projects within the DOD in tbe early spring of
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1955. The Cble! proposed that funds in the amount of $10,400,000 be furnished by AFSW P
and $4,985,350 be furnished by the thres services. This budget was approved, and the
control of funds was transferred to FCWT on 31 August 1555, .

On 5 September 1955, all approved projects were requested to submit current Sudgets
in order that 4 realistle rotal buigst could be computad. These revised budge:s reguestad
additional funds amounting to $3,049,000. Meetings between representatives of Head-
quarters AFIWP, the project agencles, and Field Command AFSWP, resulted in the re-
duction of this figure to $1,800,000. A revised budget Ihcorporating these increases was
approved by tae Chief, AFSWP and Secretary of Defense (R&D) (n the spring of 1956, and
the actual funds were received in 3May 1956. In general, the rovised budget took into
account the increased esiimate< of construction costs at the PPG, Increased ghipyard
costs, increased costs of contracts widh Scripps Institution of Oceanography and Horning-
Copper, Inc., and participation by some projects on additional ashols.

Table .3 stows the 5 October 1355 budget compared with the 5 Jeplember 1556 budget
and in the last column, the AFSWP tetal costs as of 1 July 1953. The actual chargss to
AFSWP funds were well within the approved budget.

1.1&¢ REPORTS

The TU-J reports staff was responsible for reviewing certain aspecis of the oversl!
technical content of each Redwicg preliminary report (ITR) and for detailed editing for
organization_ printing style, spelling, and grammar. Ordinarily, oo attempt was made
to rewrite reports or influence the overzil literary style of the author. The illusirations
were reviewed aod, in certaln cases, redons in the field.

Each edited draft was returned to the apprepriate program and project for approval
and then transmitted to CTU-2 and to the DOD Deputy Commander, TG-7.1. Upcn the
latter's approval, the manuscript was prepared hy the reports staff for transmission to
FCWT, where tae actual camera copy was typed zad flnished artwork was prepared or
completed.

The work included the procesaing of 41 ITR reperis, some initial sdministration and
consultation with authors on 12 additicnal ITR's {which werse acheduled for submission to
FCWT after rcllup at the PPG), prepzration and editorizl processaing of some DOD sections
of the Summary Repert of the Commander, Task Group 7.1, and collection and proczssing
of individual DOD research project reports for eack shot summary {pubiished [z each
zase by the Isboratory responsible for the shot).

The {inal {WT) repor?s of the TU-3 projects were prepared by project personne! at the
bome agencies 2rd sent to FCWT for processing, which included technical and editorial
Teview. BMapuscript copics of each [inal report were 2130 sent i the Chief, AFSWE, for
technical comments, which ware conszolidated with ths Program Direcior’s and editor’s
comments al FCWT and sent to the project agencies for revision of the report.  Ths pros-
eazing of the revised draft for printing was performsad in FCWT. Actual presswork,
binding. and distribution of the priated reports, both preliminary 2nd final, was perform-
&d by the Technicul Information Service Extensicn, AEC, Ozk Ridge, Tennesgee—ihe
official priater of ail reports in the weapon test series.

25- 28

Wy o AR



]

"

TABLE 1.3 SUMMARY O S9OT DATA

Cade Xame

Lacresse Chctokae Zani Erw Seiseie FlaSusd
Onte (739G 1554 $ Wy 33 May 3 May -3 4 33 say  Zame 13 o8
Wasis Time® L= 33200461 #234-42.303 TR S415:23.3%¢ 1235300353 L= St
Taia: Tals
Sipdralraamit)
Vicssom Thald
Haulsehenczsl}
Tora! Desauemied REsIM 1MaITIE
i;——? —
Lare-Poim Creand Alr dyes, Lapd-vsisr Tower, jramad Trwns, froess Faler taak, Terge, Tawer,
Toro-Puizt Lo gtios
E =" Yoom o2 Oarss Tare Sally Tromn frome OF fug Towats
B Faauler 23 ji33 = Iz S = i3 k4
-4 ] 134313 2 SimainE 1188l 132153 ¢ pi o223 3 N E s Wi E
Cmrdaiad L0 8 I 430N ISR M 1R X e X e X tEEM N FETIL
Gocgraght= e NN eEtame TR Hhac =gt ] RN L gt :r:fa%
Cocrdintize ji=—roitl of 4 =4t o 3 fi= 0 o 4 ErIirz UK Esiysr L HI== =% of 3 Hrnte
Baspht of Soiet, B 3t €32 e 153 3 = =4 z - =
Tige oz 2w Nine 33 3 33 7 3 -2 3 is +3
Cnw Molat, P 1.8 t3e e B0 A = S X
Sea-Lovel Fresvery 140583 i=he i8ex pE-T % 1981 12383 1508 13133
& Grount Save, 203
SeroweAis 2] - " [ =R ] X F2 % ] [=£] =1
Temgerine, *F
Surinee ReSiTve 2] o = = =2 " 324 =
Esnilty, s
Smrince Wand [ e E ] E 0 E==3 =2 ¥
TRraca, Jog
Surfuze Wini s iz 12 iz iz i 2 Imid
Falzcrry, Ioets
Viaisyy, milee »n: 355 E i3 3% i) 3 i3
© Eotan TR, st scrroied Sor delsy e travimiassca. | Esrid GRe lesh et Ssanative. § Welsr-taak sa0w i teasid Lroe &= priracsase-yudl Suirad




EsriSodt Kickipes Cuagpe =
LazL (=== Lasy : 38
= 12 Ao [TE 1% Sane I3 Jene
13285582 PR LR 2 34T 238
T=war, Asr dteg, Teser,
Faiiy Trowie Femsi ofr By Eady Fisrs OEke Cradert G Deg Charkiy-Dug Basl  Ficos Ndds Cretae)
H i + 11 H iz 1 is )
HEBy IECTe 2 E R 4 St E prnl [ R N E IIHE == g
I HENaRE Ras ittt ¥ jE—-12% 1 S K - % ISHME ji=L %
WEUTE $IITAETR (e et ot ] e mT HUITRTE e gt ot ] Fae. 22 -] RN WY
jr= g -ad 4 [Tt o 4 €S R it of 3 EIVETE YT HITFI'E [t 4 ErITE
= a3 =e — = - - — —
2 23 (%1 HRE HE az s 31 %
" e Tae .3 s =S s k11 =3I
FIE=_ 3N 5583 18533 [~ 31 15523 13353 1.533 L
38 R 33 = s = (] e 854
It H |+ = 33 2 = = =
=2 i 1 atx 123 = 22 33€ =
E 3t 13 1 H 13 H 2 4]
32 i 212 1% 1Y =3 iz *i¥ 32 )
poail mBrmasiios.  § funad Thead e T Catex =a&ﬁ2-,§g--@%=rﬂ=gu¢‘ e
T
A
- -~ . . —_— . == -
o 2 . s 4 = =
= - = - _ - 1 e -
- - ——— - -




et § —
R 1
v —— o _ B
- = el — e
IV = mmaoae e W o e
== S

IHIT

1
555253555

stliing
kit

I

is?lé??iii

EAWETOX ATOLL

y targe

{sland usmes and corresponding military fdeatifice

during Opeution REDWING ate fadicsted b

oy

atrering sod arrows, Mative

L fowe of test &

BIKINT ATOLL

TABLE 1.1 CONTINUED

S s A, s o

o
bl
|
.

sre glvan in the tabulavicns,




TABLE 1.2 PROJECT PARTICIPATION
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= TABLE 1.3 REDWING RESEARCH AND DEVELOPMENT BUDGET
Program AFSWP Funds Agency Funds Total m;i :\“rswp
Oct 55 Sep 58 Oct 83 Sep SO Oct 58 Sep 36 1 Jul 59
1 $ 1,972,400 $ 1,030,135 None None $ 1,079,400 $ 1,030,135 § 902,128
2 2,780,950 4,152,381 Nons $ 302,359 2,760,850 4,855,240 3,624,854
3 876,000 387,471 None None 878,000 471 700,070
4 24,000 24,000 3 30,000 0,000 54,000 34,000 23,928
5 2,896,550 3,455,418 3,161,500 3,781,750 4,058,050 7,237,185 2,338,334
8 200,000 210,000 1,735,700* 123,000 1.933,700 83,000 184,743
8 584,100 657,200 58.150 15,060 642,250 172,280 716,134
9 650,000 895,070 Nons None 650,000 $95,070 §43,37%
Total Program $ 5,071,000 $11.431,672 $4,585,350 $4,402,669 $14,058,35C $15,894,341  $9,033,904
F.O. Costat 528,000 315,710 None None 929,000 318,710 143,158
Delay Costs 355,000 396,795 None None 355,000 336,785 —
Reports 45,000 85,000 None None 45,000 88,600 §.457
TYotal Operation $10,400,000 $12,229,177 $4,985,350 $4,4602,869 $15,185,350 $16,691,848 $9,136,549
* Not R&D funds. Later deleted and not reflected as FOWT-controlled funds In the 3 Sep 56 budget,
T Field Operation.
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BLAST MEASUREMENTS

2.1 OBJECTIVES

The blast and shock projects conducted during Operation Redwing were designed to
obtain data for which there was an urgent nced and which for the most part could not be
obtained at the Nevada Test Site (NTS). The greatest effort was planned toward establish-
ing the basic blast phenomenology of a high-yield airburst by measuring various blast
wave parameters in free air and along the surface, as well as determining the loading and
response ot various targets from a long-duration blast wave. The next most important
task was to establish the basic blast phenomenology of a medium-~yield land surface burst
by similar means although in a less extensive manner.

It was recognized that neither of these tests were to be conducted under conditions
represcntative of many target areas that would generally require a semi-infinite land
mass. However, the safety requirements were such as to preclude such tests within the
continental United States. Therefore, every effort was made to obtain representative
effects data that could be applied to areas of more significant military interest.

It was realized that environmental conditions in the Pacific were such as to give rise
to many difficult problems in making blast and shock neasurements, such as the availabil-
ity of suitable land areas, yield varijation for developmental shots, weather delay, and
wave action, as well as construction costs that made it necessary to use self-recording
gages or existing shelters wherever possible, with 2 minimum of new construction. In
general this philosophy governed th. establishment of the overali objectives for the blast
and shock projects of Cperation Redwing, which are listed below. Justification of these
major objectives was documented in Reference 7. These major objectives are related to
specific shots in Section 2.2.

The principal objectives of the blast and shock measurements made by projects in Pro-
gram 1 were as follows, listed in order of priority:

a. Establish the basic phenomenclogy of a high-yijeld true airburst including blast wave
propugation along the surface und in free air through a nonhomogeneous atmosphere.

b. Establish the general phenomenolegy of a medium-yield land surface burst, includ-
ing blast wave propagation along the surface and in free air, as well ss damage to drag-
sensitive targets.

¢. Continuation of the drag force gage development program and application to struc-
1eral shapes over a wide vield range.

d. Obsain data on blast wave parameters over a vegetated area for a precursor-forming
tower shot,

e. Measure spparent craters resulting from land surface bursts over a wide yield range.

f. Determine basic blast phenomena {rom detonation of & fractional-kiloton device.

z. Investigate waler-wave generation and propagation from high-yield bursts.

In urder to obiain data to satisfy these principal objectives, participation by varijous
projects in Program 1 was therefore scheduled on one or more cvents on a priority basis.
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A number of the events on which such pacticipation was originaily planned are discussed
in tae next secticn. As the operation developed. however, a number of changes were
pecessarily made in the field, because of changes in weapon design and configuration that
would affect yields (usually based on information from earlier shots in the series). also
the substitution, addition, or elimination cf developmental shots for the same reason. as
well as delays due to weather. Other delays resulted wher devices were not ready on time.
For some projects, then, additional participation was authorized on other events, depend-
ing on the availability of personnel ard squipment as well as requirements for oparational
support. Participation over and above taat reguired to insure maximum success in a-
chieving the major cbjective of the project was approved only on 2 noninterference basis
and at no addizional cost, contingent upon the availability of suitable tand oreas and
recording shelters if required.

The project abstracts are given in Section A.1 of the appendix.

2.2 BACKGROUND

2.2.1 High-Yield Airburst. Basic measurements were needed to determine the
pressure-distance relationship vertically above burat zero through 2 nonhomogensous
atmosphere. It would then be possible to evaluate the significance of the differences
between observed values and those that might be predicted by varicus methods currently
used to account for the effect of altituds on blast wave propagation. These differences
could be most easily analyzed in a vertical direction above the burst. For small devices
the effect of nonhomogeneity was not considered significant. However, for weapons in
the megaton range the influence of the variaticn of amblient pressure and temperature,
with altitude, on the propagation of the blast wave could not be neglected. Data obtained
on the effects of inhomogeneity from Operations Ivy and Castle was inconclusive.

This operation alao presented the first opportunity since Shot King of Operation Ivy
to obtain pressure~distance data along the surface from a high-yield airburat. Tac data
was necessary to confirm the height of burst curves for large weapons. Shot Coerokee.

was planned as an air drop! },o detonate at a height of 3,000 fest
above Charlie Island in the Bikini Atoll. This altitude was selected as being almost
equivalenty

thus InsuFing a trie airburst where the reflected wave would not pass taroughthe

1 and catch up with the incident wave. Such coalescence had been observed on two
shots during Operation Teapot at lower scaled heights of burst and kad affacted pressu
in the incident wave.

4
8

Consequsntly, it would be possible to e.a;ae various scaling methods used to reduce
pressure-distance data measured along the surface to 1 kt under sea levsl ambient con-
ditions. Heretofore Sachs scaling factors based on burst-height conditions had been used
to correct such data for plotting on the height of burat curves. On the cther hand, It was
proposad to use modified Sachs scaling factors based on target amblent conditions. Under
this concept, data measured at the surface would be corracted to standard ccaditions
using meteorological data at the surface and not at burst altitude. As a burst height of a
large-yield device increased, there would be & greater difference between the correction
factors obtained by both methods. The surface data obtained during Cherckee would pro-
vide a check 23 to which method of scaling is mors appropriste.




2 2.2 Surface Bursts. Somewhat meager data was available on truc iand suriace

bursts where the blast wave propagated over a continuocus jand gurface Dati from pre-
vious events was largely obtained in the low-pressure range and under conditions where
blast wave propagation occurred over water. Confirmation of the limited data chtained
along a land surface was therefore needed. Further supporting data was needed o de-
termne the {ree-air equivalence factor which might be applied to surface bursis The
2W theor~ considered the surface as a perfect reflector and stated that the blast waw
should nropagate with a pressure-distunce relation of twice the yield of the device deto-
nated 'a free air Previous measurements indicated that the frec-air equivalence factor
for shots in the megaton range on Eniwetok and Bikini Atolls. might be closer to 1 6W
Thiz value could not be independently confirmed. however. because the yields were de-
ter mined by the hydrodynamic method that is based cn a 2W concept fur firebal]l growth
for surface bursts An indeperdently obtained yield. such as that derived by the radio-
chemical method;_ , was required before a true value of the
free -air equivajence could be determined Consequently. participation was planned dur
ing Shot Lacrusse where the yield could be determined essentially independent of the ZW
concept as well as during Shot Zuni where it could not. However, because blast meas-
urements could be made essentially over land for both shots, it would be possible to de-
termine the applicability of cube root scaling for y:eld under such conditions.

2.2.3 Operation Ivy. Shot Mike was the first thermonuclear detonation in the megaton
range It was fired as 2 surface burst on Flora Island in the Eniwetol. Atoll Measure-
ments of peak pressurc were made on other islands in the ztoll zt fairly long ranges
consequently, measured values were below 20 psi and essen*elly represented data for a
surface burst over water, because a considerable portion of the Flast wave travel took
place over the surface of the lagcon.

Shot King wus the {irst air drop of 2 large-yvield weagon although 15 yield was only
about half a megaton. Good data was obtained on the gropasatun of . shock wave in
free air horizontally from the burst. i e . in & homogenZor's simosphere. Little infor-
mation on the effects of inhomogeneity were obtained, because data obtained from the
analysis of the particle mouion of smoke puffs did not agree with pressure-time measure-
ments made with parachuteborne carusters Surface data consisted of measurements
made on parallel blast lines over water and land. Essentially ideal waveforms were
ohzerved over water; however degraded waveforms characteristic of the precursor
were observed over land. Measured values of overpressure on Yvonne, a narrow island,
~ere less than measured vajues of overpressure on the water line at the same ranges

2.2.4 Qperation Castle. It was plannad to document the behavior of the blast wave

over lard from 2 land surface burst by establishing a blast line down the Tare complex

Lo . Unfertunately, the yield of thiz device went low, =0
that the range of overpressure data obtained was not as extensive as originally intended
‘Mezsurements made on Uncle Island over a second blast line which was approxamately
180 from the first were consisiently highe: than those mexsured on the Tare cuinplex
Consequently. there appeared to be measurable attenuation of the blast wave as it trav-
eled down the Tare complex. due to the presence of & rainstorm over this arez at the
time of detonation.

It was also planned to make measurements of the hlast a.wg_;be__l_’:avinr over 2 cleared
NE cegeiaied area on Pearl 187:nd from the de tonation of the device or Rubv  Othe:
elahorate snstiumentation was pianned {or this shot, includ.ng 2 stwdy of damage v weps
which wers considered representztive of drag- sensitive targets such as military ficld
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squipme . Lilis shot dds 3u tse qesatls caneeied

On the othet shots in the Castle seres. nanwly. I, I, 4. 5, and 5, 2irblast preavmena
~as documented it various pressure levels by means of electronic and mechanical gages
15 wxell 25 by znass sis of rocket traul photograpghy. Mest of the data :avolved blast was.
A= ve . A2ter  and minor anumalies with réspect to wasveform perturbaiion were -
secved  In addstion. measurements of dvnamic pressurs ndicdted the presene. o wot
toading 10 the blast wave Conzequently the Castle data :ndicated that wuter did not con-
stitute as good 2 reflecting surface as had previously been assumed.

'2 Precarsors Two problems relutive to precurs:r formation and sropagation
ve t He stuweed durtng tus operation- 110 The fornatior of 2 precursor {rom 1 serfucs
Jurst 1ind :2) the effec. of vegetation on the propagation ot the precursoc.

Up to this time there was not sufficient data to allow a positive conclusion t¢ be drawn
4> to precursor formation from a surface burst. An examination of the rocket trail photo-
graphy and electronic gage records for the surface shot during Operation Jangle did not
sho s 4 precursor Howeser, this event was a4 low yield device {~ 1 ki), which may not
aave produced a strong enough thet mal layer, ind o addition. the pressure-time meas-
urements were 4l below 20 psi  Data obtained from Cperations Ivy and Castle repre-
sented the other extreme in yield. bui involved extensive blast wave travel over.a water
surface As mentioned previously Castle Shot 3 was 2 land surface burst with 2 blast
line down the Tare complex However there was considerable rain over the shot point
and the 1..- complex so that. alth:ough nv precursor tendencies could either be detected
tn the pressure distance curve or observed in the shape of the recorded pressure-time
waveform daia 1its formation may have been suppressed by the mcisture in the air and
on the ground

After Castle and early in the planmng stages of Teapot. a requirement lor a surface
burst of greater than 10-kt yield was recognized, to provide basic information on blas?,
thermal and nuclear radiation. However. AEC safety criteria established for NTS op-
erations preciuded the possibility of such a shot being included in the Teapot schedule.

A medium-yield surface burst, Shot Lacrosse (~ 40 kt), planned for Redwing was expected
to satisfy this requirement and, in particular to answer the question of precursor forma-
tion from such a burst. In addition, blast measurements would also be made on Shot Zuai.
a large-yield surface burst (3 to 4 Mt), which would be positioned near the | -
crater with a blast hine down the Tare ccmplex. This would permit an evaluation of the
eifect of yield scaling over 2 wide range on precursor formation.

Shot 12 {MET) of Operation Teapot gave conaiderable insight into the effects of differ-
ent surfaces on the formation and propagation of the precursor. However, the two arti-
ficial surfaces represented extremes as compared to the dusty desert surface, i.8., the
asphalt being essentiaily an organic or thermally absorbing dust-free surface, while the
water supposedly was an ideal, thermally reflecting surface. How well these test surfaces
achieved their purpose is discussed in WT-1153, Summary Report for Operation Teapot
From 2 more practical consideration, however, there still remained unanswered the
Question of the effect of real vegstation oun the precursor. Small plots of {vy leaves and
fir boughs had Yeen set out for Shot MET over which direct temperature and acoustic
velocity measurements were made for the comparison with similar msasurements over
the three test surfaces. It wos desired to ascertein if the air msdium over the vegetated
plots was changed to a state that might itself support a high soaic velocity. Moat of the
data obtained over the various suriaces was difficult to reconcile with other supporting
measurements and was incompatible with previous data obtained by the same methoed on
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other operations as well as being internally inconsistent. It was, therefore, necessary
o plan an experiment {o observe the effect of a full-scale vegetated surface on the -
curscr cnaracterisiics.

For Oreration Castle, a blast line hagd been prepared on Pear! Island for Shot
This shot was canceled, but meanwhile half of the island had been cleared, leavim
other half with a vegetation stand of grass and 10-foot shrubs. When it was found that

a precursor-forming tower shot, was planned for the same island dur-
ing Operziion Redwing, the Castle project was reinstated in order to measure blast wave
parameters yver 2 vegetated surface and over a cleared area.

2.2.6 Drag-Forcc Meazsuremenis From nuclear test series prior to Operztion
Teapot. it was recognized that the drag forces and damage to drag-sensitive targets in
the precursor region did not correiate with the results anticipated from utilization of
measured overpressures. Limited dynamic pressure measurements indicated nonideal
blast phenomena in the precursor region, because values recordad under dusty flow con-
ditions were substantially higher than those calculated from measured overpressures by
classical shock relations. During Cperation Upshot-~-Knothole, reinforced concrete struc-
tures previously subjected to 12-psi overpressure in 2 clean shock region from a high
arrburst without damage were translated 25 feet by 9-psi overpressure in the dusty pre-
cursor region from a low airburst. Tests were incorporated into Operation Teapot to
study and measure the quantitative relationships between the various airblast parameters
experienced in the precursor region 1n order to determine their influence on the loading
of targets. Ti :se tests included extensive measurements of dynamic pressure on Shot
12 with the pitot static gage for diract correlation with drsg force measurements on
varicus nearby targets.

These targets consisted of ideal simple shapes such as 3- and 10-inch diameter
spherical models, rectangular boxes and cylinders, which were placed at various ranges
so as to evaluate the total effect of the precursor from a nominal yield tower shot {MET)
over three difierent test surfaces. It was found that the drag forces were much higher
over the dusty desert line that had a precursor than in either the nondusty precursor
region over asphalf or over & water line where ne substantial precursor was observed.

Attemnpts to reiate the field test drag datz to that obtained in the laboratory from wind
tunnels and shock tubes on the same models met with limited success, although the drag
coefficients from the laboraiory tests were fairly consistent with similar data available
in the literature. However, laboratory experimentation was difficult, because of the
size of these models, which resulted in blockage in available wind tunnels, as well as
the extremely short shock durations in relation to traneit times in shock tubes. In order
10 eliminate thermal gradients and dust effecis {rom the loading problem, it appeared
desiranle to obtain additional full-scale data with improved versions of these drag Iorce
gages in a region where clean shocks were expected.

Because precursor effects from surface bursts were expected to be less severe than
for low airbursis, these models would be positioned at higher overpressurs levels on
the Pacific shots te get the same dynamic pressure levels as were obtained during Shot
MET Thercfore. drag measurements were planned for Shot Lacresse using variocus
typer of gages, the majority of which were to be used in stingless-type configurations.
These 1ncludzd midsections of long cylinders and purallelepipeds, az well as cubes on
ground planes Because it was also considered desirable to made such measurements
on ideahized shapes under long-duranion louding for 2 better understanding of the problem,
spherical mougals on sliings were algc 1o be e giesec during Sho! Cherokee

Al the same LUme. there ere olher problems thal required consideration in a field
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ot D ot am fo tacilitate theoretical ardys:s »#f damuage predictions. Drag cnar e st
at structural members appearad to be of great importance in Ui, analysis of structures
wsth complex configurations of trusses and lattice-type networks, particularly for long-
juration loading Although these characteristics ire somewhat altered when individuai
o nbet » ite combined mta a network, a great deal of basic informution could be gine?
by studving single elements of various simpie shapes. Conscyuently. for Shot Cherua..
drag force measurements were to be made on full-scale structural members such 1s 3~
inch wide flange beams and 8- by 8-inch angle irons. These drag force measurements
would be compared with free-field dynamic pressure measurements at the same lccation
to obta:qa mare reliable transient drag coefficients. These, in turn, could be correlared
wth laburdtor; expetriments as well as  with tield tests of high explosives

As part of the drag force pregram, it was plansed to position jeeps for Shots Lacrosse.
Zuni, and Yuma. Such exposure would provide data for a continuation of the statistical
damage evaluation studles of the jeep under environmental conditions different from
those previously considered. These studies had shown that the respons= of all types of
Jdrag sensitive military field equipment could be predicted on the basis of damage to
jeeps ln previcus operations dating back te Buste--Jangle. it had also been fourd tha
vehicles »f different sizes placed at the same distance from grourd zero experienced
approxamately the same degree of damage; therefore only one type needed to be tested.
Response datia to be obtained from Shot Lacrosse would allow vehicle damage for a
classica! waveform to be compared with that for nonclassical waveforms obtained from
a precursor-forming tower shot at NTS (Shot 4 {Turk]. Operation Teapot) of approximuteiy
the same yield Data from Zuni and Yuma would extend the Lacrosse data over a wide
yield range to check scaling 0 3,500 kt.

Another phase of the dragforce program concerned the use of an existing structure
from Qperation Castle, Station 3i). Measurements of airblast lcading on full-scale
structures such as concrete cubicles had been made on 2 number of previous field tests,
primarily in the low-pressure clean Mach region (below 6 pai). Perhaps the largest
effort on nonresponsive targets of this type was undertaken during Operation Upshot-
Knothole. 3caled models of cubicles had been tested in variocus shock tubes, but the
emphasts had been directed toward the initial or diffraction leading. For large megaton-
yield weapons with long positive-phase durations, drag loading had become more impor-
tant as 2 damage criterica for many typical structures. Shot Zuni afforded an excelieat
opporfunity to instrument a 6- by 6~ by 12-foot concrete structure in 2 higher pressure
ragion and a longer positive-phase duration than had previously been recorded. It was
hoped that the ioading data to be obtalned would validate model scaling in the moderate
pressure range (15 to 20 psi} and would correlate with predictions baged on semiempirical
methods developed om previcus full-gcale operations.

2.2.7 Crater Survey. Previous crater studies utilizing full-scale high-explosive and
theoretical data had reached z point where additional full-scaie data was desirablz for
surface and underground shots, to supplement that obtained from three iow-~yizld shots ot
NTS undar controlled conditicns. Available data from the Pacific consisted of that ob-
tained from larger yleld surface bursts during Oparations Ivy and Castle but fixed under
uncontrolled conditions involving 2 water-soll interface. Because of the radiclogical
{allout hazard limitations tmposed, there was no prospect of gathering data for yialds
larger than 1 kt from continental tests. The Pacific Proving Grounds {PPG), later callec
Eniwetok Proving Ground (EPG). offered the only immediate opportunity to obtain 2ddi-
tional erater data.




A further comp: omise was conceded 1n that the measurementis were of the dppaen-
c1ater rather than of the more desirable 1ue crater This was necessary beo 2ust of the
lack of detailed infurn-aiion on the geologic siructure at each of the detonation silus
Previous deep drilling and core borings a2t Eniwetok and Bikini indicated the prescnce ol
exiensive sand lenses and other gevlugic nonhomogeneities in the coral atolls which
made 1 uncertarn that the demarcation line between true and apparent eraters could In
readily ascertained by any means Therefore. the expense o: any cxtensive efiort to
mezsure ifue « 1 aters by drilling or core boring would hardiy be warranted

There were to be touur shots in Opersation Redwing that were to be fired at or relativels
near the surface s 45 o produce craters These were lacrosse, Zuni and Scminole
all essentially sesface burste of varying yields  and Mohawk, a large yield tvwer shot
It was determined that measurements of the apparent physical characteristics of these
vraters should be obtayned using aerial photography and lead-line sounding techniques
Project participation during Shot Tewa was added in the {ield after a change 1n the vpers
tional pian placed the site location in a shallow water area.

2.2.8 Water Waves Hesulis of the water~wave studies during Cperations lvy and
Castle indicated that megaton-yie'd devices could generate surface water waves by two
related but distinctive processes. Energy transfer in the form of initial impulse and
displac~nent produced significant waves in the central region. while at more distant
1anges different waves were apparently genersted by a coupling phenomenon not completely
understind  These two wave systems resulting from the same source seemed subjpct to
Jifferent laws of generation, propagation and termination. Participation during Redwing
was designed to obtain datz on both systems Originally measurements of both direct and
indirect water waves were planned at various Jocations on only four shots Zuni Chero
kee “avaj. and Apache However participation on Flathead Dakota Tewa. and Mo-
hawh wits subsequently authorized using avasiable instrumentation already installed and
In operation 10T previous events.

———
<

2.2.10 Scaling Factors. In order to compare the airblast data irom certan shots of
the Redwing series with cther nuclear detonations it 15 necessary v normalize zuch
datz to 1 Kt of radicchemical yield at a ses level ambient presgurs of 14.¢ psi and an
ambien temperature of 15°C  However e only possitle way 1o determune the fission
-1 id ter 2 €i.¢n shot 1s by rad:‘orhjbngsir_\ 1
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2hot 2s calculated by bydrcynumee methods that igyolve phouwrog

growth before breakaway. Wherever aocprogriale, the fisston yield valuaes for meritin
shots also include considaration ) i Further, when rudicchamieal 1nalysis
s differe: - isotopes save yleld vEurs for the SLanw shot thar did not ex .

average yietd was used. Coassquently, the recomeeaded vieid .n ™ = 1.1 Tepraccns
the best vojae that can be detervmnined for each shot based on the jwdynient of axputienced
AEC lahoratory personne! who have avaiizble all the many variables of the device and Itz
eavironment as well as the quality of the data obiained that would affect the reiative ra-
IZability of each method &f yield computation.

The scaling f2etors prescated in Table 2.1 were delermised by s of the 3ach™s gor-
rection factors for aimospheric temperature and pressure at the surzace  This proce-
dure of scaling to ambisnt conditions at the target or gage heigh. is known as modified
Sache scaling. The reasons for adopting this method of scaling for the Redwing shots
that were not detonated at the surfuce will be discussed in more detail in Section 2.12.1.

caling to amblent conditions at burst height is known as straight Sache scaling or A~
scaling and has been used for reduction of surfzce data sa previous operations. Scaling
factors computed on this basis for the tower shois and the Cherckee airburst are listed
in Table 2.2.
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Wiksre: W = yield of the device in kilotons
_ P, = ambient pressurc iu psi at burst height or measaremexnt beight

-
&

= ambient temperature in *C al burst haight or measurement height

Tables 2.1 and 2.2 present the pertinent scaling faciors used in convertiog the observed
data to standard conditions for both methods of sealing.

2.3 RESULTS: SHOT CHEROKEE

This event was the frst airburst of & device In ths megaion-vield range. dros
wz3 planped so that the burst position would be at an altitude’ maxi-
mum firebzil radivs by cube-rool scaling. This wauldbe s true free—air ¥irst, from =
biast point of view, mealing it coe of considarable interest for docunmnistion of basic
blast phenomenoiogy In the free-2ir region and on the ground. Inasmuck 2= this Gype of
event had 2o be restricted i the PEG Ik could not be conxidersed as faking place over a
homogen=ocus surface of infinite extent. Neverthelass, by planning the air zero position
Gver an island, and by placing much of the surface instrumenialion on Islands, both
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artificial and natural, it was felt that the data to be obtained would approach that for a
semi-infinite 1and surface particularly at the longer ranges. However, the positioning
error in air zero almost nullified project participation in Program 1 because of the ex-
treme range of the burst and its azimuth relative to the blast line. The results obtained
are presented in the {ollowing paragraphs.

2.3.1 Free-Air Data. The shock photography technigue, which inciuded the use of
smoke rockets, was employed on this event in a manner similar to that during previous
operations. The rocket array was arranged so that a fan of trails would pass in a verti-
cal plane behind the burst (relative to the camera). By observing the passage of the
shock front against this background, it would L2 possible to measure the time of arrival
in the horizontal and vertical direction. From this data, peak overpressure can be cal-
culated as a function of distance by use of the Rankine-Hugoniot relations at the shock
front. Camera locations and rocket stations were so placed that it would be possible to
determine the pressures vertically above the burst out to a range of about 10 psi. The
offset ir air zero was such that the device light was too weak and the shock strength too
low by the time that both entered the field of view of the cameras, to enable an analysis
of the film to follow blast wave propagation.

In order to extend the Naval Ordnance Laberatory (NOL) vestical pressure distence
data into the low-pressure region, it was planned to position canisters directly ovar air
zero covering a range in altitude between 14,000 and 39,500 feet. Measurements to be
made by instrumentation contained in the parachuteborne canisters would overlap the
NOL data, thus nroviding an independent check on pressures computed by the shock
volocity technique. In addition it would be possible to document the time history of the
blast wave passing through a nonhomogeneous atmosphere in the 1- to 20-psi region.
Location of the canisters at shock arrival would be determined by a method of photo-
graphic triangulation previously used during Operation Teapot, aided by the installation
of flares in the individual canisters to assist in their identification. Measured blast dats
would be telemetered to surface stations.

On D-Day for Shot Cherokee, all 12 canisters were drrrped from a B-36 at 44,000
feet within 1 second of the planned release time and an . - - tjally vertical array of
canisters was positioned above intended ground zero (IG=:. a fact, during a postshot
survey of the target island, Charlie, two of the canisters were observed lying offshorz
in the shallow water over the reef. However, because the detonation occurred at a point
some 19,500 feet from the 152, the array of canisters was not above the burst as origi-
nally planned. In addition, because of a delay in timer initiation caused by a minor op-
erational difficulty, the large 28-foot parachutes on five of the canisters ‘opened later
than planned. Consequently, these canisters remained on their small drag chutes for a
longer time than was planned and were therefore at much lower altitudes at shock arri-
val than desired. In fact, the records on the two lower canisters indicate that they were
in the Mach region below the triple point. The other seven canisters were all within
3,000 feet of their intended altitudes at shock arrival. This was Jue to the fact that the
time required for the shock wave to travel the extra distance involved was partially
compensated for inasmuch as the detonation occurred approximatzly 21 secends early.

Because of partial cloud cover, only the five highest canisters could be identified on
the films from one camera station; therefore, it was not posgible to obtain accurate
positioning data by photographic triangulation. Consequently, slant ranges from bomb
zero were deters.ined by three different methods. One method used the photographic
line-of-sight data with the canister altitudes deierminec from the telemetered »mbient
pressure measurements to find canister coordinates. Arother method used tle canister
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ballistic teujectory dazt. the wind strvcture at the time of the shot, and teiemetered in-
formation on release me and altimeter altitudes to find canister locations. In the third
method, slant ranges were computed from the observed shock-arrival time, measured
peak overpressure, and ambient pressure data.

The sl nt raages ecvrouted by these various methods are compured in Table 2 3. Om
the whole, the agreen:ent is surprisingiy good, although those caleulated from the shock
travel times and pe:xk overpressures are believed to be the most accurate. No correction
for wind drift was made, because the displacement of shock front by the wind was not
considered to cause a corresponding change in peak overpressure.

Table 2.4 lists the :bserved data. The pressure reference chambers for the five
highest canisters were not sealed pricr to shock arrival: therefore, the recorded pres-
sure time waveforms were distorted. Consequently measuremenis of positive-phase
duration for these canisters were considered inaccurate and are not listed in this table.
The average pressure reading represents the average of both a high- and low-range gage
on each canister. The values given for the corrected peak overpressure were obtained
by applying a giage correction based on the measured shock strength and an assumed
probe orientation.

For comparison with the observed data, values of peak overpressure were calculated
at canister locations by various methods currently employed to correct for the effects of
atmospheric inhomogeneity. These calculations involved the use of new AFCRC (Air
Force Cambridge Research Center) experimental free-air curve that was based on empir-
fcal data from previous nuclear tests weighted according to the type and locations of meas-
urement. The three methods examined were modified Sachs, Ledsham-Pike, and
Theilheimer-Rudlin; alpha is also dependent upon vavious assumed initial conditicus. A
zumber of computations were made, sllowing alpha to go to zero at various shock
strengths. The trend of these figures indicated that optimum agreement with the obzerved
values is obtained somewhere between the @ (5) = 0 and a (10) = 0. Assuming th’t o =0
for Qg = 10 in the Theilheimer-Rudlin method, a comparison of pressures predicied by
these three methods iz shown in Table 2.5. The percentage duration for each method is
also shown together with the algebraic mean and the root mean square for the eight high-
est canicters. In general, the difference between all three methods appears to be small,
and no gystematic trend appears evident. Although modified Sachs scaling is a simpie
and practical method for predicting free-air overpressures, it is essentizlly empirical
in nature and lacks az firm theoretical background. For extrapolation to situations that
lie far outside the range of yields and altitudes for which experimental data exists, the
Theitheimer-Rudlin method is proeferable over the jedsham-Pike method. However, it
should be remembered that integration of the differential equaticn of the Thellkeimer-
Ruclin theory requires an initial condition that is not provided by the theory itself. Con-
sequently, for very large yields, additional numericsl integrations of the exact equations
of motion may be required, taking gravity and atmospheric structure into account.

2.3.2 Surface Phenomena. Because of the bombing error, no shock photography data
wag obtained for Shot Cherokee. Furthermore, this error affected the ground surface
instrume.tation in three ways.

First, the offset position was such that the gage loeations d!d not constituta a blast
line spanning a pressure range {rom 200 to ! pal, as {ntended. Rather, the effect wag
to esgentially shorten the length of the blast line, sMminating the high- and low-pressurs
ends. The result was data that spanned an overpressure spocirum from 4.1 to 12.8 pat.
Second, the pitot-static gage, which is unidivectional when oriented to Iatendad ground
zero, received the blast onset =. oxcezsive angles to the axds of the tube. It was fourd
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that a Jowering of recorded pressures of both the votal and stalfc pressures occurred.
Therefore, the dynamic pressure recocds from these gages were essentially a complete
loss. As a result, those gages that were ecsentially omnidirectional .ind could record
the blast from any direction did not effectively cover =z long enough blast line, and the
data from those gages recording dynamic pressure was not interpretable because of the
orientation of the nitot tube away from actual burst zero. A third effect of the ofiset was
manifested by the recr~ding of unexpected pressures. The range sctting of the gage cap-
sule is adjusted to a :rtain span of pressure hased on the predicted irput. The actual
air zero position caused higher pressures to be recorded at some stations and lower
pressures at others, to the effect that records were overranged in the one case and gave
deflections tco small to read in the other.

Figure 2.1 shows the plot of measured peak overpressure against ground rarge. Dis-
tinction is made between the various types of rtations, i.e., reef stations, those on
artificial islands, and those on the natural islands. It will be uoted that a marked devia-
tion occurs in some of the data recorded by the reef stations. These stations consisted
of a pitot-static gage and three grourd baifles. The latter were mounted oa pipes of
sufficient height {o keep the baffle above high tide stages. At shot time, the baffle was
some 3 feet above the tide level. Essentially, this arrangement amounted tc & gage on
the end of a 3-foot sting whose diameter was about equal to that of the baffle plate. Sub-
sequent tests by the Ballistic Research Laboratories (BRL) in the sheek tube indicated
that the recorded values of nverpressure could be attznuated because of this mount con-
figuration. It was found that, under the same input conditions, the gages mounted on a
pipe recorded overpressures 25 percent lower thun the same gage mounted on a fiaf sur-
face. On the other hand the value of 10.9 psi at 19,143 feet was recorded on Site Charlie
wherz the capsuje had been set to record near 200 psi. The very small deflection wasg
difficuit to read accurately, and the reading is undoubtedly too high. Figure 2.2 plots
recorded values of arrival time and duration.

Following Shot Cherckee and the realization that the extreme angular offset of the
pitot tube to the onset of the blast wave would probably negate usefulness of the field data
obtained by that type “Q"" gage, plans were made for field tests dus ing tise remaindsr of
the series to obtain some correlative data. The basic idea was to place some of these
gages for one or more subsequent events, in 2 comparable pressure field, oriented at
0, 32, 42 anc 50 degrees to the line of sight from gage to ground zero. Jgeally, it would
have been desirable to place the gages back on one of the artificial islands, using one of
the barge shots. This plan was infeasible however for a number of reasons, mainly that
the exact diffractinn and orientation conditions could not be duplicated, and the area was
already well conta ..aated by one or two following events before the plan could be put into
effect. It was thouyst that a more practical approach, and one that would result in useful
data, couid be accomplished by placing the four gages on one of the kiloton-yield range
tower shots. "“his was dcne for Shot Inca. Analysis of the data obtained shows that the
effect of a 1z z-angle offset to the shock front is tc reduce the overall recorded pres-
sure, total and static, below the true pressurc effective at that range. A similar tést
was hurrjedly adopted for Shot Zuni where two gages, one electronic and one self-
recording, were oriented at an angle of 45 degrees to the shock wave. Only one gage
survived the blast, but the results confirmed the Inca findings.

T A AN

2.4 RESULTS: SHOT LACROSSE

This shot was detonated on an artificial island at the end of a causeway about 430 jeet
off ibe north end of Site Yvonne. The device was placed on a support se that its height
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was L° et above the datum plane datum t:ugen as by fuot below mesn 10w vatey sut.oads
Tide conditiony at shot time have been estimated at 2.2 feet (above datum.. [t s, there-
fore considered that the shot was detonated 14.3 f2et above a watsr surface. For diag-
aostic measurements, extensive pipe arrays were laid out on the island (Figure 2 3t

Two 1 these conz swed of 16-inch pipe suspended at a heignt of 4 to 6 leet ibove tae
Frouasd, runming down one side of the island. Parallel to these and ia the middle 1 e
island. an earth berm (10 to 12 feet above grade) covered a coaxial cable line. In orcer
to preclude any possibility that the gages would record perturbations in the blast wave
caused by these obstiuctions. it was necessary to locats instrument stations well elear

f the werm line In some cases this moved the gages close to the shoreline of the lagoon.
There s.s so.0e Soncern elt that the pipe might part at one or more places down its
iength and whip across the gage stations. Closer study of this problem relieved the con-
cern somewhat, and as it turned out, although the pipe did break in several places. sec-
tions of it were not thrown for any great distance to either side.

2.4.1 Free-Air Data. By use of the smoke rocket technique. it was hoped that
pressure-distance data could be obtained vertically above this surfzce shot These dat:
could then be compared to the composite free-air curve and to other data available or
to be obtainad from the large yield (Zuni) surface burst, for example. A similar com-
parison to the surface data would disclose possible asymmetry in the vertical propagation
of the blast wave. The rate of growth of the fireball in the vertical direction was greater
than the growth along the surface. However, therc was not sufficlent arrival time data
measured above ground zero to warrant fitting.

2.4.2 Surface Phenomena. Direct-shock photography of the blast wava was tsken
from the Mack photo tower situated in the lagoon. The objective was to observe blast
wave propagation over a waler surf{z1e to t&o qorth and over the island to the south The
question of water pickup by thc binal wovy wsl of considerable interest, involving the
effect of suspended watsr drzglets wilch wauld ix: enrried along with the shock. Ths re-
sults from thia starios wure nsgativs, becauas ihe cimeras on the tower did not operate
at shot tims. Howsrew, supplemantsey filn:. ‘~um firaball phctography taken from
Wilma (to the novch of Yvonns), wers mnde av+'igble !5 the projsct. Analysis of the film
produced good pregsura-diztance dsts over ° - : wels: surface from 600 to 3,250 feat in
range as shown &y riguce 2.4. In couiuncté sk with e blast line recokds of Sesdia Cor-
poratton (8C) and HRL, * is possibie t& 2 Tpary gata collected over a land surfses and
over water, to note qualiiativeiy the effsct of thess surfaces on the shock wave.

The objecetive of the surface blast lines for Laorosss waa to document basic biast data
frem a medium kiloton-ylald surface burat. Ths langth of tha iins was designed to in-
clude possible precursor formsation, propagation, and deasy, and {o extand to low pres-
survs in the clésn shock region. The primary line was instrumented with elscironic
blast gages, backed up and exiended by 2 secondary lins of self-recording gages. Attwo
ranges, 2,500 and 2,800 feet, the elecirozic instrumentation was locatad in support of &
project taking drag fores measuremsnts.

In addition to backup, the self~rocording gnage was added to aontinue = study of com-
parison of these fwo typas of biust gsges. Figure 2.5 shows the mechanically racorded
(BRL) peak overprassuras to be consiatentily highar than the electronic. At the one sta-
tion, at 2,500~-foot ground range whare hoth projects had gsges sids by side ths self-
regordsd values ars Z to 3 ps! higher {n about £ 19-psi region-—groater than 10 parcant
daviation, At the BRL 1,180-foct station where the waveform showa good avidance of
precurscr formstion, the prossures recorded Dy two ground dafflas are &2 much as 15
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to 25 percent higher than ideal, where less than ideal precursor overpressure would be
expacted. The recordings are consietently high, but the deviation appears to become less
approaching the low-preasure end of the curve. This would seem to be 2 mechanical ef-
fect inherent in the gage and not a statistical variation. It should also be pointed out that
the comparison here is made on peak overpressures only. Complete waveforms of bath
sets.of records show general similarity. This confirms the results of previous lahora-
tory work where comparison of records dbtained from both types of gages, mechanical
and electronic, have shown correlation in waveforms.

Both (SC and BRL) sets of gagez gave definite evidence of precursor formation slong
a portion of the blast line. The significant characteristic that should be noted, however,
is that the shock existed over a limited radial extent, having formed around 800 feet
from ground zero but clearing up by 1,800 feet. The BRL station at 1,180 feet and the.
SC gages at 1,400 feet recorded typical precursor~type waveforms. The SC statinn at
920 feet gave a small indication of a precursor at one of the ground baffles, not at the
other, whereas the station at 1,800 feet recorded a clean wave. The records of the BRL
gages at 1,590 feet are inconclusive regarding a precursor; however, the station at 1,950
feet shows a typical ideal waveform.

Arrivai-time data seems to show that the shock progagated asymmetrically, the wave
having arrived simultaneously at gages at different ground ranges. The pressure-time
records at ground baffles at the same range show differences indicative of an asymmetri-
cal wave. The SC and BRL overpressure data differ in values in the precursor region,
as shown by Figure 2.5-—the BRL station at 1,180 feet giving a somevhat high value.
However, the record at this station certainly shows a precursor, as has bzen pointed
out.

A comprehensive study in WT—1302 indicated that under certain conditions a pre~
cursor could form from a serface burst. These conditions specify a lower limit of total
yield at about 10 kt and include two concepts: (1) the largesr the product of the total thermal
input, incident normal to the ground before shock arrivai, and the sine of the angle the
shock front makes with the ground, the mcre probable a precursor and (2) the larger the
ratio of shock arrival time to time of thermal maximum, the legs likely is precursor
formetion. Tentatively, tahing the SC station at 1,400 feet as an example, the ratio of
time of arrival versus time to thermal maximumn is about 1.3, which is between 1.0 and
2.4, the limits for this ratic during which, according to the National Bureau of Standards,
the surface reackes its maximum femperature.

The fact that the precursor cleaned up before the 1,800-foot range (at pressures great-
er than 35 psi) indicates lack of an intense thermal layer, or that the layer has cooled
prior to shock arrival. This also implies that the thermal radiant energy was received
at 2 smsl} angle with the ground, and so gave a small thermal input norms* to the sur-
face, Overpressures appear slightly reduced at the SC 920~ and 1,400-foot stations;
whereas the Gynamic pressure values for SC at 1,400 feet and BRL at 1,580 {set are both
bigher than values calculsted from measured overpressures. All of this is indicative of
nonideal conditions, i.e., a precursor, but of suppressed intensity. The measured values
of dynamic pressyre versus range are shown in Figure 2.6.

The significant face to be noted frum the records of overpressure versus time (Figure
2.7) is that a precursor of limited radial extent was formed that had typical distorted
waveforms and for which tho dynamic pressure was somewvhat high. This precursor
appeared to have been limited also in directional extent, in that some stations at the same
ground range recorded significantly different waveforms. This can be seen from inspec-
tion of the 1,4n0-foat siztions of Figure 2.7, which were separated laterally by 138 feet.

Another factor of interest to the blast program on this event was further swdy of the
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2W concepi. This concept states that. since for a surface burst the growth and des2ivp-
ment of the shock froat is zonfined to a hemispherical space above the ground plane, its
progagation acts like one of twice the burst yield in an unbounded atmosphere. The
pressure-distance relation for a device of yield W burst on the ground is then obtzined
by determuning the free-iir pressure-distince curve for one of yvield 2W. Data {rom
previous operations has shown that, because of 3 number of factors that afiect the phe-
nomena, 2W represents ideal theery, and that actually the relation may be closer to
1.6W. However, most of the data available prior to Redwing was obtained from meas-
urements made on high-yield two~stage devices where the hydrodynamic methods us~d
to calculate yvield were themselves based on 2W theory. Luacrosse gave an opportunity
to obtain data from 2 surface burst whose yield could be obtained by rudiochemistry—
independently of any reflection theory. Results and discussicn of the Lacrosse and Zuni
data as related to this problem are presented in Section 2.13.

2.5 RESULTS: SEOT ZUNI

This shot was detonated on tbe island land mass of Tare, close to the east edge of the
old Morgenstern crater. The device was placed some 11 feet ahove grade in close nrox-
imity to two collimating shields. These were of concrete, approximately 30 feet high
and 3 feet thick, placed at right angles to the centerline through ground zero. One of
these collimators, piaced some 30 feet east of the ground zero working point, had wing
walls angling back toward ground zero for about 20 feet. Another, without wing walls,
was located about 50 feet from the [irst shield. Other shields were at varying greater
distances from ground zero down the Tare complex. It is felt that for a device of this
vield size even the close-in shield did not affect the generation of the shock wave nor
propagation of its energy down the east blast line.

There were two blast lines established for Zuni. One, te the east, had stations
located on the islands of the complex, out to Site Oboe, the last igland. This constituted,
essentiaily, 2 ground surface blast line. The other line, to the west, began at the east-
ern tip of Site Uncle and extended west and west-northwest, terminating at the Castle
target cubicle, which was being instrumented again for this shot. This line was there-
fore preceded by the deep water channel between Tare and Uncle, representing a water
path over which the blast wave traveled before reaching the first gage. Because of the
configuration of Site Uncle, the cubicle and its associated free-field gages were exposed
to a line of aight to ground zero almost completely over & water surfacs.

2.5.1 Shock Photography. The propagation of the blast wave in air from Shot Zuni
was obgerved by means of high~speed photography. High-altitude Deacon rockets were
employed as well as the more conventional 5~inch smoke rockets to lay a backgroind
grid of amoke trails in & manner similar to that described for Shot Cherockee. The ex-
perimental plan for Zun: was similar to that for Cherolse and included direct shock
photography along the surface. This latter technique involves observation of the sghock
front as a result of light refracted by the change in density at the front. Peak cverpres-
sures as a function of distance can be determined from the time of arrival data along the
surface, provided the local velonity of sound is known. Ambient conditions are usually
known along th: water sarface; howevsr, sound velocity may not be the same over a land
sirface. A comparison of land and water surface deta observed during Shot 2 of Opera-
tion Castle indicates that this difference may exist.

Participation in Shot Zuni was considersd extremely successiul in that all rockets
fired, and excellant photographic coverage was obtained. Analysis of the films by the
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Naval Ordnance Laboratory (NOL) indicates that it was possible to observe the shock from
out to a range of 14,750 feet and Lo a height of 13,680 feet, from the Nan cameru station.

1t should be noted that at a given distance from ground zero, the shock arrives earlier
in the vertical direction than along the gurface. This means that both the absolute velog-
ity U and the Mach number U/C, of the shock is larger at a given height than at the
same horizontal range, bscause the ambient sonic velocity C, usually decreases with
altitude. The measured time of arrival data has been used to determine the pressure
distance data presented in Figure 2.8. Also shown in this figure for comparison are the
measurements at the surface with mechanical gages by another project.

In Figure 2.8 it may be seen that the peak pressures obtained aloft are greater than
the peak pressures obtained along the surface at the same distances to a range of about
11,090 feet, beyond which point the pressures obtained aloft become less. The difference
between the data obtained 2loft and along the surface is believed to be real and not attrib~
utavle to the experimental or analytical difficulties encountered.

Two basic physical phenomena can be used to explain, qualitatively, the variation in
the measured pressutes with distance: focusing and atmospheric inhomogeneity. Focus-
ing is a term used to describe the phenomena observed on high-explosive tests when the
explosive ig detonated on a surface. At reduced distances, (range in feat)/(charge weight
in pounds)‘b.between 6 and 25 the ratio of the pressure in the vertical to that along the
horizontal is equal to or greater than 1.5. This corresponds to & region between 750 and
3,156 feet for a 1-kt nuclear surface burst. Atmospheric inhomogeneity iz a term used
to describe the effect of the variation of ambient pressure and temperature with altitude

oa the pressure-distance curve of a given explosive in any direction except the horizontal.

The extent of the applicability of either phencmenon to nuclear shots is not known 28
yet. In the case of Zuni, the vertical pressures at close distances are greater than the
corresponding horizontal pressures, which is a characteristic associated with the focus-
ing observed with high explosives, even though the ratio of the two pressures is only
1.42. Further, the peak pressures measured ibove ground zero decrease faster with
distance than in the herizontal direction, a characteristic predicted by all theories deal-
ing with atmospheric inhomogeneities. Hence, at the greater distances the vertical
pressures go below the horizontal pressures, and the ratio of the two pressures becomes
less than unity.

An attempt to separate these effects in order to study each separately was made using
the computing facilities at NOL. The data in the horizorta! direction was approximated
by the modified Ledsham-Pike free-air pressure-distance curve. The pressure-distance
variation predicted by NOL theory in the vertical direction was computed for this same
arbitrary yield, using an atmosphere based on the NACA model atmosphere. The ratio
of the vertical to the horizontal computed pressures was assumed te be representative
of the effects of atmospheric inhomogeneity in the case of Zuni. By dividing the above
ratio into the vertical pressure-distance points cbtained by shock photography, a new set
of vertical pressure-distance values was obtained. This new set of vertical data is now
representative of the data that might be obtained from a 3.53~Mt burst on a surface ina
uniform atmosphere. Only the focusing effect remains. The resunlts of these computa-
tions for several poinis are shown in Table 2.6. The average value of the pressure ratio
is scen to be 1.42.

The combined effect of both focusing and atmospheric inhoraogeneity can be ¢xpressed
in terms of a new equivalent yield in the vertical direction, in the same manner zs has
been suzcesied for pressure-distance data along the surface from & surface burst. U
W is the yvield, it has been propoesed for surface bursis that the free-air equivalent be
taken as 1.6 W in determining the pressure st a given distance along the surface from
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the .3 In the same muanner, but without the same amount of confirmatory evvlence.
In equivalent yield in the vertical direction wowld be 2.2 W. This would mean that a free~
atr nuclear pressure distance curve, scaled to 2.2W and corrected for atmospheric in-
homegeneity. would give a rough approximation to the data obtained vertically above 1
su -fice burst. A plot of the vertical shock photograpy Jdata on Zur., ind on Remen 11 £

0.3 Mt, Shou 2. Operaticn Castie) is presented in Figure 2.9, The 2.2 W curves, corvedt-

ed for atmospheric inhomogenity. are seen to approximate the original data. The verifica-
tion of this interpretation, in general, will require further testing and evaluation

2.3.2 Surface Instrumentation. Measurements were made with the BRL aelf-recording
gag}.—*s both pt and q. There was some damage to the close-in q gages fpitot-s: (i tuie
3 feet above ground) and mounts, as well as the pressure-time ground baffles Record
disks were broken and unreadable, and 4 of the 21 pt records gave a peak pressure vialue
only.

Figure 2.10 shows the measured overpressures versus ground range for both blas:
lines. to the east and to the west. At the further ranges, beyond 8,000 feet, a smooutn
curve fits both sets of data within nor.nal scatter. However, at the intermediate ranes
between 5,000 and 8,000 feet, there appears to be a deviztion between the two sets, with
those gages at 5,000 feet exhibiting the most deviation. This deviation may be attritutable
to a deformed gage mount on Uncle. Around 7,000 feet, two gages at the Uncle statitn
support 2 higher pressure value than that recorded on the Tare line. This apparent dis-
crepancy is believed to be real, not instrumental or statistical variation, and is belizved
to be caused by different waveform development within the precursor. Arrival tim: as
read at the stations on the two lines seem to be consistent, with caly normal scatterr No
clue to the answer can be found in this data. The dynamic pressures (corrected for Mach
flow and compressibility) aze no: conclusive (Figure 2.11j. The few records ohtain:d on
the Tare biast line give values that agree closely with a calculated ideal curve of dynamic
pressure using measured overpressures and the relation:

- 25 (op)
-7p,+Ap

ps = ambient pressure.

Two values of dynamic pressure obtained on Uncie are not consistent In themselves, a
higher valuz being recorded at 2 farther range, and both being almoxst twice as high as
recorded at the same range on the other blast line. These two stations (115.12 and 156.02},
however, represent different conditions of environment. The one on tha south end of
Uncle {115.12) was lccated in such 2 manner that the blast wave traveled some 5,000 fest
along the island complex before reaching the station, whereas the station on the north
side of Uncle (155.02; faced an almost continuous water path to ground zero. The kigh g
at the south station may be dua to a thermally induced precursor shock. The wavelorm is
nonides! in shape. The q recorded at the north station may be caused by mechanical
pickup and water loading of the blast wave.

The gage records for Zuni show definite evidence of nonideal or precurscr wave genera-
tion. Stations 115.11 and 115.12 were on Uncle at distances of 7 020 and 9,880 feet, re-
spectively. Station 115.06 at 5,800 feet on the Tare cemplex shows the slow rise and
suppressed peak of the precursor, cleaning up at Station 115.08 at 10,400-foot rangy. Ths
Uncle records show the strenger precursor, supforted by further evidence from those
gages on the cubiclz target {Project 1.5} at 10,000-foot ground range. However, over-
pressures along the Tare complex, and the shape of the pressurs-time histories, are
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indicative of precursor formation. This is not, however, supported by the dynamic
pressure readings, which agree with a curve calculated from measured overpressures,
where precursor dynamic pressures would ordinarily be two to three times the calculat-
ad value. The evidence seeme to indicate precursor formation on both lines, strenger
over Uncle but relatively weak on both lines.

The Zuni surface results are not consistent when analyzed as a group. There are
probahbly one or more fzctors influencing these results that are not being considered.
Almost identical blast lines, east and wast, were instrumented during Castle for the
Morgenstern event. Results from that experiment also gave attenuated pressures along
the Tare line as compared to those recorded on Uncle. This situation for Zuni does not
seem comparable however. As shown by the pressure-distance curves for the Castle
Shot, there was an increasing spread in the pressures with increasing range. The evi-
dence is fairly conclusive that this effect was due to & rainstorm over the Tare complex
at shot ime. No such consistent deviation appears i3 the Zunf data; and it appears
certain that there was no shower activity in the area at the time.

2.6 RESULTS: SHOT INCA
Participation on this event was desigred to obiain information on the propagation of

a precursor shock wave over g yegeiated surface. Inca was detonated on a 200-foct
towerd =
-

r . This scaled height ol Durst 15 sonie~-

what below the rangs where strong precursors have been found during previous shots.

Although the fundanental causes of precursor formation are not clearly understood,
it is generally accepted that the immediate causes are related o0 3 surface layer with a
sonic velocity well above ambient, and that this layer is caused by thermal radiation
{rom the explosinn. One method whereby the ambient sound speed could be increased is
by the release of a high scnic verocity gas such as hydrogen from the hested surface.
During Qperation Teapot, small plots, including ivy and fir boughs, were laid out and
instrumented wita sound speed and direct temperature gages. The results were incon-
clusive, and in some cases showed actual disagreement. This experiment, as designed
for Inca, was originally conceived for Castle. It was drepped when Shot Echo of Opera-
tion Castle was canceled. Inca allowed for the reinstatement of the test at the same
location.

Blast ines were laid out aleng both the vegetated area and the cleared, sandy section
Stations were located st equal ranges, i.e., a station at & particular range in the vegetz-
ticn was duplicated at the same distance along the cleared line. Both SC electronic in-
strementation and the BRL self-recording gages were used. At two ranges, both fypes
were located side by side. Surfane resuliz from Shot MET of Operation Teapot were
used for predicted pressures. The MET desert line results could be scaled to predict
inca's cleared area, and the rescits of the asphalt surface might approximate those to be
expected over the vegetation of this test. It was thought that the vegetation might resemble
ihe zsphalt surface qualitztively in the production of smoke and gases.

Fi?" irz 2.12 shows the data {rom the MET deseri and asphzlt curves, scaled to Inca
yield} Are jroluded for comparison. The results used here are from the elsc-
:ronié'ggga?T oniy. In general, the peak sverpreasure valves from self-recording gages
geem 1o {ollow the same relationship, ground surface to that obtained at 3§ feet, vegetation
te cleared. as did the electronic records. However, =5 a group, the peak overpressure
values were consisiently higher than the elecirenic gage dats  Becmise of the unexpetied
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hign yield of the shot imace thiun double the predicied yield), these gigss wzare sub.esca
to pressures well above their rated value.

From the data obtained, it was concluded that a vegetated surface such as that found
on Pacific atoll islands does not support as strong a precursor as that formed over the
cledred. sandy surfnce In fact. it appears that the thick stand of brush mechanically
reduces the severity of the precursor. Overpressures iare more degraded over the
cleared area than over the vegetation, with earlier arrival times being recorded. Both
of these parameters are indicative of precursor formation. Their magnitude may thus
be used as a measure of the severity of the precursor, and in this case for comparison
over the two surfaces. The relative strength of the precursor over each area is also
obvious from examination of the pressure-time trace, or waveform. Those stations in
the vegetation did not record the front porch during the rise to peak, which is typical of
precursor formation. Rather, the recorded wave shows merely a slow rising pressure
pulse.

Another point of interest shown by the data lies with a comparison between the ground
surface overpressure records and thuse obtained at the 3-foot level of the pitot tube.
The ground level pressures in the cleared area are less than those at the 3-fcot level,
while in the vegetation they are about the same. This difference in pressure with height
over a sandy or deseri surface has been noted before at NIS. The small spread in pres-
sure value with height in the vegetation indicates 2 mechanical interaction of the shock
with the vegetation.

Dynamic pressures corroborated the overpressure findings by indicating the relative
strength of the precursor over the two surfaces x= snown in Figure 2.13. Pressures
were higher in the cleared area, particularly at the closest station. At the farihest
station, pressures were below the curves for Shot MET, indicating an early cleanup of
the precursor

Therefore, it 2ppears that vegetation conusisting of grass, vines, and tall (16 to 15
foct) stirubs reduces the severity of a grecursor compared o a cleared sandy surioce.
The spatial exten? of the vegetaiion apparently charges the distribution of the thermal
ensrgy in the air and provides a mechanical diffuser to siow down the wave z2ad meke
the pressure uniform.

2.7 RESULTS: DIRECT-SHOCK PHOTOGRAPHY OF SHOTS INCA,
MOHAWK, AND SEMINCLE

Project 1.3 participaced during Shot Inza {Table 1.1) W etudy the effect of vagetated
aod nornvegstated surfacas on precursor phenomens. A disturbanse along the greand
over the vegetated zrea was visible in two of tho shoek photegraphy {ilms. This disturb~
anca appesred t¢ bo 3 precursor. The phenomencn wae obscure, andk beaca it was im~
possible to make reliable mezzurements. The laycut of ib2 biczt Hoe relative (o te
photo atstion is shown oz Figure 2.14. The pesk shock ovarprassure dats ohizskad 2long
the gqurface is preseated in Figure 2.15. For comparison, sco2 polrds {rom mechanical
{Wizncko) gages used by Project .30 are irnluded on Figure 2.15. The gage values are
generally higher than the optically datermined values at distances greater thas 1,100
fest.

Ths data obtained during Shot Mohawk was of doubtful value. Tie {ireball was ana-
morphic, and no attempt to It & curve to the radius-time envslope was made. The paak-
shock overprassures wers found in the same manner described previcusly. Thay are
presented in Figure 2.1&.
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Shot Seminole was fired in a large tank of waler on the ground. The tank dimensiong
and orientation are shown in Figure 2.17. No shock fronts were detected in the detailed
examination of all availzble Seminole {ilms. The development of the luminous front of
expanding matter is indicated by the contours presentsd in Figure 2.18, which shows three
views of this shot. Velocities in excess of 24,0600 ft/sac occurred as can be seen from
the rough distances and times indicated in each view. The affect of design of the nuclear
davice and associated diagnostic equipment on the contour shape is not known. No true
fireball was observed in any of the films examined. The presence of the water arcund
the chamber containing the device can be ressonably considered the chief reason for the
lack of fireball characteristics.

2.8 RESULTS: DRAG-FORCE MEASUREMENTS

2.8.1 NOL Models. Shot Lacrosse offered z good opportunity to obtiain the desired
correlation between field and laboratory tests discussed in Section 2.2.6, by providing the
necessary experimental requiremen:s. Essentizlly clean shocks were e.;pected from the
device at the two gage stations in the area of interest, that iz, at relatively high and lew
leveis of dynamic pressure. These stations were 2,500 and 5,200 {eet, respectively,
{rom ground zero, at expected side-on overpressure lavels of about 22 and 5 pai and cor-
respoending dynamic pressure of about 10 and 0.5 psi. Some thermal and dust disturbance
could be anticipated at the cloze-in station, but their groas effect was expecied to be small.

These particular distances and pressure levels were selected in order to best tie in
with the Cperation Teapol experiments. On that test, gages were located at 3 10-nz!
dynamic pressurs ig) leve! in a dusly precursor region. Consacuently, comparison of
data for similar model] targets from these two op2:ions would glve some clue as to the
imporiance of dust and therinz: influences on q and drag force. At the §.5-psi q level
during Shot Lacrosse, where nearly ideal shock waves were expecied, 24dditional dats
would be obtained 10 supplement the limited results {rom Operation Teoapot in this region.

It war therefore planned that a similar configuration or set of models would be located
at each of these stations. Model shapes, sizes, and aspects to blast were selected s0
thst drag data from these models could best be integrated with the existing body of drag
information. For instance, cylinders and parallelepipeds in two-dimensional configura-
tion3 had been the cbject of conaiderable wind-twnnel and shock-tube experimentation in
the past. Also, rectangular and square concrete block houses had been used as full-
scale targets on buclear weapon effect tests in the past; hence, models of these structures
were incjuded. The drag coefficients of spheres had been extensively investigated in wind
tunneis and shock tube and also during Operation Teapol; hunee, spherical targets were
once again included. Also, aill force gages were designed 2s multicomponent gages so
that any force ag & vectoral quantity could be mezsured reg-rdiess of the angle of approach
of the loading functicn. In addition, all mcdels tested for Operation Redwing were of such
sizes and geometric configurations that the same models could be used in shock-tube and
wind-tunnel iests in subsaquent laboratory study. In this way, variations in data due to
sting effects. model surface roughness, edge sharpnees, and other such varjables would
be reduced or eliminated, thus enhancing the ease of correlation between iatorztory and
field datz. The layout of the models, which was similar for both stations, is shown by
Figure 2.19, which representis the B siation at 5,200 fest.

The varicas model targets withstood the blast wave io good condition.  Although the
gagos 2t the «I:se-in siation were subjected to uniform sandblasting on the sides facing
groand zerg. no denting or scoring were observed on the gages a the more disiant siation.
The fores gare and other instrumehtation cperated satisfatiorily and gave electromic
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siring-nmweunt combinations were acceierition 3enasitive so thur oseillations resulting from
both air and ground shock appeared on the recards. However, it was possible to fuir an
average curve through each record from which the data points were obtained.

The experimenta! {ree-field 2irblast phenomena measured at these two stations came
© ad. o inat Jes.cal. No precursor s2s evddent, also, thernial ané dust effects appe s 2.
0 he miner. although not negligible. Hence the clean, Mach~-shock conditions were ¢b~
tained to the degree unticipated at both gage stations. The actual overpreasures and dy-
namic pressures measured by NOL above the grouad plane mount were 18.4 and 5.7 psi,
respectively, at a range of 2,500 feet (Station A} and 4.52 and (.46 psi, respectively, at
a range of 5,200 fest. In generul. the dats corresponds to that measured in the force
field by SC and BRL. Some discreparc:es were notad in the dynamis pressure measurs-
ments, and the quality of the recnrds was questionable. Such behavior has previousiy
been observed for the pitot-z:atic gage in both field and lahoratory tests. Assc this gage
is dust sensitive to some extent, but its actual registry coefiicient is unknown. For these
reasons and in orler to be consisten: with previous laboratory work, the dvnamic pressure
usad in reducing the force time records to drag coefficient-time records was computed
from the overpressure-time records aceording to the following equation:

2.5 By (Pe/Py)°
7+ (Psfp§}

Whzre P, = ambient pressure and Pg = side-on overpressure. The actual measured
data and that derived by the above relation are compared in Figures Z.20 and 2.21,

The drzg coefficients for the varicus modeis as z fuaction of time were obtained from
the force-time record by means of the following equation:

{;=

F = CD qﬁ
Where: F = drag force of the modal

Cp, = drag coefficient of the model
A = cross sectional area of mnodel
¢ = dynamic pressure

AS noted above the dvnamic pressure used in data reduclion was that compated frum the
peak averpressure Hiae record. Soms of the resuits obisined are shows in Tabie 2.7,
which presenta data corresponding (o the poak cverpressure msasured st each atation.
Excessive emphasis should not be placed con this table, because it gives only 2 single
comparisen of valuea. However, in most cases, the values st the shock front are fairly
rapresentztive of the overall curve. ¥or a closer examination of tha data for a specific
mogel, referense should be made lo the detalled Cp versus time plots for each gage in
WT-—-1366.

Subseguent w0 the £=id {est, the same models as those used for Shot Lacrosse, simi-
larly mounied, were tested in the wind tunnel at Mach numbers o 0.2 20 6.5 and in the
shock tube at shoek averpressures from 5 20 30 pai. In order to correiate the data ob-
tained in the wird tunnel and shock tube with that obtained from the fi=ld tests, saveral
mechanical and acrodmzmic problems had to be considered.

The malor mechanical gifficulties include seaiing of the force gages againat externstl
pressure, or appiving the proper correction factors when inadeguate sealing causes ia-
ternal pressures on the model or model~sting combinalion, resulting in axtrasneous net
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fcrees. Furthermore, gage mounts muat be rugged enough to withstand the blast during
{ield tests but not so large as to influence the aerodynamics of the flow near the gage or
o be unusable in identical form for the laboratory tests.

Aerodynamic problems involve the difficulty of determining the dynamic pressure or
forcing function in both the field and lahcratory; the lack of sufficient data on boundary
layer development under fransient conditions {particularly for the lIzboratory tests); the
choking or blockage of the airflow when actual &lze models are used for the laboratory
tests; and finally, the transient drag or the varying naturs of the drag coefficient in
steady flow until equilibrium is reached. The latter is parucularly troublesome for low
shack strengths in the laboratory. The change in Cp; as a function of Reynolds and Mzch
nember due to furbulence, surface roughness, and corner sharpness must alsc be consid-
ered in evaluating the results of laboratory and field tests.

Spheres. The laboratory gphere data from Operation Teapot was usad for most of
the correlation of the Redwing field datz on spheres, because gl] pertinent aerodynamic
properties were similar. The variaticn of the drag coefficient when the model is below
the critical Reynolds number ig very large. For 3~ and 10-inch spheres in the wind
tunnel, this number is about 3.5 x 10° as may be seen from Figure 2.22. All sphere data
was takep above this value, so that no large variation of Cpy with Reynolds number was
observed. Consequently, for supercritical Heynolds number, the drag coefficient be-
comes fundamentally dependent on Mack number and was found to be fairly constant for
theze models, for Mach numbers up to M = (.2 where the critical Mach number effects
are strongly evidenced with the drag coefficient increasing sbarply. This is clearly s
shown in Figure 2.22 and also in 2.23 where a comparizon is made with previous data.

The shock tube dats required a correction for gage leakage sg previously discussed.
However neither the uncorrected nor corrected daia appeared to give realistic vaiues of
Cp at the lower pressures; however, at the higher pressures, where ths correction was
less important, the resulis appeared to be more satisfactory. This trend iz evident for
the correcied shock tabe data in Figure 2,22, where good correlations with the wind tun-
ne] data §s obtained for Mach 0.5 to 0.6, while at lower Mach numbesu, the shock fube
data is low. However, no strong effects of critical Mach or Reynolds number are evident,
jnasmuch as the range of measurements for the shock tuly data did oot include .0~
critical region. Because 2 large and uncertain correction for leakage was required for
the field test data, it is belicved that the correcied Saia is erroneous at the lower pres-
sure levels and within an sccaracy of £ 20 percent for the higher pressures. The shock-
tube data is compared o the field data in Figure 2.24 at essortially two starting pressurs
jevels under clean shock conditions. Although fsir agreement is shown for gages loaded
under similar {ield conditions——sither high or low injtial overpressures-— the data does
not compare well at the same pressure level for different starting conditions. This dis-
crepancy is probadly a resuli of the fact that the perceslage error in this analysis in-
creases as the shock wave decays. Further, although the field data was fairly coasistent,
it differed from the shock mbe deta. The resson for thls difference has not been deter-
mined. The same pattern is evident in Figure 2.22, where there are thres distinct
aroupings, according to the type of test, on the Cp or Mach number plot. The ficid re-
sulis fal} above boib ihe wind-tunnel and shock—tube results. Apparently, there is a dis-
tinet difference for cach of the iasting conditions, which would beur further investigation.
There is no explaration for the excessively high drag coefficient values obtained at thase
low Mach numbers during the field tests, except that dust loading may have hed a signif-

ieant effoet at the close-in station on Redwing even though a precursor was pol observed
Rk :s concluded that spheres 23 force-measuring models are replewe with interrelated
difficali-to-csiablish paramsters. which require extensive and desuiled invesiigauon
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before compielely meaninglul and corrcelany
Cylinders. Although considerable information is available in te literature on drag
coefficients for infinite cylinders in wind wnnel and shock tube tests, correlation with
the Budwing laboratory and field deta is subject to the differences in test conditions and
the groblems and errors previously 2numerated. In wind-tunne! tests conductad for this
program, the drag ccefficients were found 10 D¢ relative.y consuunt oser the range of
Mach numbers from 0.2 to 0.5 and. sccordingly, Keymolds numbers from 7.7 x 10% to
1.7 x 10°. The totai variation in Cpy was from 1.02, at Mach number of 0.2, 0 0.93 3t a
Mach number of 0.5 and showed no indication of effects of the crit.cal Mach or Reynolds

aumber regions (Figure 2.251. The data correlated reazonubly well with previous data
when surface roughness was considered (Figure 2.26). The su

informaiion is ohtanabis

-

riace condition of the NOL
test cylinder was considered unsmooth because of machining, countersunk holes, and

unsealed gaps between the test zectien and sting—all of which produced a condition that
was conducive to early turbulence and a drag coefficient irdependent of Reynolds pumber
over the range of measuremsants.

Essentially {lat-topped forcing functions were used in the shock-tube tests on the
cylindrical models. The drag coelficients were found to oe time-depandent, particularly
at the lower przssures. Such fluctuation in Cp 2t early times is an indication of the dii-
fraction~transition phase of the asrodynamic forces. It appeared that ths steady drag
phase of force was not reached in the 25 Msec or 50 trarpzit imes used in the measure-
ments. Further investigation iz necessary to establish the actual drag coelficiznts under
steady-~stats coaditions in the shock tube.

The drag coefficients obtained in the field test show good agreement botwoen gages at
Station B; however, the differences in force and Cp a2 Statfon A sppear excessive after
50 msec. Inasmuch cs Cp waz essentially constant over a long time at Station B (during
the decay phase), it can be 2ssumed that the long-duration transient blast wave was 2p-
proaching the characteristics of a steady-~state function for the models tosted. The field
results gave an average Cp, of 0.82, which was intermediate between the values derived
from wind unnels (steady state) where an average Cp of 0.97 was cblained and shock
tube {short duration) where a Cpy of 0.85 was reachad for the later-time higher pressure
situation. Conseqguently, for the modsl size ased, wind-tunnel dzta could be used to pre-
dict field resuits with an accuracy of zbout 20 o 25 pervent.

Parallelepiped. The drzg coelficient for parallelegipeds is reperted in tke litera-
ture a5 2.0 & 19 percent for steady~state conditions in the wind tunnel end afller 150 traasit
times in the shock tube. This drezg coefiicient is essentially indapendent of Reynolds
number, beczuse a iurbulent boundzary flow condition is establishad at 2 very low vales

of Re, which is maintainsd zs the flow velocity and He Increass. Tbe drag coefficienis
obtzinad In the wind tunnel varied from 2 of 1.46 for M =0.2, increazingtox Cp of
1.83 for M 20.4 as shown by Figure 2.25. These results ire lower than pravicusly re-

ported valuss. This was belleved to be due to loss of saals between the test secticn and
the supporting nurmbers, which resulted in & raduction of the tranglstions! forea wd a
docreased Cpy- The shosk-tube parallelepliped data reflects the same varying charactsr~
iztics zs did the cylindera. Stezdy-stals comditions may not be rezached in tha shock tube
antfl aftar more than 160 transit times. Cosseg.ently. a comparizon of tha resails of
this program with other investigations was not justified, because Cp was cbiained only
up through about 50 transit times in the shock tube tesis and represents conditions ox-
isting in the trandition phase of the loading function.

The drag cocfiicients computed {rom the force meazsuremants of the fleid data were
isternally consistent between gages and fairly consiant with preasure &2 both stations.
Averags values were £ = 15for M=0f at Statiecn Aund Cp =12Jor M =0.2 22
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Station B. These values are lower than those obtained in the wind tunne] for similar flow
conditions, but in both cases, higher drag coefficients were found at the higher Mach
numbers. This indicates that for these models the long-duration nuclear blast was ap-
proaching steady-state wind tunnel conditioi.s. The:efore, it appears that wind-tunnel
data can be used to predict field results for specific models with accuracies up to about
+ 25 percert.

Cubes. UOnly limi*=d data on cubes and rectangular shapes was available from pre-
vious laboratory work. A drag coefficient of 1.35 hasl been obtainec for a 4~inch cube
tested in a wind tunrel at extremrly low flow velocities, j.e., natural winds on an ele-
mental building form.

Tests were corducted in a wind tunnel using 4- and 10-inch cubes. Drag coefficients
were found to be fairly constant for cubes of the same size but differed greatly between
sizes as shown by Figure 2.25. However, all appeared to be independent of Mach num-
ber within the measured range. An average value of Cp = 0.75 was found for the 4-inch
cube, and an average value of Cyy =1.4 was feund for the 10-inch cube. This difference
in the drag coefficient for the two sizes can probably ... attributed to the boundary layer
on the ground plane, which would have a larger effect on the smaller model.

Shock-tube data was obtained only on the 4-inch cube. The 10-inch cube could not be
mounted so as to be independznt of the motion of the walls of the shock tube in the expand-
ed test section. The drag coefficients obtained in the shock mbe for 4-inch models (Fig-
ure 2.27) agree closely with those obtained in the wind tunnel with 10-inch cubes (Figure
2.25) but not those of the 4-inch cubes. The differences in the 4-inch cube data are prob-
ably due to differences in testing conditions between the shock tube and wind tunnel. which
reduced boundary layer effects in the chock tube. Readings were taken in the shock tube
for durations of 150 transit times, and it appears that pseudo-steady-state conditions
prevailed.

The drag coefficients obtained for the 4- and 10-inch cubes at Station B on the field
test correlate fairly well with wind-tunnel data. However, the 4-iach gage at Station A
agrees better with the shock-tube data and shows a strong time dependence (Figure 2.27).
A strong sandblasting effect was noted on the {ront face of the 4-inch gage at Station A
although no evidence of a precursor appeared on the pressure records. Under these con-
ditions, some influence must have been exerted on the overall loading by the sand, which
would not be reflected in laborator’ or theoretical investigations. Difiiculty was also
experienced in attempting to corresate the field data to that obtained for = cubical struc-
ture on Operation Upshot-Knothole (Figure 2.27). Further study is necessary before
laboratory data can be applied to field structures.

Comparison of the Effects of Nonideal! Blast. The essentially ideal
shock-wave conditions of Operation Redwing can be compared to those existing on the
precursor regions of Operation Teapot, because the force gages were s lar. In addi-
tion, the dynamic pressure levels were approximetely the same, as measured by the
pitot-static gage, which is sensitive to duet in ar unknown marner,

For this comparison it is necesssry to review the Teapot data. The photographic
coverage of the 2,500-foot staivion on the desert line indicated the dust arrival lagged the
shock arrival and coincided with a sharp increase in the force reading for an initial peak
force around 79 msec later,as well ac a gradual increase in the side-on pressure and a
¢ maximum of 10 psi at this time. However, a second major maximum of force was
reached after about 600 msee. Ai the 2,500~foot station on ti.e asphalt line, the dust frent
arrived about 20 msec after shoch arrival while the force and g reached a sharp maxi-
mum about 236 msec after skock arrival. However. at the 3,000-foot stations on both
lines, where the dust arrived vonsiderably behind the shock front, there were no strong
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and distinct evideaces of dust loading. It 1s velieved thar the initial dust resulted {rom
particles picked up from nearby locations, whereas the second peak retlects the arrival
of heavier. slower moving particles and inhomogeneities drawn into the airstream at
locations considerably closer to ground zero.

In Operation Redwiny, the contriburion of dust can be evaluared by examuning the cube
data at twu g.aticns.  Although the records «ndicated 2 elean shock condition at Station A,
the gage faces suffered severe, uniform sandblasting on the ground zero side only. This
indicates an impact of particles transported radially and horizontally from ground zero.
It is likely that the sand was picked up well ahead of the gage station, possibly in the ob-
served precursor region. and thus arrived behind the shock front to load the gage. The
drag coetficients computed for these gages (as well as others) at Station A are higher
(and increased with time) than those for Station B, which was not subject to this sand-
blasting.

Comparing the 10-inch spheres of Operations Teapot and Redwing, it is significant
that the Teapot sphere on the desexrt line 2t 2,500 feet was subjected to a force of approxi~
mately 600 pounds, which is appreciably greater than that measured by similar gages at
the same g level on the asphalt line (about 60 pounds}, or at the relatively clean 2,500-
foot station of Redwing (about 300 pounds).

It is evident that dust makes an important contribution to the total drag force meas-
ured by target models. It is alsc cbvious that the dust registry coefficient is higher for
these gages than for the pitot~-static gage. Consequently, the response of these ideal-
ized -hapes can he related more closely tu the actual damage to drag-sensitive targets
than phenomena messurements. However, more and better data are needed before
quantitative values can be astablished.

Conclusions. The general test objestives were realized; satisfactory drag force
time records were cbtained for all target models under nuclear-blast, shock-tube, and
wind-tunnel conditicns. The data obinined appears accurate wihin £15 percent but is
complicated by extraneous signals. Although the findinga of this investigation compare
favorably to the data previously availabie, much depends on the validity of certain ag-
sumptions in the interpretation of aerodynamic phenomena. The shock-tube wave dura-

fons were too short to establish steady {low for the two~dimensional models, and the
drag coefficients for the cylinder and parallelepived are time-dependent, indicating data
within the transitory phase. The drag coefficients for the cubes requirs consideration of
the boundary layer existing oa an arzificial ground plans. Also, particulate matter in the
airstream was fonnd to contribute significantly to the measured drag {orce for the same
model in diffsrent environmenta but at the aame dynsmis preasure level,

The following specific conclusions reflect the above considerations:

(1) For tha mde! sizes used and shock-wave characteristics obtained, the nuclear-
blast wave approached the steady-atate conditions of the wind tunral. In the shock-tube
tests, shock conditions d!d not approach steady stats conditions except for small three~
dimensional models because of size limitations and short wave durations.

(2) Although the drag coefficients of round-edged models (spheres and cylinders) are
somewhat unpredintable in the present test range, equivaient tests on identicnl models,
in the wind tunnel and in the field, gave consistent rosuiis.

{3) Although drag coefficients for cubes mountzd on planes depend o size relative to
boundary layer effects, wind-tunnel tests can be used for predicting force on cubeg in the
field 1f similar mounting surfeces are used.

{4} For two-dimensional models under shock~wave conditions, 75 or more transit
times are nscessary to establish steady~state conditfons. Three-dimensional models
require less time.
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(5) Force~gage models are more sensitive to dust and sand leading than ave gagee
which measure free~-field phenomens, primarily because of differences in size of sensing
area. The dust loading may be several times greater than that of a clean or pure assro-
dynamic airblast loading, particularly in the precursor region. However, dust loading
can occur in what may normally be considerad clean ideal regions. This additional load-
ing may have a damaging effect on a target, even though not completely evident in meas-
urements of overpressure and dynamic pressure.

2.8.2 BRL Full-Scale Structural Members. Shot Cherokee prcsented an opportunity
to cbtain the drag loading on full-scale atructural members in un essentially c¢lean shock
regien of a long-duration blast wave. Consequently, measuremonts of net force versus
time on wide-flange steel beams and angles were planned at four ststions Jocated at
ranges of 12,000, 20,500, 24,000, and 35,600 feet from intended ground zero. As seen
in Figure 2.28, these structural members were simply supported between two much
heavier elements used as posts. The total lift and drag forcss exerted upon the beams
were transferred to the instument micunt by the sensors, which provided = ball-and-
socket joint at each end to approximate an ideal pinned coniection. Responge of these
sensors was measured by SR~4 strain gages.

Despite the error in the drop of the device, the gages and recording apparatus opera-
ted successfully with the loss of only = few records. The measured peak values of the
drag and lift forces acting on the anglea and beams are given in Table 2.8. However,
the deviation between actual and intended ground zero resulied in an unexpected flow
direction and higher overpressures than anticipsied. In one case (the angle member on
Site Dog) the instrumentation failed to function properly, because it was not shislded
from thermal radiation for this angle of yaw. The records of drag force versus time for
the wide flange beams are shown in Figure 2.25. However, only the peak forces were
read from the angle~-iron recordings, becsuse they experienced aignal ghifts when loadsd.

The accuracy of the drug and lift scefficients obtained depended mainly on the correct
determination of the dynumic pressure experienced by the test members. Because there
wag a deviation of flow from that expected at each statien, thz test members did not re-
ceive the full impact of the free-stream dynamic pressure. Consequently, only that part
of the flow normal to the beams was considered, because the test members can only sense
forces in the same direction as the sensors. Further, dynamic pressure is a scalar and
cannot be resolved into components. However q = Y%p v? where particle velocity vis a
vector, and p is the density. The particle velocity normal to the beam in then v cos 8
where ¢ is the angle of yaw. Then the corrected dynamic pressure g’ can be found by
substitution in the following manner*

' = *%p (veos 8)
"= Y pv)coste

)

T~

! = qcos®é

1

«2

This procedure wus used to determine the 1ift and drag coefficients in Table 2.8. These
are compared to steady state values in ‘Table 2.8. In geicral, the agreement is good,
although all of the coefficients derived from field data are larger than staady-gtate valuesg.
The BRL resuilts irom Shot Cherokee are in contradiotion to the NOL results on cylinders
and parallelepipeds from Shot Lacrosse where the wind tunnel drag coefficienis were
generally larger than the field results. However, such a comparison should not be taken
as being proof of a yield dep2ndence because of the yaw correctica required by the Chero-
kee data.
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2.8.3 BRL Spherical Drug Gages. Shot Checckee also provided an cpportunity to study
the nature of the drag exerted on spherss in the transient-flow field following a long-
duration cizssical blast wave. The results obtained could be comparsd with previous
measurements during Cperation Teapot with the same gages as well as with results ob~
tared by ~OL with simiiar goges during Shut Lacrosse. In this manner. the effects of
blast wave duration and dust lozading could be detarmined as well 23 Reynolds aumber
scaling batween two sizes cf spheres.

The gage was essentially a spherical shell coupled to a rigid suppori sting by a 3-
dimensional sensing element consisting of a precompressed aluminum linkage. The de-
sign of the guge resulted in 2 high natural frequency. a ¢lippage-free actior, and an in-
herent ease of being dumped. Two drag stations were constructed prior to Shot Chervkee.
one on Site Able and the other on Site Dog. One 10-inch diameter guge and two 3-inch’
diameter gages were mounted J feet above the ground at each station on a 6~inch double
extra-heavy pipe. All gages were statically calibrated in the field after instaliation a-~
long the three sensitive axes, because measurements of net forge versus time were de-
sired in three mutually perpendicuiar directions.

Unfortunately, the field results were seriously affected by the drop error, which caused
great differences between the pressures predicted and those obtained. Site Able had a sig-
nal recorded which was about one-thirtieth of that expected-—barely exceeding the noise
level of the instrumentation. Site Dog, on the other hand, received about twice the pres-
sure expected, giving peak values sufficient to overstress the sensing element in some
cases. The dynamic pressures measured were also considerad unreliable, besause of
angle effects and small signal amplitudes.

Corrections wevre applied to the data to account for such factors as sting size, gage
leakage, and nonaxial flow. Dynamic pressures were computed from side-on pressure
values with the aid of the Rankine-Hugoniot relationship. The most probable poak drag
coefficient values are given in Table 2.10. These values should not be considered as
authoritative, but rather an attempt to determine trends and general behavior from that
information gleanad out of the test data on the basis of past experience in related studies.
Iittla similarity was found to exist in a2 comparison of Teapot and Redwing data. Conse-
quently, the objective set down for the spherical drag gage investigations on Shot Chero-
kee were not achieved.

2.8.4 Military Vehicles. This phase of the drag force program was designed to ob-
tair information ou the response of drag-sensitive targets to a classical blast wave, for
comparigon with that observed for a nonclassical wave. More specifically, the variation
of vehicle damage with range for a medium-~yield surface burst at the PPG (Shot Lacrosse,
39.5 kt) was to be investigated and compared with similar data for a medium-yield tower
shot during Operation Teapot at the NTS—5Shot 4 (Turk), 43.2 kt. Although both shots
were approximately the same yield, a strong precursor was observed during Shot Turk,
whareas s precursor was not expected for Shot Lacrossa. As previously noted, however,
a limited precursor was cbeerved at close-in stations during Lacrosse, but it clesned up

rathar quickly, and its effects did not exteud to the vehigle stationa. r.....,
wag also planned to expose military vehicles on _tower shet (Yuma.
d a jsurfsu:e burst (Zuni, 3.53 M) in ordar to obtain additional data on

%{: damsage over a wide yield range. Such empirical {nformation would be evaluated in
tsrms of the envirenmental condltions af the PPG arnd consolidated Into ataiistical damage
evaiuation studies, which are ussd as a basis for prediction of damege to all types of
litary fisld equipment. In addition, the dzta from all thres shots would be compared
with Iscdamage curves from Reference 4 in order to verify scaling and confirm or extend




current prediction methods.

A preshot vehicle-condition inspection was performed, during which all major com~
ponents were numbered for later identification. Only the windshielde bows, and cupe
vases were removed.

The postshat evaluation consisted of inspecting eack vehicle and measuring displace-
ments. An attempt was made to start and operate each vehicle where practicable. Ve-
hicles that could be operated within one man-hour of maintenance time were considered
to be immediately combat usable. Damage levels (ight, moderate, and severe) as wall
as type of maintenance were selected on a basis of man-hours required for repair:

Damage Level Man-hours Type of Maintenance Man-hours
Light 0-1 Organizutional 0-6
Moderate i-32 Field 6-32
Severe > 32 Depot or Salvage > 32

Ten vehicles were exposed durizg Shot Lacrosse. The vehicles were placed in pairs
at five stations ranging from 2,500 to 4,372 feet from ground zero, with one vehicle facing
into the blast and the other broadside to the bizst. Ten vehicles, including two recovered
from Shot Lacrosse, were expesed during Shot Zuni. Eight vehicles were placed in pairs
{one face-on and one side-on) &t four locations ranging from 8,300 to 13,800 feet. One
side-on vehicle was placed at 7,(00 feet, and ane side-on vehicle was placed st 16,500
feet. -

Eight vehicles were exposed during Shet Yuma ;

_ e . The
Sehicles were placed in pairs at four stations ranging from 150to 400 f&mround
zero.

All of the test stations were selected on the basis of predictions from the 1355 edition
of Reference 4, which would provide levels of damage ranging from light to severe. The
heigkt of burst was scaled as W*** while the ground range was scaled as W4, Follow-
ing each shot, vehicle damage at al] stationy was evaluated in tezmsa of man-hours re-
quired for repair. Damage at typical stations for each shot is shown in Figures 2.30
through 2.32.

The damage resulting from Shot Lacrosse was slightly less than expected, at over-
pressure levels ranging from 19.5 to 7 psi. Only the side-on vehicles at the two closest
stations suffered moderate damage. The cther eight were only lightly damaged, and six ‘

: of these were considered immediately combes usable.

) Severe and@ moderate damage resulted from Shot Zuni, at overpressure levels ranging
from 35 to 8.3 psi. All vehicles at stztions closer than 13,800 feet suffered severe
damage. No vehicles were considered iznmediately comkat usable.

A gradation of damage from severe to light was obtzined on Shot Yums, at overpres-
sure levels ranging from 107 to 20 psi. Ouly the two vehicles at 400 feet were considered
immediately combat usable.

Following Cperation Redwing, the irodamage curves for military vehicles in Reference
§ were revised, because the preliminary data for the two surface bursts indicated a sig-~
nificant decrease in damage radii. The final Redwing data kas been scaled 30 1 kt by
#°* and corupared 1o the current isodamuge curves in the 1357 edition of Reference 4.
This comparison iz shown in Figure 2.33.

Becaunse the bulk of avaiisbie nuclear dats on blasti camage to military vehicles was
sbtained at the NTS5, it is not surprising thar the data from Shot Turk shows the best
wreement. However, it should be remembered that most of the XTS damzge information
vag taken under strong precurscr conditions for low heighis of burst, irvolving nonideal
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dynomic pressures, irregular waveforms and dust-laden airfiow. In contras:z, adl of thy
vahicle damage data from the PPG involved essentially ideal dynamic pressures. classi-
cal waveforma. and a minimum of dust. The eifect of orientation is also visible in Fig-
ure 2.33.

Another comparison Jf the PPG data with the NTS data is made in Figure 2.34. which
shows ground range and yield for various damage levels.

A line showing the variation of damage radius with yleid raised tc the 0.4 power was
drawn through the NTS data points. The line fits the data points well and substantiates
the use of this scaling factor for the range of yield measured. Tke damage radius for
Shot Lacrosse was significantly less than that of the corresponding NTS shots. When a
line corresponding to sculing damage radius of W** was drawn through the point for Shot
Lacrosse. it intersecied the data points for the other PPG surface shots. Hence, the
NTS shots and the PPG shots formed two groups with different damage radii but with
similar scaling properties.

The NTS shots were detonated primarily at a scaled height of burst (HOB) between
109 and 300 feet, while the PPG shots considered were surface shots. However, under
ideal conditions, the data of the two groups should overlap, because the ideal dynamic
pressure and dynamic impulse contours are essentially vertical for a range of HOB from
0 to 300 feet. Consequently it would appsar that the difference in damage radif obeerved
is due primarily to the nonclassical disturbed wave shapes that occurred at the ranges
of significant vehicle damage on the NTS shots and the essentially classical wave shapes
that occurred on the PPG shots. This conclusion is supportad by the fac? that peak dy-
namic pressure data obtained at the NTS showed considerable variation from the ideal
values in the range of interest for damage to vehicles. However, the peak dynamic pres-
sure data recorded at the PPG corresponds to a classical wave

Figure 2.34 also shows_the empirical data from Shot Yumsa, which corrgsponds to a
sculed height of burst of’—“’eet for 1 kt. Although this scaled HOB is in the region
where the bulk of the NTJ data was taken, the data falls below the W®+¢ scaling line.
Thia leck of agreement may be due to the fact that relatively clean wavelorms ware ob-
served ail along the Yuma blast line.

___On the other hand, it is also possible that scaling by W does aot apotyf

it i3 interesting to compare the actual damage or target response to classical wave-
forms over a wide yield range at the PPG. Table 2.11 gives vehicle orientation and dam-
age with corresponding valuas of peak dynamic pressure for the three Redwing shots.
The significance of this increass in peak dynamic pressure regquired for a given lsvel of
damage on a low-yleld shot compared to a high-yield shot becomes evident when the cor-
fesponding durations are compared. On Shot Tuma, gevere demage to & side-on vehicle
was achieved at 24.8 psi{ with » Juration of 45 maac whereas t2e same damags was ob-
sarved for Shot Zuni ai 6.4 psi with a duration of 3,500 maec.
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Some reduction in the observed damage radii compared to the NT'S may have been duye
to the soft sandy surface at the PPG. Thie would have had the effect of reducing the dig-
placement and decreasing the force of impact of the vehicles with the surface while they
were tumbled by the blast wave. This effect is believed to have been small, and compen-
sated for by the differences in atmospheric conditions under which the two sets of data
were taken.

It is therefore concluded that the large differences in damage radii observed as a re~
sult of the Redwing tesis when compared to the previous NTS data are due to differences
in ave shape and dust loading, so that damage did not extend as far for Lacrosse and
Zuni at the PPG on the basis of W%+ scaling. The same conclusion may apply to the
Yuma data, b}xi_i_t i8 not certain whether this method of scaling will extend to this

———

—— T

2.8.5 Cubicle Target Structure. A structure previously used during Operation Castle
was renovated for use during Operation Redwing. It was desired to obtain diffraction and
drag datz on 8 nonresponsive target at a higher pressure and a longer positive-phase
duration than had previously been recorded in the field as well as to validate model~
scaling methods for classical waveforms in the moderate preasure region (15 to 20 psi).
These methods had been verified for clean blast waves in the low-pressure region (3 to
6 psi) by successful correlation of target loading measurements on 2 number of full-scale
test operations with shock-tube tests on scaled models. Consequently a 6- by 6- by 12-
foot concrete cubicle located 9,700 feet from ground zero was subjected to the blast effects
of Shot Zuni (3.533 Mt). Free-field measurements of overpressure and dynamic pressure
were made near the siructure with electronic gages, supplemented by self-recording
gages.

Prior to Operation Redwing a Y“ scale model was tested in the BRL shock tube at the
predivted ovespressure level of 17.5 psi for a 2.5 Mt yield so that correlation between
field and laboratory data could be attempted. An idealized free-siream overpressure
versus time curve was determined from the nearby free-field measurement of 23 psi with
a positive-phase duration of 2,500 msec, using an empirical decay constani. This curve
was then used to scale the shock-tube data obtained with flat-topped waves. Readings
were taken at identical gage positions on the model and full-scale cubicle as shown in
Figure 2.35. Although 29 gage positions were planned for the full-scale cubicle, the time
available between Shot Cherokee and Shot Zuni was not sufficient to calibrate mere than
nine channels. These were chosen as the most representative over the four surfaces but
were not necessarily adequate to determine the average pressure over a surface, or a
drag coefficient.

The pressure versus time records from the shock tudbe are compared to the full-geale
data in Figures 2.36 through 2.38. The front face records depart from the irend expectad
for classical waveforms in thsat tho reflected pressure should have deczyed to 2 stagnation
pressure in about 25 msec; however, there was very little decay within the fir-t 100 msec
at Positions 24 ard 27. The dacey shown at Position 28 was still less than expected.

Good pressure measurements were obtained on the top face. The effecis of vortex
action on 2ttenuztion of the initial pressure rise can be seen froin Position 15. This ef-
fect becomes weaker as the shock front moves across Positioas 9 ardl 1. There exists
gsome evidence of a rarefaction wave moving from the rear edge back over the top face.
Only the diffraction pkase of the record for Position 9 was considered valid, because
there appearsd to be a gage meaifunction afier about 206 msec.

The records for thr two positions on the back face appear valid. There was & slow
buildup of pressure to a value slightly less than the incident side-on or free-stream
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preszure. However, some <diffzrences in impulse and duration between the two recores
were noted. The side face so7ord at Position 44 also appears valid.

In general, the field data compares very favorably to the shock tube results when i-.put
conditions are considered. aithough some minor inconsistencies were observed. A clas-
sica! wavefdrm was not obtained in the fleid. The slow rise and irregular shape .s avi-
dent on the dynamic and side-on free-streum pressura recyrds shown in Figure 2.39 for
Station 156.01 located 10C feet to the side of the structure. Further, during the first 100
msec the dynamic pressure exceeds that calculated from the msasured overpressure
with the Rankine-Hugoniot relationship.

The primary cbjective for this part of Project 1.5 was achieved. However, it is
evident that adequate coverage with field instrumentation is required if correlation and
interpretation of lzboratory data is to be undertaken. The diffraction~phase loading on
the top, back, and side was similar o what might be expectad from shock-tube tasis,
but the loading on the front face was quite different. Indications are that the drag-~phase
loading was much higher on all faces than would have been predicted from laboratory
dais.

2.8.6 Electronic Instrumentation. A separate project was formed to provide support
with elentronic instrumentation for drig studies involving structural members, spherical
drag gages, damage to military vehicles, the cubicle target structure, and effect of length
of the blast wave positive phase on drag and semi-drag irdustrial bulldings., Measure-
ments of side~on and dynamic pressures, column deflections, column strain, accelera-
tions of columns and footings, all as a function of time, were required as well as time
of break of frangible siding. These measurements were taken during Shots Cherokee and
Zuni. The multichannel, phase-modulated magnetic tape recording equipment used during
Operation Teapot was modified and used in Operation Redwing.

The overpressure measurements were made with Wiancko type SPAD~R pressure gages.
The Sandia Corporation pitot static gages were utilized for dynamic pressure measure-
ments. Wiancko Type 3AA-T accelercmeters were used for acceleration measurements.
Column strain measurements #ere obtained with SR-4 strain gages. The time-of-hreak
gage was developed by BRL, using a resistanve bridge arrangement. Prior to each shot,
all gages were calibrated statically in conjunction with the entire recording system in its
fleld setup.

The probable accuracy of the full scale data is £ 12 percent, based upon the observed
2ccuracy of +6 percent for dynamic measurements in the laboratory with this recording
equipment.

A summary of Instrumentation results is contained in WT-1305. Considering environ-
mental factors axl other factors at the PPG, the percentage of good records {s fairly
high. However, the drop error on Shot Cherokee caused the loss of soms records, be-
cause the thermai radiation arrived from an unexpected direction, and the shock wave
2ame in at a different angle and with a different magnitude than predicted. Also a number
of deflection gage recorde were lost bacause of corroslive effects of the galt water atmos-
phere on the gage wire.

)
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2.10 RESULTS: CRATER MEASUREMERNRTS.

Crater measurements were made on five shots: three fired on or near the surface of
the ground (Lacrosse, Zuni, and Seminole); one tower shot (Mokuwk); and one sheot over
shallow water (Tewa).

The physical characteristics, i.e., apparent diamater and depth and approximsate
profile, were measured for all of the five craters. Aerial mapping photographs were
taken of the craters after the shots, and these were used to piot ground elevations and
give initial crater diametera. At a later time, lead-line aoundings were made along at
least thres diameters of each crater to determine depth and average profile.

The results of the crater surveys are given in Tabls 2.12.

2.10.1 Shot Lacrosse. This shot was fired over a reef off Charlie, with zbout 2 feat
of water over the reef at shot time. The crater lip did not breach, which effectively
prevented rapid flow of water into the crater. This was the first incidence of such an
unbr .ached lip at the PPG. Scalewise, the craier was smaller in radius and greater in
deptu than PPG washed craters and falls between the scaled results expected for NTS
s0i! and that for PPG s0il. Figure 2.42 is a photograph of the Lacrosse crater indica-
ting the crater lip formation. It is beliew~1 that the soil (or corzl rock) st this particular
Jocation is considerably stronger than the average soil conditions of the atoll.

2.10.2 Shot Zuni. This shot was fired approximately 9 feet over Site Tere at 2 loca-
tion zdjccent to the east of the crater left from Shot 3 of Operation Castle. The Zuri
crater engulfed the old crater, which was on the lagoon side of the island, but did not
breach on the southern, ocean gide of the island. It remained sufficiently intact on the
westers: and southern sides of the island to prevent any extreme waves on nearby islands.
Excep! for its eastzrn and southern sides, the crater was completely submerged.

The Zuni crater results must be locked at rather critically before being included in
the weapons effects literature because of the above-mentioned conditions. The size of
the crater is smaller than expected, both in radius znd depth, and bacause of the many
difficulties in explaining the conditions surrovnding the burst, it is not feit that this ds-
parture from average PPG resulas shouid be considered serious.

2.1¢.3 Sho! Seminsle. This shot was fired 4 feet ahove ground level in a tank of water
& Site Irene. The tank was 5C feet in diameter and 23 feel deep. The device was sur-
rounded by =0 air chamber and was slightiy offzet from the center of the tank. The
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xestern swde of the crater was breachud 26 the water over the reef and Jestroyed 1 smuail
portion of the causeway jvining the adjacent island. Because of the 20 feet of water 2bove
the center of gravity of the device, it is felt that the shot teuded to behave as an under-
ground shot fired about 12 feet below the surface of 2 knoll at ground zero. A mure de~
tajed discussion of the reasoning behind this assumption can be found .n WT~1307
However, there sppears to be little doubt that firing i a water tank can have 3n apPte-
ciable effect of increasing the crater dimensions, aven if the shorwsst distence to the
outside air iz as listle as 10 feet, as was the cass for Seminole. In fsct, the radius of
the water was someawhat longsr in the direction of greatest thickresa of water in the tank.

2.10.4 Shot Mohawk. This shet was fired on 2 300-foot tewer on Site Ruby  The
crater diameter compares favorably with predictions, although the existence of a lip
may iadicate that full washing did not cceur.

2.10.5 Shot Tewa. This shot was fired on 8 barge in approximately 20 feat of water
adjacent to the Charlie-Dog reef. Although the bottom siopes from morsh to scuth through
ground zero, this variation is small compared to the crater gize. Because of the air-
water and water-ground interfaces, however, it is believed that less than the expected
energy was channelzd into cratering. It is aise difficult to assume a3 haight of burst, but
it is believed that it sheuld be between 9 and 20 feet. )

2.10.6 Correlation of Crater Data. All previous PPG resuits on ¢raier radius as a
function of burst position are presented with the reducing data in Figure 2.43, scaled to
1 &t by cube-root sealing. Ia thig finure the fower line {s the dry-acil curve from Rei-
srence 4 representing NTS conditht .e upper ling {s 2 civve drawn through data
available from PPG. The actual measurements at PPG are scaled o § kt with the ex-
ception of those for Seminole whose burst position has been zdjusted for the lecation of
the device in tha water tank as given in Table 2.12. Alsc shown is a saturated washed
curve as defined from Reference 4.

‘The :aszes in which the crater radii do not fit the adjusted curve from Ralerance 4
may he explained by the extreme difficuity in obizining crater dimenzions at PPG-—-
especially for tower bursts or for large cratera; an unwaahed crater such as Lacrosse;
different degrees of washing in the casss of Seminole, Mohawk, and Shot 3 of Operation
Castle fthe radius of these shols shouid be adjustad upward tr at least 10 perosat; or
unusual environinental conditions, &3 for Seminole, Zuni, or Shot 3. The Szniinole
device was placed {n s tank of water, part of the snergy from Zun! ventsd into the lagooz
and Shot 3 had differsat radii listed at 380, 400, and in excess of 635 feet (the frus rafiua
is probably closar to 500 feet rather than the 400 fest commonly lizted). For near-
surfzce bursts, a soil factor of 2.0 ¢ar be derived {or comparing the radius of the PPC
washed craters ir satyrated coral to the Nevada cratering curve gives in Refsrance 4.
Thiz {actor is substantiaied by a series of HE surisce charges fired in Eniwetok during
Goeration Ivy and compared to similar data gathered at NTS during the Mole experiment
and Cperation Jangie.

As more Pzcific operations wera conducted and additional cratering data was ohisined.
a trend becawe apparent in the data from surface explosicns. This trend shows the in-
cresse in the vatis of the oratsr radlus to crater dspth as the yiekds incraased into the
multimegaton rangs. It would be axpezted that as the visld and, correspoadingly, the
duration of the positive phaze of the airblast gets very large, a lower pressure would be
required is produce measurable displacemant =t ground surface. In other words, ¢
is assumad thal a cartain valve of impulas is raquired to produce ground displacement
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sufficient to be measured as part of the crater, this value of impulse can be obtained
{rom lower pressures as the yisld and duration increase.

The crater depth data Is not zx consistant as the radius data and does nct readily lend
itaclf io soil feciors. As mentionsd above, as ths yield increasas so does the ratio of
radius to dopth, because the depth does not increass ot {he same rate as the radive. It
is believed that this is cauged by the Increasing lack of similitude of the soil with increas-
ing real depth ax the yleld increases. Simply stated, the hydroststic forees &t a point fa
sof} 300 {eet below the surface are much greater and diffarent from those at 2 point 30
{eat below the surface. Scalewise, these arc the same cube-root scaled depths for 2
1-Mt and 2 1-kt davice.

Conssquently, the larger the yield, the greater the deviation in depth from cube-roct
scaling. This lack of scaling should apply to ali soils and indicates the danger of extrap-
olating the present data on craier dapth 1o extremely bigh yields.

2.3 RESULTS: WATER-WAVE 3TUDIES

2.11.1 Direct Waves. The waves genarated in the lagoon were recorded st various
stetions in midlzgoon, around the inner periphary, and on the-islands. These records
were analyved in order to separste and study the effactz of shot yisld, bottom topography
&t shot site, topography over the propagation paths, dapth of water at measuring site,
and reflections from neighboring reefs. Rscords from Operstions Cressroads and Castle
were zlso used in the anslysis.

For the Redwing tests, the waves bad the following general characteristics. The first
wave was always 2 crest followed by a trough. Following this trough wes a series of
waves ooouerring g2 g discreet group, or groups, of wavese. For near ranges, the first
wave was the highest, but a3 range incressed the firg: wave progressively diminished in
ainplitude relative to the amplitude of the following waves.

it was found that the characleristics of gercrated waves, i.e., the arraggement and
erargy distribution oi waves within a2 group, change over & wide spectrum as the relative
magnitude of the parameters of generation change, and therefore it i= not sufficient to
group waves into shaliow water and desp water types for purposes of scaling. In partic-
ular, the product of height and range (HR) cannot be indiscriminately scaled. The change
in spectrum as the depth of water ig changed was examimed, but po complete maodel is
aveilable by which the types of waves produced by 2 given est of conditions can be pre-~
dicted.

This analysis of wave gensrstion in shallow water was based on an assumed inilial
condition of & water crater where the lip represents the initisl xove and the collapse of
the craier pererztes the succaeding wave train. The crater dimsnsions were caiculated
by equating the wave train enargy, as deduced irom the records, to ihe polantial anergy
of & cylindrical crater of haight equal ¢o the depth of walsr af the shot site. Thess di-
mensions ver2 used 0 sbizin throrstics] wave traina, using tbe fheory in Refersnce 8,
which were compared with the sctual records. The agresment wax poor. Csaiculations
were 3lgo mads asing an energy equivaient to the cyiindrical depression but with this
energy in the form of aa iniiial impulse with parabolic distritution and also using &x-
ponertizl distrihution. Fosential diferences hetweer these thioratical wave envelopes
2 the achuel wavez were found. Figure 2.44 shows the calculated erater radil plotted
sgainst yield., The plot indicztos & variation of crater radius with the fourth root of the
vieid.

The busic dats for the [irst-cresi height and the firgt wave ¢irst crest plus following
ircugh) are showe in Table 2.13. The dats contain the efiects of reflaction {rom near
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.shoresiines. A scaling aquaticn for the first cres? heligh was derived:

Kcat.ﬁ - 9.0234‘1!31-33 we-it

Where: Hg = {irstcrest height in 50 feet of water. fe!
R = refrasted range from zero point, feet
hg = average water depth over arss of generation
W = TNT equivalent yleld, pounds.

Basic data on wavelengths for three of the shots is plotied in Figure 2.45 as a function
of range. The first~crest to second-crest distance was chogen as the most represeniative
wavelsngth. A plot of wave length versus yield snows that, at g fixed range, the wavs~
length increases with the {ifth root of the vield. This is ia fair sgzreement with the pre~
vious finding that crater dimension varies with the fourth root of the yield. Wave speeds
and arrival times for the first crests of the wave system con be calculcted by standard
methods for refracted wave paths over sheoallng water.

No quantitative analysis of the eifects of shoaling at the beaches on the wave heights
was made. However, iz can be concluded that the large waves are altered to a graater
extant than small waves.

A crude correlativa of inundation with the recorded waves was made, taking inte zc-
count only the frst crests. The extent of inundstion, howsvaer, (8 affectad ky the number
of waves —succeeding waves pamp more walsr into already Qooded aresz. It 12 alro,
of course, dependent on tide stage and wave size. Cousequently, it was aot pozsible to
develop methods for prediction of inundation.

The question of inundation of various acientific and support instaliaticns from the
large-yieid lagnon shots of Operation Redwing was of pertiouiar concern to tha Task
Force Commander and his staff. Varivus prscautions were taken to minimuze hese
effects, such as securing aii tuildingz, placing all vehicles in the canter of the isiand,
and surrounding ths molor pool with eart: berms. Surveys of aress certain to be gffected
by inundation were mads tefore and after each event. Figurs 2.45 showa the condition of ,
Nan Island following Shot Kavaje. The largs refrigarator shown was half full, yot was :
moved approxdmataly 30 yerds ialand.

Considerable interest had been srcused {n spaculation a2 o possibie inundatisn of Rt
Han from Shot Zum. It eppeared poasible that, if the crater brezched through the reef
to the cpen ocean side, sufficient emargy sould be ralsaszd & flood at lexst the south end
of Nani. Tals laundation would be caused by rofracilon along e Tsre-Oboe complex so
a8 to produce convergence of epargy into the frat wave an it iraveled acroes the Nan
chanrel. As it turnad out, wave action ai Nen was reglizibie. Tha creatsy 4id not brench
into the opea ccean, and energy absorpticn was slmost somglats xicny the Tare comedex.
However, Uncle Island was swept ciean of vegziagion by wave artios, 8z was sxpectad,

£.11.2 Imdirect Waves. Loaag-period waves produced by megaton-yield explosions
had been deizctad duriag Oparstions Ivy and Castle. Thesc weaves have the ¢haractesis-
tice of taunamis, or earthquaka-produced waves, which car oroats extensive damegs ot
long diszancas from their zourca. Generally spasiing, it sppears that B2 smount of
snargy going info wavemaking incresses zs the souare of the ghot visid,

Waves ware measured at Aflinginze Afoll, Enfweick 22011, Wake Islang, 2=d Jokoston
Island, which ranged from 58 to 1,500 miles {rom the shot poimsa. A rgecial long-neriso-
¥ave recorder was used, which is cupabie of reaslving waves lezs then 1 mm kigh.
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Microbarogragh stations were alao operated at Wake and Johnston Islands, and supple-
mented by similar observations made by Project 30.1. Th= ¢2:2 from Operation Castle
war s1so utilized in the analyzis of wave geperation contsined in Reference 9.

‘This analysis of the wave generalion uses a thecretical mode! of air overpressure
versus time and range, which i3 integrated to obiain tze fmpulse. This model, applied
to geometry of the shot location within the atoll, can explain fhe cbserved variation of
wave energy with the square of the yield as being dus to the sffect of atoll shadowing.

The waves cbeerved had deep—water heights of from ’,{. to 1) iaches. The wave heights
varied inversely with range cut to about 200 milez, as predicied for dispersive waves.
Beyond this distance there is an apparent change, and they vary inversely with the square
root of the distance, which in not in accordance with the theory in Reference 8. In view
of tie fact that the data supperting this anomalous decay is meager and not entirely con-
sistent, predictions cof waves based on this reporied behavior should be used with caution.

The wave periods obhserved varied from 200 to 600 seconds. A comparison with the
theory in Relzrence 8 again shows discrepancies that are not accounted 2or. Howaver,
in view of the odd geometry of the shots, where the wave generstion begins at the edges
of the atcll and the edges are af varving radial distances from the shot location, it weuld
have been surpricing indeed to find agreemant between the cbserved results and any
theory.

On the bagi. of the impulse mode! used. curves of wave heights versus range were
constructed n=d extrapolated down to yields of 1 pound and up to 500 Mt. These curves
are shosn on Figare 2.47. The wave keighis predicted by this figure for surface shots
over deep water ars amalier than those predicted ou the basic of small HE shots by a
fsator of 2ight. Beizuse there are 2isc mony uncerisinties connected with extrapolation
of HE rszalts to the nuclear runge, the discrepanciag between the twe results cannot be
rezdlved. The frue answer can liz anywhere between these two. Thbe curves give accu-
rate predictions for the types of atoll shols fired during Operations Castle and Redwing.
iz this case the curves ave eniered with an offective yvield, which is determined by multi-
piving the actual yield by that fraction of the total impulse thet {alls over the aca. The
provedure {oT cumpating the effzctive yigld is 2lso given in Reference 9.

%.12 DISCUSSICN: FREE-AIR DATA

2.12.1 &bt Therokes. The caly freg-air reauits obtained from Shot Cherokee were
Prossura-lime measurerments made by Project 1.4 (AFCRC) with parschute-borns
czniaiers. Becsase of the sfizzi of the sotuzl Gatoaation from intended zir zero, all
canisters were 3t glant rerges greater than 17,006 fest from: the borst point, and the high-
5t mraared irsa-2ir pressuys was 5 pei. Furthermore, sithough thess meseurements
covered an altfods range from 5,530 (0 39,300 feet over the chot island, the horizontal
irniacements were considerstly longer thun expecied. Consequantly, It was po! possitis
o izolxts {he effacws of tbe inhorozzoesws atmosphers from vefractive effecty or spheries?
tvergonce in 122 way originaily infopded, f.c., by posilioning the canisters directly over
the burs: point. In addilion it wae oot peszible 19 position the sanisters independently by
pholography. or to correlxle the dale obiained rom mezscrements of pesk pressure (n
the harizontal and vertical dirzctions thet wers expeciad 1o resull from malysie of rockst-
tradl photography. As noted In Section 2.3.1, it was not poszibie io follow shock propege-
ilon across the rockst-irail grid background, becsuse the shiok sirength was to0 low and
she device light fog werk vhen the blast wave enered e fisld of view of the cameras.

In vex o these consideralions, it i3 felt that documentiation of the {ree~z!ir blast wave
Iromr & mellinegaten sisborst das ot with only limited success 3t should be noted it
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the measured difa (8 considerad valid {o within instrumental error, howevar, the upe:, -
tainty lies in the fact that the precise iocations of the canisters in space at shock arrisal
is not independently known, nor was it posaible to correlate the data with other measure-
ments,

For purpeses of comparison with various {reg-air curves. the AFCRC caaister daiz
nas been reduced to 1 kt at sea level by use of the Theilheimer-Rudlin equation with
@ = 0 when the function @, = 10. Thoe scaled da’a is showx in Figure 2.48, together
with the AFCRC mean curve darived from small-yield tests at the NTS by - ¢ same pro-
cedures. Figure Z.48 also presects the AFSWP composite curve for airborne targets
from Reference 4. However, the AFSWP curve is based on modified Sachs sczling of all
avatlable arrcraft and canistar data for a wide range of yields. In deriving the AFSWP
curve in this manner, most of the canister data tended to fall below the aircraft data, of
which there was a considerably larger amount. This tendency ziso appezrs io tha Red-
wing canister data shown in Figure 2.48. The ¢ ;aled daia appears to fit the AFCRC curve
somewhat better than the AFSWP curve, which would give somewhat higher pressures at
the 3ame ranges. Use of modified Sachs scaling to reduce the duration data from Shot
Cherckee to 1 kt at sea ievel gives good agreement with the curve In Relerence 4 for pesi-
tive-phase duraticn in free air, with an average deviation less than 4 percent. For tme
of arrival, either modified or straight Sachs scaling gives comparsble resultr with
Referecce 4.

£.12.2 Shot Zuni. Excellent data on shock wave propagation vertically above z large-
yield surface burst was obtained on Shot Zuni. The t{ime of arrival was earlier at g1
ranges ia the vertical direcdion 2s compared to the horizontal. Tonssquently the isolime
contours apparently retained the semielliptical shape of the fireball past shock wave
breakaway, out fo the limit of photographic observation. On the other hand, the vertical
pressures exceeded the horizental preasures for ail ranges cut to about 18 psi, beyond
which the reverse is true. Consequently, the isopressure contours appear lo hiave been
initially elliptical, then to have flatiened cut as the shock wave progressed upward and
outward, eventuslly becoming parabeolic. This behavior is essentially the same as that
which would resuit if an altitude correction were applied aleng various ray psthes from 2
large-yieid surface burgel. Indeed, these conformaticns are similar o those prepared
for Zunl in order to determine the optimum positioning of the airersdl which participated
in this event. However such predictions zssumed & equivaient free—-zir yieid of 2W for
all angles above the surface for a large-yield surface burst. Based on the Zuni data, it
appezrs that the equivalencs in the vertical direction is 2.2¥ before the altilude corrsc-
tion is muds, in contrast to 1.6W along the surface.

2.13 DISCUSSION: SURFACE DATA

2.13.1 Shot Cherokes. Surfzce measurements of Glast phepomens for the maltimegs-
ton airhurst wers lmited to the region below 11 psi. It was hoged to Litain Jverpressure
data all the way to ground zeru, but this was not schieved because of Mo arror 'n dulivery
of ths davice. Furthermore, bacause of ihe orientation of the birs wave, it was not pos-
sible to mzke any relizble measaremsands 23 a function of ranga. The overpressure duta
has been reduced tc 1 kt at sas Isvel andt plotied in Figurs 2.42 for comparison with an
oal pressure-distance curve for thiz burst height. 1 may be seen thai the sgresment
is quite good, except for the ariginal date from some of tha reef statfons. However,
when 25-percent correction fot the g2z mount i=s detarmined from shock-tube tasts
discussed in Section 2.3.2) is apnlied i te data, bellar agreement !s oblziped, It shaouid
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be noted that the data was reduced to s standard sea lovel atmosphere by modified Sachs
scaling to taryct amblont conditions instead of burst height as has previously been done.
Booause the data was recorded at sca iovel, the blast wave had already traversed the n:.a
homogeneous atmosphere before impinging upon the gages. For this reason, only a sligh
corroction to standard coniitions should bo considered nocessary.

In view of the results of this exporiment as applied to more realistic sjtuations, in~
volving largo~yield airbursts over long ranges, it would appaar that scaling overpressure
data in terms of the lovul anbient conditions at the surface {8 more appropriate than
scaling to burst height or some intermediate altitude. Consequently, the HOB curves in
Refercnce 4 have been preparnd on the hasis of this concept, in order to facilitate scaling
- and make them more ro)inble for large yield airbursts.

2.13.2 Shock Photograpky. 'fLe rocket trail data obtained over a water surface for
Shots Zuni and Lacrosse was fourd to bo compatible with similar data for previous events
when scaled to 1 kt in a standard sea leve! atmosphere with amhient conditions of 20°C
and 14.7 psi. A comparison of peak overpressure as a function of distance for these two
shots with NOL results from Operation Castle is shown in Figure 2.50 together with the
composite free-air curves for 1 and 2 kt. The 2-kt curve represents the values of peak
overpressure to be expected at various ranges based on the theoretical 2W concept for a
surface burst as previously discussed in Section 2.4.2. However, the scaled data over
a water surface corresponds toa free-air equivalent yield of 1.6W and is in general
agreement with corresponding data obtained over & land surface for Lacrosse and Zuni
by other projects with electronic and mechanical instrumentation It should be noted that
independent yields from radiochemistry are available for only two low-yield surface
shots—Shot S (surface) of Operation Jangle and Shot Lacrosse —while the 2W assump-
tion has been used in determining the hydrodynamic yields for the multimegaton detona-
tions. Figure 2.50 also presents data for Shot S and for Shot Mike of Operation Ivy ob-
tained by other projects over a land surface.

The direct-shock photography for Shots Inca, Mohawk, and Seminole did not produce
results as good as the rocket-trail techniques. Measurements of overpressure versus
distance for Inca are also shown in Figure 2.50. Shot Inca produced surface dzta com-
patible with previous scaled data for a short distance (up to 430 feet, scaled), but then
the scaled data deviated markedly from previous data out to 900 feet, scaled, where the
detectable shock disappeared. The reason for the deviation can only be conjectured as
due to detection of the shock front along the land-water interface, rather than in the prop-
er plane of measurement or surface heating resulting in a change of ambient conditions,
and the like.

Shot Mohawk shock data was very fragmentary, with only a short section of shock
visible, and this occurred only radially outward from a protrusion on the-fireball. This
short piece of data was not compatible with any previous data when reduced to 1 kt.

Shot Seminole had no visible shock fronts on the available films, and no data was ob-
tained on this shot. Some explosion growth profiles were taken from three views of the
shot, which present a qualitative picture of its anomalous behavior at early times after

detonation.

2.13.3 Time of Arrival. The plot of time-of-arrival data from Operation Redwing in
Figure 2.51 shows regular behavior for Shots Lacrosse and Zuni along the surface. The
Inca data is seen to follow the other surface data for a distance and then to deviate to
later arrival times (and hence to lower pressures) at larger distances. The reason for
the deviation i8 not known, although several mechanisms might be postulated. Should
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the disturbance read on the origina: {ilms be shock interactions along the water edge, or
the line which separated the vegetated and cleared areas, then some explanation for the
deviation might be made. An optical correction, however, when applied to the arrival-
time data does give a correction in the proper direction but not large encugh. The data
is presented uncorrected for such possible effects.

2.13.4 Corposite Lacrosse and Zuni Surface Data. The surface biast-line data of
Shots Lacronse and Zuni has been reduced to 1 kt at sea level and plotted together in
Figure 2.5%. A smooth curve was then drawn representing a composite pressure~distance
relation along the ground {rom a 1-kt surface burst. The data was recorded by both
mechaaical and electronic gages, at the ground surface and at a height of 3 feet.

Two blast lines were instrumented for Zuni, ope over an island complex and the other on
an island separated from ground zero by 4,000 feet of water. The Lacrdase line was
confined to the shot island. Lacrosse fireball formation and initial growth took place
over a water surface; however, breakaway occurred over the island. Despite these dif-
ferences, which may account for the scatter in the data to some extent, the agreement
between these two shots on a scaled basis i8 generally quite good. The data appears in-
ternally consistent for 2 range in overpressures from 400 to 4 psi. Such correlation over
a yield range of almost 100 or 200 orders c{ magnitude indicates the valldity of cube-root
scaling for airblast phenomena.

Consaquently, it is believed that the composite overpreasure-distance curve for a 1-kt
surface burst in a standard sea level atmospaere as derived from pressure-:ime meas~
surements for these two shots is fairly representative of a 1-kt surface burst over a
semi-infinite land area and can be scaled up to any reasonanis yleld.

2.14 DISCUSSION: 2W CONCEPT

As a result of Operstion Redwing, it would appear thal some fairly definite conclusions
can be drawn regarding the thaoretical 2W conecept for airblast phenomena from a surface
burst. The important difference between the Redwing and Castle data is the fact that it
was possible {0 make an independent yield determination for Lacrosse by radiochemical
analysis, whereas the yield determination for all multimegaton surface bursts involves
hydrodynamic scaling of fireball growth, which incorporates the 2W concept prior to
breakaway. Another important difference ia that, for Redwing, ¢ was possible to docu-
ment the blast wave pe -ing over essentlally a continuous land surface for two surface
burats. from the high~ to the low~pressure region, wheraas this was true only for the
low-prassure regions for Shot 3 of Operation Castle and Shot S of Operation Jangla. All
other measurements for multimegaton surface bursts involved varying amounts of travel
over a wuter surface.

Following Operation Castle, it was found that the measured overpressure versus diz-
tance data for the varicus surface bursts tended consiatently to fall between curves drawn
for the 1W and 2W free-air values. However, ii sppeared that the equivalent free-air :
yield value could be different for each of the various shots, ranging from 1.6 to 2.0W and :
could vary as a function of pressure level or type of surfaca for data measured over water ’
as well as land, based on fireball ylelds. For Shot 2 of Operation Castle, for example,
data maasured by the shock velocity technique over land was consistently higher than data
for the same shot measured by the samz2 method over water, thus indicating the posasibls
existence of 2 region of higher sound velocity over land than water, i.e., 2 heated iayer.
Consequently, in view of the lfmitations attached to the Castle data, it was hoped that a
more complete understanding of the airblast phencinensa for a surface burst could be ob-
tained for Shotas Zuni and Lacrosse.
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The recults obtained support the Cestle, Ivy, and Jangle data end indicate that the de-
viation from the ideal 2W concept is real. The 1.6W figure, proposed after Opuration
Castle as an overall grand average of free-air equivalence for surface bursts, sppears
to kold reasonably well for a fairly wide range of overpressures and yields based on
Redwing data. However, ta!s value of 1.6W is not without limitation. It does not apply
to shock front pressures before breakaway; the radius-Ltime plot actually fits the 2W con-
cept. Consequerntly, there must be a transition zone outside tha fireball. Nor does it
appear uniformly well over the antire pressure-distance curve. Data points at specitic
pressure levels may have au equivalent free-air value somewhut higher or lower than
{nig average vaiue. Also it does not apply very well to other blast wave parameisrs,
such as dynamic pressure values that are higher than 1.8W in the lirited precursor
zone. Moreover, measured impuises and durations from both the Castle and Redwing
data tend to be 1arger than the corresponding theoretical 2W valuss.

Consequently, the 1.6W value appears most useful as a quick convenient reference to
estimate the overpressure versus distance curve for a surfiace burst. In view of these
considerations, it appears more fundamentally correct to use empirical carves such as
the composite overpressure distance curve that was derived from the Redwing datz. A
comparison between this curve and the 1.6W free-air curve is shown in Figure 2.53.
Although the agreement is good, the empirical curve is to be preferred, because it rep-
resents the actual experimental measurements in the field.

2,15 DISCUSSION: PRECUERSOR PHENOMERNA

Important contributions toward a better understanding of precursor phenomena were
made as a result of the blast and shock experiments conducted during Operation Redwing.
The most significant of these was the verification of precursor formnaton for surface
bursts. This had been predicted by F.H. Shelton (Reference 10} for ylelds greater than
sbout 86 kt, but not by the AFSWP-NQ.. criteria, which required = scaled beight greater
than 50 feet. This requirement was not consistent with photographic data from Shot
Trinity and from Shot George of Opcration Creenhouse, both at a scaled height i 35 fee?,
which showed some sort of disturbance running shead of the main shock and Mach stem.
During Operation Teapot, however, the existence of precursors on certain low-yield
tower shots, where Shelton had predicted none, favored the AFSWP-NOL methaod.

Consequently, in Redwing Project 1.2 (WT~1302), C.D. Broyles proposed seversl
modifications to Shelton’s theory to make thermal radiaticn more effective in precursor
formation by lowering the threshold for propagation velceity in the thermal layer and
introducing a height of burst and yield dependenca. These modifications were such as to
account for the existence of precursors on the Teapot shots (where Shelten had predicted
none); confirm Shelton's predictions of precursors for Shots Trinity and George; and pre-
dict a precursor for Shot Lacrosse. Thiz latter prediction was based on an sezumed
thermal yield of 10 kt derived from Greenhouse data although later Tumbler data would
indicate the thermal yield should be about 15 ki.

1t is difficult to interpret the thermal measurements from xacrosse because of partial
shielding by diagnostic equipment. A thermal yield ranging from 3 to 6 kt was measured
at distant stations alorg two directions. Preasure stations were st an angle in between
these two measurements and at much closer distances. Measur~monta irdicated that the
thermal energies at close distances would be greater than thos. predicted from the meas-
urements at large distances, with an assumption that the therma: energy was inversely
proportional to the distance squared; however, no close measuremerts were available
for this shot.
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Despite this appureat inconsistency, precursors were documented in the higher pres-
sure region on both Lacrosss and Zuni. The experimental data was marked by such
typical characteristics as early arrival times, disturbed pressurs waveforms, and higher
than ideal dynamic pressures. However, thermal effects did not appear to depress peak
pressures to any appreciable extent. Also the precursor appeared to die out sooner than
might be expected; a classical waveform was reaiized at about 35 psi on Lacrosse and 20
psi on Zuni. This difference in pressure level for precursor cleanup might possibly
indicate a yield dependence. Consequently, it appears that the strength of the precursor
for surface bursis at the PPG is considerably less than that observed for low airbursts
at NTS where clean or classical wave shapes are not realized until the 6- or 8-psi region
is reached. However, it should be ncted that a precursor has not been documernzed from
a surface burst at the NTS, and therefore, no direct comparison can be made.

The extent of the precursor cycle is a function of both the yield and HOB. As the HOB
is lowered, the angls of incidence of the thermal radiation is increased, and there is less
heating of the surface at the greater distances. Therefore, for surface and near-surface
bursts, the precursor will complete its cycle sooner. and a classical wave shape wiil
appear at shorter ground distances and higher pressures than would be expected for the
same yield at higher HOB’s.

It should be noted that the angle of incidence used for comnputing preshock thermal
radiation at various distances in order to predict precursor formation for varicus yields
assumes a staticnary source and not 2 rising fireball. The effect of geometry in reduting

thermal yield for a surface burst was considered by Broyles in improving Shelton's theosy.

He concluded that there was no appreciable reduction in thermal yield for surface bursts
above 16 kt compared to zirbursts, because the former have the same hemispherical
shape during the radiation of almost all the thermal epergy,

There are also eavironmental conditions which may help to explain differences {n pre-
cursor charasteristics nofed between PPG and NTS. These include such factors as at-
mospheric attenuation of thermal radiation as well as surface conditions. The tranamis-
sion of thermal energy is less effective at PPG, and more scattering occurs because of
higher humidity and background albedo than in the clear dry air of the Nevada desert
Also laboratory tests have shown that Eniwetok coral is less susceptible to thermal ex-
plosion, i.e., popcorning than NTS desert sand and therefore requires a higher energy
value in cal/cm? before the critical threshold is exceeded.

Of course, the surface material on the various islands of Eniwetck Atoll is not uniform;
it consists of inhomogene us patches of sand over coral of various densities. In addition,
the surface tends to be damp more often in the Pacific because of intermittent rains and,
in certain areas, wave action cn tidal changes. These conditions would generally tend to
inhibit formation of 2 strong thermal layer, and local differences might result, such as
was observed during Shot Lacrosse. It is believed to have rained on the night pricr to
this shot. However, this may not have been significant, because the island is covered
mostly by sand underlaid by hard coral. Concelvably, the surface may have been dry at
shock time, innsmuch as sand drains easily, and runoff could have been fairly rapid.

Neither of the precursor prediction methods described previously allows for differ-
ences in surface conditions. However, {t i{s known from Shot MET during Operation
Teapot that distinct differences in precurscr formation and pror-zation may occur, de-
pending on type of surface. Further evidence of the importance of thic parameter was
shown by the data from Shot Inca, wherse the precursor was definitely weakec in the vege-
tated area than in the cleared area. It appears that density, height, and strength of the
vegetation were such as to reduce thermal effects on the blast wave by shielding the
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surface and changing the nature of the thermasl lsyor. Bscause the vegetation provided
an simost continucus cover to s height of 10 feet, mechanical effects on ihe blesi wave 5
due to interaction and turhulence were probsbly more {mporiant than ugual, In any
evant, it would appear that furthsr consideration of the tharmal characteristics over
which the hiast wave pasess ia noceagary in prediction of pracursor formetion.

iu fact, surface conditions may be more important than yield in determining whether
or not a precurgor forms for a surface burst. Precursor charasteriatics for surfass
aursts or near-surface bursts up to a scaled height of 100 fest i= 21l tssi sveas (PPG, 3
NTS, and Alrmogordo) have Leen markedly d:fferent from tho characteristice for stots
at higher scaled heights at NTS. This may be due {90 a fundamerial chauge in the mech-
anism of precursor formation and propagation. However, all svailable evideace leade
to the belief that, as the burst height ie lowered to a near-surface or surface burst, the
exisiencz of a precursor becomss marginal. Coasaquently, small difierences in environ-
mental fuactors {rom those under which Lacrosse and Juni were detonrted may prevent
precursor formation.

IR

VAR It P

ke

gt A 0 AN

2.16 REVIEW AND SUMMARY

The principal objective of Program I during Operation Redwing 2s outlined in Section
2.1 were generally accomplishad, with one major exception; that of documenting the basic
blast phenomenclogy of 2 high-yield true alrburst. Relizble dets was obtained in more
than sufficient quantity to meet minimum requiremunts for successful participatioa by
each projzct on all events of intereat except Shot Cherokse.

The delivery error for Shot Charckee was of such magnitude that there was a serious
1oss of data due to the increased range and orientation. Overpressure data for Shot
Cherokee was recordged along the surface over a limited region, but no religble dynamic
pressure measurements were made. The {ree-air data was equally disappointing. The
rocket trail photography was unsuccessiul, and the canister results do not permit mambig-
uous conclusions te be drawn cn blast wave propagation directly above 2 high-yieid sirblast,

The general phenomenology of & medium-~yield land surfzce burst zlowg the surface
was established by the Lacrosse data and, with scaling to 2 larger yield, cenfirmed by
the Zuni data. Blast wave propagation in free zir above 2 lacge-yleld surface burst was
successfully documented by rockei-traii photography for Sh® Zuni. Damage data for
drag-sensitive targets was obtained on both events; as a resuit, scaling of damage radil
for PPG sgriace bursts has been estaolished over 2 wide yield range.

The drag force experiments were only partially succezsful. Whereas gatisfactory
data wag obtained on model targets for Shot Lacrosse, similar measurements on spheri-
cal gages and full-3cale structural elements could not be reliably interpreted because of
low input values of free-field blast parameters and a large deviation in direction of flow
from that originally intended.

Blast wave parametlers from a precursor-forming tower shot were successfully meas-
ured over a cleared and vegetated surface. The comparison of deta sbtained provided a
better understanding of the effects of natural vegetation on precursor propagation.

Measurements of apparent crater radii, and profile were obizined under a wide
FEWAW‘-

! Satigiactory measurements of both over~

Pressure ang dynamic pressure were obtained for correlation with observed damage to
drag-sensitive targels on this event.
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Water-wave measurements were successfully made on beth lagoon-generated waves
anct thoss propagating across the ocean to distant {alands. Sufficient information was
abtained to provide = basis for adequately pradicting the deep-water height of wavea pro-

duced by puciear tasis set oif over atolls within the rangs of ylelds covered durving Opera-

tions Casi.e amd Redwing
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TABLE 2.2 SCALING FACTORS (AMBIENT CONDI-
TICHS AT BURST HEXGHT)

2yl ek

Shot Chus 0ok (1] D

Yield* ‘
)

—~————
Py (pof) 12.60 14.53 148 14.50

T 0 15.3 252 243 26.0
Hoight of 4 320 200 200 300
Surst

S, 1.167 1012 Lo1z 1014
&g 0.0635 17482 0.4058  0.1398
8 0.061c 17715 04123  0.1424
s, 0.0701 17694  8.4122  0.1449
Haighet of

Burat Scaled

t.a 1ktat

paration of curves n !hls ch&p%er. 'lhe west and wmoat
accepied yields are those given in Table 1.1.

TABLE 2.3 COMPARISON OF SLANT RANGES COMPUTED
BY DIFFERENT METHODS

All rarges are in feet.

"Siart Racge
i:‘:::: Phoio and Canistar Ballistics Travel Tixe and
Aliimetar ard Wird Drift Qvarpressure
Free-~Air Rsgioa:
2 —_ 18,589 16,830
3 18,720 17,300 to 17,708
1 - 22,370 21,890
12 — 22 48D 22,570
4 — 25,840 26,720
5 24,110 28,776 28 40
6 365,270 28,870 22,740
8 31,010 390,710 30,490
] 33.050 32,250 32,580
11 34,760 23.6%0 33.840
¥och Region:
7 -— 19,770 17,840 S 19,410
10 — 21,340 1,880
ki
- . > z i ) ) bt =
- - ,,.} P -




= - TABLE 2.4 OBSERVED DATA FOR SHOT CHEROKEE
o B &
- Canfeter  ShOOK Acnient Frak Qverressure ;,F oi ; f:i Beflecied Shock §
= sumber | ArTival P:;s‘;; Altitude  Aversge Correcied Phuse Arrival OQverpressure §
e Time 7 Average Duration Time  Incremant ;E
E scc pt e pai pal sec sec psl £
i - 7 3.207t6 0.489 1524 850 &.F 1.0 . In Mach region |
16 1437 13.7¢ 1,508 6.65 7.35 s 1o Msach regica E
=, 2 8.131 12.03 5600 4.50 £.95 . 9.117 1.90 §
=2 3  8.532s 0176 1115 7,709 2.15 2.88 . 10.321 1.20 E
b 12 2.531 9.14 13,100 2.55 2.7¢ . 15.262 6.5 :
7 i 312.139 708 18,160 2.55 2.68 5.22 18.130 .95 E
3 s 16.146 524 23160 185t 151 — 25.465 0.65 g
- +0.015 g
3 5 17.571 5.40 26.630 1.52 1.5% 6.20 26.044 0.30 g
e 6 18.72¢4 5.11 25,000 1.35 1.37 5.20 27.231 0.27 §
3 3 18.375 4.91 28,800 1.27 1.2% 8.41 25.324 0.27 2
: 8 21.222 4.57 38.58¢ 1.125 1.14 6.0 29.543 .23
11 23.665 3.23 33,800 0.83 0.53 6.89 33.143 0.27 £
= - * Reference Chamber gic not seai: pressure-versus~time waveform is not & true representation. H
E 1 t Exiremely noisy trase due ie low radiofrequency carrier signal strength. 2
> %
E |
i
" TABLE 2.5 COMPARISON BETWEEXK OBSERVED AND CALCULATED
. PEAX OVERPRESSUIIES
Cansater Calculaled Peak Overpressure . Percentage Deviation® §
Nomber Observed Theilcimer- Ledsham- Modilied Thellbeimer~ ledsbam- Modified :
Rudlin Pike Sache Rodlin Pike Sschs
pst psi psi nsi pet pet pot
2 4.95 5.73 5.71 5.77 -13.% —-13.3 -14.2
12 2.70 2.98 2.95 365 -9.7 -£.5 -11.5
1 2.58 2.84 2.5 2.85 -55 -2.5 -92
4 .91 1.8% 1.73 1.5 4535 +10.4 +0.5
5 1.55 1.5 1.44 1.61 428 +1.6 -3.7 i
& 2.37 132 1.30 1.45 -0.7 +5.4 -55 ]
8 1.25 1.29 1.22 1.37 0.0 +5.7 -5.8
) 114 111 1.05 il +2.7 +8.6 -3.4 :
1} 6.9% 0.92 5.27 190 +8.5 +13.8 ~1.0 §
g
Algebraic meas {for zight highest caaisers) +90.2 +5.1 ~-5.6 #

Root mean square dor eight highost canisiers) 52 8.4 5.2
* Percentage deviztion » 109 {chserved~computod)/compated].
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TABLE 2,7 FOHCE-GAGE DATA, SHUT LACHUSSE g
Peak :f:" Numinal Pesk Furce C. 3 Aversge
Acredynamic gc ‘Type of Gzge Gage {Drag ¥
Conditions Dexig- Hange* Compancnt) Peskt Cpy :
b ) §
Station 180.2%, 2,300 feet from ground 2erae, A~xtstios 5
P, * 1.4 pai A0 10-in sphere 1,000 110 087 §
q * 1.3 psit £,10  10-in sphere 1,660 250 - Maad
M = 0.5 - -
R - 6.2% 16/ .:.,( 4-1n s;%ertt‘ 2% 53 ] 0.38
Bj4  4~in sphere 25 £ 2.38
AC  6%-in cylinder 1,000 245 0.8 .. §
AL 6%-in cylinder 1,500 246 8.6 ;
2,2 6%-in parallelepiped 1,500 3t ray 3
AP oY-in paralielepiped 1,500 3so 140
A% 4eimoube §00 105 0.95
£.55
A8 2-3 cube 3 106 .85
Station 161.6i, 5,250 fsat frum groved zere, B-sistion §
P, = 4.5 psi Byig  10-in sphere 5 7.7 058 .
G = 0.48 psig B,10  10-in sphors 5] 50.3 0.50
M o= 0ds B4 4-in splere 10 e85 0.3}
B = 15=1tf/n t L . y g .34 z
B4 4-in aphere 10 1-20 0.37 E
B,C  &%-in cylinder 75 16.¢ -84 . |
By)C  G%-in oylinder 75 16.8 0.6¢ g
B,P  G%-in paralielepiped 100 25.5 1.4 134 H
8,1¢ 10-in cube 200 1 1.5 1.5%
B  4-incube 26 5.6 0.76 e
B8 4-incube 40 8.0 108
* Maximum gage range 30 t¢ £0 percent above nominal range.
t Spaere dass corrected for pressure sensitivity.
{ PBased on Equasion 1.2,
TABLE 2.8 FINAL DRAG DATA
Coaflict
Measured Compatsd® Pesk Drag Forces erte -
Locstion v Ovar- Dynamic Angla Iros Wr-Baam wF Bf?g % Lzﬁ
of Yaw i - o - -Beam Angie Angie
preszure 7 Pressure ?’fﬁic& Horizon:sl Ien  Iron
degrees psi pei b Y
FA 1z 41 0.4 540 560 1,100 252 2.3r 238
Manmede 1 52 8.7 171 840 740 -—_ - 2 2.7 :
Manmade2 50 7.2 112 - 500 1.600 282 288 ~— g
Doz 32 4.5 6.47 — —_ 530 244 02— - -
* Drpamic pressure compaisd vsing Rankine-Hepanio! relations.
H
8 i
g
§ i
- N 1 \ AN -
. - - -
- - e - .o o . —_ .
e on e _ e ;—:,_g:;f;_‘ _ - _ :




TABLE 2.3

COMPARISON OF STEADY-3TAYTE DRSO
AND LIFT COEPFICIENTS WiTH TH(GSE

OBTAINED ON OPERKATION BEDWING

Strugrurad S:e:m;g- Dynamic

Memisrs Rate Gperstiva Reduing

WF-Beam 2.83 3.52, Abix

drag) 2.32, Massuads Islzad 2
2.44, Dog

Angle iron 1.3 I.il. Able

wdrag) 248, Masmale Islond 3
2.51, danmade Isiand 2

Angle iron S.07  2.28, Able

{iin) 2.13, Manmade [sland 1

TABLE 2.10 MOST PROBABLE PEAK DRAG COEFFICIENT
YALUES

Sits

Predictad Vaioes

Actual Valueat

Gage* Lo~

Dynamic

arassure Pressars

Able
Able
Able

Doz
Dag
Do

sl

10-1 23
a-r 22
3-2 23

10-2 iz
3-2 32
3-4 32

e 11
i0.8

108
103

0.28
0.25
.25

Over- Dyramic Drag
pressure  Pressure Coefficiant

pas 3t )
4.1 0.355 0.53
4.1 8.3%5 0.61
4.1 04385 0.55
43 2478 5.9:
4.5 0473 8.47
45 0.475 0.38

* First number iz gage dlameter in (nches; socond number
is serizl number.
t Dynamic preszure compuled using Rankine-Hugonict relations.

TABLE 2.f1 DYNAMIC FRESSURE COMPARED WITH DAMAGE

Shot Oriertstion

Dynamic Pressurs {6} for Damaze which ia:

B Light EHoderaiz Severe
Yuuma Fo 2.2, 38 24.8 336.3
$0 82,6958 ——— 245, 136.8*
FC — - 3.3 6.4, 7.3, 165
So —_— 1.8, 33 8.4, 73, 18.8, 245
Lazzosse FO 8.2, 16,22,53,. 14 — —_
_ SO 0.8, 1.0, 2.2 - 5.2, T4 _—
* Computlas.
81
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TABLE 2.13 FIRST-CREST AMND FIRST-WAVE DATA, 3HOTS ZUMI, FLATHEAD, DAKGTA, ¥AVAIS 3ND fiaa
. Firat-Credt First-Fare s Firsi~Cresi Height
Sution ;i““‘é Helght In Baight in ;2; Zi i Water Tepth
: 54 Fee: of Water £3 Fee: of Wrier * 3 of Generation
10 3 it f &
3hot Zual i
19§51 1.5 2. 5.1 — —
15201 3. 1s 4 —_ —
183.02 s28 1.1 1. — —_
150,61 £.0 8.8 12 — —_
19,0t 7.2 2.2 1.8 —_ —
Shot Flsthe=zd
13734 1.5 5.4 17.9 128 5.3 ‘
136.51 358 S8 4 120 a7
HIW £0.6 2.2 1 10 6.67
is3.2t .6 2.4 3.3 123 £.34
HY X1 .2 o8 12 153 5
180,61 15.3 2.4 1.2 152 5.3z ;
i
Shot Dukots i
151,64 X 148 25.0 1es 1z.2 §
1971.0¢ 1.5 £7 F-X 13 St 1
18602 s 1.5 3.5 i@ 1.2 £
i%1.08 so.8 23 5.3 % 1.8 i
183,01 P a2 1.2 148 es ;
1920 4.2 1.0 21 1 X ]
= 13581 1T% ] K 2.2 14 7 H
= 199,61 8.8 11 X ] 14 8.3
= Shot Kavajo
3 i31.e8 €3 =% 1 E= ¥ 233 £
E 197.64% &8s 2.8 28 b= 143
B 191.65 144 — 3080 ey -
E 2527 2.1 “t 5s 238 ERT
= 131.81 sT.3 3 H % b= €23 i
18301 8.5 .t .3 =3 125 ]
19851 0.3 3 59 =22 2.£3 ;
192.81 1 43 5.8 B3 a2 i
196.51 .7 5 33 = 3 . H
Shst Tews
15201 51.0 2 .4 = 3
i .2 24 1. = a3
1s9.81 s 15 2 = e
g: ¢ Toizl »wave beight sstizaied a3 twize the Hest-trough dajdh.
5 & Deletod
*
* L%
P
= . I
) . . R ) . .
. - . i . _ -
- — Nl .
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Figure 2.3 Site Yvonne, locking toward ground zero of Shot Lacrosse.
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(a) Statiom 154.09, 2,500 feet

o —
- - = £y -
- .
. — ‘. — . - e
() Station 154.11, 3,350 feet

{c) Station 134.13, 4,3Y8 feet

Figare 2.30 Vehicle damage obtained on Shot Lacroase.
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Chapter 3

NUCLEAR RADIATION

The major cffort of Program 2 during Operation Redwing was directed toward gathering
data on the nature and distribution of radioactive products from high-yield thermonuclear
devices detonated on or near the earth surface. Such data could eventually be applied to
a method of predicting fallout from any specified burst. In particular, this goal involved
the measurement of radiation ficlds inside the mushroom cloud, above land surfaces, and
above and in the sea water, as well as the collection of fallout material. Other experi-
ments dealt with the initial radiation from the nuclear detonations; still others made
use of the fallout contamination to perform tests of shielding, decontamination, and
instrumentation.

3.1 OBJECTIVES

A list of the projects and objectives of Program 2 is given in Table 3.1. More de~
tajled information is contained in Section A.2 of the Appendix.

3.2 BACKGROUND

3.2.1 Fallout Distribution. The status of fallout~-prediction models and methods be-
fore Operation Redwing is best summarized in the report of the AFSWP (DASA) Fall-
out Symposium (Reference 1). Briefly, there are two stages: (1) the construction of
a model] for the initial distribution of radjoactive material, involving the assumption of
the distribution of activity as a function of position and particle size in the nuclear mush-
room, and (2) the projection, by graphical or computational means, of the activity onto
its final position on the surface through the influence of the wind structure and gravity.
During the Fallout Symposium, {t became clear that insufficient information was availa-
ble on the initial distribution in the nuclear mushroom, and radically different models
were assumed by diffcrent agencies. The second stage, the projection calculation, dif-
fered among the various methods chiefly in the amount of simplifying assumptions and,
hence, in the time needed to perform the computation. The applicability of the different
methods depends mostly on the desired accuracy of the result and the time available to
achieve {t.

Unti] Operation Redwing, no concerted effort had been made to document the complete
fallout pattern {rom high-yleld thermonuclear surface bursts. The previously available
information consisted principally of radiation and fallout collection data on the nearby
atoll {slands for Shot Mike of Operation Ivy and Shots 1 and 3 of Operation Castle, togeth-
er with some ocean survey data from 8S8hots 8 and 6 of Castle. Therefore, it was consid-
ered necessary to document, as completely as possible, the fallout, both near the detona-
tion and throughout the extensive ocean urea, from several Jurge-yield surface bursts.
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Participation of the fallout program during Shot Cherokee seemed to verify the hypoib-
esis that megaton-range airbursts produced negligible local fallout contamination, such a
hypothesis being an extrapolation from kiloton-range airbursts.

3.2.2 Distribution of Activity in Nuclear Mushroom. Knowledge of the distribution of
activity in the nuclear mushroom was needed: (1) as a part of the maode! of the initial
conditions for fallout prediction, and (2) for evaluation of the radiation hazard to crews
of aircraft, which might be forced to fly through a nuclear mushroom during atomic war-
fire. Previous measuremaats, which had consisted principally of dronz-aircraft flights
through the mushroom of kiloton-range detonations, indicated that the exposure rate in
the cloud wis not 2 function of the yield and decayed with time as t™%%. The Redwing ex-
periment was intended to extend these measurements to megaton-range detonations. by
measuring the distribution in delai! and checking the effect of varying the weapon's {ission
yield with the same total yield.

3.2.3 Initial Radiation. The scaling of initial gamme radiation from kiloton-range
detonations to high~yield thermonuclear detonations is affected by the following factors:
(1) the number of gamma rayvs, as well as the portion of fission neutrons that produce
gamma rays through the X' (n, y) reaction, depends on the fission yield of the device;

{z) the fusion reaction produces large numbers of high-energy neutrons that can react
with nitrogeu to form gamma rays; and () the gamma flux emitted by the fireball of a
megaton-range thermonuclear detonation is intense for a number of seconds after the
detonation, thereby allowing time for the blast wave to carry much of the absorbirg ma-
terial toward and past the observing station. This hydrodynamic effect produces an en-
hancement of the total initial exposure beyond that to be expected from linear scaling
with yield.

The theory and experimental measurements through Operation Ivy on initial gamma
rays have been summarized in Reference 2. Limited measurements performed during
Operation Castle indicated that the initial gamma exposure was not of military significance
to exposed personnel, because of overriding blast and thermal effects. The measure-
ments performed during Operation Redwing were designed to establish valid scaling faws
for initial gamma exposure and to extend the data to devices in which the fizsion yield
comprised a smail fraction of the total yleld.

Neutron-flux measurements have been performed at many previous test cperations,
principally with gold detectors for thermal neutrons. During Operation Teapot, these
measurements were externded through the use of fission detectors, in addition to gold and
sulfur activation detectors, so that the thresholds covered the energy range from thermal
energies to 3 Mev. In general, the neutron flux and energy spectrum are functions of the
nature of the nuclear reaction and the nature and geometry of the absorbing materfal ia
the device. Therefore, during Redwing it was necessary to make a sot of neutron-flux
measurements for new types of devices, as well as to make correlated energy-spectrum
and air-absorption studies to evaluate the effective neutron dose. Only a small amount of
datz was available from Operation Castle on neutrons from thermonuclear detonations;
therefore, it was proposed to document the neutron {lux and energy epectrum from Shot
Cherokee.

The gamma activity induced in soil has been studied for Nevadu Test Site (NTS;soil
{rradiated by neutrons from kiloton-range weapons. Limited measuremeats were also
made during Operation Teapot on other types of soils. The Cherckee airburst of Redwing

was intended to furnish further data on samples of different soils, for correlation of
effects of thermonuclear airbursts with the lowsr yleld NTS shots.




3.2.4 Contimination-Decontamination. Contamination-decontamination experimentg
have been performed since Operations Greenhouse and Jangle. The results, as amplifieq
particuiarly by data from Operation Castle, indicated that a land-surface burst produced
a dry particulate that was easily removable, whereas the wet contaminant from 2 water
burst had greater penetrability and was more difficult to remove.

Operation Castle also {urnished some data on ship protection by & washdown system
and subsequent decontamination by scrubbing and paint-removal techniques. Comparisqp
of exposure readings on adjacent washdown ard nonwashdown ships indicated a reduction
of approximately 90 percent by the washdown system. The most practical decontamina-
tion proceJures consisted of firehosing, handscrubbing with detergent, and a second fire~
hosing; but a procedure of hot-liquid-jet cleaning with detergent seemed to be a promising
procedure as well.

3.2.5 = ° ‘“hielding. Calculations have beenperformed o evaluate the effect of interveg.
ing ship - ~uuctures on the gamma exposure o persomnel located inside the weather en-
velope. These calculations needed verified input data on iwo points: (1) the relative
contributions of airborne, waterborne, and shipboard contamination to the exposure at
various locations aboard ship, and (2) the effective absorption coefficient of steel for the
time-varying complex gamma-spectrum characteristic of fission product and {nduced
gamma activity. Previous limited measurements during Operations Crossroads and
Castle provided only a few points for the calculations and pointed out the problems.
Therefore, fairly extensive shipboard instrumentation was provided for Operation Red-
wing to determine the needed answers.

3.2.6 Evaluation of Dosimeters. An experiment had been performed during Operatien
Teapot to establish the relation between the exposure measured at the surface of 2 tissue-
equivalent masonite phantom and the biologically significant depth dose measured &t 3-
to S-tm depth in the tissue-equivalent material. Because the dosimeters used primsriiy
by the U.S. Navy are now the DT-60/PD {phosphate glass) and the IM-107/PD (quartz
fiber), it was desirable to test these instruments in the presence of faliout radiation,
using the depth-dose measurements as standards.

3.3 INSTRUMENTATION AND OPERATIONS

3.3.1 Land Stations. The islands of Bikini Atoll were utilized extensively as bases
for fallout-collection and radiation-measuring devices. In general, fallout-collection and
regidual-radiation measurements were performed throughout the atoll, whereas the sta-
tion locations fo. gamma and neutron initial-radistion measurements were chosen on the
islands near the surface zero. The fallout collection included both total collection and
time-increment ccllection; the radiation measurements included fallout time of arrival,
exposure rate versus time, and total exposure.

3.3.2 Moored Stations. Because the available land areas covered only a small {rac-
tion cof the fallout pattern, an array of fioating instrument stations was moored within
Bikini Lagoon and to the north of the atoll. Three pontoon rafts, instrumented to meas~
ure time of arrival and total exposure and to collect total-fallout samples, were located
aiong an east~west line approvimately bisecting the lagoon. Two YFRE barges with com-
piete total snd time-incremental samplers and radiation deteciors were moored at vari-
ous locations in the Jagoon for the different shots, as determined by expected fallow!
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zones and peak overpressures. Approximately 16 skiffs were mosred in the deep ocean,
northerly from the atoll, by a special technique devised by the Scripps Institution of
Oceanography {8101. These were instrumented to collect total-failout samples ard to
meassure integrated exzosure, time of arrival, and. in some cases. penetration of activ-
1ty to various depths in the ocean.

3.3.3 Fallout-Collection Ships. Three ships (YAG-39, YAG-40, and LST-611), which
had been medified to permit operation from a shielded control room, were moved to po-
sitions in the expected fallout zone prior to the arrival of fallout. These then served to
collect failout on the ship surfaces and in incremental and total collectors. The LST and
the aft sections of the YAG's were washed down during fallout. Panels of various build-
ing materials, samples of common cuipboard items, and the mascnite phantoms were
exposed on the nonwashdown deck of the YAG's.

Instrumenis aboard some, or all, of the ships performed the following functions: (1)
éxposure-rate measuremsnts versus time at many locations above and belsw decks, (2)
incremental air filtering, (3) gamma spectroscopy of individual particles and samples,
(4) early-time decay studies oa particles and samples, (5) exposure-rate measurements
versus depth in the water, {6) exposure-rate measurements versus time above water, and
{7) incrementai and total fallout collection. The instrumentation located abozrd the YAG's
is {Jlustrated in Figure 3.1.

3.3.4 Survey Ships. Two Navy destroyer escorts {DE’s) and the SIQ research vessel,
M/V Horizon, proceeded into the ocean fallout arex after the radicacrive material had
been deposited and performed the following functions: (1} exposure-rate measurements
just below the ocean surface along the ship's tracks, {2) occasional measuremen® of ex-
posure rate versus depth, and (3j water sampling.

3.3.5 Survey Aircraft. Two P2VS aircraft, instrumented ic measure exposure rate ver-
sus time, were flownat constant altitude overthe ocean fallout ares. The recordsthen pro-
vided the data for construction of contours of constant exposure rate above the ocean surface.

A radiation-sensitive probe was suspended on a long cable below a helicopter and was
lowered to positions 3 feet above the surface of contaminated islands. The detector read-
logs were noted inside the helicopter. The technique employed in making these measure-
ments {s shown in Figure 3.2.

3.3.8 Cloud-Penetration Rockets. A salvo of six rockets was fired at H+ 7 minutes and
anptheratH + 15 minutes intothe mushrooms of Shots Cherokee, Zuni, and Navajo. Four
rockets were fired at H+ 7 minutes intothe Tewa Cloud. Dats from jon-chzmber radiationde-
tectors in the rockets was telemaetered to receiver-recorder stations atSite Nanandsboard
the USS Knudson {APD-101). The rocketemployed by Project 2.611s {llustrated in Figure 3.2.

3.3.7 Cloud-Penetration Afreraft. Several B-57B aircrafl, instrumented fo measure
€xposure rate and total exposure, were flown through the nuclear clouds and stems from
Shots Cherokee, Zuni, Flathead, Dakota, Apache, and Navajc as early as 20 minutes and
as lats as 78 minutes ={ter detonntion. In addition, upon return ioc base on Site Fred, the
alreraft were subjected to contamination-decontamination studies, and the contact hazard,
which personnel experiencve when working on such aircraft, was investigated,

3.3.8 Program Z Control Center. During Shots Cherokee, Zum, Fiathead, Navajo,
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and Tewa, in which the fallout surveys were performed, a control center aboard the USs
Estes (AGC-12} was manned by representatives of Program 2 and the projects perform-
ing the surveys. This center served to send out instructions to the survey vehicles and
to coordinate and compare the data.

3.3.9 Laboratory Facilities. The principal lzaboratory facilities avajlable to the
fallout-documentation projects included equipment o perform chemical snalysfs, particle-
size analysis, radisautography, gamma and beta counting, gamma spectroscopy, and
photegraphic development and densitometry. These facilities were located, in part,
aboard the YAG-40, on Site Elmer, at the Naval Radiclogical Defense Laboratory (NRDL),
and at the Chemical Warfare Laboratories (CWL).

3.4 FALLOUT STUDIES

The experiments reiating to documentatfon and characterization of fallout were con-
ducted on Shots Cherokee, Zuni, Flathead, Navajo, and Tews (Tzble 1.1). Cherckee
produced no fallout. Flathesd and Navajo produced slurry. Zuni and Tewa produced dry
fallcut. Supplementary individual measurements were made on a number of other shols.

As previously described, the fallout location, delineation, and sample-coilection )
efforts were carried out by a2 number of individual projects, with the overall effort being
coordinated through 2 program control center. The control center served to provide pre-
dicted fallout patterns, based on the latest weather forecast prior to the events, for loca-
tion of the mobile elements of the fallout documentation srray.

Following the detonations, revised predictions, based on shot-time weather and sub-
sequent time and space variztions, were prepared to maneuver these elements to desireg
Jocations. During the actual survey operations, thc control center coordinated the move-
ments of the survey units so as to resolve any apparent discrepancies in measured values,
insured that all areas of the fallout pattern were surveyved in sufficient detail to yield a
complete picture, and directed the various survey units to rendezveus points for inter-
calibration checks. The control center performed these functions with exceptional suc-
cess, and comprehensive and sztisfactory documentation of the fallout fields resulted.

3.4.1 Mcasurament of Radiation Contours. Aerial Surveys. The aerial surveys
concucted over the fallout-contaminated ocean areas resu:ted in relative radiation intenzi-
ty mappings- Flights werefiown on D Day, D+1, D+2, and D+3 days; however, the D+ 1
day readings were the basis for the reported contours. By application of air absorplion
and decay faciors of questionable validity, these mappings were converted to {sodose-
rate contour charts of the radiation field 3 feet above the ocean surface at & reference
time of H+ 24 hours.

The D+ 1 day contour piols were converted to a land-equivalent fallout field by multf-
plication of the 3-foot contour intensities by a factor of approximatzly 1,000— this fze-
tor having been determined from calculations involving: (1) the depth of mixing, which
was assumed to have an everage value of 60 meters; (2) the sverage gamma emigsion
energy, which determines the thickness of the surface layer contributing to the ocean
surface gamma field; und (3) the air absorption, which determines the surface area that
constitutes the field observed by the airborne detector. In addition to the uncertainties
inharent in relating the altitude mezsurements o 3-fool vaives and in converting thess
3-foot values to equivalent land vaiuee, there was the further effect of distortion of the
initial fallout putiern by influence of the ocesn currenis. For these reasons the rccuracy
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of the land-equivalent fallout contours produced by the aerial survey method are subject
ro severe limitations. However, these surveys were not intended io give exact, quantita-
tive data, but rather to provide an early definition of the overall fallout pattern, which
couird be subsequently invzstigate ! oy the surfice survey elements; in this senia the
aerial surveys were successful.

Figures 3.4 through 3.7 show the contours on D +1 day for Shots Flathead, Navajo,
Tswa, and Zuni, as determined by serial surveys. No detectable ocean area contamina-
tion was found after the airburst of Cherckee, although the area in which fallout would
have been deposited, should it have occurred, was searched thoroughly. Similar surveys
afte: Shot Osage, an iirburst, confirmed the Cherokee finding that significant fallout does
not occur after airbursts,

The many ccuversions necessary to construct a 3~foot equivalent contour {rom read-
ings taken in an airplane at 360-foot altitude above the ocean surface of necessity contain
many assumptions, uncertainties, and instrumentation limitations. Figure 3.8 presents
a diagram of the conversica factors selected Inr this regert.

The assumption that the detectors used in the aircraft were uncollimated is subject
serious doubt in the light of the strong collimation effects previously reported. This
aicne would cause a variation {n the finzl answer by 2 factor of four.

The depth of mixing useéd—60 meters— iz confirmed for S8hot Navajo by NRDL; bow-
ever, It is generally agreed that there was considerable fall through and a deeper depth
of mixing for Zuni. Thus, the resultant calculated land-equivalent dose contours should
be increased by a significant pertion, at least a quarter. SIO reports avarage depth of
penetration from 32 to 80 meters, depending on the shot. This could cause a variation
in the final answer by 25 percent.

Altitude zbsarption factors were confirmed for the four shots by simultanecus meas-
urements at the 3-foot leve] over water and at the 300-foot altitude. Measurements were
taken at different places {or varicus shots, and theoretical curves were used to normalire
the air measurements with the 3-foot dose expacted over water. The top hat instruments
used were not calibrated to ensrgy levsls high enough to show the variation {n dose com-
Futations that could result from the 1.38 and 2.75 Mev gammas from Na¥, which created

2 large portion of the resultant dose rates ei! Navajo and Zuni. The
sltitude absorption was calculated for an average energy of fission product gamma of
0.5 Mav, which is not considered representative for this failout from 7
Nevajo and Zuni. - -

A large portion of the resulting dose rates for} ) Navajo and Zuni,
mzy have come from the induced radioactivity In YA€ sodlum of the sea water. At H+24
hours the estimates range as high as 65 percent (Reference 3} and as low 23 33 percent
{WT--1317). No attempt was mads to subtract this portica of the dose rate from the dose
rate contours reported by Project 2.64, or by Project 2.62. Thea presence of such a high
fraction of Na®* gamma will significantly affect the decay rates necessary to resolve all
readings to a common time bass. The alreraft project used the contcur measurémsents
tasken on D+2, D+3, and D+ 4 days to refine the D+ 1 contours. The contours In Figures
3.9 through 3.12 are presented as D+ 1 day contours, becauss the differsnces in decay
exporents used by various sgencies for different shots would result in s further diver-
gence of dose rates when converted to B+ 1 hour readiness.

Thea percent of the {ission products that fell inside the measured contours was asti-
mated in the basic report. These estimates did not take into consideration the Na¥* con-
tribution. The Interpretation of the measurements {5 50 dependent on energy spectrum
and i{nstrument response that the percentages have litile more thun academic meaning.
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Possible corrections to reported percentages have been tsbulated {n Table 3.2.
Surface Ship Surveys. The ship surveys recorded measurements of gamma
dose rate 3 feet below the water surface 2s they traversed the contaminated ocean areas,

They made {requent stops to measure gamma dose rate as a function of water depth at
selected gecgraphic locations within thege areas. During these surveys, water samples
were collected at the surface and at various depths. Because the final desired product
of these surveys was a plot of the isodcse-ratz contours that would exist at an altitude of
3 feet, had the fallout been deposited on an infinite hypothetical land plans, a aumber of
corrections and conversions of the measured data werg necessary. Because the con-
taminated water mass would be distoried through the influence of ocean currents, the
{nitial correticn involved restitution of the obse-ved water masses to their positions at
the time fallout was deposited. An oceanographic survey of the currents in the ocean
area of expecied falloit was conducted early in the operation, before any actual shot
participation, and the data obtained provided the information necessary for accomplish-
ing these drift correctiors.

Numerous observations of depth of contamination mixing and depth of thermocline were
made throughout the fallowt survey operations. It was found that, except for close-in
areas of the land surface shots, the fallout contamination deposited on the ocean waters
remained in salution or suspension in the mixed acean layer above the thermocline for
periods exceeding the duration of the ship surveys. Thus, from 2 knowledge of the ac-
tivity concentration and depth of mixing, an estimate of the total deposited activity was
possible. Ta improve the accuracy of this estimate, the survey instruments used were
frequently czlibrated before and during all operations, and & thorough past-operational
evaluation of the energy and angular response of the instruments in measuring activity in
a contaminated water medium was accemplished.

The D+ 1 cay isodose-rate contours determined for the four shots zre shown in Fig-
ures 3.9 through 3.12. They are presented in WT~13186 a3 H+ 1 hour contours but hive
been decaycd to D+ 1 day in this report {(using apprepriate decay fer each shot as meas-
ured by S10) for ease in comparisen with the contours irom the serial surveys. Note
that the later contours were not corrected for current.

Ship surveys indicated that Shot Cherokee produced so little fallout that izodose-rate
contours could not be plotted. Only one small spot ¢f water, 2 miles wide and of un-
known length, was detectably above the normal oceanic background. No other fallout
radioaciivity was fourd, even though the local areas out to 360 miles from ground zero
were investizated.

The dose-rate levels at any time are not a realistic indication of the fallout hazard
thut exists over the entire arex, because fallout does not cocur over most of the arez at
ary one time. Therefore, isodose plots indicating the dose which would be accrued dur-
ing the first 50 bours afier detonation were slso prepared. By applicaticn of messured
decay constasts, the actual ground leve! dose rates znd their time of initial effectiveness
on the ground were determined for the various pesitions within the fallout area. Integra-
tion of these determined ground dose rates from time of arrival to H+50 hours resulted
in the dose thet a persoa in an unshielded position would sustain during the first 50 hours
after & shot. The accumulated dose coniours are presented in Figures 3.13 through 3.16.

Table 3.3 presents a8 summary of the extent of the fallout for the events in which ship
survey data was obtained. For 2 comparison of the areas contaminsted by the different
shots, thaz total yield of each weapon, &5 presented in Teble 3.3, was normalizced to a
5-Mt detonation of 100 percent fission yield. To correct to 100-percent fission yield, ihe
dose rates were divided by the fission fraction, =nd to normalize io the 5-Mt vields, dose
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rates were assumed %0 increase with the cube root scaling law. The areas, following the
same law, were ipcreased by the square of the cube root of the yield. Figure 3.17 pre-
sents the results of this comparison. Predicted contour areas for a 5-3t device have
also baes included in this {igure (Reference 4). An apparent confirmation of scaling laws
{s indicated by Figure 3.17. By ocbserving the critical degendence of the H+ 1 hour dose
rates upen the decay used 0 coovert readings back to this early time, it {3 possible w0
see that z slight variation of decay rates could modify the picture considerably. Even the
varistion af the decay rates measured in Project 2.63 {from the cnes used in Preject 2,52
wouid be sufficient to open up the plots of Tigure 3.17.

The contribution of sodlum to the decay rates of Zuni and Navajo has not beenevaluated.
Other studies give varied estimates {Reference 3 znd WT—1317). Xo effort was made io
have the 3-foot land-equivalent dose nontours corrected to represent the contours of a
land surface burst. They are contours of bursts fired in the unique cocditions present at

Eniwetck (Tabie 1.1). The contrikution of the radicactivity frou: the incduged 2odintn '

_should logically have placed:”

: 3
*—Dese-rate contours predented o Figures 3.9 through 3.12 have been decayed to H+24
hours for presentation for three reasons: £1) to permit ready comparison with the {sodosa
contours measured by the aircraft in Project 2.62, (2) io reduce the eifects of variations
in decay rates used in several prejects, and (3) to present the contours at a tims when the
induced sodium contributien to the dose rates observed for the clean shots is but a2 smazll
fr ction of the dose rate from tha {ission products.

l.and Surveys. Helicopter probe~surveys of the islanids of the Rikini Atoll were
successiully accoemplished by Project 2.65 following cach of the events during wiich the
fallout program participated. Fallout-produced gamma dose rates were measured 3 feet
above the areas in which fallout contamination occurred. By application of the decay
factors determined from the {ield decay rates cbsarved by this project for each event,
the land-surface observations were related to the common time of K+ 1 hour. These
decay-corrected dose-rate vilues were then used to construct isodose-rate contour plots
of the Bikini Lagoon arez. Figure 3.18 shows the land-surface Zuni ¥ +1 hour readings
determined In this manaer as well as the {sodose-rate contours existing at that time. The
Tewa data s presented in Figure 3.18. Again, ro fallout was observed over Bikini Atoll
following Shot Cherokee. The Bikinl area Isodoss-rite contours f{or the water-surface
detonations, Navajy and Fiztkead, are shown In Figures 3.20 and 3.21.

Although not specifically a part of the integrated fallout program, belicepter probe-
surveys were aiso made in the vicinity of the craters resulting from the iand-surface
detonations, Lacrosse and Mobawk. The results are shown in Flgures 3.22 and 3.23.
These veadings are of particular Interest in that they were higher thza any such readiegs

previcusly reported.

3.4.2 Characteristics of Fallout Contaminant. Mazny studias were conducted on the

physical, chemical, and radicchemical azturc of the faliout debris collectad 3t land and
ocexn stations.

Land-Surface Saots. The gross physical and chemical characteristics of the
solid fallout from Shots Zuni and Tewa proved much the same a8 chserved for Shot Mike
during Operation Ivy and Shot Bravo during Operation Castle. The particles were irreg-
ular, spheroldal, amd agglomerate types varying in color [rum white to yellow and rang-
ing In zize from less than 20 microns to several millimeters in diameter. The close-ia




stations found most of the activity on particles larger than 210 microns in diameter.
Most of the irregular particles consisted primarily of ca.cium hydroxide with 3 thin syr.
face layer of calcium carbonate, slthough s few unchanged coral particles were present,
The spheroidal particles consisted of caiciumn oxide and hydroxide, oftan with the sampe
suriace layer of calelum carbenate. The spherical particles weve about 10 times ae
sradicactive as the otbher types. Although the spberiodal particles accounted for no more
than 15 percent of the total samples, they contributed €0 to 80 percert of the tofal acUviy
on Zuni and 25 percent of the 'otal activity of Tewa at H+ 240 houre. The agclomerztes
were ais0 composed cf calcium hydroxide with an outer layer of calcium carbonste. Ths
particies almost certainly wers formed by decarbonation of the originzl coral to 2xiciom
oxide Ir the fireball, foilowed by compicte hwdration in the case of the irregular particles,
and incomplete hydration In the cass of other particles. The surface layer, which may
neol have been formed by deposition time, resuiled from reaction with carben digxide In
the atmosphare. The densitics of the particles were grouped around 2.3 and 2.7 gr/em?®,
Radioactive, bizck, spherical particles, usuvally less than I micron In dlameter, were
pbserved in the fallovt from Zun! but wo! in that from Tewa. Nearly 21l such particies
were attached o the surface of {rregular particles. They consisted partsily of calcivm
iron oxide and could have been formed by direct condensation in the firebail. The radic-
nuclide composition of the frregular particies varied from that of the spheroidal snd ag-
glomerzted pariicles. The former tended 1o {ypify toe cloud saruple and distant fallan
radicchemistiry, while the latter were more characteristic of the gross fallout nearground
zero. Project 2.63 found that the irregular particies tended to be enricked o B2'® acd
L2'®, and slightly depleted in Sr®'. The spheroidal and agglomerated particles from ship
samples were depleted In these nuclides, but were much higher in specific activity. The
lose-in land samples showed irregular particies dapleted In Mo®, Ce!¥, ¥p™, 2nd Co@

;

< n
over the spherical pariicies and no difference in 5r® and Ba'. it should be recognized
that this cizssification by types may bs an oversimplification and ti=t & iarge ssmpie of

ndividual particies of all 1ypes might show 2 continucus varfation of tha properties de-
scribed. The inference is strong, nevertheless, that the fracticnation ochserved from

point 1o point {n the fallout rleld from Zuni was Sus to the relative abundasces and setivity
contrioution of various particle types at each location. The czpture-to-fission ratios wers
smaliest in the solid fallout samples and Rghest in the ligquid samples. Cloud s=mples
were in belween.

The sctivitles of tbe irregular particles varied roughly ar thelr surfzce 2rea, or dizm-
eter sqguared. On the other kand, essentially =21l of the spharcidal particles were radio-
active throughout their volumes, they were formedin a region of high activity concentiro-
tion in the cluud, with the activity diffusiag into the Interior whils these particles werse
still in & moiten state. Aclivity was nof relsted o particle density, but varied with the
weight of Irregular particles in a2 manner consistent with 3 surfsce-avea function.

Wsater-Surface Shols. The characieristics of the falicut resulting from the
water-surface shots, Flathead and Navalo, differed considerably from those of the land-
urface shois. For the lend ststions of the isgoon area, the Xavajo {z2llout consisted of
some soild particles: 2 rather dry, ihin, misty slurry containing csleium carbonals and
ferroue oxide purticles, scodium chloride erystals, and liquid droplete. In the casze of
Flzthead most of the sctivity at the land sistions was associsted with s ==t slurry, or
mud, conizining calolum carbonate and ferrous oxide particles mixed with sodium chlo-
tsizs. This slurry was deposited st 20 sngic of at ieast 24 degrees from the
At the ship collecung stations. ihe fzlicut {rom these two events w=s made
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water, and 2 per "t Insoluble solids composed primarily of oxides of calcium and iron.
The individual, insoluble, solid particles were generally spherical and less than 1 mi-
eron in diameter, appearing to be the result of direct condensation In the fireball. The
rudionuclile composition of individual slurry drops could not be asses=c¢d because of in-
sufficient activity, but the results of combining a number of droplets were similar to
those obtained froi gross fallout samples.

In general, much less fractionation of radionuclides was evident in the slurry from
water shots than in the solid fallout from the land shots. The amount of chloride in a
slurcy drop uppeared to be proportional to the drop activity for the ship stations at Flat-
head; however, variability was experienced for Navajo, and the relationship failed for
both shots at close-in locations. Conflicting data was obtained concerning the contribu-
tion of the inscluble solids to the total drop activity. Although the slurry nature of the
fallout and certain properties—drop diameters, densities, and concentrations—wers
adequately cdetermined, further experimentation i{s required to establish the composition
of the {nsoluble solids, and partition of activity among the components of the drop. The
small amount of faliout that was deposited during Cherokee arrived as slurry particles,
siniilar to those produced by Flathead and Navajo. The total amount deposited, howeve
was smz.! and of no military significance.

Fractionation of radionuclides occurred in the fallout of all Redwing surface shots in-
vestigated. By several criteria, such as R-values and capture-to-fission ratios, Navajo
was the least fractionated. Flathead ran « close second. Fractionation increased for
Tewa and was greatest for Zuni. The R-values were generally higher at the distant sta-
tions, as were the activity concentrations and capture-to-fission ratios for particles of
the same size fraction. This was preobably due to the higher frequency of the spherical
part:zles and a lower contribution of the Mo at the distant stations. R-values of cloud
samples increased for Sr® and Ba!®® with time after detonation, probab  because of the
increased relative contributions of both the smaller pacticles and the liquid phases. There
was less fractionation between solid and liquid fallout samples from water-surface shots
than from land-surface shots. The consideration of Flathead and Navajo as representa-
tive water-surface shots is not completely justified, because of the effscts remaini g in
the lagoon from previous shots. The effects of the bottom material on the faliout charac-
teristics have not been studied or evaluated.

The CWL evaluated the logic of using Mo as the basis for R-values and concluded
that Ce!™ appeared to be more representative of the fission products, and thus a better
reference for at least the close-in stations. Project 2.65 also concluded that fractiona-
tion has no military significance, except for a possible ingestion hazard of specific
nuclides, and Is of interest only because it may indicate the mechanism of radfoactive
particle formation in the fireball, coluran, and cloud.

Cherokee fallout was relatively unfractionated with regard to radionuclide composi-
tion. For all shots the important nuclides that were deficient in the fallout were mem-
bers of the decay chains of antimony, xtenon, and krypton. Their rare-gas precursors
do not combine easily with either condensing or unaltered carrier particles. Relations
between R-values of common precursors were examined by Project 2.63 to estimate R-
values of unmeasured {sotopes. As yet, no method is known for predicting the extent of
fractionation to be expected for specific yleld and detonation conditions.

Decay of unfractionated fission products according to t™1*? was found to be adequate
for planning and estimating purposes. However, If much fractionation exists or signifi-
¢ant {nduced activitles are present, an actual decay curve (measured with a counter
having known response characteristics, or computed for the specific radionuclide
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comgosition involved) should be used. The observed early-gamma-dose-rate decay ex~
ponents, as measured in lagoon -area land stations, are shown in Table 3.4. Howsaver,
large errors can result {from misapplication of the t71+2 rule in using standard computing
methods to estimate radiological cffects from fallout. Participation in the tests showed
that field dose rates can be calculated from the gamma spectra of samples.

3.4.3 Characteristics of Arrival and Deposition of Fallout. The time of arrival, rateg
of depositicn, and duration of fallout at the lagoon land stations varied for the different
shots and with distances from ground zero. Project 2.€3 concluded the time from fall-
out arrival to peak radiation rate was approximately equal to the time of arrival for all
stations and events. Further, the shape of the activity arrival curve was not markedly
different for solid- and slurry-particle shots (Figures 3.24 and 3.25). in both types of
events, the time from the onset of fallout to the time when the radiation rate peaked was
usually much shorter than the time required for the remajinder of the fallout to be depos-
ited. The concentrations of the smallest sizes remained almost constant with time. Par-
ticle diameters gradually decreased with time at each statisn during the slurry-particle
shots, Flathead and Navajo, though remaining remarkably constant at about 100 to 200
microns in diameter on the ships during the entire fallout perfod

At the lagoon land stations, the activity percent weight of falleut resulting from land-
surface bursts was found to be higher at the more distant stations. Most of the radio~
activity was associated with particles between 149 and 420 micrors. Particle size dis-
tributions varied continuously with time at all stations during the solid-particle shots,
Zuni and Tewa, with the activity arrival waves being characterized by sharp increases
in the concentrations of the larger particles. Because of backgrouid dust and unavoidable
debris on collection trays, correlation of the concentrations of smaller particles with
radiojogical measurements was difficult.

In the vicinity of the ships, the gross body of fallout activity for the slurry-particle
events penetrated to the thermocline from a depth of 10 to 20 meters at the rate of 3 to
4 m/hr. A coasiderable fraction of the activity for the solid-particle events penetrated
to the thermocline at about the same rate. This activity remained more or less uniform-
ly distributed above the thermocline up tc at least 2 days after the shot and is presumed
to have been in solution or associated with fine particles present either at deposition or
produced by the breakup of solid aggregates in sea water. An unknown amount of activity,
perhaps as much as 50 percent total, penetrated at a higher rate and may have disap-
peared below the thermocline during the land-surface shots. It is unlikely that any
significant amcunt of activity was Jost in this way during the water-surface shots. Frac-
tionation of Mo”, Npm, and 1™ gceurred in the surface water layer following solid-
particle deposition; a continuous variation in composition with depth was indicated. Only
slight tendencies in this direction were noted for slurry fallout.

Although an attempt was made to determine the role played by the base surge in the
transport of radioactive debris following water-surface bursts, the resuits obtained were
inconclusive. The radioactive base surge from 3hot Flathead, if one indeed was gencr-
ated, did not 1each the detection stations estabiished for its documentation. Therefore,
the significance of the base surge in transporting radioactive contamination in the vicinity
of a water-surface burst could not be ascertained.

3.4.4 Fallout Prediction Correlations. Beforc and during the fallout events, succes-
sive predictions were made of the location of the boandaries and hot line of the fallout
pattern for each event. The final predictions were superimposed on the measwred fallout
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patterns, as determined by the oceanographic surveys, and are shown in Figures 3.26
through 3.29. Allowance has been made for time variation of the wind during Shots
Navajo and Flathead, and for time and space varistions of the wind during Shots Zuni and
Tewa. Cot-parison can be made with the H+ 24 hour contours obtained by aerial survey
by referring to Figures 3.4 to 3.7 and converting for decay. Predicted and observed
times of arrival at most of the majer stations, as well as the maximum particle sizes
predicted and observed at times of arrival, peak, and cessation, are compared in Table
3.5. In the majority of cases, agreement is close enough to justify the assumptions used
in making the predictions; in the remaining cares the differences are suggestive of the
way in which these assumptions should be altered.

The fallout prediction method used is described in Reference 5. Beginning witha
vertical line source above the shot point and assuming all particle sizes to exist at all
altitudes, the arrival points of particles of several different sizes (75, 100, 200, and
350 microas in dlameter {n this case), originating at the centers of successive 5,000-foot
altitude increments, are plotted on the surface.

Size lines result from connecting surface arrival points for particles of the same size
for increasing increments of altitude; helght lines are generated by connecting the arrival
points of particles of different sizes from the same altitude. These tvwo types of lines
form a network from which the arrival times of particles of various sizes and the pz2rim-
eter of the fallout pattern may be estimated, once the arrival points representing the line
source have been expanded to include the entire cloud diameter. This last step requires
the use of a specific cloud model. The cloud model used to arrive at the results previ-
ously presented is shown in Figure 3.30. Particles larger than 1,000 microns in diameter
were restricted to the stem radius or inner 10 percent of the cloud radius, while those
from 500 to 1,000 microns in dlameter were limited to the {nner 50 percent of the cloud
radius. All particle sizes were assumed to be concentrated primarily in the lower third
of the cloud and upper third of the stem. The cloud and stem dimensions shown on the
fallout -pattern figures were derived from empirical curves available in the field, relat-
ing cloud height and diameter to device yleld; however, actual photograplic raeasurements
were used wherever possible for subsequent calculations leading to the results preserted
in Table 3.5.

The location of the predicted hot line follows directly from the assumed cloud model,
being determined by the height lines from the lower third of the cloud, successively cor-
rected for time and, sometimes, space variation of the winds. Time varistion was
applied in all cases, but space variation only in cases of gross disagreement.

Reasonable agreement between the predicted and observed perimeters and central
axes of failout patterns is indicated for Zuni and Tewa, when corrections are made for
time and spatial variation of the winds. Rough agreement was also achieved for Flathead
and Navajo by neglecting spatial variation of the winds, in spite of the gross differences
In the char icter of the fallout. The reason for this agreement 18 not well understood.
Predicted fallout arrival times ware often less than the measured times by 10 to 25 per-
cent, and the maximum particle sizes predicted at the times of arrival, peak, and cessa-
tion were usually smaller by 10 to 50 percent than measured sizes.

3.5 DISTRIBUTION OF ACTIVITY IN THE MUSHROOM

3.5.1 Rucket Data. Forty ASP (atmospheric-sounding projectile) rockets were suc-
cessfully fired at the mushrooms resulting from Shots Cherokee, Zuni, Navzjo, and Tewa.
All rockets operated satisfactorily, and Information was obtained concerning gamma
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{ntensities within the mushrooms, frem which spatial distribution of activity concentra-
tion within the cloud and stem could be determined. Figure 3.31 shows the planned rocket
trajectories. At H+7 and H+15 minutes, two salvos of six rockets cach were fired suc-
cessfully during Shots Cherokee, Zuni, and Navajo. Four rockets were fired during Shot
Tewa, 7 minutes after detunation. During Shot Cherokee, good signal strength was re~
cejved on all channels, and despite the relatively high radiation fields encountered

(3 x 10 r/hr), no serious attenuation of the telemetering signal was noted. The Zuni
rockets gave good signal strengths on all channels. The radiation fields measured were
lower than those encountered during Cherckee. Channels corresponding to rockets aimed
at the lowest elevations had no data on the carriers. Figures 3.32 and 3.33 show the
activity distribution for Shkal Zuni in the planes cf the rocket trajectories at H +7 and

H+ 15 minutes, respectivel;, and are typical of the results achieved by the project. .

Figure 3.33 includes the :.:nd profile in the plane of the rocket trajectory, which is a
projection, in this plane, of « zera~time vertical line above ground zero as it would have
been distorted in 15 minutes by the prevailing winds. The wind profile provides a means
of visualizing the amount ¢f shear to be expected in the clouds.

The six rockets of the first salvo during Navajo were fired at the same guadrant elevi-
tion but at different azimuth angles to provide good assurance of intersecting the mush~
room stem. From visual cbservation of the Navajo stem location, !t appeared probable
that at least three rockets of this salvo penetrated the stem at altitudes of approximately
25,000 feet. None of these rockets yielded datz indicating gamma intensities in excees of
1 r/hr. The second salvo was fired in 2 vertical fan, similar to that used for Cherokee
and Zuni, and the activity distribution within the cloud was successiully documented. The
data cbtained indicated that the gamms activity concentrations in the Navajo cloud were
appreciably lower than those observed during Cherckee and Zuni. Of the four rockets
fired during Tewa, only one produced useful radiological information; however, the data
was consistent with similar data obtained along 2 comparable trajectory during Therokee,
When the values of total cloud activity, as determined from the rocket measurements,
were compared with theoretical values, order of magnitude agreement was obtained.

3.5.2 Aircraft Data. Radiation dose rates, as recorded by penetration aircraft flying
through the nuclear clouds, yielded activity concentrations which are in satisfactory
agreement with those obtained by the rocket data. Table 3.6 gives the aircraft penetra-
tion data as recorded after Shot Zuni in B-57B aircraft.

The fourth column is the activity concentration at the time of aircraft penetration. This
s converted from the dose rate readings by assuming an average effective energy of the
photons and correcting {ur the altitude at which the measurements were taken. The {ifth
column shows the evaluated activity at H~ 15 minutes, using the activity at the time of
penetration and a decay factor of t™!'. This decay factor was determined by the aircraft
penetration experirzent and accounted for both decay and dispersion of the cloud between
H+ 15 minutes and the time of aircraft penetration.

By comparing the maximum activity encountered by the aircraft (evaluated to H+ 15
minutes) with the activity disiribution plot of the H+ 15 minute Zund rockets, presented in
Figure 3.33, it is seen that there is reasonably good agreement. This correlation is
adequate when it is considered: (1) that the decay factor of t™1-T accounts for both fission~
product decay and the dilution of the activity because of the dispersion of the cloud, and
{2) that the penetration airgraft did not fly in the plane of the rocket trajectories.

The cloud exposure rate data {rom the penetration airceraft could be fitted by the
expressgion:
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D=1.0x108xfxtt?

where: D = average exposure rate, r/hr
f = fractionul {ission yiald
t = time after detonation, minutes

1]

]

The average exposure rate in the stem beneath the mushroom of clouds from water-
surface bursts or airbursts was lens than the exposure rate in the mushroom by a factor
of 5 to 10. In terms of crew exposure, a high-performance aircrafi could penetrate the
cloud from any yield 180-percent~fissicn device at an altitude of 45,000 feet at H+20
minutes with an average mission dose of 25 r. At 30,000 feet, where the activity is less,
a penetration could be made at H+ 10 minutes for a radiation dose of the same magnitude.
In clouds from detonations in which the fission yleld is some fraction of the total yield,
the radiation dose rate is reduced )roportionally.

An Investigation of the internal radiation hazard encountered by flight crews during
penetration indicated that it was {nsignificant when compared to the external bazard.

in summary, the radiation hazard in atomic clouds denies to aircraft only a small por-
tion of sky for a very short period of time after detonation.

3.6 INITIAL RADIATION

3.6.1 Initial-Gamma Radiation. 7The {nitial-gamma time historics cbtained indicated
the influence of the hydrodynamic effect on the initial gamma dose. Figure 3.34 demon-
strates the enhancement of the exposure rate during the approach and following the pas-
sage of the airblast shock front. The figure also shows that approximately two-thirds of
the total initial-gamma cxposure occurs after the passage of the shock front and that
essentially all of the initial dose is delivered by 30 to 40 seconds after shot time. Curves
of total initial-gamma exposures 28 a function of distance for Shots Flathead, Dakota,
Navzjo, and Tewa, as well as comparable prediction curves from Reference 4, are pre-
gented in Figure 3.35.

Because an analysis of the initial-gamma data obtained indicates that in ail cases the
exposures at distances in excess of 3 miles was less than 10 r, and in most cases less
than 1 r, it i3 apparent that the initial-gamma exposure received by unprotected person-
nel during megaton-range detonatfons .8 of little significance when compared to airblast
and thermal effects. Initial-gamma dose prediction curves indicate total exposure values
that are too low for clese-in stations while too high at the more remote stations, asshown
in Figure 3.35.

3.8.2 Neutrons. Because the Cherckee air drop did not come sufficlently near the In-
tended burst polat to result {n activation of the neutron datsctors, no neutron data was
obtained for this event. For this same reason, the primary soil-activation experiment
failed to yield usablé data

Neutron data was successfully obtained for Shots Yuma, Kickapoo, Blackfoot, Erie,

and Osage. Table 3.7 demonstratesthe angular variation of the varisuc-esergy.fliuxes,
measured during the Oving off

Within the iimias-;)?accurﬂcy of the thresdold-detector system, measursments of the
neutron energy spectrum {ndicated there was no detectable variation of the spectrum with
distance. In other words, the measured abserption length, that ia, e-~fold distance, was




the same for the different detectors placed along an Instrument line for distances in ex-
cess of 300 yards. Table 3.8 indicates the near constancy of the neutron spectrym even
between differing shots. ,

* The absorption lengths
observed Tor the shots on which measurements were made are presented in Table 3.9,
A part of the varfation indicated in these absorption lengths was due to the effect of ter-
rain, in that it affects the scattered flux. Surfaces covered with vegetation tended to in-
crease the values of the absorption lengths measured over them, although the effect coulg
not be evaluated quantitatively.

The neutron dose normalized to unit-kiloton yield for each of the shots on which neu~
tron measurements were made i1s presented in Figure 3.36. It is to be noted that the
dose versus distance curves for Yuma, Blackfoot, and Kickapoo are outside the stated
limits of reliability for the prediction curve. There was an indication that correlation
existed between implosive high-explosive thickness and the neutron flux from a weapon,
although the data was insufficient to establish a auantitative relation.

Neutron shielding experiments, utilizing concrete hoxes containing various admixtures
of borax and sulfur, showed that there is liitle or no increase in the attenuation of fast
neutrons by the addition of these substances to concrete. The thermal neutron flux, how-
ever, was attenuated by the addition of borax to the concrete. The neutron dose was
found to be reduced by a factor of about 4 by a concrete box, 3 feet on a side and 6 inches
thick, fabricated from a mixture containing 1.6 percent borax by weight. The gamma-ray
dose inside this type structure, however, was found to be increased by a factor of approx-
imately 3.

A limited soil-activation experiment performed during Yumas indicated that the activa-
tion of coral soil, sodium chloride, and magnesium oxide was approximately twice as
great for a sample exposed from % to 1 inch below the coral soil surface than for a sam-
ple exposed on the surface. The moderating 2ifect of the soil results in the thermaliza-
tion of ?s large number of neutrons, making them more available for capture by the Na®
and Mn*®.

3.7 CONTAMINATION-DECONTAMINATION

2.7.1 Building Materials. The contamination levels of the building materials exposed
to fallout abeard the YAG's were too low to obtain the desired experimental results. Shots
Cherokee and Navajo produced negligible contamination aboard the YAG's, whereas Zuni
and Flathead contamination was 50 light as to yield only minimal data. Although Shot
Tewa produced relatively high radiation levels on the decks of the ships, subsequent tor-
rential rzins removed the contamination to such a degree that the panel radiation levels
were below the Site Elmer island background at time of recovery, making decontamina-
tion studies imprsactical.

The limited data obtained indicated that small-particulate contaminant resulted from
Zuni, whereas Flathead produced s liquid contaminant. In the case of the particulate
contaminant, the horizontal surfaces were the more heavily contaminated, whereas the
liguid contaminant from Flathead produced the heaviest contaminaticn on verticalsurfaces
The hezviest contamination observed was on the asphali-gravel built-up roofs, the rough-
est of all surfaces, following Zuni. Hosing of these panels was relatively ineffectivs,
although scrubbing with detergents generally resulted in effective decontamination. Con-

tamination levels of parels were genarally reduced by factors of 2 to 4 by this decontami-
nation procedure.
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Unpainted wood surfaces allowed cortamination to penetrate to depths of 1to 21 a,
or more; however, most of the contaminant was retained in the outer 200 microns. On
painted pane's, the depth of contamination rarely exceeded the depth of the paint, which
ranged from 180 to 300 microns.

3.7.2 Shipboard Materials. Materfals tested under this category consisted.of wire
rope, maniia line, canvas, firehose, and wood decking. The wire rope and canvas were
tested both with and without various protective coatings, whereas the manila line and
firehose were tested unprotected. The samples were exposed aboard the YAG-40 for
Shots Zuni and Flathead, with the wood decking also being exposed during Tewa. In gen-
eral, it was found that shipboard materials such as these contribute only a small amount
to the total ship radiation hazard. Unprotected wire ropes and manila lines are rather
difficult to decontaminate because of their inherent absorptiveness and the presence of
manv tiny crevices. Therefore, these materials may contribute to a long-term radiation
hazard.

Protective coating reduces the initial contamination of shiphoard materials by restrict-
ing the absorption of the contaminant. The coatings also increase the effectiveness of
decontamination.

Ropes, lines, and hoses that become contaminated should be uncoiled to reduce the
inherent radiation hazard. If this is not possible, they should be stored in an unfrequented
location until the radiaticn has decayed below the hazardous level. Canvas, unless coated,
should not be left open to fallout.

Contamination of wood decking appears to be mainly dependent on two factors: the na-~
ture of the fallout contamination, and the surface roughness of the wood deck. The sur-
face roughness was a major factor in determining the initial contamination level. Pene-
tration of fallout contamination into the wood beyond the rough surface layer wasnegligible,
but decontamination to a residual of 2 percent would have required removal «f approxi-
mately 2 mm of the surface layer because of roughness. The payed joints between the
wooden planks presented nc additional problem, as long ac the joints were {ree of fissures
and pockets.

3.7.3 Washdown Effectiveness. The washdown systems on the after portions of the
YAG's 39 and 40 were operated during four fallout contaminating events, and the maxi-
mum levels of gamma radiation ranged from 266 mr/hr at 11 hours after Flathead to
21.2 r/hr at 4.6 hours after Tewaz. These events produced two general types of fallout
contaminant: a solid particulate material from the land-surfscs detonations, Zuni and
Tewa, and a salt-water slurry following the water-surface bursts, Fiathead and Navajo.
The washdown systems were effective in reducing the total shipboard dose rates &t end
of washdown by 85 to 98 percent for slurry fallout and 85 to 95 percent for the particulate
fallout. Reductions of the total accumulated dose to time of fallout cessation ranged be-
tween 95 and 97 percent for slurry material, and 76 to 86 percent for particulate mate-
rial. Maximum washdown effectiveness was achieved by prompt activation of the wash-
down system at the start of the contaminating event and by continucus operatica as long
as possible after faliout had ceased. Washing after fallout cessation was particularly
advantageous in the case of particulate falicut, because the washdown system is less ei-
fective in the removal of this typs of contaminant. Overall sffectiveness can be mate-
rially incressed by smooth, well-drained ship weather-surfaces.

3.7.4 Shipboard Decontamination Procedures. Evaluation of various shipboard
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decontamination procedures was detrimentally affected by the low, residual, contamina.
ton levels which existed on the test ships following their return to the Eniwetok Lagoon,
The proof-testicg of the standard ship recovery procedure, which consisted of firehosing,
hand-scrubbing, and firehosing again, was carried out after Shot Tews on 2 sbip fhat hag
an average residual dose rate of 280 mr/hr. At the same time & second procedure, hot-
Hquid-jet cleaning, was investigated under ltke conditions. The tests indicated that, for
nonwashdown areas, the two procedures were spproximately equal in effectiveness with
average fractions of contamination remaining being 0.33 for the standard recovery proce-
dure and 0.41 for the hot-liquid-jet method. The hot-liquid-jet cleaning progressed at
about twice the surfzce coverage rate of ths standard recovery method; however, it was
concluded that insufficient data was obtained to justify expenditure of large sums for the
special equipment iovolved, based on this cpparent greater operating rate.

Evaluation of a decontamination method involving removable, radiological, protective
costing (RRPC) was conducted after Shots Zuni and Flathead. Removal of the RRPC in
the nonwashdown shipboard areas after Zuni resulted in the removal of &il but 0.5 10 8.0
percent of the contaminant, while firehosing alons left a residual of 6 to 28 percent. Fire-
hosing plus RRFC removal eliminated 57 to 99.8 percent of the residual contamination.

In the washdown area, the RRPC removal left 6 to 9 percent residusl contamination, com-
pared to 16 to 40 percent remsaining after decontamination of an uncoated area by the hot-
liquid-iet method. After Flathead, the removal of RRPC from a nonwashdown area was
87 percent eifective as compared to the 82 percent effectiveness of a firebhosing-plus-
handscrubbing procedure. Removal of the coating in washdown areas, however, showed
ouly ® 20-percent reduction of the contamination, although the levels of contamination
were actually too lIow to give reliable instrument readings. Comparison of manual and
mechanical scrubbing indicated the mechanical method was slightly inferior; however,
operators felt no fatigue and could have easily endured long scrubbing times.

3.7.5 Aircraft Contamination. Contamination studies conducted on the B~57B and F-84
alrcrafi used » early cloud penetrations indicated that the amount and distribution of the
contamination the! aireraft fncur during flights through nuclear clouds is fairly uniform,
considering the widely varyirng circumstances under which the contamination is incurred.
There doeg not seem %o be any significant varjation in the contamination dus to device
yield or aircraft type.

The contact hazard that personnel experience when werking on contamninated aircraft
was also investigated. It was found that the contzct hazard could be estimated by survey-
ing the aircraft with 2 gamma survey meter (T1B) and applyings correctionfactor to the
readings obtained. A factor 110 will converl! the T1B readings tothe approximate contact
dose rate (rep/hr) to the skin in areas of direct impingement of the contaminant, i.e.,
ieading edge of nose, wing, and tha ke, whereas & factor of 40 is applicable to the slid-
ing suriaces, such as the sides of the fuselage. It was also found that gloves redaced the
radiation intensity to the hands by at least 50 percent, in addition to preventing the direct
contact of the contaminant with the skin. The wearing of gloves is, therefore, recom-
mended when working on surfaces that show a gamma survey reading of 0.1 r/br or more.

As the result of these findings, it was concluded that aircrsfl maintenance, refusling,
and rearming personne] could begin work &= early as 5+ 2 hours and continue to work fof
a period of 8 hours on the most highly contaminated aircraft studied during Redwing, ac-
cumulating a total dose of 5 r of whole bady garama radiation. After H+ 24 hours, per-
scnnel could work for 10 days, at & rate of 8 hours per day, on these aircraft, and ac-
cumulate a total dose of less than 1.5 1.
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3.7.6 Skin Decontamination. A study of the effectiveness of a water-repellent barrier
cream in reducing the contaminability of bands yielded insufficient data to permit the
drawing of any conclusions. Soap plus water and ammoniacal petroleum-based waterless
cleansers proved equully effective in removing fission product contamination from the
bands of personnel who participated in recovery operations. The geometric mean of hand
contqwaination was observed to vary directly with the radiation fleld intensity in whi h
these personnel conducted their recovery operations. No evidence of irritation was noted,
even in cases where approximately 25 uc of mixed fission products were in contact with
the hands for periods of 2 hours.

3.8 SHIP SHIELDING

Data on the air envelope, water envelope, and shipboard contamination gamma-source
contributions to the total gamma field experienced aboard ships was cbtained during Shots
Zuni, Flathead, Navajo, and Tewva. The highest estimates of percent-air-envelops con-
tribution were cbtained from the Tewa results, which indicated that, for the washed por-

. - tions of the ship, the air contributed betwzen 32 and 95 percent of the dosae rate during

) the period of maximum rate of fallout arrival and more than 10 percent of the dose rats
between 12 and 20 hours after fallout began. In unwashed areas, the percent-air contribu-
tion would be less significant, because a greater pertion of the radiation would come from
the contamination retained on the weather surfaces of the ships.

The water-envelope contributions to the total shipboard gamma radiation fields was

N found to be significant oniy in compartments adjacent ‘1 ¢ zca and well-shielded from
contaminated weather surfaces. For ap unwashed ship, the contributions to both dose
and dose rate were estimated to be less than 11 peso-s: in iz lower hold, 3.5 percent in
the upper hold, and 1 percent on the deck. The vi,ues un & wash 4 ship could be as much

- ag six times higher than those ch an unwashed ship and weld ther efore be of significance

in the shielded areas.

The relative contribution of contaminated weather-surfacss dopended on the washdowm
situation aboard ship, and the greatest contribution, of course, occurred in the unwashed
portions of the ships. The radiation from the weather surfaces became the primary con-
tributor after passage of the primary fallout fronts and contributed in excess of 95 per-
cent of the total dose accumulated during the first 25 hours ia the nonwashed areas of the

- YAG-40 following Shot Tewa, and more than 80 percent {n washed areas.

Gamma radiation attenuation offered by the ship's superstructures varied between
shots and with locations within the ships. The ratios of the dose rates inside the varfous
compartments to those existing on deck runged generally from 0.001 to 6.02 for compart-
ments beneath a washed deck and from about 0.03 to 0.2 for compartments below decks
that were unwashed. Aithough the ratios reached valves as high as 06.04 and 9.3, respec-
tively, in exceptional cases, most of the values were of the order of 0.01 beneath washed
areas and 0.1 beneath unwashed areas.

Tke values of combined absorption and scattering coefficients, as determinad with
cylindrical steel shields, were found to vary with time after a given shot and % vary from
shot to shot. The combined coefficient increased with time after each shot, Indicating
that the same thickness of steel becomes mora effective at later postshot timas as would
Le expected as a consequence of the sofiening of the gamma ray spectra with time. The
most extremea exampis of this change in shislding effectiveness was observed during
Navajo, in which the combined gamma absorption and scattering coefficient for steel

changed from a value of approximately 0.83 tn~! at H+ 10 bours to about 1.16 in~! at
H+ 30 hours.
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3.9 EVALUATIOR OF DOSIMETERS

The gamms doszs measured aboard ship during the fallout participation events by
DT-60/PD {(phosphate glass) and IM-107/PD (quartz fiber) dosimeters, mounted on the
surface of masonite phantoms were comparzd with doses measured by phosphate-glass
needles {mbedded at depths of 3 to 5 cm in the phantoms, the latter dose being considered
as = more satisfactory indicator for the evaluation of acute radiation effects to personns]
than the air dose. Differences between the readings of the two doaimeter types, scatter
in the dos«:s measured by the same type dosimeters, and differences between the surface
readings and the depth readings, indicated that the DT-60 and IM-107 dosimetlers were
not satisfactory in their present form for proper measurament and interpretation of tha
biologically eignificant radiation dose sustained by shipboard personnel above decks In 3
fallout field. Below decks, the externzi dosimeter doses showed fairly good correlation
with the depth readings, indicating that the variations noted above deck were probably
due to dosimeter beta-sensitivity or sofi-gamma radiation effects.
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_ 3 % 2 i * 73 T
Fralbess 33 13 3 Y T3 o] 13
Navis % H£.55 1 Bs 2T $2:85 Sistem
Tews b= b 13 % i .3 23 1
Zea; i3 = 13= 2 12 " i3
3 These <siimiltes of (B Swrueni S0 wefv alited i e exgsual
=amsef fAT = 121791

5 f=mmaion wnhia costonrs of WT 1314 fives perceaiages 43
fisted in RIS Tolums,

¢ Detecios ssadings of WT=I318 correcied [or ooilimeitam,

4 Tie comtribebon of Xa™ (Refereace 5.

€ Caisclatsoss of Droqmc: 143 as t5 the contribulice of Ke¥.

&4 WT-1312 collimaind tealags SNl by mlinctise sadines
centritetion of Colufasd, 1o five tee puroeat of {1335 proticts
Fotuadly asveenad for,

e BT 1314 jollimuted reading salilied by sbiraciag sodivm
conirdtion of Colufsas, o give 186 pecoest of fissisn products
achally acsoatrd Lo

TASLE 33 SUMMARY OF AREAL EXTENT OF FALLOUT

Arsa Witkis Cossoar Lises =it

Feni Flathesd v Tewa
(23]
H o+ | bour dose rate
£.559 _— —_— k+ L
558 — - 53 .85
3 — _ 4 1,55
188 18 — 3Ne 3,508
£ 1720 — 358 3,33
) % 4,65 5 1,352 11,588
it 1420 3.18% 3135 >19,38
3 15,862 T.800 250 _—
3 » 18,580 12,500 ti.6900 -—
1 SIL S I35 - —_—
Two-day sacumulated
dose Toenigets
1.0 — = b+
558 s — = 1,633
355 —_ -_— 4 1.5
1 1455 k¢ 323 3.8
= 1y 435 kX i 3.99%
38 4,358 23 1.3 £
{H] 1363 2750 .15 13,625
3 R 5803 159 b - X
- 2 *18 755 3,505 a5 —
H >34 085 * 13,530 j3% _—
Taizl Ve, ¥t fﬁ%—j—_’ e
R Peresas Flagies Yield L '
) e -

B * Contanr lines (508 Save Sers closed by ssllmatica.
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TABLE 34 LAULV-GAMMA-INSE-FaATE DPEUAY SLOPES

] Shets
Zand Fistbrad =~ Manako Teez
Fallout ca Lasdt Ratisos
Field gamzma Jeoay wiose ~& ¥ ~1.Z 4 -1 &3
{H+2icM e 5 bogrsi
1.ahoralery garnind Sxkor sitpe =032 -1.2 -1.82 1
o« 25 1o H « A0 bours}
jobaratsey famme Caay siePpe =12 =%.3i ~7-8 —
e 10 B+ 236 bowme} -2
-3.5
Fallowt o S04p Jgtwans
oghouse soRaier -1 -3.5% 3. 32t -3.739
fumcs ETSUS) 1525885 183802 ke (320 3,0 ) (1090 1,300 )
Theorsihal calenlivens
0 Cogbounr coukie! -3 -3 —-1.3% - .23

{H+1toH« § 008 beury}
* Heavy rains preventirs vaabation of Re2f decay siope.
t Mk bac kiteasd ox fade Llmeer presestied Seteroistice
$ Thx alepos choaged with oy, To H2d decay rale By 5y particelar Hipe peniad, R is
mecessary to relef e U Seascred SeT3y T Ve

TABLE 3.5 COMPARISGY OF PREISCTED AT OBESERVED TIMES OF ARRIVAL AND MAXOMUM SARTICLE

SIZE VARIATION RITH 71

Misszon Particle She [micvou) st
Tizme of Arrival Tiz= of Peal
Sher® Sutics . IO Timez of Arvival Aruvity Time ef Cessatica
- Predicis®  (sereed  Prefossd  Cemarved Froduted  Observed Progicied  Chaarved
Faathead YFRB-13 ] ES ] _ —_— - — p— —
How | T : —_— - —_— -_— ~— —
YAG-3% 3 3 — H — 1 -
YAG-42 s £ —_ 0 3138 <% -_—
LST-413 & &5 112 H — 1 —_
Navaje YFeR-32 £3-2 1 —_— >3.%58 -_— - -
How ] 1.5 _— = _— H -
YAG-3 2 —_ 135 - -3 —_
YAG-43 % — 13 2 4 -t% s
LET-41 2 -_ 183 IR -— —_
Zaai VFR3-12 <1 3 1452 i £33 FTL) 343
How 1 1.3 e, — =532 =23 Ty —
YAG-4& ~% b= 4 22 - k= b3-1 i
Yas-T3 -3 1z _— 1 - : —
ST~ * * -_— - —-— — _— -_—
Trew YFXR! <23 3% =11 153 — 1 -_—
YTNR-T3 <3 = 1.js8 323 1049 H -
e ] H 1.8 =S 33 FE2Y 1 -
YAG=3 2 2] —_ 182 s 1 -
YAC-42 1% 12 B —_— 15 =5 ® =%
LET 812 T Iz = 33 2= =3 -— _—

* The fafloc ag oG Somaviaes wers was

Tep - § 0=}
Rawre f= 1353 v

® e Balfaue or s yiface a3 relevesee Give

N

R falru! Iows :
Filathess Xav3® 555 Iew3
3L 43 = -
3z = = =
£ = =1 &

Durrier Sast 55

Pk
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TABLE 3.6 SHOT ZUNI CLOUD PENETRAT:ON DATA (P-METER)

Tim- 2 Peace \m_w b, Maarum Activity at Avuvity at
sraton () Y Dose Rate Time t H - 15 Minutes
mn 3 ¢ hr mc, mé mo md
He+352 41,000 96 9.4 78
Heod 44,000 108 9.5 123
He18 16,009 201 16.7 275
TABLE 3.7 ANGULAR VARIATION OF NEUTRON FLUX FOR
SHOTS YUMA AND KICKAPOO .
e 1 Flux « p? 88°
Shat Detector Flux x ¢ 64 Line Flux » ¢ 85" Line
Flux « v 0° Line Flux « r?9* Line
Yuma Pu 1.34 -
¢ 1.81 -—_—
Au 1.18 —_—
Kickapoo Pu — 1.82
U —_ 1.70
Au - 1.22

TABLE 3.8 PERCE: TOTAL KREUTRONS IN EACH

ENERGY . «* VAL
Energy Range Kickzpoo Erie Oeage
t9 kev to 0.63 Mev 288 25.4 29.2
0.83 Meav to 1.5 Mev §5.1 52.4 371.0
1§ Mev to 3 Mev 14.9 _oL1m4 128

TABLE 1.9 THE ¢-FOLD DISTANCES FROM
SHOTS YUMA, KICKAPOO, BLACK-
FOOT, ERIE, AND OSAGE

Shot «-Fo'd Distance
¥
Yuma :

[ 215
45 218
64° M0

Kickapoo

[ 203
v 23
L1 203

Blackfout 230
Erle 200
CRaga 158
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Figure 3.2 Project 2.55 helicopter probe survey technique.
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2
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& R
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Figure 3.3 Project 2.61 ASP rocke! on launcher.
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Figure 3.4 Contours on D+1day 213 feet above surface, Shot Flathesd.
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: Figure 3.5 Contours on D+ 1 day at 3 feet above surface, Shot Navajo.
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Figure 3.6 Contours on D+1 day at § feet above surface, Shot Tewa.
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Figure 3.7 Contours on D+ 1 day at 3 feet above surface, Shot Zuni.
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Figure 3.8 Diegram of conversion factors.
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Figure 3.16 H + 1 hour contour
locations decayed to D + 1 day at
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Figure 3.9 H + 1 hour contowr
locations decayed to D + 1 day at
3 feet above surface, Shot Zuni.
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Figure 3.11 H+1 hour contour locations decayed to D+1 day
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164° 165° 166°

CONTQUR INTERVALS
IN RQENTGEN
R Figure 3.13 Accumulated dose {time of arrival to H+ 50), Shot Zuni.
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N ROTMNTGEN

Figure 3.14 Accumulated dose {time of azrival to H + 50}, Shot Flathesd.
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CALCULATING AREAS OF CONTAMINATION

++ DENOTES ASSUMED CONTOURS FOR
2z ASSUMED TO BE FALLOUT FROM APACHE
CONTOUR INTERVALS ROENTGEN

rrival to M+ 60), Shot Navajo,

Flgure 3.15 Accumulated dose (timea of a
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Figure 3.18 Aerial survey readings a1 3 feet, corrected to
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Figure 3.21 Aerial survey readings at 3 feet, correctad to
H+1 bour in r/hr and dose rate contours, Shot Flathead.
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-° 164 MEASURED i65° 166°
wor NOT LINE !

!

A
3
<
L2

b FPREDICTED PERIMETER
) - OF FALLOUT

— 5 (METHOD 1]
14° i} 1
e PREGICTED
HOT LINE

pﬁzorcr£o>\ (METHOD 2)
HOT LINE ,

(METHOD 1) , ’

A

o 11,3., s

o

i

G

-~ PREDICTED PERIMETER
% OF FALLOUT
(METHOD 2)

. B

e e e

:w!rw i

LB AT
v

c T
my@'s{%sffgz'f;& R CONTOUR INTERVALS

THETHOD 1 ) TSN efhe, M+ HOUR

5 e

Parameter assumptions used.
1. Cloud top: 85,000 ft.
2. Cloud basc: 52,000 ft.
3. Cloud diameter: 50 naut mi.
4. Hot line fallout: from 60,000 f.

- Meteorological parameters:
: Method 1. Time variation of the wind field
’ Method 2. Time and space variation of the
wind field.

Figure 3.26 Predicted and observed failout pattera, Shot Zuni.
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Parameter zssumptions used.
= 1. Cloud top: 60,000 ft. CONTOUR INTERVALS
1 2. Cloud base: 40,0600 . IN r7tir, H+1 HOUR
3. Ciocud diameter: 14 naut mi.
4. Hot line fallout: from 43,000 ft.
Metestological parameter:
Time variation of the wind field.
- Figure 3.25 Predicted and observed fallout pattern, Shot Flathead.
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Chapter 4

EFFECTS ON STRUCTURES

The eftorts of Program 2, Effects on Structures, were concentrated in one relatively
large preject—Project 3.1,  {S=e Sectica A.3 in the Appendix.)

4.1 OBJECTIVES

The primarv objective was to obain informaticn regarding the effect of the duration of
the positive phase of blaat from nuclear detorations on the response of drag acd semi-~
drag types of structures. The secondary objective was to study further the general prob-
iem of drag loading and response of structures to blast forces.

4.2 BACKGROUND

This project was the second part of a two-part program. Tha first part involved par-
ticipation in Operation Teapot to ztudy tha response of four typical siugle-story steel-
frame industriai buiidings to the blast from a burst with a viold of approximatsly 22 kt.
The second part, during Operation Redwing, iavclved a study of the response of ideniical
industrizl buildings to an airburst with a yleld of approxtmately 3.7 Mt. Essentially, the
firat part was a test under a positive-phasa blast with relatively short duratics, whereas
the second was a test under = positive-phass blast with relatively long duration.

To assure {dentical steel-frame structures for both paris of the program, ail of the
steei for the buildings tested during Operation Teapot and those testsd during Operation
Redwing were obtained st one Hme from the 22235 miil rollings and were completely
shop-fabricated by the sieel fabricator during the same pericd !n 1854, prior to Teapot
Toe complete shop-fabricated steel, {.a., roof trusses, columns, cranc girders, and
other etructural componentg, ior the six bulldings to be tesied during Radwing was stored
for approximstely & year at the UUSAF AJr Materiel Command Depot, Stockisca, Caiiforanls,
prior tc shipment ic the Pacific Proving Grounds (PPG) for assembly. This srocuroment
procadere insured, within practica! lmita, close identicalness of the struciures testad st
tho Hevads Tast Site (HTH) In 1535 acd thosa tezted &t PPG in 1856.

4.3 PROCEDURE

8ix steal-frame irduatrial builldings wave tested during Redwing. Tha huildicgs ware
Sporoximately 30 feet Righ, 40 feet in zpaa, and <0 leet long (two 20-foot bays) for toe
thres drag structures and 80 feet lang {four 20-foot bayz) for the ihires semidrag struc~
tures. The drag struciures Bad light asbestoa-sheet siding snd roofing, which wers
&xpected to fall befors much load could be iranaferred by {8 to tha stesl frame. Ths
samidrag structures aise had light asbestos-sheet roofing, but the walls were coastiucted
of reinforcad concreie with 3 window spening comprising ahout 30 percent of the el wall
arza.
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Tha structures were located on thres manmade islands ajong the shallow reef betweeg
Sites Charlie and Dog and on Site Doz s: ranges of 20,500, 24,000, 29,000, and 35,5G0
fest {rom expected ground zero of Shol Chorckee. Each fype of structure nearsst 2x-
pected ground zero wag located so that, if the yield of the weanon were near the lower
limit of its predicted range, the structure woild undergo considerabie inslastic deformsa-
tion. Coanversely, those structures farthest from ground zero ware located so tiaf, If
the yleld of the weapon were near the upper iimit of its gredicted range, thzy would Iz
suhetantially deformed bu? would not collapse. The third buildiz  of each type wad Io-
cated at 2n intermediate point, so that the range in the degrees of damage suffered by
tha structures would be as large as possible.

The zelzction of the site Jocations of the six structeres was mads after carefy] con-
sideration of 21! factors Involved. The siructures kud 1o be placed In losations thet would
insure the best possible chance of getting a reasonable range in degree of damage for
both iypes of structures. Furthermore, only three structuras of each type were availa~
ble. Because natura} land areas are pregent ooly In the form of small islards in PPC,
it became obviocus in the early planaing stage that oniy cne, if any, of these natuml
igiands would be 50 located with respect to ground zero that it could be used as 2 sitz
location of cne of the test structures. it was necessary, therefore, (o place the other
test structures oh manmade ielands located ziong the shaliow reef connecticg the patural
islards of the Bikinl Atoll. It was recognized, from the standpoint of economy, that it
was extremnely desirable to reduce the reguired number of manmade islands to a mial-
mum. it was found that two of such manmsade i{slznds could be used to support on: build-
inz of exck type, without departing more than 550 fest fromr the ranges from ground zerg
that would have heen preferred if no consideration bad been givan to the possibility of
using double iglande. Accordingly, the Snsi laycut provided for manmade I1slands 1, 2,
arnd 3 ajong the reef, at ranges of 20,500, 24,000, =nd 28,000 feet, respectively. Thus,
a drag type strochuire wes located on Izland 1; 2 drag type and a semlidrag type on sach
of Islands 2 and 3; and a semidrag fype on Site Deg.

Shock-tube model studies conducted at the Ballistic Rexearch Laboratories (BRL) in
the early planning stages assisted in the determinaticn of the minimum satisfactory size
for the manmade islands. It was necessary that the size be sufficiertly large so that 2
relatively nopturbulent, o soicoth, airhlast ficw would occur at the front faces of the
instrumentation (p, 2nd g gages) and building structurss. These modei studies resuited
in the adopticn of a rounded nosing en the front edge of the islands and & racduction in the
overall length of the islande by 30 feet, or by sbout 20 percent. Thir, In turn, resufiad
in a reduction in the total construction cosis. The final size determined necessary for
Island 1 was 140 by 890 feef; for Islands 2 snd 3, 140 by 210 feel. An wland beight =f
approximately 4 feet above high-tids lavel {10 feet above the recf level) was selected as
adeqoate io protect the island zurfece from weave action

4.4 SITE CORSTRUCTIOR

Site construction began at PPG in November 1355 and was schedied for completica by
1 April 1855. This allowed only approximsisly 3 months for constructicn of tie manmads
islands and erecticn of the bullding structires thareon. However, excessivaly high waves
{rem a heavy mid-Pactfic slorw in December 1355 partzlly destroyed certzin intarisiand
causew3ys and damaged the parually completed islands at Bikini Atoll, =1] of whick re-
sulied in an vnexpecisd Celay is completior of sbowt 3 weeks. Xevertbelsss, it may b2
sizied that the design and consiruction of the meamade {slands are considersad o havebess
adeguats for the purpose intended. .
3
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Construction of these {slands and the ercction of the structurcs thorson actually
proved to bu & major task and was often a challenge to the men, equipment, and materia!
Involved. This was largely because of the action of the intermittent tidal watur {low ove!r
the reef sites. This flow ulternately ranged in depth from approximately 7 feet maximum
to 1 foet minimum, depending on the tidal stage, plus 1~ to 3-/sot waves, even at the
shallow-reef locations selected. Extensive usc of heavy construction equipment, such as
bulldozers, earthmoving scrapers, and cranes, was possible on the reef only during low
tide. Maximum usec of the amphiblous trucks (DUKWs) and helicopters, for the daily
movements ol working personnel and small equipment parts to the sites, contributed
materiaily to expediting successful completion of thlis construction phuse within the rela-
tively short time schedule allowed.

4.5 INSTRUMENTATION

Instrumentation was provided by BRI, utilizing primarily electronfc recording gages,
but with supplementary backup free-fileld pressure {nstrumentation by BRL self-record-
ing p; and q gages. Instrumentation was provided to obtain transient structural deflec-
tions, strains, and accelerations, ae well as the overpressure-versus-time and dvnamic-
pressure-versus-time relationships at the sites of each of the test structures.

Because the structures were identical to those used during Operation Teapot, the
natural periods of vibration and the resistance functions as determined during Teapot
from the pre- and post-test static pull tests were assumed to be correct. Accordingly,
these measurements were not repeated.

4.6 RESULTS

Because of the delivery error of Shot Cherokee, all structures of this project were
exposed to higher ov::rpressures than planned. As a2 result, the planned gradation of
damnge was not achieved, and all structures collapsed (Figures 4.1 and 4.2).

The peak pressure intensities obtained from BRL self-recording gages of Project 1.1
at each structure were 8.5, 7.5, and 6.1 for the drag structures and 7.5, 6.1, and 5.0
psi for the semidrag structures. In additicn to obtaining higher peak pressures than ex-
pected, the structures were oriented at incident angles varying from 58 to 33 degrees,
as a result of the large change in ground zero (Figure 4.3). The results of the project
are shown in Table 4.1 which compares the Teapot and Redwing results.

The comparison of results was seriously iimited because of the collapse of all Redwing
structures. Because the only relfable records obtained were surface overpressure rec-
ords, and possibly some strain records, {t was impossible to correlate the observed
response with computed response except in a most general way. To make even a general
study of the relationships between load and maximum response that existed in the fleld
tests, it was necessary that supplementary information relative to the effects of orienta-
tion on the normal component of the load transmitted to each of the test structures be
obtained. This supplementary Information was obtained from a series of tests on vari-
ous orientations of scaled models of the test stiuctures in the AFSWP-USAF 6-foot-
diameter shock tube operated by the Armour Research Foundation at Gary, Indlana.

By ut{lizing the available general knowledge of blast loadings on aboveground struc-
tures and extending specifically the methods employed satisfactorily during Operation
Teapot, It was possible to estimate the probable loadings that would have acted on the
structures if they had been oriented normal to the direction of blast propagation. The
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loads hus estimated were adjusted on the basis of the model results to give probable
loadings on the actual structures. The theoretical maximum responses of the structureg
to these probable loadings were then computed and compared with the observed collapgeg
zondition of the structures.

4.7 CONCLUSIONS

The following qualified conclusions are based on the inadequate data:

1. There is a definite bonus effect tc be derived from shock waves having long positive.
phase lengths, compared to shock waves having the same peak pressure levels but shorts,
positive-phase lengths, when the structures being considered are sensitive primarily 1o
drag loading. This is verified by the jfact that, for the Redwing drag Structure 3.1-A-3,
total collapse occurred under a peik overpressure of 6.1 psi, unreduced for the effect of
orientation, whereas the Teapot drag Structure 3.7-A-1 experienced a maximum deflec~
tion of only 22 inches from a peak overpressure of 6.5 psi. Further verification exists
if the measured overpressure of B.0 psi at Teapot Structure 5.7-A-] was correct, be-
cause Redwing Structure 3.1-A-2 collapsed under an overpressure of 7.5 psi uncorrecteg
for the effects of orientation.

2. The data presented in Table 4.1 indicates that, for the drag structures rested, ap
cvorpressure of no more than 4.9 psi in a normally incident shock wave from a 3.5-Mt
weapon would produce complete collapse, whereas an overpressure of 8.2 psi from a
22-kt weapon would be required. Thus the reduction in overpressure level required %o
produce collapse was estimated as at least 40 percent.

3. The data also indicates that, for the se.nidrag structures gste@, an overpressure
of no more than 4.2 psi in a normally incident shock wave from a it weapon would
produce complete collapse, whereas an overpressure of 5.5 psi ffom a 22-kt weapon
would be required. Thus the reduction in overpressure level required to produce col-
lapse was estimated 4s at least 24 percent.

4. Conclv "ons 2 a.d 3 are based on the assumption that the loads that acted on the
Redwing structures were just large enough to produce collapse. An inspection of the
collapsed structures indicated strongly that the loads were probably considerably larger
than this. Therefore, the effectiveness of & leng positive phase of blast wave, as given
by the percentages in conclusions 2 and 3, is probably underestimated.
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. Figure 4.1 Air view of structures on manmade Island 2,
before Cherckee {locking toward Site Dog).

‘s
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’ Figure 4.2 Air view of stiuctures on manmade Island 2,

) after Cherokee {looking toward Site Dog).
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Figure 4.3 Location of structures with reference to intended
and actual ground zeros with orientation angles.
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E Chapter 5

i BIOMEDICAL EFFECTS

Mo

5.1 OBJECTIVES

The efforte of Program 4, Biomedical Effects, were concentrated in one prolect—
Project 4.1—desigred to furnish information on the requirements for protection against
choricretinal burns. (See Section A.4 in the Appendix.)

3 Rabbits and monkeys were exposed to the thermal pulse of Shots Lacrosse, Cherokee,
3 Zund, Erie, Mohawk, and Navajo with all exposure stations less than 22 miles from
ground zero. Timing and shutter mechanisms for fractionating the light—pulse were used
2t the exposure stations, along with protective shutters and filters.

L Ll

5.2 BACKGROUND

Previous experience indicated chorioratinal burns would be received at all exposure
sites. Four cases of accidental human retinal burns had been produced at distances of
2 to 10 miles from a nuclear detonation. During Cperation Upshot-Knothole, chorio~
. retinal burns were produced in rabbits at distances from 2 to 42.5 miles. The atmos-
= - pheric transmission of thermal erergy in the hat, dry climate of the Nevada Test Site
= ranges between 95 and 97 percent per mile, while 80 to 85 percent transmission per
3 mile usually is encountered at the Pacific Proving Grounds (PPG). The difference in
3 transmission at the PPG is attributed to higher humidity and the prevalence of salt spray
in the atmospbere. Irradiance (the rate-at which thermal energy is received), as well
as the total radiant exposure (total tharmal energy received), must be considered in the
prediction of burns from a nuclear detonation. Because the duration of the pulse for
megaton~range devices is considerably longer than for kdlot on-range devices, the irra-
diance, vather than the total thermal energy at the exposure site, could be the critical

parameter. >

5.3 RESULTS

§.3.1 Chorioretinal Burns. Only Shots Erie and Mohawk produced chorioretinal burns.
The lack of these burns during Operation Redwing may partially be explained by climatic
conditions and the characteristic parameters of the thermal pulse, For Shot Navajo,
clouds and rain squalls evidently protected the animasis.

The percentage of the total radiant exposure during the blink reflex ime of animals
was found 1o decresse with increasing yleld. Table £.1 gives 2 summary of the data
obtained,

- Measuremeants of the spectrum as a function of Hme were not made; the thermal data
3 obtm ed either from other projects or calculated from availuble information. The cal-
culated incident thermal energy at the exposure sites for Shots Cherokee and Zuni,

ST T

iy
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where no burns were received, was greater than the incident thermal energy at at least
three of the exposure sites for Shot Erie, whare burns wére received. This supports
the theory that the total thermal energy at the axposure site i3 noi the critical parameter
in the production of choricretinal burns,

Where 60 meal/cm? was received during the blink reflex time, animals received
lesions; where animals received 50 mcal/cm? or less awing the blink reflex time, no
burns were received. However, there is Insufficient data to establish conditions and
energies that can be designated a3 a threshold value for chorforetinal burns.

Results from Shots Erie and Mohawk indicate that the burns are produced at distances
greatly exceeding the limits for any other prompt significant biological effects of nuclear
detonations. During Erie, 22 of 26 unprotected rabbits and 6 of 8 unprotected monkeys
at various distances out o 8.1 miles received burns. During Mohawk, 6 of 8 unprotected
rabbits and 8 of 8 unprotected monkeys on Site Yvonne, 7.5 miles from ground zero, also
received burns. Smaller lesions were encountered at incrsasing distances from the fire~
ball; and for Mohawk, at 14.4 miles, no burns were received. The blipk reflex time fo
rabbits and monkeys is not sufficient to protect against the flash from 1

devices. Exact reflex time for the animals was obtained from labor'étory analysis of
photographs made during Shots Erie and Mohawk.

5.3.2 Protective Devices. The test of developmental electromechanical shutters waa
inconclusive. During Erie, aithough there was equipment failure and shutters remained
open, no burcs were obtained. The high percentage of attenuation (60 to 65 percent) pro-
duced by ths shutters in the open position may have beensufficient to reduce the radiant
exposure on the cornea to a level below the burn threehold. The device for recording
time of closure of shutters did not function properly on any tast.

Electrophysical shutters were installed for Shots Cherckee, Zuni, and Navajo. Inas-
much a8 unprotected animals received no burns from these detonations, no conclusion
can be made as to the effectivensss of the shutters for eye protection. This develop-
mental device contained a small aperture with the field of view extremely constricted;
in the open position, under conditions of this test, the device appeared to have sufiiciently
high attenuation to prevent burns.

Fixed-density optical filters reduced the radiant exposure and irradiance on the eyes
and, therefore, either preventzd or reduced the severity of chorioretinal burns. No
conclusion can be reached regacding the -~elative effectiveness of filters having various
spectral transmissions.

Two groups of time-fractionating shutters ware used to evzluate the effectiveness of
various parts of the thermal pulse as to ita ability to produce chorioretinal burms. One
group, opened at time zero, closed at Increasing intervals of time. Shutters in the othar
group, closed ¢ time zero, were opened for preselected time increments during the
flash. Shutter opening and closing times were determined by laborstory evaluation of
photographs of shuttar operation. The data shows that only the second thermal pulss
from the} .xevice produced chorioretinal burns, whereas both the first and sscond
pulses from the] Jdevice produced burns. During Shot Mohawk, about 25 percent
of the animals exposed to Yhe initial thermal pulse received burns. The time to second
maximum for Erie was calculated to ke 112 m3aec. In the delaysd-opening shuttars,

3 out of 10 rabbits recsived burns. The lsaions were produced mostly in cases where
the exposure included the maxdmum or near-maximum flux of the second pulse. Inere-
ments of the fiash beyond 500 msec for Erio and 950 msec for Mohawk did not produce
burns.
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Although the results were not 28 successful 25 anlicipated, infor mation obtained from
this studv has proved valuabje in the development of eye~protective devices that were

tested in subsequent operations.
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Chapter &

EFFECTS ON AIRCRAFT STRUCTURES

6.1 OBJECTIVES

Seven of the nine projects in Frogram § wers primarily concerned with the determi-
nation of the capability of six Air Force arnd one Navy aircraft to deliver nuclear weapong,
The projects identifying the specific aircraft were as foliows: Projecis 5.1, B-47; 5.2,
B-52; 5.3, B-£6; 5.4, B-57; 5.5, F-84F (two); 5.8, F-101A; and 5.8, A3D-1.

The secondary objectivez of the aircraft projects were to: (2) obtain basic design
research data for future aircraft and {Z) verify or correct the present analytical methods
for the prediction of weapon-elfect input data and the resultant responses of the aircraft
struciures.

Project 5.7 was to obtain experimental data with airborne instrumentstion of basic
therma! phenomena sssociated with nuclear explosions, and to provide supporting therms]
measurements to Projects 5.1, 5.2, 5.3, and 5.4.

Project 5.9 was designed to investigate the vulnerability of basic missile structures
and materials to firebail and associated phenomena of & nuclear detonation

The project sbatracts are given ia Section A.5 of the Appendix.

6.2 BACKGROUND

These Redwing projects were a continuation of studies made on a B-36 during Oper-
ations Ivy, Upshot-Knothole, and Castle; on 2 B-47 during Ivy and Castle; and on F-84F
fighters and QF-80 drone aircraft during Operation Teapot. All of these projects were
condusted by the Aircraft Laboratory ox Wright Air Development Center. The previous
iests indicated the critical importunce of thermel effects on the aircraft structures with
respect to subsequent loading of the beated structure by blast (botk gust and overpressure}

8.3 OPERATIONS

§.5.1 Aircrafi-Positioning Reports. Aircraft effecis data from Operations 1Ivy,
Upshot-Knothcle, Castle, and Teapot provided check points for the unalytical studies by
the Air Force and Navy to predict input data and the resulting aircraft response. As
more wae learned about the effects of nuclear davices on aircraft, tesi aircraft were
positioned with greater confidence In the safety of the crew and aircraft and with more
essurance of chizining the required data,

A & result of a canvass of the various agenciss involved, & fight-path-and-positionisg
report was required from each aircraft project officer before the Redwing field-operaticoal
phase. In essence, ibese repcsis contained detaiied methods nsed to compute the weapon”
effect iaput datz at points in apace, plus  dissertaiicn ou the anticipated responses of the
aircraft structures o the hasic inputs. The materisl was augmented by sample sitoatiozt
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and complete Bight-path planning charts from time of takeoff to time of {anding. In case
aircraft were not {n the destred position at zero time, necessary abort procedures were
outlined.

During the cperational phase of the test series, the projecis submitted detziled posi-
tion reports for examination by TU-3 and a board convened by CTG-7.4 (sev Section 1.5}
to determine ultimate operational safety of the project aircraft. To assist in sefety con-
siderations, 2 policy directive was published; it set forth experimental limits ard pro-
vided contrciled procedures in case it was desired to exceed the limits during the test
series.

In general, gust response limits were set at 80 percent of design limit for Shot Chero-
kee, 83 percent of iimit for Shot Zuni, ard 95 percent of limit for uther shots. Over-
pressure iimits were imposed to prevent canopy, rzdome, or skin damage that could
affect safe Light. Thermeal-eifect responses were limited to total temperatures in thin
skins of 500 degrees F. Rcdiation dosage was limited to 2 total 07 3.9 1.

Exceptions to the above criteriz were made toward the end of the test series. Project
Officers were required to submit, in writing, complete justification for each exceptina,
with their best estimate of the effect of the excepticn on the safety of the aircraft. After
approval both from the technical and safety standpoints, the proposed positicns were sub-
mitted to the TG-7.4 Safety Board for consideration. Responsibility for uitimate aircraft
szfety lay with CTG-7.4, as operational commander for all zir operstions .n the PPG.

These detailed procedures resulted in complete success of the aircraft projects in
obtaining desired technical data with controlled safety of flight.

6.3 2 Aircraft-Positioning Systeams. To position the aircraft at the precise locations
in space and to have a compiete record of the flight paths at time zero and at time of
shock arrival, varicus aircraft and ground electronic positioning systems were uillized.

For all program alrcraft on Bikini events, an eiectronic tracking system—the Raydizc
ravigation system by Hsstings Corporation of Hampton, Virginiao—was used to deter-
mine actual pesitions The F-84F's, F-101A, and A3D-1 also used Raydist to position
the aircraft at Bikini, whereas the B-47, B-52, B-56, and B-37 used their aircraft radar
bombing systems to aitain desirsd flight paths and positions.

The Raydist syster: involved ground master, relay, and reference stationz to provide
intersecting fields of hyperbolic functions {(similar to Loran and Skoras) in conjunction
with aircraft transponders to measure uitimately the path of the aireraft with respect to
tbe Raydist electronic flelds. In the cas=e of the fighters and the A3D-1, the fight paths
ware then compared at the master station with z desired flight path tape and correclions
were telemetered to each alrcraft. Indications in the cockpit then relsyed fiight pathk
informaticn to the pilot. The Alr Force bomber aireraft msde visual and radar boml
runs to a2ttain desired tracks and positiozs.

Task Group 7.4 maintained surveillance over each zirerall through Identification Friend
or Foe {(FF) irdicator scopes In the Combat Information Cantsr {IC) on board the USS
Estes off Bikinl. Aircraft cut of position along thelr tracks were advised by the CIC
coniroilers. In critical situations, the zircraft wenm: aborted bafors time zero.

At Enfwetok, all bomber aircsaft positioned themsslives by the sircrz# radar bombing
syst*ms and photo records of bombing=-8ysiem coordinates. Scope photographs provided
recerds of actual positions at all critical times. Fighter aircraft st Eniwetek wers both
positicned and tracked by M5Q-1A radar control gystems Ia conjunciion with Boeling Jdata-
recorded vans. The radar control systems were simliar to Groend Contrslied Approach
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(GCA} vadar equipment. The Boeing dsta recorders provided, zfter each event, positiong
at time zero and time of shock arrival.

Agzln, a surveillance system of IFF scopes was set up at the Afr Operations Center
(AOC) on Eaiwelck by TG-7.4. Position advice and, when necessgary, abort directives
were glven verbally to the pilots,

6 3.3 Positioning Yields. With the problems inherent in position planning and attzin-
ment deseribed above, & renl cavae for cencern in che atteinp! to obtain desired technical
information was the uncertainty of predictable yleld figures for the varicus events. For
the purpose of Program 5 aircraft regiirements, the sclentific laboratories were asked
to specify an aircrafi-positioning yield 25 = valve that would be safe to use. This posi-
tioning yield tock into account the maximum unknowns of device performance 3nd wsg
used as a basis for positioning 2irzrafi from the standnoint of prediction of weapon effects,
Table 6.1 gives this positioning-yield information.

in mest cases, especially with the multimegaton devices, the resultant actual vields
were approxdmately 35 to 70 percent of the positioning yields. The consistentiy wide
varistion In the two yields made it extremely difficult to obtain inputs and responses i
the desired range. Sound experimenta! procedurcs would not allow zireraft to be position-
ed to oblain near-destructive responses st positicning yields in ordar o get desired re-
sponses at expected (actusl) yields. The problem was discussed with the sciertific per-
ronnel of the laboratories, and the positioning yields of Shots Dakota and Huron were
lowsred toward more reslistic values. These two shofs, in general, providad the best
results for participating sircraft iu the series. In the case of Dakota, although the actu-
&l yield was higher than the preshot positioning yieid, inherent safely In progran and
projest positioning methods and philosophies obvlated any dangerous responses.

6.4 RESULTS

in generzl, the objectives of the program were realized. There should be no reguire-
ment {o retest any of the project alreraft in subsaguent test series. The analytical meth-
ods to predict biast phenomensa were verified withip the accuracies of yield determination
2] {metrumentation results. However, a real conservatism Ip the prediction methods
for thermal inputs was nofed.  Predicted velves were usually significantly higher than
mesgsured values. Conseguently, lower rzdiant exposures resulted in smaller tempers-
ture rises in strestural members. The various white proleciive paivts used, with their
low sbsorpiivitias (0.18 {0 0.25}), alsc proved to be =xcellent protection agaizst tempera-
ture rises. Toward thée middie of the eperation, = modification of the methxis of pre-
dicting of thermal inputs pins the use of gray and black panels resulted in obialning thermal
expogares in the desired range. A mors precise method of prediction of thorma! input
and response mechsnisms resulted from Cperation Redwing.

Conservatism was alzo noted Ip the pradiction metheds of toial dosage {rom noclear
radiation. Aircrsws received zbout half of the predicted doses. With delivery of lower
yield kiioton-range weapons by high-speed fighter-type aircrafl, the Importance of being
abie 16 predict radiation fieids becomes paramount.

Ia obtaining the energy inputs and noling the resultant responses duriag Redwing, it
bocame evident the primary structural componentis were not slways the limiting ilems oo

he airersdt.  _=sulls indicate that secondary structural items and miscellanesus non-
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load-cerrying jtams of the aircraft restrict the delivery capability of the ;.reraft. The
bomb-bay doors and the forward-whes! well doors of the B-47E were moderataly demaged
at 0.34 psi during Shot D=kota. The B-I2 bomb-bay doors and 7arious aercdynamic sezls
were Jamaged by buth the thermal input and 2n overpressure of 6.87 pal on the same shot.
The B-47 znd B-57 Loth sustained wrinklad coatro! surfaces (thin-skin structure; becausea
of high therma! Inputs. The honeycomb skin in the F-121A wzs a thermai limiting stem,
with the skin ox the stabilatur and wing becoming unbonded with 2 temperature rize of
approximately 450 degrees F. At higher temperatures the material may deteriorale rap~
idly, with censequent control problems.  Mirer items of the aircerafl, such is inspection
doors and tallpipe braces, slzo fulied. These Ondings bave been considered in later air-
cral design and have resulted in modification of more advanced models.

Tablez 6.2 through 6.3 gise :nformation on the posilicoing of the aircraf: for the virious
shots and the amount of thermal radiation and blzst overpressures zctually received.

Project 5.7 obtained data from cameras, radiometers, and caicrimeters mounted on
four project aircraft. The parameters of significance in the prediction of thermal radiant
exposurs at 2 point in space as a result of a suclear detanation included fireball s:ze,
shape, rate of rise, color temperature, black-body gquality, albedo effects, and the vari-
ation of speciral distributicn as a function of tirze.

fiadiast exposute and irradiance were measuved for 10 events and spectra for 11
events. Filiers were used with many of the instrumeants, isolating various parts of tha
visible and near-infrared specirum. Records were cbtained fiom the calorimeters and
instruments aimed directiy at the fireball, toward the waier beneath {he aircraft, and
pointing away from the fireball. The purpose of the latter was {0 measure the back
scatiered radiation.

The thermal records reaffirm the reduced transmission of radlant enargy in the near
infrared because of absorption by water vapor and carbon dioxide.

The equation developed in Rzference 6 for predicting the radisn? exposure on a hori-
zontal surface and its modification to a surface oriented normal to the fireball was lested
against the Redwing data and was found to satisinctorily predict the rvadiant exposure.

Comparison between the alr drop event, Cherokee, and a surfacs shot of zimilar yielq,
Zuni indicated nc significant differences in the irradiances or radiant exposurzs meas-
ured zt the aircraft.

Measurements of the back-scattered radiation, where avaliable, wars found to be two
ar three orders of magnitude lower than the radiant energy recelved directly frem tha
firebaii. Tables 6.310 and 8.1} show the effectivensss of thermal instrumentation and the
sumnmary of the thermal exposure and maximum irradiance.

The photographic records of the Redwing seriz3 were taken at 63 fremes/sec on 16-mm
high resolution emulzions, from aircraft at siznt ranges on the order of several kilometers
from ground zers. Tables 6.12 and £.13 show the effectiveness of photographic instrumen~
tatlon and the alreraft positions at T,

Such znciliary features as the Wilson cloud. plume, and bright spots szpesriog near
shock wave breakaway, were found to perturb the thermazl output by less thas 15 percent.
The 2ir shock appears to atteauate the bluc light: the shocked volume iy vinible intka
infrared because of scattering from the denser air. No polarizatioa phenomena, other
Uan the expected difference Iz spacular scatisring from the undisturbed ocean surface,

were rescived.

It was found that an atienuating mantle — sbsorption shall— surrounds the firebal! from
&fter breakaway until the end of the thermal puisa. This shell develops to o thickness of
about a feurth of the fireball radius Y 18 somewhal more strengly attenuating in the biue

than the infrared.
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The spectra! histories of all events appsar quite similar, regardlese of the vigld; 5
lzrge amount of NO, Is formed quite earlv in the bomb history and persists throughom
the entire ever

Aureole (alr-ccattered) light waa found 10 be 2o order of magnitude more intenss tha,
the zlbedo of the unabocked water surface. for the typicai maist ctmmospheric conditivne
of the Pacific Proviug Grounds. Tbhis aureoie is white and uzpolarized. The shock frog
albedo ig about 12 times the unsbocked wa'er albedo. In generzl, the 1otal red 2lbedo
entering typlcal camerz fisids of view, which is scatiered from auvreole, clouds, ang
waler, is ahout equal 10 the direcl flux from the fireball. The blue atbedo is Iower, ore.
sumabiy because of the ailr shock attenuation. Furthermore, the blue fireball shows
considerably more limb darkening.

Beth air shock and fireball dimensions were found 1o obey the expectzd scaling laws,
There is evidente that the fireball surface {emperature 15 not symmetric with azimuth
in seome cases, because the thermal fiux appears higher from certsin (arge) regions.

Preject 5.9 mounted 103 specimens for Shots Erie and Mohawk; 88 were recovered.
Resuits of the materisl evaluation studies showed that 8-inch diameter spheres of stain-
less steel, molybdensm, and titanivm scstained approximately squal mass abiztion of
.08 1b/in® at 100 feet and 0.06 1b/In® at the 200-foot range. Copper sustained two to four
times the mass ablation of the above three metals, and plastic experienced substantislly
leze than any of the metals for the exposure conditions on Shot Erie. It was shown thar

removsl of a molten layer by spinning off drops of the material could lead to total ablation
2nd would be importznt in ICBM destruction if (he missile has an apprecizble angeler
velocity. Table 6.14 summarizes the te#t specimen exposurss.
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TABLE 6.1 POSITIONING YIELD INFORMATION
R . . R Positioning Yield
at
Shot Rated Yield Positioning Yield Actual Yizld Revised at PPG
—— —~TE
Lacrosse | 39.5 kt
Cherokee ; —_—
Zuni ( 3.38 Mt
Erie ]
Flathead
Blackfuut i
Inca i
Dakota ;
Mohawk
Apache l
Navajo
Huron ;
Teva ( 4.6 Mt
TABLE 6.2 SUMIMARY DATA ON PROJECT 6.1
To i3 time of detonation. Tg, is time of shock arrival.
Shet Absolute Horlizontal Ranga Horizontal Range Radiant Peak Percent of
Altitude at Ty ot Tga Exposure Overpressure  Design Limit
feot feat {get cal/em? pel
Cherokee 38,000 53,800 156,700 10.18 — 39 Wing
Zuni 31,000 32,500 82,500 21.22 0.40 54 Wing
Fiathead 38,000 3,400 33,300 3.64 82 Wing
Dakota 24,100 10,400¢ 29,400 21.20 95 Wing
Huron 22,500 46,000 39,000 — 61 Wing
Mohawk 37,000 51,000 42,300 _— 63 Wing
Aptche 30,600 29,000 79,500 2.03 i 48 Wing
Navajo 33,800 33,300 88,900 20.69 59 Wing
Tewa 34,200 25,600 69,600 24.46 0.57 66 Wing
TABLE 8.3 SUMMARY DATA ON PROJECT 5.2
To la time of detenation. T, ia time of shock arrival.
Shos Absolute Horizontal Range Hozizontal Range Radiant Peak Percent of
Altitude at Ty at Tgy Exposure Overpressure  Design Limit
~—
feat feat feet cal/cm? psi
Chevokee 31,000 35,8090 88,200 34,6 55 Wing
Zurt 32,000 23,800 62,400 34.9 0.5% 63 Wing
Dakota 22,000 11,500 32,700 28.6 87 Hor. Stab.
Mohawk 25,000 8,200 33,400 9.0 63 Wing
Apache 34,000 18,800 53,800 15.6 62 Wing
N!’lzljo 38.000 18,300 53,360 41.9 95 Hor. Stab.
Tews 41,600 26,700 81,000 21.5 0.36 55 Wing
Ruron 20,000 5,700 23,200 8.2 64 Hor. Stab.
— - —
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TABLE 6.4 SUMMARY DATA ON PROJECT 5.3

Top 18 time of detonation. T, i ime of shock arrival.

Shot Absolute Horizontal Range Horizontal Range  Radiant Peak Percent of

Altitude at Ty at Tg, Exposure Overpressure Design Limy

feet feet feet cal/em? psi T~
Cherokee 34,000 47,758 139,57 52 Wing
Zum 14,000 21,000 97,760 "0 0.400 47 Wing
Flathead 15,000 17,800 59,100 — 45 Wing
Dakota 16,000 13,100 35,050 88 Wing
Apache §,000 23,500 60,500 48 Wing

Navajo — —_ — 6.2 Wing

Huron 9,894 8,768 23,386 110 Wing
Tewa 19,000 27,250 65,750 *T.900 65 Wing

TABLE 6.5 SUMMARY DATA ON PROJECT 6.4

To 18 time of detonation. Ty, ig time of shock arrival.

Shot Absolute Horizontal Range Horizontal Range Radiant Pexk Percent of
Altftude at Ty at Tyy Exposure  Overpressure  Design Limit
feet feet {eet cal/em? psl
Lacrosse 13,700 6,750 23,200 1.17 0.283 35 Wing
Zuni 16,200 34,000 —_ 0.55 -—
Erje 10,450 3,328 14,000 65 Wing
Flathead 25,700 13,466 44,659 50 Wing
Inca 9,815 2,624 11,572 —_
Dakota 17,650 16,860 43,830 §3 Wing
Apache 10,200 28,516 45,375 35 Wing
Huron 16,200 10,000 31,493 40 Wing

TABLE 6.6 SUMMARY DATA ON PROJECT 5.5 CAPABILITIES AIRCRAFT (I-84F)

To I8 time of detonation. Ty, it time of sbock arrival.

BT

E Shot Absolute Horizental Range Horizontal Range Radiant Peak Percent of
Altitude it Ty at Tgy Exposurs  Overpressure  Detign Limit
= fout feet feot caj/em? psi
Lacrosse 15,200 8,640 600 0.80 51 Wing
E . Flathesd 21,000 800 14,935 40 Wing
- Dakots 20,374 308 11.685 115 Wing
Mohswk 19,220 3,729 18,700 &5 Wing
Apache 31,614 15,614 54,300 —
Navajo 16,855 28,200 5%7.400 ! ; 10 Wing
fo 3
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TABLE 6.7 SUMMARY DATA ON PROJECT 5.5 RESEARCH AIRGRAFT (F-84F)

To i8 time of detonztion. T,, is time of shack arrival.

Shot Absolute Horizontal Range Horizontal Range Radiant Peak Perceat of
Altitude at Ty at Tey Exponure Overpressurs  Dasign Limit
feet feet feet csl/em? pal

Lacroase 10,200 26,100 22,900 — -y —

Cherokes 28,000 135,500 103,700 ‘ 43 Side
Zuni 33,000 215,100 169,200 0.10 15 Side
Erie 6,100 14,500 12,200 20 Side
Flathead 18,000 40,400 33,100 65 Side
Dakota 23.400 39,900 30,400 €9 3ide
Mohawk 23,300 27,800 22,800 49 Side
Apache 35,649 44,000 35,000 52 Side
Navajo 32,047 86,500 14 200 52 Side
Huron 17,900 13,3C0 9,500 §0 Sids

TABLE 6.8 SUMMARY DATA ON PROJECT 5.6

To 18 time of detonstion. Tgg I8 timy of shosk arrival. Hegative valuos indicate position sho.i of grvund zers;
positive values beyond ground zero.

Shot Absolute Horizontal Range Horizontzl Rurge Radiant Peak Percent of
Altitude 8T, at Tgq gxposurc Overpressure  Design Limit
feet feet foat cal/em? pst

Lacrosge 12,006 -3 + 10,660 2.93 0.63 75 Stab.
Erils 11,853 -7.900 -346 i1 Stab,
Flathead 26,800 —-230 +22,6828 27 Stab,
Kickapeo 7,700 -1,600 +3,950 17 Stahb.
Inca 9,600 ~5,78% + 550 85 Steb.
Dakota 26,000 -930 +16,770 &2 Stad.
Alohawk 21,950 +8,050 Outran shock ——
Apache 14,900 + 25,000 + 89,500 10 Stxb.
Havajo 14,700 + 24,000 + 54,700 £5 Stab.
TABLE 6.5 SUMMARY DATA ON PROJECT 5.8
T ia time of detonation. T,, 13 time of shock arrival.

Shot Abzgoiute Horizontrt Range Horizenial Range Radiant Peak Percent of

o Altftude 2t T, at Tag Ezposure Overpressure  Design Limit
feet iesl feet Cﬁl/ﬁ?’ psi
Cherckee 34,100 57,500 150,000 r _ -
Zuni 28,170 32,059 86,474 237 .34 41 Gust
Flathead 14,050 12,735 32,440 81 Guat
Apache 26,000 26,000 $1.500 -
Havsjo 36,160 28,170 73,865 - —
Tewa 36,310 30,000 95,700 Ao 0.32 —
Huron 12,050 16,300 48,000 54 Gust
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TABLYL €10 EFFFCTIVENESS OF THLRMAL INSTRUMENTATION

Scnsore Puinted Sensors Pointed Scnrors Uriented Tots! Rumber

Shet Partics- 8t Ground Zero Verticslly Down for Bzcﬂ(-’!&s_l_’_ _‘Of:it‘:.loﬂ v
pation Number Usable Hec- Number Usable Ree- Nuriber  Ussable Keee Numlir  Usablt Heg- Et:::.q
Operated  ords Oltwined Operated  ords Obtained  Operated  ords Obtained  Upcrated  ords Gltaineg i3
Lacrosse D-$% 18 15 3 3 0 o 2 38 T
B. 66 18 v 3 0 0 ° % o u
Total a6 12 s ] ) o 4z 18 ‘:
Cherokee  B-4? 18 18 3 3 6 1 21 22 a
B-352 H 17 2 3 2 2 23 22 %
B-57 18 o 3 0 o 0 21 °
B-64 18 12 3 3 0 [} 21 15 &
. Tual 12 47 12 9 s 3 82 53 “
Zun: B-4% 18 18 a 3 $ 2 27 23 s
B-32 18 16 3 3 2 2 23 21 5
B-5§% 18 16 3 2 © [ 21 i3 "
- B-5% 18 18 3 3 ] o 21 3 10
Total 12 68 2 1t 3 4 92 83 w0
Lrie B-57 1 15 3 3 0 [/} 21 18 P
B-66 18 o 3 0 o (] 21 0 ¢
Tetal 36 13 ¢ 2 0 o 42 18 43
Flathea! B-47 15 18 2 3 6 $ 27 27 100
1 B-52 13 ¢ 3 2 ¢ 23 o [y
B-5% i% 17 4 4 [} 1] 22 2i 8
= B-€5 i8 18 3 3 [ o 4 21 160
H Total % 53 13 10 ) & 23 63 17
Incs 3-37 18 o 4 3 [} [ 22 [ Y
B-66 18 [+ 3 [+ 4] 9 4 2 [y
Totwi 36 H 7 [} (4 [} 43 ] Ny
Dakota B-~47 18 s 2 3 6 5 zt 23 a5
B-S2 }1.] 34 3 3 2 2 23 18 F33
B-57 1% 18 4 4 0 0 3 il 5
~ B-66 18 i4 3 4 0 [} 21 1 k{3
Total 12 59 12 iz [ ] 7 2 ki [
Mohawk Be4? hd * 3 1 [ [ & ki 1%
B-52 i 17 3 3 2 2 3 = »
B-S7 18 ¢ 4 0 [ ¢ 22 ¢ <
B8t i o 3 ] kJ ¢ Al ¢ [
TeAal 54 % 13 4 ] 8 k2] 23 -]
Apache B-47 18 i7 3 3 € 3 2 ES] 2%
B-52 i3 is 3 3 o 23 23 100
B-57 18 37 4 4 i Q 2 21 85
B-66 is 14 3 3 4 ] 21 11 b
Total 12 &6 12 1% 8 H] $3 13 =
Navajo 8-47 is 18 3 3 [} -3 F2 k23 2%
B-52 ib 37 3 2 2 23 22 5
8.6 18 ] E [ ¢ [ n & ]
Total 54 35 - [ s 7 n 48 1
Tews B-41 18 13 3 3 3 4 2% 35 ”
B.L2 1 17 3 3 2 2 2 2 ”
B-é§ 2 14 3 3 0 2 a1 17 [
Total 54 43 ] 4 7 & ki & 3
Huron B-47 1 1 3 2 ¢ 3 3 ] 29
B-S2 it 18 3 2 2 2 i3 ] o
B-57 18 is 4 4 L 0 2 2 156
B-6¢ 18 14 3 ] ¢ [ 21 17 al
Total R £ 13 13 3 & k] 1o 12

® o this ~hot , the D47 was positicned for side loade. Home of the tall hetrusantatics was oparatiad.

1 1a this shot , the B-47 was positioned {or aide loads. Oxly ono wry sensitive ingtrument was cperated in e txil insfrument potitive sad
was & back-neaiter instrument.  The cutput of this instrument was simultansously recordsd on an oscitiograns s o frequssor-modalstad
magnetic tape.
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TABLE 6.13 AIRCRAFT POSITIONS AT TIME ZERC

Shot and  Horiz. Range  Absoluts  Ground  Alrcraf | AZimuth
Alreralt GZ to A/C Altitude Speed Courss from GZ
f a R/see deg deg
Erle
B-57 3,829 10,450 €81 450 052
Lacrosse
B-57 6,151 13,790 817 137 138
Huron
B-47 45,974 22,156 T44 003 i23
B-52 5,700 20,000 753 116 11¢
B-57 10,223 16,290 175 051 45
B-65 8,768 9,834 mn o040 o4
Mohawk
B-47 51,000 ar,000 786 021 188
B-52 8,209 25,000 7 13z 138
Flathead
B-47 3,410 33,000 iis 308 250
B-57 13,462 28,700 T 113 iz
B-65 11,804 15,000 813 1is i
Dakotx
B-47 10,382 24,100 124 272 =72
B-%2 11,550 22,000 718 282 28
B-57 16,958 17,650 761 118 128
B-65 13.101 16,000 181 iz 127
Apache
B-47 29,600 30,050 145 3235 322
B-52 18,550 34,002 148 331 izg
B-57 23,517 10,260 492 450 51
B-66 21 504 8,000 748 850 080
Zuni
B-47 32,500 31,000 ™ =52 232
B-52 23,850 32,600 763 243 2
B-57 35,450 16,560 ] 273 073
B-65 27,000 19,600 243 g7 [-xid
Texa
B-47 25,640 3450 35 283 1]
B-32 28,700 41,630 6L 166 52
B-&s8 27,243 19,600 T19 121 i
Navsjic
B-417 33,342 33,806 158 284 282
B~52 18,300 33,950 58 282 1
B-&& 57,552 21,500 i 54 253
=05
- — N =
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Chapter 7

ELECTROMAGNETIC EFFECTS

7.1 OBJECTIVES

Program 6 consisted of five projects with more activity outside the Pacific Proving
Grounds than the other DOD programs. Stations for thess projects extended from Hawali
and the westera Pacific all the way to the eastern United States.

The objectives of these projects were to: (1) determine the accuracy with which the
ground Zero of a nuclear detonation cculd bé located by utilizing the generated electro-
magnetic pulse and to cbtain yield data if possible by analysis of the pulse waveform; {2)
determine the fonospheric effects of a nuclear datonation; (3) test an airborne fiducial
antenna system to be used in a developmental type bhangmeter; (4) measure the radio
frequency of electromagnetic radiation from a nuclear detonation; and (5) determine the
attenuation of super-high-frequency (SHF) and ultra-high-frequency (UHF) radic waves
in the fonized region produced by nuclezr explosions.

The project abstracts are given in Section A.6 of the Appendix.

7.2 DETERMINATIOR OF GROUND ZERO USING ELECTROMAGNETIC
PULSE GENERATED BY NUCLEAR DETONATION

This project was implemented by instzlling two short-baseline Narol {inverse Loran)
systems—oue in the Hawaiian Islands, about 2,000 nautical miles from ground zero, and
cas in California, about 4,400 nautical miles from ground zero. Two long-bassline
(inverse hyperbolic) systems were established-—one in the Hawailan ares, and onz deep
in the continental United States about 5,800 nautical miles from ground zero.

7.2.1 Short-Baseline Syatem. In normal sperations, two short-baseline Narol neta
would be required to determine actual ground-zero fixes, but during Redwing each net
determined 2 lne of position (LLOP) and demonstrated the feasibility of the system. The
sbility to isclate the bomb pulse {rom sferics and background noise determines the opera-
tional range of the system. The Hawalian net, located at a distance greater than /s
estimated cperational range, detected and reported each shot before postshot confirma-
tior, and by the end of the operation it was determining and reporting line of position
vithin a half hour after shot time. More difficulty was experienced by the California net.
There the exaci shot time was needed to identify the bomb pulse on the fiim recerd.

Of the 17 shets in the Redwing test series, the Hawallan net was alerted {or 15 and the
Culifornia net for 14. The equipment operated and recorded data at all stations for these
shots. With one exception, nes of position were determined successfully for each shnt
by the Hawailan and California nets.

The lnes of position datermined at the Hawalian net had an average error of i.4 nsuii-
cal miles, while thoss determined at the California net had an average error of 5.4 nautl-
cal miles.




7.2.2 Long-Baseline System. The two inverse-hyperbelic atomic strike recorder neg_
works employed Cytac, a low-frequency, Loran-type, pulsed-signal system operating oy
160 kc. The Cytac equipment was used for a fine-measurement synchronizing signal
{tenths of a microsecond), and National Bureau of Standards time stations, WWV and
WWVH, were used for coarse synchronizing signals (milliseconds). Data was recordeq
photographically and sent for analysis to & net control station. laformation was inter-
changed between shots, with preliminary data bulletins being issued immadiately after
each shot.

Of the 17 shots, the Pacific net recorded data on 14 and the continental net recorded
data on 11 of them. The average fix error at 2,000 nautical miles wae about 5.5 miles
with a standard deviation of 4 miles. At 5,800 nautical miles, the average LOP error
was about 4 miles with a standard deviation of about 15 miles for the three LOP's used.
Fix errors for the continental net, resulting f~om the poor geometry of the system, aver-
aged 93 and 116 miles. Longer baselines and ptimum station configuration with respact
to shot location would improve the fix accuracy by a factor of seven.

7.2.5 Results. It has been demonstrated that operationally usable lines of position
can be measured from the bomb pulss. Table 7.1 gives & comparison of long- and short-
baseline position errors. At 2,000 miles, the large amplitudes and characteristic shapes
of the electromagnetic radiations from the nuclear shots were clearly distinguishable
from sferics rezulting from weather. At greater distances it becomes more difficult to
mzke a determinadon, because signsls and propagation ef{ects tend to cbscure distine-
tive characteristics. The ability of the system to {solate bomb pulses from lightning
transient noisc will determine ths reliability and ultimate operational range of the com-
pleted system.

7.3 IOCNOSPHERIC EFFECTS OF NUCLEAR DETONATIONS

The study of joncspheric effects of nuclear detonstions was & regearch project with
no immediate direct military spplication. A better understanding of the basic laws per-
taining to lonospheric phenomens may lead to the improvemsnt of communication sys-
tems xnd may aid in the development of guidance systems for long-range missiles.

The major objectives of this experiment were to investigate the area of absorption
believed to be due io radioactive particles from large nuclear detonations and {o study
the effects of orientation of the path from the blast site fo the observar relative to the
geomagpetic fleld upon F2-layer effects of such detonations. Other objectives concerned
distant effects, boundaries of rising air thought to result from stroag shock waves, and
accumulation of other ionospharic data.

The ground stations located at Eniwetok Iasland, Rongerik Atoll, and Lelo Islazd,
Kusale, Caroline Islands, employed automstic {onsspheric recorders, Modal C-2. A
Model C-8 recorder was installed in a C~97 airplane baesd at Eniwetok. The performance
of both types of recorders was similar. The staticn at Rongertk was some 240 kio exst
of Bikini, and that at Kueale was about 740 km to the south. The aircraft cperated with-
in about 400 km of ground zero.

The grourd recorder utatione operat~d on a routins schedule throughout the operatica
to determine the normal lonospheric conditicns. Periodic flights were conducted. The
achedule was accelerated for high-yield weapons and for the times that abnormal condi-
tions existed in the icnosphers.
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Strong radio-wave absorption was experienced at the aircraft when undernesth the
radioactive cloud. The horizontal extent of the region responsible for significant radio-
wave absorption {s substantially identical to the extent of the visible radioactive cloud.
A theory has been developed which shows that, for megaton shots, the level of maximum
absorption occurs where the collision frequency is twice the operating frequency. The
absorption is proportional to Y*7 and +™¥% and is roughly inversely proportional to
operating frequency. Specifically, the total one-way vertical absorption (attenuation) at
5 e 1 hour after a 1-Mt detcnation would be about 2 nepers. These partially empirical
and partially theoretical findings are considered to be valid from 1 to 30 Mt.

Following large detonations near the geomagretic equator, F2-layer effects occur to
the south, which differ decidedly from those to the east. The effects observed to the
south are much more pronounced, longer lasting, and include discrete moving disturb-
ances attributable to the arrival of compressional and hydromagnetic waves. Pulse re-
turn ghenomena for Shot Zuni are shown in Figure 7.1. No distant ionosphoric effects
were noted during Operation Redwing. The apparent rise of the F2-layer that has been
attributed to large-scale convection was pot observed. A theory bas been daveloped to
explain the fact that this convection occurs only in connection with shots of about 10 Mt
and greater. The rixe {8 now considered to be an actusl vertical flow of electrons.

7.4 AIRBORNE ANTENNAS AND PHOTOTUBES FOR DETERMINATION OF
NUCLEAR WEAPON YIELD

A nuclear detonation generates three categories of characteristic phenomena that can
be measured from a high-speed aircraft: {1) low-frequency electromagnetic radiation,
which can be received by an electromagnetic antenna; (2) thermal radiation defecizble by
phototubes; and (3} pictoriul characteriatics, which can be photographed. Based upos
thuss characteristics, the objectives of this projcct were to: (1) determine the effective--
nees of flush-mounted airborae antennss and phototubes at various ground-te-air ranges
in detecting characteristic low~frequency electromagnetic radiation and visible radia~
tion, raspectively; (2) determine the temporal and amplitude characteristics of the low-
frequency electromagnetic radiation at varicus grecund-to-air ranges; (3) determine the
temnoral and Intensity characteristics of viaiblo radiation at vartous ground-to-air
ranges; and (4) determaine the effects of ambient conditions upon the satisfactory measure~
ment of the parameters specified in {1) and {2} above.

Airborne eguipment has been designed for determining tha jocation and yield of & nu-
clear detonation. This equipment for indirect bomb damage assesgsment (IBDA) dater-
mines yleld from a measurement of the interval hotween the time of the burst and the
time of the second peak in the thermal radiation inteasity curve. Three categories of
equipment were used: (1) For the measurement of the very-low-frequency {(VLF) elec~
tromagnetic algnal, a apecially designed flush-mounted antenna was utilized, along with
agsociated ampiification and presentation equipment. {2) The measurement of the ther-
wmal radiation from the detonation was by mesaas of phototubes with their associated
electronic and recording equipment. {3) A sequence camera was usad to phologrsph the
burst itself with its fireball and to photograph the nuclear cloud.

Flush-mounted ferrite-core magnetic loop antennas, for use in detecting the electro-
magnetic signal and thus fixing the time of burst, performed succezsfully during Opera~
tion Redwing. Two kinds of phototubes for detecting the second thermal peak were tested
and were found about equally satisfactory. Cne was a 1P39 phototube and the other was a
8570 phototube. The determination of yield using Y = 0.92T? (where Y (s the yield in
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megatons and T the time in seconds between the beginning of the firat thermal peak ang
the top of the secownd thermal peak) gave resulis accurate w = 16 percent for five shotg

with yields in the rarnge from _. Tablea 7.2 and 7.3 list the yield deter-
minations using electromagnetic signal and photohead data, respectively.

A detailed study of the collected data showed that the eleciromagnetic signal, consfst.
ing of a direct pulse followed by a series of ionosphere-reflected sky waves, could be
used in many ways to give information concerning the detonation and the ionosphere.
From the time intervals between the ground wave and sky waves, it was found possible
to compute both the distance between burst and receiver and ths .=aight of the reflecting
fonosphere layer. From the oscillatory period of the individual sky waves or ground
wave, the yield could be estimated. The waveform of a sky wave could be used for an
estimate cf the beight of the receiving equipment. The amplitudes in a sequence of sky
waves could be vsed to give the radian frequency w, characterizing the ionosphere, and
to extrapolate to the amplitudes of other sky waves or the ground wsve.

For a number of test shots, the thermal radiation intensity data was compared with
the expected irradiance to give estimaies of atmospheric attenuation due to clouds and
haze. Measuremente of ambient light intensaity and of the variability of ambient light
were also meade, to ald in the evaluation of the IBDA syatem.

On the sequence photegraphs the position of the burst could be determined from: (1)
the intersection of bright radial lines, (2) the center of symmetry of the condensation
dome, (5) the firchall itself, or (4) the stem of the nuciear cloud. When the fireball wus
visible, its radius could be used a2 a measure of yield, provided that the timing of the
picture and the range between burst and camera were known. The condensation dome,
produced in humid air by the rarefaction phase of the shock wave, appeared in &ll burst
sequences and was found useful in determining & rough value of the range and of the time
of the burst relative to the timing of the photographs.

With some modification, the electromagnetic fiducial pulse syctem and the photocell
combination will meet the requirement for yield determination {n modern aircraft for
ranges cut to 135 nautical miles. Although not tested in thiz experiment, there i an
additiona] expectancy of obtaining satiafactory results in clear weather cut to ranges of
approximately 250 miles.

7.5 MEASUREMENT OF RADIOFREQUENCY ELECTROMAGNETIC RADIATION
FROM NUCLEAR DETONATIONS

The objectives of this project were: {1) to obtain oscillographic waveforms of ths
electromagnetic radiation generated by nuclear detonstions and {2} to anzlyze the wave-
form to determine field strength, time for firat and second croszover, and time to initial
psak.

The electromagnetic pulss generaied by & nuclear detonation, undar the conditions of
this test {in which time and yisld were known), was detzcted and waveforms recorded st
statione located in areas from the {est pite to Forsstport, New York. This project had
stations on Site Eimer, Eniwetok Atoll, and on Xwajsleln., The Bite Elmer staticn re-
corded waveforms for 11 of the 17 detonaticas, and tha station on Kwajlalein recorded
them oz 7. At theso close-in stations, where records were made with the oscilloscopes
set af horizontel sweepsa of oximsataly 38, 1 sac/cin, the pulae wavell

was shown with much detail.
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Sferics and background noise interfered with recording and isolating the bomb pulss,
even at the close-in stations where ths field strength of the pulse was sovera! volts per
meter. However, oscillogriphic waveforms recorded at various speeds showed detalis
of the initial portion of the signal as well as the complete signal and an lonosphberic re-
flsction. The characteristic waveform near ground zero consisted of an initial negative
half-cycle with a sharp leading edge, 2 low-amplitude pesitive half-cycle, and & rela-
tively high-amplituda negative third half-cycls.

Waveforms were analyzed is determine peak fleld strength, times to peak negativo
and positive deflections, and times to zero crossings. Fourler integral analyses were
performed to obtain the frequency spectrum of each waveform. Analysis revesled that
correlations existed between yield and each of the waveform duration charactaristics,
and also between yleld and the frequency corresponding to the spectrum peak amplitude
in the YLF reglon. Changes in the waveforms observed st different distances sre atiri-
buted to effects of propagation. Correlations of field strangth with yield and with dis-
tance were found to exist for kiloton-range devices. Kowever, no such correlations
could be found for megaton-range devices. Fleld strengths were lower than chserved
for devices of comparable yleld during Operation Teapot. Figure 7.2 shows yields varsus
first crossover point in microseseconds. Figure 7.3 pressnts waveforms as received
from Shot Dakota.

The single waveforin recorded from Shot Cherckes exhibited g variation in waveform
characteristics that distinguished it from 91l ground-based shots of comparable yleld.
The recorded waveforms known to result from aferics did rot exhibit tha characteristics
observed for detonation-gensrated waveforms.

Approximate distances to the source were obtained from z gingle station by util’sing
sky wave delay. Tests indicated that time of signal arrival could be measured with
8.1-usec resolution and that signals from a vice could be datacted at 420 miies.

Waveforms should provide valuable informatich for the development of aystems to
detect and to locate the sourcs of nuclear explosions. However, for zpractical detonation-
location aystem, it still remains to be proved that the electromagnstic radiation from a
nuclear detonation can be isolated with sufficlent confidence from lightning transient
neises when time, yleld, and relative Iscation of the detonation are mot previcusly known.

il

7.6 ELECTROMAGNETIC WAVE ATTENUATION AT SUPER-HIGH AND ULTRA-
HIGH FREQUENCIES RESULTING FROM NUCLEAR EXPLGSIONS

This project was designed tc experimentally determine whsther an Instxntanecus telem-~
etry link was possible for early time transmission of tocimical Information. Measure-
ments of misrowave attenuation 28 & functicn of time were made Ia the lonfzation reglon
rasulting from a nuclear detonation. Because most of the attenuation resulis from the
presence of electrons, it was desirables to obiain valuss for the relevant parameters, to
permit calculation of the microwave attenuation.

Measurements were mads to determine the stiennation of UHF {5,450 Mc) and SHF

2,160 Mc) for three shots, Blackfont, Osage, and Inca. In zach instance the irsnsmitier
was placed near ground zero a2nd the recelver was piaced at a greater distancs on the
zame radial as the transmitfter. A typical example of atienuation versus tims Is delin-
eated in Figure 7.4 as determined from an cscliiosc pe recording for Shot Blackioot,
where the tranamitier was 5,300 fect from ground zero.

The data from Osage and Blackfoot indlcates that the signzl level dropped approximate-
ly & db at zero time and took on the order of 10 usec to recover completaly. The mesas-
ured attenuation agrees with the atienuation calculated for these shots.

o e
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The information obtained by this project {ndicates that {nstantaneous.telemetering Hnk,
are subject to blackout during early timec. It appears advisable to provide for the stop.
age of information during the first 10 to 20 usec following 2 detonstion, when the trans.
mitters are In relatively close proximity to ground zero. Thereafter, it appears feasihl,
to telemeter technical information, using UHF or SHF.
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TABLE 7.2 YIELDS FROM ELECTROMAGHNETIC SIGHALS

ot Observed Time Yisld from Actzsl
for First Cycie Sigzal leld
peoe M r'x.‘__——:j

Kickapoo 28
Mobawk 82
Dakots 15
Apachs 50
83
Navajo 70
92

TABLE 7.3 PHOTOHEAD YIELDS
1P35 Blua-Groea £570: Infrzyed

I
%

eyt Al

Sbot Irpe Calculsted Actaal
Photchead Yisld Yield
— %
Qsage 1133
£370
Molavk 1Py
N 3570
- Dakoia 1P3%
5570
Apacks 1239
£576
Tewz iPis g5t B M
£570 £.52 ¥: T8
Ruren 1p3g
8570
———

* No dala becsuse of miscziibration of shanns] i rececdar.
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Chapter 5

THERMAL RADIATION

8.1 OBJECTIVES

Program & participsted in & total of five shots, during which its efforts were direcied
toward: (1) making hasic thermsl radistion measursments, (2) lseting three naw types of
thermal measurving davices, and (3) exposing instrumented sircraft atructursi panels for
the purpose of cbtalning data to be usad as 2 basis for additional lsborztory studiss. Ab-
stracta of specific projects are contained in Section A.7 of the Appendix.

8.2 BASIC THERMAL MEASUREMENTS

Basic thermul measurements further the understanding of the mechaniams Important
in a nuclear explosion. The Redwing experiments of this nature included datermination
of Irradisnce In narrow gpeciral bands versus tline, fireball radins versus time, speciral
distribution of radisted energy veraus timeo, color temperature, pulze shepes, and total
thermal cutput.

‘The principal efforts were directed toward goneral documentation of thermal ocutputs
of largs weapons, comparing the thermasl characteristics of an airburst to those of 2 sur-
face burat, and comparing measurzments mads &t = ground station with those made »i-
multanecusly 2t an girborne station.

Data obtained on previous cperations (Ivy, Castie, Tezpot) was Incousistent, much of
it disagreeing with sccepted scaling laws. Study of zvallable deta indicatad seversl prob-
able causes of experimantal ¢ifferances, perticularly the follGving: () Attanustion of
the thermal pulse by the normal compounents of the atmosphera. Ia ths Pacliic Proving
Grounds (PP{G), this effect iz large, unk , #nd spectrally selective. (2) Attesuation
by clouds in the line of aight of the thermal instrurnents. (3) Reflecticn by clonde noi in
the line of sight of the fnsiruments. {4) Attenuation and scatiering from the Wilaon cloud
produced by the shock wave. (3) Attenustion by smoke genzrated by the bomb pulse. @)
Largs and spectrally salective reflection from tha ground or water to airborns Instru-
ments. (7) Distertion of the fireball {of an alrdburst) by shockwaves reflected from the
growe

Thbs effacts of the shove varisbles were most noticeable in the comparison of the dats
from ground and sirborne stations. In such cases, the difference between the aerial and
ground geometry was sufficlent to cause serious Inconsistencies in messured tmes to
peaks and minimumse and apgarent yield, a& well 2= In Irradisnce 2nd spectral distribution.

During Opsration Redwing, thermal measurementa wers mada on Shols Cherciss,
Zuni, Lucrosse, Erie, ard Flathesd. The =taticn locations ars listed In Teble 8.1

There were simulizneous measursments from ground and airborne siations during
Shots Charckee, Lacrosse, and 2unl. The airborne stlation was positionsd over the most
diatast ground stations In order to maximize tho scattering, atténuation, and refiection
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effects that were believed to be the cause of differences In sirborne and ground statiog
measurements.

Participation duriag Shot Erle was an attempt {o view an airburst from directly over-
head, with the intz=ntion of aeeing the firebail undistorted by the shock wave reflected from,
the zround.
= Exiensive photographic coverage was Included for ull shots on which thermsal mezsurs.
E v ments were made, with the bope of belng able to determine the degres, if any, of obsca-
ration by clouds in the lins of sight to the fireball, or refiection by clouds nesrby.

E . Measurements included {otal energy as a funcilon of time, bread-bard spectral dats,
narrow-band spectral data, irradiance as a function of time, photographic data, and fleld.
of-view data. The data was anzlyzed to obiain fireball radit versus time, color and powur
temperatures versus time, and {estimated) thermal ylelds., Irradiance versus time
measurements were made by use of radlometera. Firsball radius versus time was de-~
termined by high-spead photography.

The thermal yield of a bomb is defined as the best estimsts of the totnl energy radisted
- by the bomb in the form of thermal radiation, i.s., radiation for which the wavelangth is
' betwean 2,000 A and 160,000 A (10 g).

Thermal yield was determined by the relaticnship

4::}32(3 é,:)j

3 Where: 8, = the {dealized area of the firehall, without chacurstion, for the §'th time

interval.
; = the estimated ares of the firebail, for the §'th times interval, after the ares

B
W of clouds and cpaque objects have been deducted.
= the measurad vaiue of energy received during the 1"th tims Interval

(cai/cm?).

T = the transmission of the instrursent filter and the stmoaphere (& combined
corraction) a2 estimated for the §'th time interval.

D = the slant range in centimeters.

Thermsi power was determined by dividing the thermal yleld for each tims interval
by the longth of time intervel. Figurss 8.1, 8.2, and 8.3 show plots of tolal thermsl

power versus tima,
Power {empersturs was computed from the relationship

A il i

il o
AL R
-

Whare: %éi = Power temperature ('K) for the time increment At.
b = Stefsn’s constant (1.356 x 10”2 cal/cm™ seo™ deg™).
€ = the sverage smissivity of the fireball.
Aq_ = measured energy (csl/era®)
Average emissivity was chosen as 1.0 sinoe ite actaal value is oot mows. This lexds
to a minimum valee of powsr temperature.
The color temperature of a firedell can be defined az ths temperaturs of the black~
body source whoss spectsal distributica most nearly matchea that of the fireball at all
wavelengtns in the spectral regions 3,650 A t5 43,000 A (4.24). The color temparatures
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shown In Figures 8.4, 8.5, and 8.8 were calculated {for each short time interval) by
comparing the ratio of the chenge in reading of two calorimsters having diffsreat color
filters.

The or'y major failure of the thermal program wis assccliated with the bombing error
of Shot Chsarokee. The fireball was efther cut of ths fleld of view of some instruments
or obacured by clouds. The generzl remult was a serious degradation of the Cherokee
data, making the measuraments esgentially {mpossible to nterpret.

A typlcal irradiance-versus-i{me racord is shown in Figure 8.7. Spectrai distribu-
tion of the {rradiance (for Shot Zun! only) Is shown in Figure 8.8. From tbess and other
data, power ard color temperatures, radius versus time and thoermal yield can be de-
rived.

Figures 8.4 through 8.11 shows the results of tha anzlyaia of the thermal dats.

The Irradisncs-versus-time curves show the radiant energy (in cal/om?) incident on
the thermsl Instruments as a function of time. Az pravioualy mentioned, these values
ar= strongly influenced by extranecus factors such == cloud cover. Tho records have
had no corrections applied, although the fireball photograph shown in Figure 8,12 indi-
cates that the obsurad {rradiance must have been considerakly reducsd by clouds, in
sddition to the normal atmospheric sttepustion always pressnt in the PPG. The speciral
distribution curve (Figure 8.8) showz the eifects of attenuation and indicates that & lzrge
portion of the energy is in the infrared region cf the spectrum.

In the absence of attenuation, it would be expecied that the spectral distribution would
sppear a2s 3 black-body spectrum.

Figures 8.9, 8.10, and 8.11 show flreball radius versus {ime as mesgured from
photographic data.

Simults.-:ecus measurements by ground and airborne stations wers succeszful on
Shots Zuni 2nd Lacrosss. Comparisons are listed {n Tabls 8.2. It is immediately ssen
that no simple explanation can eccount for the differences in ths ground and airbores
stations, because the ground station reading i3 higher than the airborne station by a
factor of 3 on one shot, and lower by & factor of 2.5 on ths other shot. Fireball photog-
raphy (Figure 5.12) showa appreclable obscuratioz of the fireball on both shots.

8.3 CRITICAL IGNITICH ENERGIES OF MATERIALS AND
DEPTH CF CHAR N WOOD

Measurementa to determine criticel ignition energies for various materials and depth
of cher in wood were mads during Shot Cherckee from stations on Sites Dog and Georyge.
1a zddition, varlous naturs! kindling fusls on several islands weve studled prior to and
afier tha dstopation. The objoctive wag to ocbtaln data from 5 nuclear davice in ths meg-
ston range, which could be correlated with data from lsberatory experimerts.

Beesusa of the bombiag error of Shot Cherokee, the thermal radiaticn Irom the fire-
hall enterad the spacimen containers at &n appreciable angls, irradisting oniy s small
portion of sach specimen on 8its George and missing sntiraly ths specimens og Site Dog.
Table 8.3 gives the estimates of critical igniticn snargy vaives for the various materials
exposed, bassd on the obsarved rssults, Tha wood specimens oz Site Georges ware
charred to depths dspending on their densities and the transmission of attenuating filters.
Zomo of the specimens of biack and gray alpha-celiuloss papers, nawspapers, anc Hne
neadles were Ignited. giving a good hrucket on their critical ignition enorgies. Nons of
the grass, cotton denim, rayon cloth, or white alphs-calluiose papors ware ignited.
Cerrugated Bberbuard was burned on 8ite Dog by the radistion. Mzny sampiaa that were
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not ignited were somewhat charred or discolored. Radiant exposure on Site Dog was
Indicated by instruments of Projects 8.1 and 6.3 to be 73 to 75 cal/cm?, wheress on Sity
George it wae 21 cal/cm?,

8.4 TESTS OF NEW TYPES OF THERMAL INDICATORS

Two self-recording calorimeters (Types 1 and 2}, similer in principls to one used
during Operation Teapot but of modified design, were scheduled for test by Proisct 8.3
durirg Shots Cherckee and Blackiool. The two instrumnents utilized the same principle
but were of different design. In additlon, the Kidde pulsc recorder, & commersial ftexq
that |8 suitable only for measurements of ihermsl energy in short pulsesg was o be testes
during Blackicosl.

Because of & high level of residual nuclear radiztion remaining st the instrumentation
stations after Shot Erie, it was nct feasidle to carry out the Blackfoot testa. Mo other
suftabie ghot was scheduled. As a result, the two seli-recording calorimetars wers
tosted oniy on the long-duraticn pulse of Cherckes, whereas the Kidde instrument was
not tested. The long-durstion pulse provides most-severe iest of these instruments;
therefore, the Cherokee test may be conzidered sufficlent. Both of the calorimeters kag
a2 field of view of 180 degrees and were able to oblain dats despite the large angle of
incidence resulting from the bombing error.

Table 8.4 contains & compsarison of the uncorrected resalts obtained by the self-
recording calorimeter {(Type 2} with that chiained by the thermiator calorimeter uscd aa
a relative standurd and with that obtzined by the 20-degree-fleld-of-view disk calorime-
tars of Project 8.1. The results from the Type 2 calorimeter and the thermistor calo-
rimseter compared favorably with Jhose from the disk calorimeter. On the cther hand,
the data from the Type 1 calorimetar was erratic. Bscausc both types viilize the sanme
principle, it was concluded that the principle was proved by the Type 2, and ths errztic
results from tha Type 1 were attributed to imperfecticns resulting from fabricatica
difficulties.

8.6 TEST OF AIRCRAFT STRUCTURAL PANELS

Project 8.4 measured the responss of various types of aircraft structurs] pensls ex-
posed to the thermasl pulse from Shof Cherokee. Test specimans were sandwich-type
structurz! panels havicg various types of consiruction materiale ang facing thicknesses.
Instrumentzticn consisted mainly of thermoccuples embeddad In the structural panelz to
provide tempersiure-versus-iime kistories at v=rious points in the parels. Figore 815
shows the 40 tasi panels exposed during Ehod Charckea. In additicn 10 these, two Fi4
slovatore were used at the same station, 2nd smsll groupe of similar s>ecimens were
mcunted in the Project 5.8 efiscts sirersfl.

Recordad peak surface terperaturo rises at ths ground statics were in the range
from 100 to 350 degrses F, less than helf of the sxpecied snd desired range. The pesk
temperatures weTe 1ow, bacauss smpoke from the gray paint on 20ms of the sampies
obacured tbs test array from soms of the thermal pales; the rats of best sondectivity was
much higher thsn was originzlly expected. Figure 8.14 shows the thermal input to
test pencls.  Flgure 8.15 shows a {ypleal record from one of the shuminum hoosycomd
samples. Effect of the smoke can be gesn Ip ths divergence of the calcalated and mezs-
ured curves at shout 3 seconds; e repld decar after 4 secords indlcatss & rapid o~
duction of heat from th surface to the inferior of ths panel. Figure §.18 showsa




caloulated response with smoke obscuration teken Into account. Analysis of the teat
raoazurements and subzequent laboratory heating tests were successful in mathematically
defining the respensa of sandwich-type structural panels to thermal inpuls.

Post-exposure mschanical tests were alsc mads cn ths test panels, to dotermine if
any noticeabie change in structurs! properiles was caused by the thermal input. The
samples mounted in an unstressed poesition showed no signifizant change In strecgth ckar-
acteristics asa result ofthe radiant expomura. However, tests coniucted on similar spac-
imens {n a prestressed conditicn show that structural fallurs wiil cocur &t temperztures

i within the range encountered during Shot (herokes.

8.6 AIRBORNE SPECTROSCOPY

= Alrborne speciroscopy measurements wers msde by Project 8.5 during Shots Lacrasse,
: Cherckee, Zunl, Erie, and Fiathesd (Tabls 8.5 and Figure 8.17).

For Shot Lacrssae, tha light source falled to operate st F-hour; therefove, oo
atmospheric-tranzmission dats vas obtalned. Speclrometer data was oldsipsd on moat
chaanels. Mosi of the channeis required filtering teckniques in the Iaboratory to sepa-
rate the us=ful data from the nolse i the systers; bowsver, critical times which could
. be m=asured are shown is Tzbie §.6. Figure 8.13 shows 2 plot ¢f the varistica of tw:

a8 a fanction of wavelength.
No transmission measurements were sitempled at H-hour for Shot Cherckes, bocsuge
this was a= airburst.
For Shot Zuni, the light source maifunctioned during an interference tast oz D—32 days
&nd was evacuated on D—1 day; hence, agzin no transmissicn meszoreroents wars made
at H-hour. The spectrometer obtaized excellent data on thi= shot. This data iz tabuisted
= in Teble B.7. Figure 5.19 ghows a plot of time to second maximum as 3 function of wave-
length.
During Sbxt Erie, the project was successful, oblaining both transmission data at
H-bour and good speciromsier data. In sddition, s sircraft was looking almost Sown
on this detonation; e viaw of the Srebzll was unperturbed iy the reflectad shock wave.
Data for this shot Is listed in Table 8.8, 2nd a pict of time 1o second maximumas a
function of wavelangth is shown in Figure 5.20.
= Tho project participated during Shot Flathesd, whare the light scurce functiopad w=ll,
' but a5 the result of a 25-minule posiponement In =hat time the trancmissometer w2
saturated with sunlight, so that 5 azeful transmiasion data was oidained. The specirom-
eter was successful, bowever, and the dats lw listed Iz T2l 8.9,

it is Interesting to noie tha varistion of time 10 fecond meximum with wavelesgth shown
in Figures 3.18 through 8.20. An sxamipation of these curves suggests t=o fixdings
worthy of further snalysia:

First, the broad-spectrum Instruments and instrumente sensitive mostily (n tho bles
region that are used to detormine Ume to sscond maximun for ves (n calculalisg yislds
may be subjest te considarablie dispsralos in resdings of Ume to snoood maximom &nd,
thereby, to subsiantlal srror. Tals reauiis from the rather sbrup! variztien of tme &0
gacond maximum In the blus region of the spectirum, Isgdicatsd In Figures 2.15 aod .20,
It msy be ooted in these few sarsples that the time to 2econd maxdmom sponars o have a
minimum (o the region of 0.5 5 0.7 mleroas &nd to Increase ioward both the bive and the
red reglons of the apecirum, tho increase being excepticnally rapid. This wosld seem
z to suggest that the most accursts results for yield doterminztion ehould be ctialned from
an instrumeat operating In 2 limited regics 0.5 to 0.7 mioroms.

e e e

SRR A

bl

sy

AT

it U gt

SN LA - - . e N =




1 Ry

oyt

Second, it may be noted that this minimum appears to Le in the vicinity of 0.5 mic
for alrbursts, and ¢.7 microns for surface bursts, suggesting a slightly different geg)
relationship of yleld as a function of time to second maximum for airbursts aid surface
bursts. This probably results from a difference in apparent color temperatura.




TABLE 8.1 STATION LOCATIONS

Shot Site Horizontal Range Instruments Project
f
Cherokee Deg 26,380 Radiometer 8.1
Calorimeter

George

How

P2V aircraft

Zunl Oboe

William

Nan

P2V aldreraft

Lzcrosss Yvonne
Wilmsa
P2V airoraft
Erile P2V gircrafl
Flathzad P2V airoraft

33,837

84,406

84,400
23,000 altitude

17,005

32,073

€8,580

69,330
22,000 altitude

8,121

15,600
83w

14,392
23,000 sltitude

1,56¢
22,000 aititude

41,950
23,000 aliitude

Cellulosic samples

Radiometar
Calorimeter
Bolomuter
Spactrometer

Cellulosic samples
Alrcraft structural panels

Radiometer
Calorimetor
Bolometer
Spectrometer

Alrcraft structural panels
Airborne station

Radiometer
Calorimeter
Bolometer
Spectrometer

Radiometer
Calorimeter
Bolometer
Spectrometer

Rudiometar
Calorimeter
Bolomater
Spectrometer

Alroornse station

Radiomater
Calorimeter
Bolometsr
Spectrometer

Radlometer
Calorimeter
Bolomseter
Spectrometer

Airborne station

Alrborus station

Alrborne station

8.2
8.1

8.2
8.4
8.1

8.4
8.5

8.1

8.1

8.1

8.5

8.1

8.5

8.5

8.5




TABLE 8.2 COMPARISON OF TOTAL THERMAL ENERGY RECEIVED
AT GROUND AND AIRBORNE STATIOND

Airborne station

Ground station

1.422 czlorles/ermt

La.rosse Zuni

1.4 calories/em? 2% _aloriea/cm?

5.0 calories/cm?

Values shown are cal/cm?

TABLE 8.3 CHITICAL IGNITION ENERGY VALUES ESTIMATED FOR VARIOUS
MATERIALS EXPOSED TO SHOT CHEROKEE

Material

Minimum Thermal Ignition Energy

Low Moisture
Content

High Moisture

Content

Blue cotton denim
Charcoal-gray rayon
Newspaper*®

Corrugated fiberboard
Yellow grass
Pine needles *

White alpha-cellulose paper

>21.0
>21.0
>21.0

12.7

>13.9
>13.9
18.5

>21.0
>21.0
>21.0

8.8

>10.2
>13.9
18.5

—
]

* The values for newspaper and pine needles were estimated by considering the
effects of radiation somewhat insufficient to cause sustained flaming.

TABLE 2.4 COMPARISON OF RADIANT EXPOSURE VALUES AS MEASURED
BY THE THREE TYPES OF CALORIMETERS

Ground Type 2 NRDL
= Siation Zero Self-Recording g:ﬁ:;?;i:‘; Disk
z Range Calorimeter Calorimeter
ft cal/em? cal/omi cal/em?
Dog {830.01) 26,000 75.4 70.0 70.7
. 75.6
Dag {830.02) 26,000 — 73.3 —_
George (830.03) 38,500 2¢.5 24.2 18.0
' 22.0
George {830.04) 38,5060 245 24.2 —_—
How (8306.05) 84,000 Below Range 0.5 1.7%




TABLES.5 AIRCRAFT PCAITIONS FOR PARTICIPATING EVENTS, PROJXCT &3

m i
Tl Rebil
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it

A

T
Pl gt gt el

i

B T T

-~ Ecrizontal Reage Altttade Slast Rasge
Deatred Actl Desired | Actaal Tosired | Actasl

foet Test fest foat oot Teet

Lacroeses 15,000 15,800 & 400 23,000 33,000 37,800 27,0
Chsrckse 12,40 B, 400 4 300 13, 800 23,682 34, 400 33,400
2wl 3. 4% €9,33 4 458 13,008 22,008 5,000 | 73,818
Eris 4 1,083 50 23,000 23,008 2,000 23,888
Yisthead 40,000 | 41,5584 800 23,-% | 23,000 as.700 | a1,%00
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Figure 5,12 Shot Zuni from Site Nan at 1.95 seconds.




Figure 8.13 Specimen array at Proiect 8.4 test she.
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Chaptar 8

SUPPORT PHOTOGRAPHY

3.1 OBJECTIVES

This program was primarlly of a suppor? nature and consisted of two projects. Project
9.1a had the mission of documenting, by photographic means, the various paramsters of
the nuclear clouds as a function of time and attempted to establish approximats scaling
{yleld} reiations. Procject 9.1b was concernsd with the broad functidn of providing general
technical photograghic support to the military-effect programs, including the production
of 2 documentary motion picturs.

The project abstracis are given in Section A.8 of the Appendix.

9.2 BACKGROUND

Collection of cloud-rise and height data was attempted as far back as Operatien S=nd~
stone {April 1948) by means of manually controlied theodolftes. All measurements were
taken with ground-based cameras until Operation Ivy, when the first attempt at sertal
documeniation was made. The data obtained was far from perfect but provided {svaluablz
experience in planning subzequent tests. Essentially the same statement can be made
concerning Castle results.

Redwing Project 9.1a was concerned with ohzerving and documenting the cloud phencm-~
ena, not with explaining them; hence, any destailed thearetical development was nct a part
of this project. The simple optical relationships botwesn cbject and Image were used.

9.3 INSTRUMENTATION AND OPERATIONSE

To overcoms difficulties encountered ou previcus operstions, use was mada during
Operation Redwing of the gyro-camerz mount. With this stabilized table, the angie of
tilt in aiming the camera was known, and {iln: maasurements were mads relative to a
fiducial or other artificial reference polrnts when no natural reference appeared In the
photograph. However, to Investiga.e such subjects as the pear edge of the clowd, mors
infcrmation was needed, much as a second picture from ancther iocatiea. If the cbject
was identified clearly in beth plethures and if the camerz aiming angles were clearly
known, the position of the oblect was computed by triangulation.

Three RB-30E alrcoraft were equipped with {dentical camera sssemblies on A-25 gyro-
stabiiized mcunis located in the aft zsction of the aircraft. Each mount beld an Edgerinm,
Germeshsusen and Grler 70~mm cloud camera, an Eclair 35~-m motion-pictura camers
{one frame every 15 seconds) and a gun aight alming point 1§-mm modon-picture cameara.
The three alrcraft were positioned in the eact, west, and zauth quadrants, respactively,
at ranges ot 70 nautic2] miles from ground zero ca ali kilcton-range shots and 110 macti-
cal miles from the meyaton-razge shots.




U Rl

.4 RESUL

rolect 9.1b fulfilled its overall mission of providing technical photographic support
1o the various prejects. A documentary ccler motion picture was produced and distribytey,
The cloud photography obtained by Projeci 9.1a is superior io that from previcus opsr.
ations {Figure 9.1). The valuve of the fiducizal-mark system of referencing dats was agaip
demonstrated. Both aircraft positioning and the recording of navigatienal data were ex-
cellent. The dats has confirmed and extended previsus knewledge of nuciear cloud
growih.

9.5 CONCLUSIONS

it iz now possible to predict cloud growth and riss 2nd i1s dissipation during the firs
20 minutes after detonation with z high degree of accuracy. Further documentation of
cloud behavior during this time pericd ncw seems unnecessary. The precision of cloud
raeasurement could be fmproved slightly by undertaking a vastly expanded program, but
the cost of the program would be entirely cut of proportion {0 the increase in accuracy of
the data so obtained.




Appendix

PROJECT AES1RACTS

A.1 PROCRAM 1: BLAST MEASUREMENTS

A.l.1 Project 1.1. Basic Surface Blast Measurementa. Agency: Ballistic Research Laboratories.
Report Title: Ground Surface Air-Blast Pressure versus Distance, WT~1301. Project Officer: C. N,
Kingery.

General objectives of this project were: (1) to instrument certain shots during Operation Redwing and
obtain hasic information of the propagation of blast waves over different surfaces from various ylelds and
heights of burst; and {2) supply measurements of overpressitre and dynamic pressure ai certaln locations
in support of other projects.

The specific objective of the project was to determine the pressure versus time and dynamic pressure
versus time varlations with distance from ground zero on itve shots during Operation Redwing. These
shots were: (1) Lacrosse, a medium kiloton-range suzface burst; (2) Cherokeg, & megaton-range alrburst,
(3) Zunl, a megaton-range surface burat; (4) Yuma, L ;wwer ghot; and (§) Inca, 5
small kiloton-range tower shot, s

The project had the prime responsibllity for baslic airblast instrumentation on Shots Cherokee, Zunij,
and Yuma. On Shots Lacrouse and Inca the project participated to provide back-up instrumentatio~ for the
elec’ronic recording system used by Projects 1.2, 1.10, and 30.2 of Sandia Corporation (SC).

The aecondary epecific objectives of this project were to:{1) record the diffraction phenomenon over the
manrnade {slands for Project 3.1; (2) furnish dvramic pressure measurements to Project 1.5 for evaluation
of vehicle damage; and (3) {furnish water pressure measurements to Project 1.9 for wave height studles
from Shot Zunl.

Shot Lecrosse alforded an opportunity te jnstrument a mediun yleld (39.5 kt) surface burst. Ground
surface airblast gages recorded a precursor ‘ype shock wave at a station 1,180 feei from ground 7aro and
a clean or classical type wave at a station 1,850 feet from ground zero. Correlation of airblast data with
Projects 1.2 and 30.2 of SC electronically recarded biast measurements was excellent.

Shot Cherokee was a high®yleld ! }urburat. 1t had the largest instrumentation participation of the
series, but unfortunately the device did not fetonate over the intended ground ze¢ 3. This caused the loss
of many records and a reduction of the accuracy of many be~suse the range of the pressure transducers at
20me stations was as much as 40 limes greater than the actual pressure measured. A difference in the
overpreseure and wave shape was noted on records obtained from the manmade islands and those obtainsd
from the reef stations esst of Site Charlie. Scaled rnodels of these stations were fired on in the BRL
shock tubz and, based cn theae experiments, the difference in wave shape and 20 percent or . ore degra-
dation in pressure may be attributed to the type gage mount used for thz reef siations.

Shot Zun{ was the firet high yield (3.38 Mt) surface burst that afforded a land-surface blast line from
ground zero to the gages. Two blaat lines, approximately 180 degrees apert, were {nstrumented for this
shot. One blast line wae along the Tare Complex where nonideal (precursor typs) shock waves were re-
corded out as far as 8,300 feet. The secund Hlast lize was on Bite Uncle where nonideal shock waves were
recorded as far out as 39,350 feet, -

Participation In Shot Yums gave an opportunity to record sirblast data from 2
device detonated from a tower. Basic :_last data were_recorded wXxich will be uskt to valldate SFHCRNy—
the height of burst curves for use wi Jw:elds.

Shot Inca was the lasat shoi in whic ipated. Two blast lines wera instrumented on the

same !sland, one over s cleared area and the othar over a vegetated are cords were obtained from
both blast lines, but gome sccuracy was lost because the actual yiald° as more than double the
predicted ylel and some of the pressure-sensing capaules were overstressed beyond their intended
range.

A.1.2 Profect 1.2, Surface Blast Measurements of Static and Dynamic Pressures. Agency: Sandla
Corporztion. Report Title: Blast Measurements on a4 Medium-Yield Suriace Burst, WI~1302. Projec!
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Officer: C.D. Broyles.
Tha cbjective of this preject wee the measurement of overpressure and dynamic pressure ae 2 function
of time and distance from a surface burst of & medium-yisld atomic device, a vield range not previously
examined experimentaliy for thls type burst
Overpreasurs and dvnamic presszure were mrasured as & function of time and distance (6%0 to 3,250 feat)
on a surface burst of a mzdium yleld (40 kt) nuciear device on Site Yvonne, Enilwetok. Overpressures
were meastred with ground haffles and nliot-ciatic gages. A precursor formed but died out at an unusually
high overpressure of betwean 37 and 55 psi. The usual high dynamiec pressures associzted with precursors
were observed. Qutside of the limited regior in which the precursor existed, the overpressure and dynamic
pressure measuréments were in agreement with previous measurements on gurface bursts. They were
consistent with the frea-air values for 1.5 times the actual ylel@f]

A.1.3 Projact 1.3. Biast Measurements by Shock PhotograpLy. Agency: U.S. Naval Ordnance Labors-
tory. Repcrt Title: Alr Blaast and Shock Phenomena by Photography, WT—1303. Project Officer: L.J.
Belliveau.

The primary objective of th's project was to oktain hlast messurements vertically above and at horizon-
tal ranges {rom apouific ahots. Of highnaat priority was the measurement vortically above the high-yield
airburst (0 documaent the propagation of the blast wave through a nonhomogeneous atmosphers. Other ob-
lectives included study of the effecis of the ground or water surface on the blast wave and, basicelly, to
determine the peak overpressure as a function of distance relation for the various shots.

The project participated i Shots Cherokes, Lacroase, Zunl, Inca, Mohawk, and Seminole. No shock
photograpky data were obtained from Cheroxee as the result of & bombing error. The smoke-rocket tech-
nique was usad during Zual #nd Lacrosse and usable Jdata were obtained. Direct-shuck photography was

3 uged during Inca, Mohawk, and Semincle. Only fragmentary shocks ware ohserved on Inca and Mohawk

- ' films, and no shock was observed In Seminole films,

3 ) Shot Zun{ wa# a ground-surface burst of 3.38 Mt. Preagure-distanca data were obtained over the sur-
= face (water) snd above ground zero o distances of 14,000 and 13,000 let, respectively. The gurface data
E were compatible with the data obtained from previous opsrations. The jressure-distance dats obtained

= above ground z=ro {8 not In agroezment with avallzblie methods of predisting peak ovarpressurcs above

E ground zerc. Howaver, a quailiative niclura cgun be given in tesma of phenomens cbserved on bigh-explosive
- ’ tests urd on thaoretical prediciions based on the effects of atmospheric ronkoirogenaity.

ey Ghot Lacvosse was a8 surface burst with & recommended yield of 39.5 kt. Peak-~shock overpreasure-

4 digtance data wae obinined zlong the surface to a distance of 3,250 feat. ‘This datz was obtaiaed over 2

E water surface, £33 it wag noted that there were no significant differencea between the datg and that ob-

E tzincd by other sgencies over = land murfece. No data was cbtained sbove ground zéro. ‘The ¢camaras did

» not operate st Statica 1514 (Mack Tower); consequently, a study of the tharmal eifacts over the :and sur-
3 face cannot be made.
3 Shot Incs was s ,shot detonsted oa a 200~170t tower. Pressure-disternce data was obtained to =

E distance of 1,050 feet along thy surface. No angles for the precursor could be reliably reed from the films.
E- Shot Mohawk waa & -_"} device detonated on 5 300-foot tower. Oaly a fragment of & chuek wave wss
= observed op the filmz. Tbhia fragmentary atock cecurred along & radizl line spproximately 10 degrees
3 . abova tha horizontal that prssed through 2 protrusien frem the flreball, PBecauge of the ssymmetric con-
Giguration, ths data obtained did not compare with scaled daia from other shots.

Shot Baminole was 2 devics detonatad ot tha surface ia 8 largs tank of water with a yield of No
shock wave was visible in the flima sxamined. Some exploaion profiles with time wre presuntsd In three
views of the shot locstion.

A.d.-, Project 1.4. Free-Alr-Prassure Messursments at Altitede. Agendy: Alr Force Cambridgs
Research Center. Report Title; Measuremen of Free-A1> Atomic-Biast Pretsurae, WT—130£. Project
Officer: N. A. Haskell.

The objective of the proiect waa to measure {ree~piz peak ovespressuce and overprassurs varsus time
vertically 2bove un airburst of more then a megaton yield. Thene datz were dealired 0 that a comparison
could he made bsiwsen the overpressures actually obsarvod and those calculated by various approximats
methods of correcilng for altitude effects,

A vertlcal array of 12 parachute-borne, talemetering, blast-pressure canlsters was deployed by drop

. from a B-3€ aircrafi above intended ground zero for Shot Cherckee. Due to6 & large horizontal error in the

: sctual poln! of burst, tho array waa not directly above the burat; 19 of the 12 canisters were in the fres-
eir region, and two wers below the path of tho triple polnt In the Mach reglen. The range of altitude covor-
od waz 850 to 33,500 feet. Daig were received from all unita.
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Observed peak overpressures were in satisfactory sgreement with those calculated according to the
Theilheimer-Rudlin theory, provided the integration of the Theilheimer-Rudlin equation is started with ap
appropriate initial condition. There are indications that the appropriate initial condition Is 2 slowly vary.
ing function of yleld.

Observed pusitive-phase dur .ilons suggest a slight upward revision of the currently accepted standard
curve for this quantity,

Measured values of the time of ary  val and an  litude of the reflected shock were in general sgreement
with previous data obtained at shots of smaller yield.

All.5 Project 1.5. Transient Dreg Loading of Actual and ldealized Shipss. Agency: Ballistic Reseapey
Laboratories. Report Title: Transient Drag Loading of Actual sand Idealized Shapes from High-Yleld Let.
onations, WT—1305. Project Cificer: H.S. Burden.

This project consisted of five parts. The objectives and results tre briefly atated as follows:

Part 1. [Investigation of serodynamic-drag characteristics by measuremerts on full-scale beams
(BWFE7) and angles (8L56.9) were made at various pressure levels {from Shot Cherokee. Drag and lift
coefficients were obtained although the flow was not normal to the beams. Resolution of the flow was de-
terminsd. Drag coefficiznts for the WF beams varied from 2.44 to 2.82 which was somewhat higher than
steady-satate data, which ia usually given at 2.03. The drag coefficient for the angles varied from 2.11 to
2.61, whereas the steady-state value was 1.83. The lift coefficient for the angles varied {rom 2.28 to 2,73,
ard the steady-~utate value was 2.07,

Part 2. A dsscription of an experiment f{or determining drag coefficients fcr sphericai shapes as &
function nf the dynamic pressure of the flow following blast wave fronts is glven. Two aizes of spherical
shell (3 and 10 Inch diameier) were used in conjunction with three-dimensional, force-sensing machanisma,
The sensing mechaniams and calibration procedure are deacribed. The objectivea were not achieved be-
cause of a serious 2rror in the position of the detonation and because of soma dubious behavior by the
gagee. Speculative, rather than authoritative, values of pesk drag coefficient are listed as deducad from
the experiment. The results are brlefly compared with those for gages used in & similar pressure range
on Oparation Teapot.

Part 8. Investigation of the reapons< of drag-type taygets and continustion of thi statistical evaiuation
atudies on militury wehicles werc made by the exposure of ¥/;-~torn trucks (jeeps) on Shots Lacrosse, Zuni,
and Yuma. Ground ranges were golencted to glve further data for predicting damsge o vehicles under dif-
ferent biast conditions than those previously tested. Anslysis of the dats indicated an apprecisble reduction
in damage radii for nonprecursor co.ditions below that for precursor conditions. There was further in-
dication that displacement, likc damage, resulting from exposure to a blast wavn of classical chape was
eignificantly veduced as compared to the displacement received from a nonclassical or precursor wave.

Part 4, Airblast diffraction and drag loading messurements were mado at a Jimited number of positiens
on a concrete cebicle during Shot Zuni. The target structure was 6 by 12 feet and locsted n a pressure
region of 23 psi with » duration of approximaztely 2 to 5 seconds. The cbjective was achieved, in that suc-
cesaful records were obtained on representative locations on the various faces of the structure, but sincs
the cbserved wave was nonldeal In character, it was not possible t0 correlate the actusl loading with that
pretiziad from ¢ ecaled ahock tube model.

For comparigson, the actual fisld records and predicled reconds are both presented in the body of the
report.  Although ths free-stream record was ouly slightly rounded, the reflected pressure over the front
of the structure remained high and did not decay as predicted.

Part 5. Electronic recording instrumentation was provided for Project 1.5 on Shots Cherokes and Zud
and recording and structure instrumentation for structural-response Project 3.1 on 5hot Chorckes. A
muiti-channel megnetic tape recording system was utilizad to record 160 data channeln. The objectivy was
not fully aatisfied on Shot Cherokee becuuse of the dalivery error, even thougk most of the instrumentation
functioned satisfactorily. This error sdversaly affecied the ditx records obtainad from ths unidirscticasl
slectronic pitot-static q and other gages. The objective wae satiafactorily meat on Shot Zual.

DAV 1A 1A e 0 Ay

A.5L8 Project 1.8. Drag Losdlug oz Modal Targets. Agency: U. 8. Naval Ordassce Laboratory. Repor!
Title: Drag Loading on Modal Targets, WT—-1308. Project Officar: Juasph Pates.

The specific xnd immediute objectives of this prejest were to: (1) moasure transient drag forces as
functions ¢f time tn represantative modsl targets in regicas of high- and low-dynsmic pressures resuiting
from & medium-yleld land surface burst; (2) correlate drag forces and dray costficients experfonced by
modal targ:is exposed to atomlc weapon blast with drag forses und coefflcionts obisined on {he arme mads!
in the shock tube and wind tunnel, un similar scale modela previcusly tested in the ahook fube and on high-
explosive {chemicsal) tests, apd on full-acale models taated on atoralc weapons tesiy; and (2) compare drag
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forces on models located in precursor and ponprecursor regions at wpproximatsly the sama dynamic-
preasure levels, utilizing data obtained on kot 12 of Operation Teapot.

Object:va 1 delined tha ficld phase of the project’s work. The drag-force messuremants made on the
model targets (whizh inciuded spbere, cubes, cylindsrs, and parsallelepipods) formed tha basis for mesting
the other vhjectives. Successful attainment of Qbjective 2 would bs a major step toward the goal of estab-
lishing reslistic and rellable criteria for predicting drag forces on full-scale targets in clean Mach regions
for atomic detonations on ths dasls of laborstory work. Attxinmest of Objective 3 would help in deter-
mining the roie of the precursor and dust-londed alr in modifylng drag forces on targets. Thia lattar
oblective will help answer an immedjats military nesd-to-know in the problem of determiring the import-
ence of the precursor phesomenon as & demags-producing mechanigm.

Model targets conaisted of 4-inchi and 10-inch spheres, 4-inch and 10-iach cubes, 6%-Inch-diameter
cylinders, and 8%-by-6%-inch cress-section parallelepipeds. The sphore modsls were mounted on stings
(2 configuration used previously during Operstion Teapot), and the cubss were mounted ca an slevated arti-
ficia! ground plane. The cylinders and parallelepipeds consisted of 6-inch-icng model test zections located
centrally {n 7-foot-long, conatant cross-section mounts supported horizontsily between vertical end posts
approximating a {(wo-dimensional configuretion. Subsequent to the fisld test, the samas models, similarly
mounted, were tested in the wind tugnel at Mach numbers from 0.2 to ¢.5 snd is the shock tube at shock
overpregsuras from 3 to 30 pel.

From the force measurements and measuroments of the free-stream paramsters of nide-on and dy-
namic pressures, drag coefficients were obizined for escl of the model configurations under sach of tha
teat conditions. Reasonable drag-coefficient coerrelation was obtained for all of ts test modsls (axcept
spheres) for ths fleld and wind tunnel data. Hence, it was concluded that, for the model sizes used, the
fleld {low conditions approached the steadv-state flow conditions of the wind tunnel. The short-duration
flow in the shock tubp and the fow blockage resuiting from the model sige cbviated the astablishment of
sieady drag conditions in this facility. Thus, only extrapolaiions cax be made (o wind-tunnel and Held
conditions. The differences in the drag cosfficients obtained In the various tast facilities wore attributed
primarily 1o diffsrences {n wave ahapes (particularly for the two-dimensional models), differences ia
boundary layers on the surfaces on which the cubes were mountsd, and Indeterminate paramsters such as
inhomogencities of the medium during the flaid test.

The effscts of dust losding on tatal force wers obtained through ths comperison of drag coafficlents
of aimilar spharical models used on Shot 12 of Operation Teapot and Suot 1 of Operation Redwing. Thass
effecta are discuased and the load-Incressing effects of dust are qualitztively presesiad. [n addition, it
wasg concluded that the force gage was a useful tool for datsrmining quantitativaly the Integrated effests of
the biast In the fleld in licu of extenzive static 2wl dyasmic pressurs, dust deasity, and particle size and
veloclly measurements.

A.l.7 Project 1.8. Crater Measurements. Agency: U.8. Army Englneer Rasearch and Devolopmant
Laboratories. Report Title: Crater Measurementa, WT-1307. Project Officar: J. G. Lewis.

‘The objective of this project was to measure the physical cikeracteristics of cratars produced by the
detonation of nuclear devices 80 is to obtain 3 more thorough undsrstanding of crater-prediciion phenom-
enology.

Craler measurements wera msads on the {ive surface or near-surface shaois: Lacrosse, Zupl, Seminols,
Mohawi, and Tewa. Cratsr radius, crater depth, and approximate profile wers detetmlnad by uss of
asrisl photography snd lead-lina 2cunding techniques. Aerisl mapping piotographs were mads oi the
cratars sftar tho zhots, and thess wera usad to plot ground slovations to give the crater radius. Lead-
lins soundings were made slong the diamatsr of cach crater to determine the depth rad averaze profile,

The deta oblalned have Increzsud the reliability of crater prodicticns for saturated soll types and wash-
od craters. Informstion was oblained on &n unwashed crater. There appears to bs no justification for the
modification of erater-prediction cusves la TM 23-200 for surface bursts {n the regions of military sig-
allfieance.

A.1.8 Projcct 1.9s. Dnrect Weter-Wava Messurementd. Agency: Unlvsrsity of Caijforndz, Zcripps
Institution of Oceanography. Kepori Titla: Direct Water-Wave Measursmants, WT-—1389. Project Officer:
L. W. Kida.

This projoct had se Iz chiectives the gethering and ansiyzing of water-wave dala from the Bikind and
Entwotok lagoonn. The daia was requlred 1) 10 Improve the abliity to predict smyvs sffects from operstion-
2! uae of nuclear weapone, and )t datermine safety criterla for futurs test operations.

The wategr-weve tima-height history wea to bs datormined at varicus ranges {rom grourd zero. Where
significant, the terminal eifects were to be mowsured a3 ths waves {nundated the resfs and {alands of the
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aioll. The dats waa to be summarized, integrawed witl, dats {rom Operation Castle (higher yields, ides.
tical physical topography), ard compared to present theories and concepts of impulsively generated wayey

During Operation Redwing, s In previous test series, principal observations were made by means of
bottom-pressure.versustime recorders of several types adapted to different locations, and by means of
technical phojography. R

Data from this operation, when correlated with a1l previous perilnent dats, has permitted considerable
progress in this investigation ard in the understanding of 8!l of the varicus facets of wave systems, but
particularly has this been 8o about the dimensions and the relative importance of the parameters of gency.
atfon, the separability of observed wrve systems, the refleclons, and the inundation of shorelines. A
scaling law for wave height versus range has besn derived, which conslders the weter depth at the polnt o7
generation 2s well as yield. Possibly, the most significant result at this sizge of the continuing investi-
gation has bre, the demonstration of the limited applicability, for purposes of weve predictions, of wave
data collected to date. and from thls, recommendations are made for & more conclusive program for
further research.

A.1.§ Project 1.9b. Indirect Water Waves from Large-Yield Bursts. Agency: University of Califor.
ala, Scripps Institution of Oceanography. Report Title: Indirect ‘Water Waves from Large-Yisld Bursts,
WT=130b. Project Officer: W. G. Van Dorn.

The project objective was the dete mination of the capabllity of predicting In advance of future tests the
nature and characteristics of the long-period waves known to be produced by such tests at ranges weall
outaide the zone of significant blzst damsge.

Long-period surface water waves produced by megaton-range shots at Eikinl Atoll during Operations
Castle and Redwing were recorded at Ailinginae, Enlwetok, Wake, Guam, and Johnstcn Islands, Analysis
of the results indicate that the waves originated close to Bikinl, and propegzated cutwards &8 2 train of
volitary waves of slcwly decreasing amplitude and period, ar measured ot 2 siugle station. In exch cpas,
the train was slightly dispersive for roughly the first 200 nautical miles, with wave height decaying Inverge-
ly with range. It remazined essentially unchanged in form thereafter, with helght diminishing as the In-
verse square root of the rarge. The character of the dispersion and the aubsequent beduvior of the traing
are not predicted by curreni theory. A= measured at any station, the observed wave height varied direct.
ly with the shot yield, instead of the square root, as expected from theory. This relstion can bs expisin-
ed by shadowing elfect of the atoll.

A.1.10 Project 1.10. Measurements of Blust Over Vegetated and Clesred Areas. Agancy: Bandis
Corporation. Report Title: Blast over Vegetated and Cleared Areas, WT-1302, Project Offices: C. D,
Brovles.

The objective of this project was to detarmine the difference in the blast effects over a vagetated and
over & sandy suriace {n the precursor reglon and, If poasible, to correlste this difference with 2 diffsrence
In preshock sound speed.

Measurements were made to determine the difference in blast effects over & curface covered with low
shrubs and grass and over a clearad sandy surface In the precursor regica, sod an sttempt was made to
correlate this difforence with measurements of preshock sound spesd ovar the rurface. Overpressure
wes measured with ground-ha{fle gages and with pltot-static gages at 3-foot elavation. Dynamic pressurve
were mezsured at the 3-foot elevation wall; the pitct-static gages. Heasuramesniz were made at the same
ground ranges for vegotntad surfsce g for the sandy surfsce. The vegoiation reduccd the severity of e
precursor, showing lxter xrrival times snd amsller dynamic preasures txan over the clearsd ares. Tha
overpressures ozer tne vegatation wers the same 3t the ground and 3-foo! levele. No measirements of
sound spead after zero time were obizined, s0 a correletion {3 not possible,
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":’F A.2 PROGRAM 2: MUCLEAR RADIATION STUDIES

A.2.1 Project 2.1, Gamma Exposurs Versus Distance. Agency: U.5. Army Signal Enginssring Labora-
_ tories, Report Titls: Gamms Exposure versus Distanos, WT—1310. Project Officar: Pster Brown.
e Ths objective of this project was to determine gammas exposures versus dstance from ths point of dat-

onation of various high-yleld devices.
The following types of dosimeters were used a8 gammu-radiztion detactors: photographic, quartz-fibsr,

chemical, and phosphate-ziass. Correction factors wers applisd to compensate for the nonlinear apsctral
rasponse of the dosimmters, when nacessary, and for siation shislding. All dstectors were calibrated with
Co® zources. Photographic dosimeter resdings were sccepiad 25 the most reliable on s sictiatical basts
and were used 28 basss {or most of the curves plottsd. FPhotographic dostmotsr film~badgs sarvice and

Co® calibration facilities wsre providsd to othar projects as raquasted.
Initial-gamma radiation was measured at & series of stations lccatsd at about 1 to 4 miles {rom ground

zero. Mechanisms were installed at soms of theaa stations to shisld the detectors {rom residusl radia-
tion. An znalysis of ths data indicatas that the {nitial-gammasa exposurs st 3 miles from Cherckes, Zuni,
and Navajo was shout 1 r. Consequently, initial-gamrma radiation was of littls military eignificance to
expossd porsonnel as compared to thermal ard blast damage resulting from high-yleld devices.

Ths curves in this report vary from those published in TM 23-200. Tbe ii=sld dsta {alls below predictions
at longer ranges and is greator than predictsd at shurter ranges. This difference betwsen predicted and
fisld data increases with increasing yleld.

For f{allot residual-gamma radiatios measuremends, instrument siztions were locsted on almodt every
' island of Bikini Atoll at distances whore neutvon-induced activity was entirely nsgligible. The amount of

residual-rsdistion exposure was x function of the {irslon yleld. Residusl-gomma radiation dsta poinis are
mapped in this report for Shots Zuni, Flathead, Navaje, and Tewa.

A.2.2 Project 2.2, Gamma Rais versus Tims. Agency: U.S. Army Signal Rssesrch snd Developrent
Laboratory. Raport Title: Gamma Exposure Rate versus Tims, WT-1311. Project Officer: Peter Brown.

The primary objective of this project was the measurement of {nitial- and residual-gamims expasure
rates a3 & function of time at varicus distances from kigh-yicld thermonucless detonations. Secondary
cbjsctives wero to measure the residual-gamms exposura rate st the lip of tha crater produced by a high-
yleld land-surface burst and to {laid tast 2 prototype tharmal datector to be used ia a radislogical-defense
warning aysiam. *

The rosidual-gammas rzdiation was detected by an unssturaisd-fon chambar, whoss cutput determined
the frequency of pulsas that were recorded on elsctro-sensitive paper. Most of the inftial-gamma-radiation
stations consisted of scintillation detactors whoss output dstermined the frequency of pulses that ware ro-
corded on megnetic taps. Some in'tial-gamma instrumsnts were similar to those used during Operation
Castls. Ths exposure rais poar the crafar wasa massured with a detsctor-telamatsr unit drojped from a
belicopter.

Rasidusl-gammz exposure rats vorsus time was obtzined afiar Shots Zunl, Flathead, Navajo, snd Tews.
The chserved average~decay expononts for thess events were 1.1 for Zuni aud Tews, 1.2 for Fluthead, and
1.3 for Navzlo. In some casos, ths offsct of rainfall in laaching the activity decressed ths sxposurs rats

| by = factor of two.
' Racords from Shot Flathead 2t 7,730 feot and {rom Shot Navajo ot 13,870 feat ndicatad that at thess
locstions about two-thinds of tha total initisl-gamms exposure was delivared aftor the arrival of the shock

front.,
The cratar-lip maasuremssts indicatad that the wethod was 2 feasibls ooe; howsvsr, no usabls data was

obtainad.
Tha thermsl-radiation datector respondsd satisfactorily to a 5-2t detonstion at 2 distence of 20 miles.
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A.2.3 Project 2.4. Decontamination and Protaction. Agency: U.8. Arny Cbemical Warfare Labora-
. tories, Report Title: Decontamination and Protecticn, WT—1312. Project Gificer: Joxsph C. Malonoy.

The objectives of this projsct were to Investigats tha coniaminability characteristics of censtruction
matsrisis exposed at varicus angles and orientations to contamintion resulting from high-¥isld nuclear
datonations and to investigats the eifectivencss of varicus deccatamination tschniques, In ordar to obtain
datz on the radiclogical recovery of military inatalletiona.

Panels of varicus construct{on muterials were mounted on board e TAG-39 and YAG-40, which wers
operatad through reglons of [allout aftar Shots Charokes, Zunt, Flathesd Navajo, and Tewa. With the
sxception of Shot Tews, the {allout contaminstion deposited on the YAGs from ail thase events was insig-
nificant with respact to fulfilling the objectives of this project. The cortaminsted Shot Tewa panals were,
unfortunataly, oxposed to heavy rainf=li prior to receipt for study. Appavantly, the reins effectively
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decontaminated the pancls. The moat beavily contaminated surfece, sn asphalt s gravel butlt-up roof
panel, resd approximately 500 rur/hr when received from Shot Zun! st H+60 hours. Otber panels Yere
generaliy much less contaminated. Some gave readings barely above island hackground.

Thre limited data avallable indicated that small-particulste contamination, similar to Operation Jangle
fallout, resulted from the land shots: and liquid contamination, similar to fallout from Shots Romso spd
Union of Operation Castle, wes produced from the deep-water barge ahot. The particulate-type contampy.
nant {rom Shot Zuni contaminated borizontal surfaces much more heavily than vertical surfaces. This s
similar to cbesrvitions at Operation Jangle. Conversely, the liguld contsminatisn from Shot Fistbead
contamins 'ed vertical surfaces muck more heavily than horizontal surfaces, as was previously notsd and
reported during Operation Castle.

Contamination levels were generslly reduced by factors of two-to-four by detergent scrubbing of the
most he~vily contaminaled panels. Depth of penetration studies in painted vood revealod that the conymy.
nation v'ss contained in the paint layers (120 to 300 microns thick). However, in all unpainted wood aar.
pies, the contaminant, after wetting, penstrated to deptas of 1,000 to 2,000 microns, or more.

A.2.4 Project 2.51, Reutron-Tlux Measurements. Agency: U.S. Army Chemlcsal Warfare Lsboratorty,,
Report: Neutron-Flux Mzasurements, WT—-1313. Project Oflicer: Charles W. Luke, Captain, USA.

The ol lectives of this project were to measure the neutron flux and spectrum from the datonaticn of
aelected nuclear devices during Operation Redwing. Primary emphsais wes placed on measurements
during St Cherokee, a thermonuclesr, high-yield, air burst, and o - } Yuma ané
Kickspoo. Measurements wera 2130 made on Reots Elackfoot end Erie;) | par-
ing the operstion, permission was granted to make neutron messuremenis on Shot Ossge, & low-yiskd
prototype stockpile warhead unit in 2 bomb cese. Neutron-dose measurements mads by chamical ard
semiconductor dosimelers were compared with tha doae calculated by the single-collizion theory from the
ueutron flux and spectral data. The effect of the presence of different propartions of borax and sulfur o
the shielding efficiency of concrete sgainst neutrons was siudied during Shot Blackfoot.

Neutron fluxes 8 & function of distance from ground zero were measured with the following detectors:
gold, plutonium, neptuniwm, urznfum, sulfur, and zirconium.

No datn were obtained during Shat Charokee because of the differsnce between tho actusl and intanded
goound zero.

The varisiion of ths peutron flux about the devices {ired for Shots Yums and Kickspso was energy de-
pendent. The ratios of the neutron flux slong a linz at 65 degraes to the projection on the graund of the
long axis of the device, to that along a Line at 9-degress to this projection for Shot Yuma, were 1.34, 141,
1.94, and 1.18 for the plutonivm, uranium, sulfur, aod gold detsctors, respecilvely. The sama ratics
between the 85-dagree and 0-degres lines for Shot Kickapoo were 1.82, 1.70, 1.62, snd ] 22.

Within the range of the measuremenis made snd the sccuracy of tha threshold detsctor systsrs there
was no variation of the noutrop-energy spectrum with increasing Siatspce from the point of detonaticn.

Any dats obtaired from a5 sxtrapolation of 2 plot of the newtron flux times sizat distance squared
versus slant distance to ranges of less than 200 yards m=y be in errer. Theoretical calculstions Suppsr-
ted by axperiments] evidence indicate that the relationabip is nonlinsar in thia rangs.

The noutron dosn results obtained by using the USAF cbemicel dosimelars were not consistast with
those obtained by the threshold detactor techaique, ranging from a factor of 1.28 high for Shot Eris to sa
sverege fector of 3.54 Juw for Shet Blackioot.

Tha AEC gormsnium-dosimeter results were Iower by factors of 3.46 to 5.38 than those obtatued by
the threshold-detsctor techniqus.

The AEC chemicsi-dosimeter aystem may nat be used to measure zetron dose 1 the range of 25500
{0 856,000 rep, due to sxturation of the nesutron-sensitive dosimetsr and difficalties inkerant in citalning
scourste resdings.

There 1= little or 1o Increasd in the tenustion of fast-nevirons by adding berax or sullsr to concrste.
The attenuition of the tharmal-naniron flux iz Incressed by adding borax.

The neoiron dose was raduoed by a fsctor of aporoximetely four by & concreia box thres fact cn o sids
and § inches thick fabricsted from 2 mixture cortaining 1.8 percerd borax by weight. The gamma-7ay
dose, howsver, was incresssd by an nverags facter of 2.75 by simiiar concrele boges contalnies varying

amceris of borex and sulfur.

Toe measured negtron cose par unit yleld was highe~ for 2li shols than was predicied by TH 23-2X.
However, only the Yums, Rlackfoot, Kickapos, and Oszgn data falls beyend the factor of relishility staisd

in the msnual.
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A.2.5 Project 2.52. Neutron-Induced Sofl Radiozctivity. Agency: Sandia Corporation. Report Titls: !
Neatron-Induced Soll Rsdioactivity, WT~1314. Project Olficsr: Maynard Cowan, Jr,

Soli samples wers exposed to nsutron radistion from Shot Cherokee 1o belp sstablish the importance of
peutron-Induced residusl gxpung radiation from & luzge-yleid thermonuclear afr burst. After exposure
and recovery, the samples aad no detsctable sctivity becsuss ths slant range to ths nsarest sample was
nearly 3.5 miles, dus to &n orror in bomb drop. ARer this feilure, sn experiment waa designed in the
field for Shot Yuma in order that induced-activity date could be cbtained for a soil othsr than Nevada Test
Site (NTS) soil. Samplss of sodium, mangzmees, and coral sand {rom Site Sally wore exposed above sxi
below the surfacy at a slant range of 120 yerds. At this same station, gamma doso rates wers cwasured
and nsutrog detactcrs were expossd by Project 2.51.

The full-field gamina radiation measured was due to & tombinstion of (asjon-product and neutroa-
faduced sctivities, tha only Lmportant {nduced activity being due to Na¥(m,y) Na¥. At 1.1, 3.4, and 10.9
hours aiter zero time, peutron-induced gamma radistion accountsd for 1.2, 1.1, snd 0.8 r/hr of the moeas-
ured 6.0, 2.2, and 1.2 r/hr. Thess valuss wers found to be within 50 percent of peutron-induced dose rates
predicted by tha mothod described {n M. Cowan’s ““leutron-Induced Gamma Railation from Nuclear Alr
Bursts”, Sandia Corporation, Albuquerque, New Mexico.

A.2.6 Projoct 2.61. Rocket Determination of Activity Distribution Within the Stakilized Cloud. Ageocy:
U.8. Naval Radiological Defense Laboratory. Report Title: Rocket Determination of Activiiy Distribution
within the Stabiltzed Cloud, WT—1315. Project Officer: Richard R. Scule.

Forty eapecially doveloped atmospheric-sounding projectiles (ASP) were fired through the clouds result~
ing from Shots Cherckee, Zuni, Navajo, and Tewna to procf test a systam for measuring gamma intecsities
within tha clouds and to explore the spatial distribution of gamma sctivity witkin the stem and cloud result-
ing from the datonation of 2 nuclear devica havicg 2 yiold in the megaion rangs. Radiation intenaity infor-
mation was siccusafully telematered out of the radioactive clouds by tho ASP rockats sud recarded on
magaetic tape. Radiation intensities as high a3 3 by 10* r/br ware enccuntered whhin the cloud; Intansities
at the one measured point in the stem were negiigible compared to the poak activity within the cloud. Con-
taminztion of rocket surfaces by radioactivity from the cloud did not appear to be of consoguense. Total
activities io the clouds computed fram rockst data agreed in crder of magnitude with sctivities derived
from theoxetical conalderations.

w.2.7 Project 2.62. Faliouat Studies by Ocosnographic Analysis. Ageacy: Scrippa Inatitution of Geera-
ography. Report Titls: Faliout Studies by Ocsanograpluc Methods, WT—-1316 (Project 2.822). Background
Radioastivity and Ocsanographic Contitions, WT—1349 (Project 2.62b). Project Officer: Fosnes D.
Jennirgs,

Prolect 2.82a. Tha first of five aross of study was the ocesnography of the walar within a 300-mile
radius of Bikini Atoll prior to and during the opsration. The cbjectives wure to myaguze ocsanographic
parameatars zffecting the fallout pattern and to dstevmine the radiosctive bockground within the ocean. The
resultz of this study have been preszentad as a separate report, WI—1343.

The secund study {nvalved the detormination cf fallout by the anse of ocsancgraphic mathods. In addition
10 the coliection of samples for this and other projecta, it was the objsctivs of this survey to messurs the
iatensity and extant of fallout, to convert this to equivalent land values, and to relate the (o sty failout dis-
tributics to tE3 ocesnographie paramalars.

Thas resulis of the ccesnogrzphic falicut survoys chow that: {1) Shot Charckee (a5 air burst) produced no
mezstrable f2llout. (2) Shot Flathead (& water hurst) produced fallout that mixed dowoward into ths ocean
water at & rata of 3.5 m/br and attained an avarsge ponstration depth amounting to 75 percent of tis thermo~
clins depth. ¢3) Shot Mavajo (& watar burst) produced fallcet with & mixing rogz of 2.3 m/br and sitainnd an
average ponetrstion depth of 78 percent of theImoeline depth, and although Navajo bad a tots! ylald of
"7, it produced an area of less than 150 i’ of hazardous dose rates. (4) Shot Tewa (a comblastion weter-
ard-land burst) exhifitad = mixing rate similar to Flathead (3.5 m/ir) and en sverage praciration depth
similar to Flsthead and Navajo {15 perce2 of thermocline dapth); this 5-Mx,
davice produced hazardous dose rasas over an sres excecding 2,009 mi*, (5) Mot Zunt (2 land burat) fall-
out mixed dosmward &t 11 m/hr and reschad an aversge penstraticn depth of 107 percent of thermocline
depth. (5) Dose rata In falicut resulting from nuclear datonations 13 directly proportionsl to the frastion of
fisalca yleld. (M) 3;‘&3 cubs-root scsling laws are valld for {allout doss rates {rom muclear detoasiions over
ths range fromr t0 5.0 Mi.

Tha third stafy toncernsd cceanograghic and fallout mezsursmonts ia ths izgoon circulation for variousz
wind conditions and, frozm this, the prediction of the movement of radioactive walst from a knowledge of
the winds. The rosuits of the lagoon oceznograpbic studles have bess progentsd in WT-1349. The
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messurements show that the movement of radioactivity with the lagoon water corresponds io the observeg
current movements. These same messurements have been used in WT~134¢ 1o develop & method of pre-
dicting the distribution of radioactivity within the Izgoon from & knowledge of current directions angd
velocities.

Tbe fourth interrelatad field of work involved the Installation and maintenance of anchored instrumen;
stations in the decp ocesn water. The results of this effort have such military and scientific implication,
that the complets procedure for {natalling these ststions is included 32 an appendix to WT-1316.

The last study wes a radiochemical examination of fallout in the marine bicsphere. The resu*’s show
the distributicn «f failout materis] in the wzier, the air above the water, the sediments, and marine 1ife.
These studies were carried cut in the lagoon a5 well 28 in the open otean. Marine organisms selectively
absorb such nonfigsion products as Mn*, Co*™, Co®, and Zn%®. Oceanic contamination was detected from
the Eniwetck Proving Ground to 2 lstiiude of 11 degrees scuth sfisr the completion of the test series.

Project 2.62b. The primary task of this project was (o measure snd svaluate fallout over the ocean ang
to convert these measurements to a land-equivalent fzllout pattarn. In preparstion for this and suxilary
tasks, studies were madae in three relsted fields. The results of theas studies are presentad in this Tepurt,

The first chapler presen's the resulta of the atudy of radioactivity associated with the oceznic environ-
ment in the Eniwetok Proving Ground (EFG) prior to the tzet series in 1856, This background study was
necessary to properly evaluate the radioactivity resulting from Operation Redwing.

Past studies of fissjon products that entar sea witer hzve shown the! some of the chamical species are
soluble, some {ssolubls. These previous studies also indicated thst marine organisms could asaimilaze
concentrations of radicisctopes a hundredfoid over that fourd in the waiar in which they lived. I was alsp
sbown that the isotopes that were concentrated varied among the diffevent types of organisms.

During the months of April and early Mzay 1956 this background study was undertsken. Water samples
and marine life were collscted from varicus depths in the ocean and lagoons. Sediments and botiom-
dwailing organisma were collected for znalyeis of radioactive content. In sddition, miscellznscus sermplag
of the flora and fauna {rom various atolis were anziyzed for compariscn with marine organisms. Alr-
borpe particulats matier was cblainad {rom various parts of the proviog grounds.

Gamme counting using a gammas differentic] puise-height anniyzer =ad simple chemicel group separstions
or fon exchange seperations were used to determine individus® ran  oinpes snd mixtures of fiasion
products.

Hesuits obtaired indicated that widespresd redicactive contrminsdes, poawxiform in amount and {sctonte
contert, existed in the proving grounds during April 1955. A zspavalion of “So fissies products had taken
plzce with concentrations of specific isotopes In specific cheses. Kumimed  thousandfold concentrations
of raliocebalt and radiczine ware chearved In clams und fishes. Z:odlssctive containination of the sea
waisr wzs low, while the zooplankton showed & handrediold (oot sase of radiozctivity over that of the water.

The most prominent radionuclides detected in lving organisms were Zn®, Co¥, and Co¥, nose of
which sre fisafcn products. The greztest total mass of radiosctivity wae fonnd o te the Ce®™ and Rt
distributed over the ocean and lagoes floors.

‘Tho second shxly was concerned with the ocesnography of the oczen walers in the proving grounds.
Prrt of thia study way accomplished in conjunciion with ihe pre—opersiion radioactivity massuyrsment.

The current riudfes confirmed the general circulation cbiained daring Operation Crossroads 2nd by
Japanese crulses. In mdditics, more explici? information wes obtained. Msandering and scdyisg dominat-
ed the flow in the Istitude of Bikini; the main flow westwand was loosted at the porth side of the ESG. A
lzzge scale counterclockwise 2ddy existad down to depths of &f lesst 500 netars. Io April, this 2ddy waa
jost east of Biidni, in July it was {ound due porth of the xo]l. In April the current at the surfsce aftalsed
0.8 to 0.7 knct speed and aversged 0.3 to 0.4 knod; thonce 82 500 meters it decressed o & maxinam of 0.3
krot and aversged 0.15 knot.  In July, the current spesds were zboutl half these found in 4p7il a=d currest
dirscticas in some locsiions kad reverwed. Ingeneral, the current systerm zround Bilan! wes sxtremely
veriable and showed fiuctuations both 1o spaad end direciion over periods as short s & weok, ==d pousiDly
shorter.

The thickpess of the wind-stirred leyer shdme ide thermocling showed (be same shori-{erm Suctustions
a5 tho curremts. Gocgraphicelly, the dopth (0 the 10D of the thermociing ranged from 40 melers 10 170
meters, tut ot any giver leomtien, this depth could vary as munh 83 50 10 160 meatars over & 2-wwsk perial.

Underwater zound-propagaiion conditicns above ths thermocliine sppmared homossmoes during the ea-
tire opersiion. Scund propagetion fo the deed walier was botiom-limitsd whare depths wers leas than 1,000
feiboms. The ixis of the deep sousd chaasol was bebwrsn 300 and 1,250 meiate G315 1.5 timas 26 docp
&z off the west oozt of the United Rstes).

The third siudy invoived ccoanographic messurements fusids Blkini Lagoou. This work was scoom-
plighad in the manth prior to, and doring the Hirst 2 rponths of Operation Redwing. The physical ipdrog-
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rephy was similar to thet obtained st Operation Crossroads. Surface waters moved doewnwind, and deep
waters flowsd {n the cpposite direction to complets a csllular circulrtion. At ths cpwind end of the lagooa,
ths desp watsrs wsrs divaried Sotk north and sovth {nto twe secondary horizontel cells. During southorly
and southeaatorly winda, most of the {nfiow occurred through Enyu Channel. During modarsate-ic-strong
trades, water flowzd into the lagoon over the ‘windward reefs and also through Enyu Channsl; it flowed out
over the reels and through the deep channeld on the leeward end of the 1agcon.

Speed of the surface current was found to bs about 1.6 percent of the wind spred, instasd of 3 percent as
bad besn found previcasly. Ths deep fow was found to bo mors varizble In direction and of considersbly
{883 spoed than during provious sporationn. Following a material decresss in the tredes, the surfscs cur-
rent stepped within 1 hour and lagoon seiching cceurred. When the wind spoed again increased, the surface
currant responded with 1 timn lag of about 5 hours.

it iz calculated that, whon the sast-northeast trades pravail, watsr in the legoon i2 ronuwed about every
40 days. Af times of Ught southerly or southeasterly winds, an estimated €0 to 100 days sre rejuired. No
conditions were observed duwring the operation in which rapid flashing of the lagoon wecurred, a2 apparently
tock plecs during Operstion Crossroads.

From radioactivity measurements mads {n the lagoon following ons of tha detonations, calculaticus were
made 10 detarmine the vertical coefficiert of eddy diffusivity. Usizg the values obisined for this constant,
an examplas is presentad for dotermining current velocities fromn radiosctivity messurements. In addition,
8 method {s prosented for predicting radiation levels {ln variocus parts of the lagoon) from the sarly doter-
mination uf intensity and area of radlosstivity.

A.2.8 Project 2.63. Characterization of Fallout. Agescy: U.S. Naval Badiological Defense Laboratory.
Report Title: Charscterization of Fallout, WT—1317. Projsst Officer: Terry Trillet.

The genecal objective of this project was to obtain dats sufficlont to characterize tha fallout, Interpret
the 2e.-lal snd oceznograghic survey results, and check falicut-mods] thaory for Shots Cherckee, Zuni,
Flathead, Navajo, and Tewa during Operation Redwing. Detailed msasurcinents of falleet tuildup were
plzoned. HMeasurements of the radiation charasteriatics and physical, chemical, asd radiochemics! prop-
ertiea of individual solid and slurry particles and total cloud and faliout saimrples were slso piazoed, along
with detarminstions of ths surface depaitien of activity and snvironmental components in the fallout at each
major station.

Sandardized Instruments and instrument arTays vore used «f a variety of stations which Included 3 ships,
2 barges, 3 rafts, 13 to 17 deep-anchored axifla, and 4 inlands at Bixin{ Aloll. Total and Increments! fali-
out colleciors and gamma time-intensity recorders were feztured in the fisid instrumesiation. Special
laboratory factlities {or early-time studies weve estzblished aboard one ship. A number of buried trays
with related survey markera were loczed in 2 cleared ares 3t on2 of the ialand stailons. Ingsirumsnt fail-
ures were faw, a=d a {arge mourt of data vas oltained.

Thiy report summarizes the timas and raies of arrivzl, times of peak znd cessatios, mass-arrival
rates, particle~siiy varizion with time, ccean-penairstios rates, solid- and slurry-particle charactaristics,
activity and Iraction of davice depasited sor gnit arss_ surizce densitios of ckamical componasts, radio-
uclide compoaitions with corrections for {ractionsion 223 induced sotivities, 2o phefon nd sir-lcaization
decay ratea. A number of pariinsct correlations ars aleo presenizd: sradictad and thesrved filont patterns
are compared, sampliss bas is snalyzed, gross-product decyy is discussed in reistion to tho 12 ruls,
{racuon~oi-device caloulations based oo chemival znd radiochomicsal] analyses are given, the relationabip
of fiim~dcaimater doss 10 gamma Ume-Intaazity Intigral 12 consldzred, & comparisog Is mads dbetwren
sffzcts computed {rom radiochemistry and gamma specironeiny, alr-sangpling rosasuroments ara later-
preted, and thy fallout effecis zre stziied in relations to variations in the rutio of Heslon yiold 1o toial yleld.

Soma of the more {mporiant geperzl condlasions sre summarized below:

The airburat of Shot Chorokse produced no fallout of military significence.

Fallout-pattamn locationo and times of wrrival wers adoquataly pradicicd by maodsl thaory.

Actlvity-arrivei-ralz carves for walar-gurface and land-gixrface shots wore similar, and =ore wil
ooTrelsted in time with ipcal-fiald iomization rates.

Particia-size &istril=tions from Isnd-suriave shols vacisd contivuously with iime st nech station, with
ths copcentration andd sverage sizs apoearing 10 pezk near Hme of peski-v=diation rate; the diamsters of
barge-shet {alled droplets, oo the offar dand, remzined rsmarksbly cumtant in disrs=tar 22 the 2kp staljons,

Gross phyricsl and chamical charastoriatics of s solid failout panticles proved much the szmo 23 thoss
for Sret Mike during Operation Ivy end Shol Brave during Oporxiicn Castls. MNew Informatios was olfained,
howsver, relating the radicckemical =ad physical charactariatics of Individusl parttcles, Activily =23 fousd
to vary roughly as the sqare of U Eamster for irregular pmticles, and as soms powsr grezler than the

cube of the dlamsater for sphersidal pariicles.
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Fallout from barge shots consisted of slurry droplets, which were compose® of water, tza salis, ang
radioactive zolid particles. The latter were spberical, generally less than 1 micron in diameter, and cgp.
aisted mainly of oxides of calcium £nd fron. At {he ship locations, the solid particles contained most of
the activity aseocinted with the slurry droplets; clozein, howevar, mozt of the activity was in soluble fory,,

Bulk rate of peretration of faliout in the ocean was, under several restrictions, similar to both solid
and slurry particles. Estimates are given of the amount of sctivity which may bave been Jost below the
thermoclite {or the {ast-setiling {raciion of solid-particle faliout.

Fractionstion of radicruclides from Shot Zuni was sovers while that from Shot Towa was moderate;
Stots Flathrad and Navijo were nearly unfractionsted. Tables are provided, incorporating fractionstion
corrections where necezsary, which aliow the ready calculaticn of infinite-field fonizrtion rates, snd the
contributica of individuzl induced activitics to the total {onization rate.

Best estimates are given of the amount of sciivity deposited per unit ares at zll sampling stations,
Estimates of sccursacy are included for the majcr stations.

A.2.8 Project 2.64. Fallout Location and Delineation by Aerial Surveys. Agency: Health sod Safety
Laboratory, New York Operstions Offics, U.S. Atomic Energy Commission. Report Tile: Fallcut Loca.
tion and Delinsstion by Asrial Surveys, WT-1318. Project Officer: Robert T. Graveson.

The objectives were to: {1} survey the gammas rediation from fallout-comtaminatad ocean arsas by means
of rerial dotzctors end (2) from the zerial detectors make air-absorption measuzements 20 that the dats
might be related to the dose rstes at 2 feet above the sex.

Radiction detectors were mounted in P2V-5 airoraft that surveyed the ncean argas of expestsd fallogt
afiar Shots Cherckee, Zuni, Flathesd, Navujo, Mohawk, and Tewa. A sontrol venter cosrdinated all aiy
2o surface radiation-survey aotivitizs to insure complete coverage of the fallout erea. The contomincien
denaities i the delineated sroas were releted to tha percentsge of the total yield that produced fisaica prod.
vets, Gamma-~isodoss plots wers preparsd from data oltained during Shots Zunl, Fisthead, Navaio, and
Tewz. No fallout eculd be located following Shor Cherckee ardd only on 2toll {elands zfier Shot Mohswik.

Zun!, 2 lazd-surfscr shot. contaminated 13,468 naut mi? of ccean with 48 percent of its fissicn-product
yrald, '

Navzjo, s water-sarfsce shot, contaminated 10,500 nsut mi® with 59 psroent of the fission-product yleld.

Afier Flathesd, snother waler~surfscs shot, the outer bourdary could rot be determised because of contami-
nation of profect alreralt on D+ 1 day by alrborns radiosctive meterial thet resulted in = Mgh background
Howuwer, extrepolated valoes fndicata 28 percent of (i3 {izsica-product yield was present ss Inllact in the
Iccal ares. The falloct frown the wetsr-suriass shols wan conceatrated primurily in the -wore remots ereas,
szd a relstively small amcunt fell close (0 grossd zorvo.

Tewz, & reef ahot, costaminzted 43,500 vant =i’ of ocesn with 26 percent of the fisslon-produst yield.

Hslicopiers and P2V-5 airerall were used to gathar dats for sir-sbseoplice msestramasts.

The sorisi-survey teckaigue may bo used directly for radiological murveys over land. Over ths sead, G
Zepth of mixing of the faliout in the waler vojums must be determined before the survey resulis may be ¢coe-
verted to equivalent land-falleut conlours and costamination-donsity distrilations. Data ¢n Septh of mixtsg
w23 oilaiced from ssmplas of ses wzisr collectas by the U.S. Nave! Rediclogios] Deferss Laborsiory =2
the Scrippe Institutico of Ooetnogragly. Repesied sorisl surveys provided {nformatiss on the stsbility of

A2.10 Project 2.65. Laod Falloar Studiss. Agsocy: Chemical Warfare Leborsioriss, Army Chemical
Cezizr. Report Title: Land Fallout Sizdiss, WT—1310. Projact Officer: Munfred Morpesthen.

The chjectives of this project wers i oitala fallovt samplas and porferm reflochemicsl sed cadiophraics!
ssaauremenis oo the stzasies, prepars doos-raie conicurs in the irmmediste ares of tha stoll, asd evalone
e role of base surge is the ransport of ridioactive materisl.

Tims-{acrecextal = gross Nallog! sumples =ure colloctsd o Isiandes o mg@; cakgp i
Bixin! Lagoos, sod oo Sros ebips In the downwind Isllout »res efter Shet (hercies, == 2ir borst, Sooic
Zza! and Tewsz, land-sur{sce abots: zad Shots Navajo and Flathead, water-zurfsce ehats. Gross fallest
srmpiey wore collectad oo tslands of Extwelck Alol] after 55cf Lacrosse, & land-surface ahoe. Svoosd
cotZaxiagties was mesrured afler Baots Lacrosss, Junl, Flatdesd, Mohewk Navsls, aod Tews iy lower-
iog & prode from & belicopier 1o 3 keizht of 3 feef shove grousd.  Fsctors for coaverimy doge-rs readings
from varices aititedes io 3 feel wers chiatned onsr Site Charlls sfler Shets Zord sod Flatheasd. Iihotoslecris
baze-satye detsctore wars Ietalled 2t 2 fovw close-in stations for Soots Zonl, Flaidsad, Navelo, 2:d Tewn.
Eo eridwece of fallot from Sict Chorckso was femnd on Bk Atoll.

Egrly decay of gamims dose rels spreed well Intwesn fsld et laborsicyy. The sirly gamins Secay ex-
pomart aversged ~1.0 for all ahols except 87 Lasrosse, for which #t waz about ~1.35.  The beis detay
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curves of Ugauid fzllout from lesd-surface absois diffsred markadly from thoss of #olid fallout.

Mot of tha {allont radiosctivity from lend-surface shots was sasociat~d with particlod betwsen 149 and
423 miorons, 2ad the sctivity par unit weighd incresssd with distsnoe fr-~ ground zero.

Significant Shet Zunt fallout srvived on the isizads of the atoll batwesn 13 ind 40 mimntes, reached a
masimum bstwsen 20 =58 80 mimstes, asd ceaxsd betwesn 2 end 3.5 hours. Shat Flixthead falloot was coi-
lectad sz &l ssltod stations duting the drst 30 minules; the maxirmm aocurred betwesn 134 and 2 hours;
fallout stoopsd at H + 18 hours, efartad sgsic 52 H+15%, and coctinaed unttl H+18 boars. Sigeificast St
Navajo {allout resched Sits Charlis betwoon 30 fix] 35 (ninutes, was 3t x mudoum belwsen 45 20d 50 min-
utes, tod ceased between 1.5 and 2 hoars. Sigzifics=t Shot Taws [aliout srvived oo the izlands of the aioll
tetwoen 30 2ad 30 minutes, reached 2 manimum betweern } end 2% bours, and cessed betwoen 2.5 2ad 5
kours.

Mest af tha {aliout sctivity from S2ot Flathesd was associsted with & sluiry, or musd, which contzined
CaCOy particles, Fe,0; particles, and MzCl coystalzs. Te Shot Navzjo fallout cocalstad of solid particles,
= drisd maist, and lquid- The Sacts Lacroase, Zund, and Tewi falloul conatsted chisfly of particles derived
{tun coral. The predstaunmud types ware irtegular whits opacus, irregulsr traeslucent, aod yellow or
white spheres in that crder of frequssoy. Although e spborical particies accaunted for 2o meorve than IS5
percent of tba total number, they soniributed, st D+ 10 days, 60 1o 60 percext of the fxllcut axiivity during
Shot Zunt and 25 percsnt Giring Shot Tews. Most of 2 particles wers radicactive throeghont their yolumes.
The {roquency of pirticles rcltive throughout decresssd with increasing perikcie size, whiles tha freguescy
of thcse active only on the surfsde incrsesed. Radiochemicil composition differsd betwasen clood and ground
samples and varied with particls type, distasce {rom ground zerv, end physical stsis. Tho particie studies

aod radiochemical data arovided a basts Sor & progosed wecheaism of parflcle ormalione. . .

“~~fEthods ars prossated for calouleting Heid dove retes from laboratory messuremants.

The pintess enargy of the fallout {rom both land-surface il walar-gurface tarmonuciser shols Incrsassd
from 6.22 Mev at 300 hours to 0.33 Mav a2 300 hours bscanss of b dscrease in the cootsindion of Kp™
Toe gaoainz specirum of tha total falicut, from 100 ty 300 hours, did 30t vary with position oo with the fype
of burst except for the inflcence of axtiviiles produced by nentvos cagturs.

Ca*¥ sposared to be more represestative of the Razlon product complex ian Mo™, The SPYBe ratio
wasz not 30 conniant as antfetpated | but was much Sore reproducible than cither 5:%A06™ or Sr%ioial beta
sctivity.

The 2srisl-syrvey techoique proved a practical way of measuring sar{sce ceataminglion in high-radiatics
Oalda. f+1 bour dose Catos of 10,600 to 12,609 r/hr, the Righest ever obasrved, Ters messared nyar the
S0t Mchawk crazer.

Ko radizactive bass-surge =23 ohderved oo Sitas Charlls sod Fox aftsr Shat Flatbesd,

A-2.11 Projkct 2.65. Early Cloud Pasetralions. Agesty: Air Force Specizt Wergoas Cezter. Ragort
Titla: Early Cloud Pesstrziions, WI~1320 (Preject 2.882); Conlaet Radiasicn Hezard Associsied with Afx-
craft Contz=inafion iy Esely Cloud Pensiretions, WT—1352 (Frofect 2.685). Project Officer: Evnest A.
Pinsca, Colomsi, USAF.

Projact 2.60s. Ths objeciire of this grojest waa to rmessucs b radisiion dose 22 doee rite coe would
experizoca i= fiyicg thicush the tlend resuliisg from ¢ megitoa-riags wetpen 1ad seme {actors sffecting
serscoanl sefaty i the avest of an opsvational situstica reguiriny fifabic through sach cloudas.

Ececifls information was sosght on the raliztics dogo ratas insids the clowd, tha iotal dose recefved Iz
flying throagh sxh a cloud, tos tolal dose received oo the rsturs Slght aflar fiying throvgh the cloud, the
fotsrs] radistisn desy cus to Ichaiatios of fizalos produsis during such Oights | r=d the conditiens of fight
icsidis g oloud,

Twesty-saven peosirations of six vsdlation Qlsads from multinidgaion-rangs delcnatizns ware mads at
iimes reoging {rom 20 to 78 minuiss ofist detocation exd 22 sititedes ramging from 20,089 t0 50,030 featl.
Sixtess of Bede pensirtlions were sarlizr thsn 43 misuiss ard seves wers sariisr then 30 minotes,

Mixieam refatiss dose razox £3 Bigh 22 566 r/hr were encmriorsd, and ssvsval flights yleldad tolal
ratizindaagstothaarewrof 1S ¢-

1t was foond Chst the mvaTsze radistion dose refy in tho moshroom of the cload frow 5 100-porcant-
{izsien-vyield detonstion would bs:

D= 1.6x15 ¢t
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Where: ¥ « average dose rate, r/hr
t = time after detonatien, minalss

This relationship bolds for timss {rom 3 1o 80 minutes slter delonation.

The aversgs dose rits in the &lam of tie cloud from waler-surfece buratas wes fund fo bhe less than thy
dose rase in the mushroem by & factor of from five fo en. The radiatios dose rate in the cloud 1€ inds.
pendent of yield, but i5 prozortional to e ratic of {izsion yield to tctal yizld,

In = high troposanss arsa, s fiig?: through & cloud from £ 100-percent-fissicn-yield multimegation-
rangs weapsn in & high-parformence airerafl may be made st 45,000 feot 22 a time of 20 minvies altar
detonsticn. Ths average misslon dose of this Dight Fould be 25 r. AL 3¢ ¢ fast, 2 pensiration of the
stem of the cioud may be made as early as 10 minutes afler defonstion win, o radiation dose of the s2me
magnitude,

The dorage received on the relurn ic base {light becsuse of contamination on the aircraft (B-37B}F wes
found to be about 15 percent of the total mission doce for fiighta lasting aboqt 5¢ minatzca aftar the clowd
penctration.

An investigation of the inlernal rsdistion harard excountered by the flight crawe was condusted. The
internal hazard was {ound to be Insignificant compared to (b2 exteras] harzrd.

Froieet 2.86b. The oblectives of this project were {0 determine whether soy corvelaiion exizis betoeen
the contact radiation bazard on aircralt thas have receatly flown through coclear clouds and e dose rate
measured on the surfsce by 2o AN/PDR-39 (T1B) survey meter; fiudy the distribution, intensity, and decsy
of tha contamination that causss the costzct harard: =nd evsluste the amownt of progeslica offered by sech
of a pumbst of different types of gloves.

Tie corgxet hazard whick porsornnel experiencs when working on radiosstively contamingad alrerafl
wes iavestigsied. Messursinsnis of the coniact harsrd are arprouximated by surveying s alrcraft sitha
gamms survey {natrument {T1B5) aad apniving = correcticn factor o (e readings obiadsad; 110 timas the
T1B reading /hry will give the spproximate contact dose rep/hir; 1o the skin io sress of direct fmpingn-
ment of the contaminent, f.e., leadiog edze of the wing, nosz, eto., whereas 40 Himes the TIB readicg is
applicanle to the sliding surisces, .2., 3idas of (e fuselags.

The protsstics o an individuei frow the contert hazawd reslized by wearing gloves was alio Invesiigated,
All gicves teated reduced tha radistion intensity to the handa by st Isact 50 percent iz additicn  prevent-
ing ths comisminent from coming fn direc] conisct with the skin, Wearizg of gloves In radiatiss fislds of
8.1 r/ar or more ls reccminended,

The project recommendsd thet Alr Force publicaiions ©s revised to infioste the Isck of nececaily for
tho decontamingtion of radicactively costaminestead 2ireraft by Air Force cpeviiicus! orgaaiz=tions.

232 Froject 2.7)1. Ship-Eieldtsz Siudizz  Agsucy: U.S. Nsvel Radiclogical Defsnpe Lasorsiory.
Repori Title: Siip-Shislding Studies, ?‘?—!ﬁ‘a. Project Cficer; Hainz R, Rlmmrt.

Toe obloctives of (his project were 1o dsterning, for s typed of nuclsar Selceslions socesatered durisg
Operaiion Redwing, (1) ihe relative gamma ratiation felds resultiog from radicactive contaminasiz cn ®
aslip's weather surfases, in the surrosrdisg air snvelope, <24 In B¢ surrymdisg watsr cavelope 22 &
function of tisa and [2) charssisristies of e Infaracton of pamms radizlics with slecl a0 2 foeclisa of
thickomss 2= Ume afier dotcoxie.

Stinked recording puoema-radintics deteciors of Imows goomelry ware Iooxind o Iwo YAS e to pormnst
discriminsiion between the radisticn Gaida resciting frven waler-botee zad als-lovte acliviiies ooy, Us-
shisiied dalactors sopplied dats o e overall cadistion Baidy on the weather dackes. Tesorsing madidics
deteciors intlosed in elz=] cylinders of varices (Ricknadess snppiled comhined absorpifon a=d mulitiple
scatiaring 422 aa & funciion of tire sftay detonsdes,

The waler coniribations to the total ratistisn aboard as covaziad sbip wers crulsly estimstad (o be Iase
ian: ) 13 perces: in the Jowsr Rold; @) 3.5 parcest ie B urger 2oid: and (3 1 perenent oo the dask. The
valogs oo x waabed ship sould be 2a much a3 six Uoee higher tha Iihose on the wozsled ship, i womid
thareiore bs of significance in 5 shisidad sraze,

Tiw highest oatirsates of oir contriintion 4o the t8al rediatios on dach of & wastad ahip were: ) ko~
twees 22 and 25 porcent of the dose rals durizg e porled of miximum ot and I boteren 17 204 53
porcest of doog tocumulstyd withia 34 hours sfSer stavt of fallest. Tha ¢ sperible estimsizs for s us-
weshad akip serc IowsT beczuse of the gredter tallmepcs of ceninmalnatead mucismes, 15t wein o815 of ayy=il-
joenss during the period of mazimas fallout.

Yaioes of combisad shecryiicn and soattering soefficienis wors foand 1o vory wilh dima shor 5 givss
sict, 1od to vary from sB% to sbotl. Hasulis for S0t Navsio tedicstad 53 Japecially &i8orent grmama
amTgy spectrum daTing Om firef Udrty boors afier delousiion. Differetss stz s ot ot iy
mazsctemenis perfcr=ed b Projol 2.33.
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It was coocludod and recommended thet 2l cajculstion? of madistion attenuatios sffsrded by shigs tiruc-
tures should includs considaration of: {1) the charnging reiztionship smeng the significant cop?rilatines of
the savoral rediation sources and (2) ihs sigaificsat variztion of the gammas radistion sbsorprion and tont-
terieg charsctaristics of steel with reapect to st type 22d time after detonarion. Thess varizbles should
be tnvestigated {or 23 many shot sonditions 23 may be practicable, especially for undaswater detonstions
whers significantly diffsrent resuits miy be expociad in Bhe relationabing mnoes radiztion sourcves.

A2.13 Projact 2,72, Evalustion of Resdard Nevy Dosimestsra DI-60/PD aod 14-107/PD iz Reatdgal
Radiatica Fie:ds AbOZIG Ships. Agescy: Buress of Ships, U.S, Navy. Raport Title: Evaluatior of Sandard
Hary Dostmetera DT-607PD and IM-107/PD in Residusl Redistios Fleids Abcard faips, WT~1358. Pruj-
ect Dificer: Samusal C. Ralcey.

The chlective Of 2013 proct was 1o determins Ue cffzciveneos of repuisr producdon IM-=107/PD asd
DT-50/PD dosimeters in readirg the praper depth ¢oss for porsannel io residusi rofiation flalds aboare
ships. Through the use of = larre gumber of doalxmelors, 2= atlan~t was made (o eviluzia tho extient io
which any sisgic detector worn by shiphoard parscanel cwld {oven the basis of 2 taciical or =dministrstive
decision.

Sandiard Navy josimeters O7-30/PD choaghor glass) and IM-107/PD fguariz fiksr) sere mounted e
the oyrizce oirmusonite man-sized phantoma 302 exposed 1o radiation Solds caussd by deposited fallout e
he YAG-39 ind YAGIE In crder to evelaoxts their respouss In tarms of the 3-fo-S-cm-dapth dose. This
dose is coasidared a more aatisiactory indicalsr for the evaluation of zcula effccts 1o persoane] i oelnar
wxrisre than ia the 2ir doze. Desth-dose configurations (n thess phasioma vere delarxined by =sans of
phoaphate-glzss needles. Toe radiation doses lndiicated by t3e wirfacs detectors wors compared with thons
st a depth of 3 cm. Differwoces and seattar in the rexdings of the taro types of atandard dosimnters, aad
differesces between the sorfacs readings and s dopth resdings, fodicats that the DT-64/PD sod IM-197/PD
dosimeters zre nof axtiz{aciory In eir presant {orm for proper mezsgremend 2o Intarprelztion of i
radistion doss suosived by akiphoard personssl above decks in & falloat fisid,

A.2.14 Prolect 2.5, Shishoztd Coustermessures Msothods Stedles. Asency: U.3. Naval Radisiogieal
Lefexze Laborsiary., Repott Titis: Shipbeard Radiclogiosl-Countermeasure Mathods, WT-1222. Prol-
ect Officer: Sxymond . Eaiskail.

Tte chieciive of this project wed 10 eviicale in Ust 1521d seversl Iaboratory mathads of ehighoard oo
ociion 2ad deoomlaminsiion that bad teen codier develogment since Goeration Tastls and to oltals informs-
tios 1o 2id in Bie improvwmesat of Comnw TR Asutes.

Yarios? al snrfates sad specimens wers exposed on YAG-33 sad YAS 46 to falicat from Sots Zeal,
Fixtta=d and Tews. Cantamivability-decomtiming®ility (C-0) sindles waie coodoctsd when the s2izs re-
wraed o Eniwelsk Lagoea.

Three dayt afller Zani D svacygs resding Iz U coowsabdows arex of the YAG-40 ==y sppratimately
353 oor/hr 222 e the waakdown ares spprodisiicly 80 mo/Rr. When the docontaminalion sindies were
injtiazad, the grerage levels afr Flathead wore lower thas those 2l a0 Zun! by » fsctor of 10. Ths awiage
somwssidew resiing was 32 oor/hr =t the waskdown reading, 10 mo/fbr.

The semozval of the removakle radiclegics] profectise oastlns ABTC) after Tos! in the semwaabdows
arez recoved 2l bl $.5 i 8.2 pervonl of 15 costamiasd, while fiselosing slone Inft s residesi oS00 52
percent. Firsboalng plus removal of the RAPT remwovsd a8l 3t 2.2 13 3.5 persent of 22 22tinily. L ke
washriozn area, e RRAPC romoval =1 § o § peroent resiinal coctaminsilon 33 sosnpaned 1o 15 10 43 per-
cest aftar decontamiaztics of an wreonted arez, with 2 Rot-Hgeid fef cleaning onlt.  Affer Flathesd, the
semovnl of the RAPC from 3 sonwssidown s 186 2 tesideal of oniy 1 proest 2= compared 1o 18 parcest
residusl sfter Crediosipg ood aod sorekiing. Removal of e coating in (5o Tasldows arez shomed ey
24 percest rediios of Us orizinal contaminsst, bat tho Initial level wis seimally oo low i give relistle
imstrumenl realings.

Meckanicz! sorublung of saifates exposed a2t efther Zuni or Fiathaas waa slightle inforior 0 masssl
brasihing, ot operators L2l ho (aifpue ond stated 132l lony scorubling Uoses oruld exally bava toed sadorsd.

Wirs ropes 358 maniis lines 1 Iscd o7 o4 In dlasseler will coeaia 2 Ions-torm rafiation smurcs. Fro-
tactive costing= ont canvas and qanves sehetlistes show promiss In reducing the hazard Iros iz materisl.
Firskoss expossed 15 fallonl when oailed =ill creals & mars severe Isng-term radistios hazasd sn wlen
siored unceiled.

Surizce roughoess of sood decking was 2 malor {actor Iy delermining Ue Inilizd céadarmcation lavel.
Pénctrailios o the {3lleu? cotamination o Ge wood Ipyosed e roozh zorface layver Tas segiizibls, bat
decsniaminsmion to 2 resieal of 2 prodent sauld bave reguired remaval of oroimatsly T mm ol Bn
surfzce izyer becsuse of ihe reugioess. The popsd minls Imtesen the wouies planks presented so sililonm
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problom, aas Jong ax the Joints worw {reu of flasures and pockets,

hoap plus waterr and ummoninesl petroloum-basud waterlenn closner were equelly effoctive In remoying
the {fesion product contumination from tho hands.

Betn menwurements provided the bust assonament of surface decuntamination effectivencus, and 3-{y0
gamma measuraments provided the beat data In determining the ovorall ship decontamination effectivensgy

The buale C=D studies showud that it wus more difficult to remove the Zun! conteminant than that of
Flathead, conflrming the results of uthar studies that showed this difficulty was muinly due to the difference
fn mann Involved. These atudios almo showed that EDTA and Orvus solution were fur superior decontamg-
nation ugents than C~7907 or water alone. Allowing the activity to remain on the surfuce for two weoks
made 1t more difficult to 1o.move than if decontamination was performed one day after the surface was
contuminated,

Radiolugicul warfare may require new atundards of cleanliness for naval ships. Wood decking should Le
maintained as ymooth an posaible with no raw wood exprosed. All payed joints should bo frec of fissures and
pocketn.  Nothing, Including wire ropos, mundla Hnes, and firchoses not required during attack, should be
stored on the main deck. After contaminution, any materials that cannot be destroyed should be stored un-
cotled to minimize the radiation {ield, or stored in an unfrequented location,

A.2.15 Project 2.9. Standard Necovery Procedure for Tacticul Decontamination of Ships. Agency:
Burciu of 8hips, U.8. Navy. Report Title: Standard Rucovery Procedure for Tactical Decontamination
of Ships, WT-1323. Project Officer: Frank 8. Vine.

The objectives of this project were (1) to proof st & proposed standard recovery procedure for the
tuntical decontamination of Navy ships and (2) to perform, us required, an operational decontamination of
cach of three test ships to enable them to make thelr next scheduled participation.

Three washdown-equipped test ships, the YAG-38, the YAG-40, and the LST-611, served us {allout-
collection stations and test platforms for other Program 2 projects. These ships were successively con-
tiuninated by radioactive fallout {rom Shots Zuni, Flathead, Navajo, and Tewa.

Because of insufficlent contamination aboard the ships on their arrival at Eniwetok Lagoon following
their several missions, the primary objective was not fulfilled. Therefore, the function of Project 2.9
was generally restricted to operational decontamination between shots. The proof-testing of the standard
recovery procedure, which consisted of firehosing, hand-scrubbing, and firchosing again, which was
plunned for execution aboard the YAG-39, was therefore not attempted until after Shot Tewa. A shipboard
gamma-radiation dose of 2 to 6 r/hr, considered to represent a minimum tactical sftuation, was not ob-
tained. The measured average dose rate aboard the YAG-39 in the nonwashdown area at the start of de-
contamination after Shot Tewa was about 230 mr/hr.

In this test, the standard recovery procedure proved to be practicable for the conditions encountered;
however, in order to determine the absolute satisfactoriness of this procedure for the tactical situation,
a further evaluation will be required.

A sccond procedure, hot-liquid-jet cleaning, was also investigated under like conditions and was found
to be equally as effective as the standard recovery procedure at approximately twice the rate of surface
coverage; however, insufficient evidence was obtained for a conclusion that the greater operating rate
(and presumable reduced dosage of personnel involved) would justify the expenditure of large sums for the
special equipment required.

A.2.16 Project 2.10. Verification of Washdown Effectiveness as 2 Shipboard Radiological Counter-
measure. Agency: Bureau of Ships, U.S. Navy and U.S. Naval Radiological Defense Laboratory. Report
Title: Verification of Shipboard Washdown Countermeasure, WT—1324. Project Officer: W.J. Armstrong.

The objective of this project was to verify the effectiveness of & washdown system as a radiological
countermesasure for ships. The evaluations were made possible by the requirement for washdown-equipped
ships to be stationed within the region of tactically aignificant fallout in order to support several projects
in the fallout characterization program of Operation Redwing.

To fulfill the instrumentation requiremsants of Program 2, the Bureau of Ships test ships, YAG-39 and
YAG-40, were employed. Washdown effectiveress was measured by a comparison of gamma-radistion

‘ {jeld measurements taken in the unwashed control area forward and the washed after portion of each ship.

The test ships participated in five shots and at 1east one of them was sufficiently contaminated in four
of these to make washdown evaluation feasible. Maximum levels of gamma radiation encountered ranged
from 266 mr/hr at 11 hours after Shot Flathead to 21.2 r/hr at 4.6 hours after Shot Tewa. The four events
provided two general types of contaminant, & solid particulate material from Shota Zunl and Tewa and a
salt-water slurry from Shots Flathead and Navajo. The latter contaminant was similar to that encountered

from Shots 4 and 6 during Operation Castle.
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Total accumulated gammas dose et the tims of cessation of fallcut was reduced 55 to 37 percent in the
cazs of the slurry material, and 76 to 36 psrcent for the dry fallout. Total doze retas wers raduced at
the and of washdown 25 to 98 and €5 {0 95 percsnt (or the slurry amd dry fellout typas respactively. He-
moval of the dry rncaterial daposited on the ahips varisd from 74 to 96 percent at the {ime washdown was
secured.

The results from Cperation Castle concerning washdown eflactivenene againat relatively small amounts
of salt-watar slurry-type fallout are confirmed, and recommendations for further testing are mads.
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A.l PROGRAM 3: EFFECTS ON STRUCTURES

Project 3.1. Effect of Positive Phuse of Blust. Agency: Structures Division, Rescarch Dircctorate, Afy
Force Special Weapons Center, Kirtland Afr Force Base, and University of Illinois. Report Title: Effect
of Length of Positive Phase of Blast on Drug-Type and Semidrag-Type Industrial Buildings, WT—1325,
Project Officer: R. E. Grubaugh, Captain, USAF.

The primary objective of this project was to obtain information regarding the effect of the duration of the
positive phase of blast on the responge of drag and semidrag structures. The project was in two parts. The
first part involved participation during Operation Teapot, whereln the response of typical single-story indys.

trial bulldings to blast from a nuclcar detonation of approximately! ]waa studied. The second part, of
which WT~1325 is the final rcport, Involved the teatlng of tdentical industrial structures during Operation
Redwing, wherein a detonation of approximately’ was used.

A total of six steel-frame bulldings were tested during Operation Redwing. The buildings were approxi-
mately 30 fect {n overall height, 40 feet in span, and consisted of two 20-foot bays for the drag structures
and four such bays for the semidrag structures. The drag structures had light asbestos~-sheet siding and
roofing, which were expected to fail before much load could be transferred by them to the frame. The semi-
drag structures also had light asbestos-sheet roofing, but the walls were constructed of reinforced concrete.
A window opening, comprising about 30 percent of the full wall area, was furnished {n the form of a single
band running the full length of the building.

The structure of each type nearest ground zero was located so that if the yleld of the weapcn was near the
lower iimit of its predicted range, it would probably undergo considerable inelastic deformation. Conversely,
those structures farthest from ground zero were located so that If the yleld of the nuclear device was near the
upper limit of its predicted range, they would be substantially deformed, but would not collapse. The third
building of each type was located at an intermediate point between these two extremes.

Instrumentation was provided to obtain records of the transient structural deflections, strains, and accel-
erations, as well as of overpressure and dynamic pressure versus time at the sites of the various test
structures.

Since the structures studied during Redwing were identical to those tested during Teapot, the natural’
periods of vibration and the resistance functions as determined during Teapot were assumed to be correct.
Consequently, these measurements were not repeated during Redwing.

Because of the large drop error of Shot Cherokee, the actual ground zero was about 20,000 feet from in-
tended ground zero for the Redwing test. As a result of this error, all six test structures were subjected to
pressures higher than were expected and, in addition, neither the structures nor the pressure gages were
oriented normal to the direction of blast propagation. The peak overpressure intensities obtained from the
sclf-recording gages of Project 1.1 at the sites of each structure were 8.5, 7.5, and 6.1 psf for the drag
structures and 7.5, 6.1, and 5.0 psi for the semidrag structures. The angle of orientation, referred to nor-
mal incidence, varied from 58 degrees for the drag structure nearest ground zero to 33 degrees for the
semidrag structure most distant from ground zero.

Due to this set of circumstances, all of the structures suffered complete collapse. Consequently, the
desired gradation of damage was not obtained and the intended comparison with the Teapot results was seri-
ously impaired.

To make possible such a comparison, the effects of orientation on the loading of the test structures were
studied {n model tests conducted in a shock tube. Tbe results, used in conjunction with the overpressure
data obtained from Project 1.1, made possible the estimation of the loads that acted on the structures to pro-
duce collapse. The results obtained by Project 3.7, Operation Teapot, were extrapolated to produce reliable
estimates of the loads which would have produced collapse of the Teapot structures. The esumated collapse
loadings for the two operations were then compared to obtain a quantitive idea of the effect of positive-phase
duration of blast on the response of the two types of structures, On this basis, it was found that to produce
collapse of the drag structures, the peak overpressure from a _M detonstion need be no greater than ap-
proximately 60 percent of the overpressure that would be required from sr -kt detomation. Similarly, to
produce collapse of the semidrag structures, the overpressure from a ;Mt detonation need be no greater
than about 80 percent of that required from a|_ jkt detonation. These percentages are admittedly approxi-
mate, but it is believed that they represent reasonably well the minimum probable effectiveness of increased
positive-phase duration of blast waves.

Despite the difficulties encountered, the effect of long positive-phase duration was clenrly demonstrated
in at least one instance. During 'renpot a drag structure experienced a maximum deflection of only 22 inches
under a peak overpressure of 8.5 psi, whereas a comparable structure during Redwing orfented 42 uegrees
off the direction of shock propagation collapsed under an overpressure of only 6.1 pal. Since the lack of nor-
ma) incidence of blast in Redwing reduced the effective load produced on the structure in its weak direction,
the demonstration {s even more conclusive than a direct'comparison of the two pressure levels indicates.
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A.4 PROURAM 4: BIOMEDICAL EFFECTS

Project 4.1. Chorloretinal Burns. Agency: School of Aviution Medicine, Randolph Alr Force Base,
Texas. Report Title: Chorioretinal Burns, WT—13268. Project Officer: Richard S. Fixott, Colonel,
USAF (MC).

The primary objective of this project was to determine the requirements for protection of the eyes against
chorioretinal burns from nuclear detonations of various yields. Corollary technical objectives were to: (1)
determine whether blink reflexes will prevent chorioretinal burns; (2) ascertain which portions of the time-
intensity pulse can produce therma! injury to the retina and choroid of the eye; (3) determine the time re-
quired for blink reflex (BRT) In rabbits and monkeys exposed to the extreme light Intensity of the nuclear
detonation; (4) explore the feasibflity of ocular protection by means of fixed-density optical filters or com-
binations of filters; and (5) test, under field conditions, protective shutter devices that are in the develop-
mental state and are designed to close much more rapidly than the BRT.

This project was a sequel to the study of chorioretinal burns during Operatfon Upshot-Knothole in 1953,
in which nuclear devices in the range of 20 kt produced burns {n the eyes of rabbits at distances of 2 to 42.5
statute miles [rom ground zero. Additionally, four cases of accidental burns were produced at distances of
2 to 10 miles.

The project was designed to furnish supplemental information on the requirements for protection against
retinal burns utilizing both rabbits and monkeys as experimental animals. Chorioretinal burns were pro-
duced by various segments of the thermal pulse. This was accomplished by two series of time-fractionating
shutters. The first group, the early-closing shutters, were open at time zero and closed at increasing in-
tervals of time. The second series, the delayed-opening shutters, were closed at time zero and subsequent-
ly opened for preselected time increments during the flash. The feasibility of protection by fixed-density
optical filters was explored. Two types of developmental protective electronic shutters were field tested.

Results at yields oﬂ_ ' demonstrated that the blink reflex does not protect against chorio-
retinal burns. Average BRT for rabbits was essentially the same on both shots: 362 and 382 msec at

respectively. In contrast, the average BRT for monkeys at 160 msec for" nearly doubled
to 293 msec t‘or'_ The jshot caused retinal lesions at 8.1 statute miles. The device of inter-
mediate yleld, — Produced burns at 7.6 miles but not as far as 14.4 miles. Additional information is
needed in order to determine the limiting parameters for retinal burning over the entire range of weapon
yield. . — ]

In the case of the _ device, no burns were produced by the first pulse alone, which terminated at
13.1 msec. Retinal burns were not sustained until the interval of 0 to 67.5 msec wes reached, after which
the incidence was about 65 percent. The faflure to produce injury by exposures of less than the initial 67.5
msec of the detonation discounts the contribution of the first pulse to burn production under the experimental
conditions. —

Four of thirteen exposures during the first pulse of the’ Jdevlce produced retinal burns, not including
one case of shutter failure. Both explosions produced a number of burns during the second pulse. Of the
rabbits protected only by their natural blink reflex, about 80 percent received burns at 8.1 miles from the

device and at 7.5 miles from the_f }devlce. In the comparable group of monkeys, 75 and 100
percent received chorioretinal burns from the smaller and larger devices, respectively. In both rabbits
and monkeys, thel Jidevice at 7.5 miles produced lesions approaching one human optical disk diameter —
about four times greater in diameter than tnose caused by exposure to the smaller device at about the same
distance (8.1 miles). Evidence obtained cn early closing shutters indi{cated that a dosage of about 20 to 30
mg cal/cm? at the cornea will produce burns during the initial 70 to 100 msec of the nuclear explosion.

Burns were not obtained from weapons of multimegaton yield at distances of 10.6 and 21.6 miles. Actually,
the total thermal yleld received at these distances was on the order of 1,800 mg cal/cm? and 1,000 mg cal/
cm?, respectively, which was ample for retinal burning. Although not conclusive, it appears that the low
irradiance during the first 300 msec of the blast failed to deliver energy sufficient for burning before blink-
ing occurred, but possibly was enough to cause blinking that could provide protection during the remainder
of the blast. Animals exposed at 10.7 miles from the) ___:‘detonatlon did not recelve burns. A contribut-
ing factor undoubtedly was attenuation by severe rain squalls at the time of detonation.

The optical filters tested at near-threshold distances prevented retinal burns. At intermediate distances,
filters reduced the incidence and severity of the leslons. The results obtained on protective shutters were
{nconclusive with respect to protection agalnst retinal burns; however, information was obtained {nvaluable
to the future development of this equipment.

Loss of animals from sunstroke or heat prostrationduring the afternoon ofD - 1 threatened to be a problem,
particularly where repcated shot postponement occurred after the animals were placed In the exposure racks.
There was also some {ndication that light reflected to the unexposed eye may have caused blinking before cer-
tain of the shutters opened. Recommendations fnclude provialon for a trailer type of cxposure facility, light-
tight and alrconditioned.
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A.S5 PROGRAM 5: EFFECTS ON AIRCRAFT STRUCTURES

A.5.1 Project 5.1. Thermal and Blast load Effecta on & B-47E Aireraft in Tlight. Agency: Wright -
Alr Development Center, Afr Research and Development Command, USAF, Wright-Patterson Air Force
Base, Ohio. Report Title: Thermsl and Blest Load Effects on & B-47E Alrcraft in Flight, WT~1327
Project Officer: it R.C. Laumann.

Project 5.1 was established to measure overpressure, gust, and thermal effects cn s B-47E airermaft
in filght and to provide additional research infermation on the effects of nuclear explosions op the aircrafi,
Resuliz of this project will be used to correct the B-47E Wespons Delivery Handbook. Previous tests
were conducted on a B-47E in Operatlone Jvy and Castle. Data obtained on thess operations were primarily
maagurements of thermal effects. For Operation Redwing, : B-47E aircraft was Instrumented for meagupe.
ment of overpressures, {rradiance, radiant exposure, and of bending, shear, znd torasion in the wing and
stabilizer. Furtber instrumentation was made to measure thermal atrain snd the effect of high thermal
fnputs upon thin skine and supperting structures. Instrumentation was also installed to obtain bending,
shear, and torsion xesponsss of the fuselage when subjected to combined side and vertical loading.

The general positioalng criterlz for the alrcraft were wing bending up to 95 percent of design limit
andor a temperature rise of 600 to +700* ¥ in the thin-skinaed elevator and aileron. In order to attain
high temperature risee on participations in which the aircraft was gust critical, it was necessary to paint
the thin-skin surfaces with high absorptivity paint. Temperztursee of 430 to 547° F received during Shots
Zuni ard Dakota caused only minor permenent buckling in the afleron and elevator and resulted {n no con-
trol prublems or moticesble increase fn drag. During Shot Dakcta, the alrcraft sustalned 89 percent of
dealgn Umit wing hendiog and an overpressure of 0.80 pal. On other participztions, wing loading ranged
from 46 to 75 parcent of design limit, 2nd no damage reoulted.

The data obtalszd by participation of the B~47E aircraft in Operation Redwing are sutficient for cor~
rection of the existing B-47E Wegpons Delivery lHandbook. The dats should slso be useful xs basic re-
search [nformation to ald in design of futare USATF aireraft.

A.5.2. Project 5.2. In-Flight Participation ¢f a B-52. Agency: Wright Air Developroent Canter,
Wright-Patteraon Alr Force Base, Ghio. Report Title: In-Flight Participation of 2 B~52, WT~1328,
Project Officer: F. 1. Willlams, Cspt, UBAF.

‘Ths primary obfectivo of this project wae to obtain measured-energy input and sircrafi-response date
on an insirumented B-52 sircrsft when subjecied to the thermal, blast, &nd gust effects of & nuclear
explosion.

To sccomplish thiz cbjective an anrlyzis was performed to detarmine the effects of puclear explusions
oo the B-52 aircraft. This analysis was used in selecting the apatial location for the B-52, relativetna
detonstion, that would result in the desired aircraft inpu's znd responses. In addition, the analysis was
usad in datermining the desired locstions for the sensing components of tha Instrumantation system. The
B-52 {AF 52.-001) was extensively lustrumented for participation in Operstion Redviog with the nasjor
portion of the instrumentation devoied to messuring aircrafl responses.

The actual positioning of the B-52 ralative to ths detonstion was accompliehed by use of the siraralt
Bombing Havigation System (BNB). The B-52 participated in nine shets, including ona shot which the air-
craft aborted fust prioy {0 time zero docauss of BHE difficultisa. The relishility ¢f the Instrumanzation
syctem was between 55 and 100 parcent throughout the test program.

The afrcraft received up to 110 peroent of the allowable Hinult overprassure, 100 percent of tha sllow-
able limit moment on the horizontal stsbilizer, and 82 cercent of the allowable bending moment of the wing.
Exeopt on Phot Hurop, sireraft demage was confinsd to thermal demage on secondaxy items such an seals,
paiot o thin akin, £od rain-erosion coating on the majority of the exposed plagtis surfeces.

Duripg Zhots Huron and Tews ths specisi shoring for both the electronlo-ci arfsrmeasures (ECH) ra-
dome and bomb-bay doors was removed to verify that damage o these {tams would occur In the nornnd-
missicn configusation of tha siroraft.  Prior to Shots Burcn and Tews tha ZCM radoms snd homb bay
doors wers sbored to achisve & mcre (borough iuvestigatios at nesr-Umit joputs of weapos sffects cn
primary siructurs. As pradicted, during Bho! Huron tha ECM radome sulfared complete fallicrs snd the
bomb-bey doors received modsrate buckling bezarss of ovorpressurs,

The abjactive establiabad for Project 5.2 was suocassfully scoomplishad during Cperstion Reshwing.

it is rscommended thet the B~52 nuot participats in future nuclear tocts 23 & waspons-capability atroraft
undier the delivory conditions statad {n the pressst B-52 Spaclel Weapons Dallvery Handbook,

A5.3 Projsct 5.3, In-Flight Participation of & B-€8 Afreraft. Agsscy: Alroraft Laboratery, Wright
Aty Devalopn Devampme:t Ceatar, Wright-Pattersor. Alr Force Rase, Oble. Report Tils: In-Flizht Participstion
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of & J-68 Alreraft, WT-1329. Prcject Officer: Richard W, Bachman.

The objectives of thiz project wers to detarmise the responso of the B-86B aircraeft In fiight to the
blast, gust, and thermal sffscis of nuclear explosions, primarily for ths purpose of defining tha delivery
capabllities of the aircraft and secondarily to obtain desic Information relative to thermoslactic responze
of aircraft structures. The tests were conducied at the Enlwetok Proving Ground during Cperstion Red-

wing.

Highost temperaturs recordsd was 451° F on the 0.016-{nch-thick aluminum elevator skin that bad been
painted gray to an shsorptivity factor of 0.45. Thia rapresentsd a tamperature riee of 381°F.

Max{mum overpressure received was 1.165 pal, and meximum gust load factor was 3.35g at the center
of gravity of the aireraft, with peak material velocity calculated to be 50.58 f2/ssc. Elghkast percent of
Hmit allowable bendisg moment wes 51.0 recorded at Wiog Station X, = 407,

Assumsd stmospheric comlitions, usad In the prediction of inputs, were very close to the goial con~
ditlons on all tests.

When correlated with the effects obtrined during Operation Redwing, ihs calculated effects in the B-663
Special Weapons Dellvery Handbook are conservative. Based upon these resulls, (t can be concluded that
the B-66B has nuclear weapon delivery capabilities equzl to or In excess of thoss stated fo the dellvery

handbook.

A.5.4 Project 5.4. Iu-Flight Participation of & B-S7 Aircraft. Agency: Wright Air Development
Center, Wright~Pattorson Alr Force Bace, Chio. Raport Title: In-Flight Participation of & B-57B,
WT-1330. Project Officer: H. M. Weils, Jr., lat Lt, USAF.

Thia project wes establizhad to determine the responss of the structure of the B-57 aireraf in Qight
to thermel, gust, and ovorpressure eifscts of large-yleld nuclear explosions primarliy for ths purposs ¢f
defining the delivery cajabilities of the aircraft and secondurily to obtain basic iaformation relativs to ths
thermoelastic response of the alrerafl structure.

in order to obtain the data necessary to accomplish this objective, tha sircraft was instrun.entsd tc
measure the overpressure, gust, and thermal inputs, and the response of varicus cCmponents of the
structure to thage inputs. The instrumentzd airerafll was positioned at predetermined polots 1o spavs in
the vicinity of several nuclear detonztions. The positions wers sslected such that design Himits woi i3

approached.

A maximum skin tamperature of 400° F was the criterion for dsterminsation of the amount of the*mszl
radiation which the B~-57B could absorb without sustaining permanent buckling of the skin, axd §00° ¥ was
the critarfon for the maximum safs jimit. In thermally critical participations, the sircraft was normally
positicned fnr the 400—degreea limit for the dealgn ylield and for less than 800 degrees for the positioning
yleld.

With respect to gust, the zircraft was limited by 300 percent of the design limit shear at Wing Station
123. The aircrall experienced loads of from 14 to approximstely 81 percent of the design limit load.

During Shot Apechs, the zircraft was positionad for both overpressure and a high horizontal gust com-
ponent. The results subasiantisted the theoretical alleviating effect of the horizontal gust componsnt. Blast
overpressures of 53 percent of ths overpressure limit wers receivad.

Sufficlent data wers obtzined for the determization of the delivery capsbility of the B-57B alvorsft: It
was found to be better than tho capahility described In the B-578 Phsss I-A Spacial Weapons Stodlss.

A.5.5 Project 8.5. Blast and Thermsl Effects on the F-84F Alrcraft in Flight. Agency: Wright Air
Development Center, Wright~Patterson Air Force Bass, Ohlo. Report Title: In-Flight Participation of
F-34F Alrcraft, WT—-1331. DProiect Officar; M.E. Lewin, Capt, USAF.

The responee of the F-B4F atrcradt to inputs from nuclear datonations was studied for verification or
modification of the weapon-delivery handbook pertaining apacifically to ths F-84F weapon gystem. I
sddition, the study started during Opsration Teapot on ths dynamic respoase of an alrereft structure to
side blast loads resulting from 2 nuclear detonation waz continued.

Two manned F-84F alrcraft werg exposed to shots of Iow, medlum, and high ylelds. Onse atrerall wae
{nstrumented to collect tharmal, overpressure, and gust dats for verification of the F-S4F weapon-delivary
capabilities. The second aivcraft was Instrumented to messurs overpressure and gust data to define tho
dynamic response of fighter structures to asymmetric loadings.

The positioning of the sircraft at a point In space to recsive the desired Inputs was accomplished with
2 Raydist Systam on Bikial chots and oy an AN/MSQ-1A grousd-control raduz system for Eniwetck missions.
The cazpabilities aircraft was positioned in seven shots to obtain & pradicted 60 to 80 percent of lmit gust
load =t the critical stetien 2nd 2 temperaturs riss that would causs buckling in the critical skin. Tha
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gesearch zireraft was positioned in ten shots to receive 40 to 80 percent of Hmit side fuselage bending
moinent at various angles of incidence to the blast wave.

The maximum ioads experienced by the capabllities alreraft occurred during Shot Dakotlz, when the
gircraft received a temperature risz of 698° F, causing buckling on the 0.025-Inch 245-T flap skin, a
pressure rise of 1.67 pel, and an incremental vertical bending moment at right-wing Station 34 of 73 per.
cent of limit Jozd. The maximum fueelage side bending moment was 72 percent of limit load, recorded by
the research alreraft during Shot Erle. Results obtalnzd from the enginc instrumentation indicated that
the effects of gust on engine perfermance were negligible.

Visible damage to the test aircraft consisted of considerable buckling of the gray-painted test sreas
on the capabilities alreraft caused by the high therma!l loading during Shot Dakots, with the flap groving
the most-vulnerable sircraft surface. Some damage atiributed to overpressure was alsc obssrved. In
addition, evidence of scattered therinal radiation was obtained on the top of the capabiliies sircraft dering
Shot Mohawk. The thermal curtain effectively proiected pilots from personzl injury and assumeas sdded
fmportance with the poasibility of =cattered radiation reeching the cockpit.

The data Indicated that the proj2ct successfully accomplished 1ts cbjectives. 11 {s therefore conciuded
that the F-84F sircraft need not purticipate In future nuclear tests for determination of the weapon-
delivery capabilities of the alrcradt.

A.5.6 Project 5.6. Blaet ard Thermai Effects on tha F=101A Alrcraft ia Flight. Agency: Wright Alr
De;;f'o;:ment Center, Wright-Pattereon Ayr Force Base, Okio. Heport Title: In-Flight Participation of
an F-1014 Alrcraft, WT-1232. Project Officer: M. H. Lewin, Captain, USAF.

The 1z ‘mary otjective of this project was to determine the responses of an In-Qight F-101 afreraft
zystem io the blzat, gust, and thermal effects of a nuciear detonat{on.

In order to accomplish the chjective, the test aireraft was instrumented to measure the gust, blaet,
and thermal inputs and the responses to these inputs on varicus components of the sirframe and engine.
The alrcralfl wae then positioned at predeter =ined points In spece in the vicinity of nuclear dutonations.
The positions sslected were not necesearily representative of delivery maneuvers, lat were at points in
apace where conditiong epproaching limit would theoretically be recelvad.

The sircraft succeasfully participated {n nine evanis with yields ranging from approximstely 1.44 kt to
4.8 M. The limiting conditions on the alrcraft were either 100 percant of the design limit allowable bend-
ing moment on the wing, or & 350° F temperaturs rise on 3 honeycomb surface. Al of the gust srd the
larger thermal inpute were symymetrically received on the sircraft in & tafl-to aspect. During Shot Mokawi,
the aircraft wag flown at supersonic speeds, sutrunning the measuvable gust effects. Also on this shot,
the afreraft experienced refected thermal radiaticn while io a cloud layer.

The max{mum temperature rise exparienced on the natursal finigh critical surfsce was 305° F on Shot
Dakota. This temperature rise was almost duplicated on Sbot Mohawk. By painting & wing-honeycomb
surfzce black, the 350° ¥ iimit wae intentionally exceeded. A temperature rise of appraximstely 450 to
506° F was received on this surface during Shot Dakota resulting in 160 percent unbonding of the skin from
the core.

Msxzimum gust loeding oceurred during Shot Inca, when 85 percent wing benditg moment was measured.
The mazimum free-siream ovsrpressure measured during the operation was 1.17 psi on Shot Navzjo.

From the participation of the F-1C1A alreraft o this operation, it can be concluded that its delivery
capahility exceeds that which ia predicted In ihe report “Special Weapon Explasion Effscte and Weapon
Delivery Capability of F-101A Alrplane (Phase 1),” by The McDonnell Aircza® Corporation. It can further
be concluded thst the date collected is sufficient to verify amd/or corract the above reporl.

A.5.7 Project 5.7. Albedo and Thermal-Flux Maasuraments from AlreraR. Agency: Air Force
Cambridge Ressarch Ceatsr, L. G. Hanscom Fleld, Bediord, Massachuneits. Report Title: Thermal-
Fiux snd Albedo Measurements from Aircrafl, WT—1333. Project Officer: R. L. Dresser, Major, USAF.

Calorimetric, photographis, and spectrographic records were obtained by means of calorimsters,
radiomaters, spectrographs, and cameras pisced (o each of fous alreraft.

Radiant exposurs and irradisnce wers measured for 10 gvents and spscira for 11 events. Fillery wers
used with many of ths instruments, isolating varicus paris of the visible 2nd pear-infrared spectrum.
Records were obtalred from the calorimeters simed directiy &f ths fireball, from the {nstruments dirested
townzd the watsr underneath the airevaft, asd from calorimeters oointing away from ths fireball. The
purpose of the latler wes to measure the back-scattared radistics.

The therma] recorda reaffirm the reduced tranamisaion of radiant enargy In the mear infrarsd beciuse
of abacrption by watsr vaper &rd carboa dioxide,




Ths equation developed by Chapman and Seavey for predicticg the radiant exposurs on = borizontsl
surface and Its modification 1o 2 surface orienisd normal to the Oreball was tested againat the collected
data and wzs found to satisfactorily predict the radiant exposure. A simple equstion, essentiaily & modi-
fication of that by Chapman and Sesvey, |8 also presented and tested sguinat the data. Tho uniform mete-
orological conditions aceompanying thass tests allow the use of tha simpler squation.

Compi_ison betwesn the alr drop event, Cberokee, 2nd 2 barye sbo! of simiizr yleld. Zunl, Indicated
no significant differences in the irradiances or radiart exposures measured 2t the alreraft.

Mossuroments of the back-scattared radistion, where availeble, were found to be two or three orders
of magnituds lower than the radiant ecergy received directly from the fireball, with the exceptionofa
single ‘nsirument reeding on 2 single event on which the B-52 fiying In savere cloud conditions measured
50 percent back-scatter into the cockpit.

The photograpkic records were taken at 6¢ trames/ascond on 16-mam high resolution emulsions, from
afreraft at slant ranges on the order of severz! kilometors from ground zero. Tho exposures started
bafore tizme zoro and lasted until the therma: pulse was affectively over. The camerzs had warious fisids
of view and were 2imed at the detmation site. CToversgs of the series of ditonations varied from ozly
1 suscessful ilm 1o 5 total of somo 20 series from 4 aireraft. Infrared (0.70 to 0.90 ), biue (0.35t0
0.45 ;¢), and linearly polarized {0.40 0 0.70 u) filter systems were used, the camerss being paired
Appropriste transfer (R and D) curves, ralating optical deasity of the devel-pad film to illuminxticn
intensity, were available. The bulk of the information was gained from microdeasitometer traces of
the negative strip; further Informstion came from size measurements op the film, and from gqualifative
obosrvaticn of the devaloping phenomena.

Such ancillary features as the W{lson cloud, plume, and bright spots appearing nesr shock-wave bresk-
away, were found to perturb the thermal cutput by less then 15 percent. The air shock appears to atien-
uate the blue lizht; the shocked volumae is visible In the infrared bacause of scattering from the dsnser alr.
No polarization phenoniena, other than the expectad difference in apecular scsttering from ths undisturbed
ocesn surface, wers resolved. .

It was fourd that an attepuatiag mentle (absorption shell) surrounds the fireball from z2fter breakzway
unti! the end of the thermsl pulse. Thia skell develcps to a thickness of about one-fourth the Grebell
radfus; {t {s somewhat more strongly attenuating in the blue than the {nfrared. Data on properties of this
shgorbing shell, zuch as dimensions versus tme, and effect on Iimb darkeniag (decrease In brightness
toward the edges of tha fireball), are presented

The spectral historles of all events appear quite similar, regardiess of the yleld; 5 large amount of
NO, {s formed quite early and persiste tiroughout the entire evect.

Aureole (alr-scatiered) light {8 found 1o be an order of magnitude more intense than the light refiected
{rom the uashocked water surface, for the typical moeist atmospheric conditiona of the Pacific Proving
Ground. Thiz aureole is white znd unpolarized. Ths shock froth albedo is about 12 Umas the ussbosked
water gibedo. In general, the total red light reflected or scattared into the typleal camern flolds of view,
from aurecle, clouds, and water was about equel ‘0 the direct fiux from the fireball. Most of this was
scaitered from the shock-frothed water. The blus slbedo was lower, prosumably because of the sir-ubock
attenuation. Furthermore, the blue freball showed considerabiy moro limb daskaning.

Bath air-shock und firebail dimsansions were found to obey tha predicted scaling laws. There is evidence
that the fireba!l surfzca lemperature i2 not symmetric with azimuth in s0me czseg a2 the thermel fiax
appesrs higher from certain (large) regions.

Reproductions of seversl sories of photographs containing different views of Shot Dakotz are presented,
as well an & typleal single saries for sach of the other detonstions baving photographle coverags: tha photo~
graphs are discussed,

Sugzestlons for the further analysis of existing Redwing datx, as well as the Improvement of future tests,

are presented.

A.5.8 Froject 5.8. Evaluzstion of the Model AJD-1 Alrcraft for Special Wespons Dellvery Capability.
Agency: Bureat of Aeronautics, Department of tha Navy. Report Title: Evaluation of tha AID-! Aireraft
for Specia! Weapons Dellvery Capabtiity, WI~1334. Project Cfficer: P.S. Harwsrd, LCDR, USH.

The primary obfective of this project was to determine the response of the atructure of the ASD-1 air-
craft ic the tharmal effects of 2 thermonuclear expiesion, primarily {or the purpoze of estaklishing eritical
thermasl envelopes for the gireralt when utflixed for the delivery of large-viaid dovices.

The A3D is a twin-engine, swept-wing, cartvler-hased jot airplane which ls Intended for use 2s 2 high-
altituds bomber having relatively long renge anc high performsnce.

On the basls of exiating structurai strangth It was determined that actual delivery capabllity iimitaticns
of the A3% as s Klgh-sltlivds bomber would be caused by thermai rasponse rathar thaa responte to gust Inputs.
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Therefore, participatios in Operatlou Redwicg was Umilod to shots for which therms! response would be
the liziting factor.

In Project 5.5, tho ASD airplane participatsd In ceven sbids: Cherokse 1) Zun! {3.5 Mt), Flatheaq

~; Apache 1Navajo J Tewa (5.0 M), and Buron b

Since thermal offacis were critical for ATD high-gititade dalivery, exmphasis of the {rstrumentation
was oo measuring the thormal energy recelvad ot ths sirplane and its effect oa the tempsratute respouise 3
the thin skin pansls on the jower surfsce of the atrplane.

Acditional {nstrumsniaticn w23 Instaliad to meadure overpressure, effect of shock wave o engine per-
formance, sxd girereft response 10 shock wave gust leadicgs.  Origiually the gust instrumentaiion conxistad
of sccelerometars at the airplacs centar of gravity, Lut during the text operation sdditional acteleromsters
and some strain gages were added in the wing.

Results of the tenta are preseated s direct and indirect irradisnce and rzdiant exposure versus tims,
temperaturs in thin skiu grees versus Ume, maximam temperature riss at each thermocoupie location,
pesk overpressurs, times of shock arrival, snd limited data o¢ structural loxds and acoelerations caused
by the shock wave gust. Calculsied weapon effects and aircraft responss are comparsd with the meisured
results to show the adequacy of prediction methods.

Prodiction metbods presented (n this veport for the thermal effects gave good agreament with the
messurad resuits for thermal felds, tempersture tims bistory, srd maximuen temperature rizs. Although
agresmant was good, results indicate x need for additions] informaticn and snderstanding of the atmospheris
sttezuation and the beat transfer properties of the sir fiowisg over the sirplene surfaces.

Excellent agreomsnt was obtained betwees the measurad snd calculatad paak overproasuro snd time of
stock arrival.

No undezirable engine response waa observod at ehock arrival. Chsarved changes in engins performancs
were 20 Jarger thon possible varistious cevesd by scouracy of the mausurieg and recording sguipreest,

A2 previvasly steisd, ithe emphaaiz of the Instrumentation was oo thermal effacts. Strucheral Joad
inscumentatica was limitad 1o & few sirain gages insislled &t the EPG during the tezt program. Desgite
the questicnable sccuracy ind mesgerness of the wing rasponse data, fuselage scceleromsier data confirmed
the originzl sstimaias that gust respooss would not be criticsl for the missica being considared. In generad,
the zust resposse insirumesiation was not oomnplete anough {0 permit Improvements in ibe structzral re~

sponss prediction ne=itods.

Es:dmum temperature rise experienced during the tecta wes STG"F. Thersfore, zitheugh it s oot
posaitle to define an absolute upper limit, 1t cun be ziated that the sirplxne safsly withriood this temperature
riss without sny damige.

With regard to the dalivery capebility of the AJD airplans, 1t can be stated ithat sl the test poriticns, with
the exception of Bhot Charckes, were tloser to the explosion tharn if the airpisne had dropped toe device and
execuiad & bovizunial torn escape mareuver.

In visw of the good agroeroest of the weapons effects prediction methods with the experimental valuss,
delivery capabliity studies besad on these matheds may be considersd valid.

A.5.9 Project 5.9, Wespon Effects oo Misaile Structures and Haterfals. Agescy: Wright Alr Develcp-
mient Cecter, Wright: Wright~Fasterson Air Foros Basa, (hic. Report Title: Waapm Effects on Miasile Siroctures
and Materisls, WT—-1335. Project Officar= C.J. Cosanzs, Lt USAF.

The objective of this profect was i investigate (o vulnersbility of basic missile structures snd materizis
o Erchall snd associsted pRecomens of & sacliear detonatics

Testa conzisted of exposing a tofal of 132 specimans, comprising over 53 diffsrent derigne, within the
fireballs of Sdots Evie and ohawk. On Skt Eris, exposures wers made 2 seven Jocatioas rerging fom
25 to 300 feet from the barst polntioa Ebot Mchawk, specimens were sxpossd s ted elevations o & tower 523
fset fromn ground s=vo.  As much e3 possiblo, ths specimens wers dzsignad 80 that the effects of sack of tha
esveral mechanisimo causlng thermal damsaze coold be ovalnated Individually.

Eighty-sight of the 103 specimess which ware exposad were resoversd: 18 out of & from Ehot Erie and
a1l ¢ from Shot Mokawk, The high radistion level after the ahots deleyud 58 malor recovery efiort for
sroroximatoly 3 months. Rasulis of the material svaluaiicn sindies showed that E-Inch-diametsr spderes
&1 stalslazs steel, molybdsmum, and tissiom sustained spproximately egual mass ahlatics whizh =25 0.08
pol &t 100 foet anc! 0.08 pel ot the 220-fook Tange. Coppw susizized 2 to 4 times the mass ablation o the
above thres mefals, and plastic experissted substantlally lses then tny of e mstals for e suposTre oo~
diticns op 5ot Erie. The sticlencs of sn siienusiing vapor layer wis subsfastisted by ths data, 22 & for
specimans lodicated that the removud of this apor layer by Iydrodynamic maaas had affected the ahlaticn,
Tia apparest ancmaly of spproxizately equrpl abiation esperienced by the 12-fosh-diamatsr sioe! snbaris
=t Satloss 159, 260, 350, and 300 on 8ot Prie oould, for the nxos? part, be sxplaiced o= ihe lnmaz of
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ablsticn by melting sfar emerguncs from the firedell. [t wag £30wm that removal of & moiten layer by
splaning off drops of tho materlal could lead to total ablation end wocld be lmportzst lo IGBM destruction
if the mizsile bad sn apprecishis axgaler velocity.

Ths eiecizicelly lastrumente! Oparatica Redwisg specimens have shown that {t 12 fessible o record
data alectricells inside the Srobsll of & mucioar detoastion with & gystem similsr to that ussd on Redwing,
The velocily-distancs impsact geges which were sdeguaiely profacied from the effects of overpreaswre and
matarial shiation cperuted sxtizfactorily and ylelded spperently relfably velooity veszus dictance data. It
kas besn sbown also tiat ball-crusber gages mey be succezafully employed to choarve experimentally psak
firebail pressures and sceelsrations, providsd tihe approximesis shape of the dynamic Input Is kxowmn.
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A.8 PROGRAM 6: ELECTROMAGXETIC EFFECTS

A.6.1 Projrct 6.1a. Accurale Location of #n Electromagnetic Pulee Source. Agency: Alr Forge Cam-
bridgc Pasearch Center, Bediord, Massachusstis. Report Title: Shori-Bassline Narol Meaturemoenis,
WT~1336. Project Officers Rickard 4. Houghten, Major, USAF.

The cbjeciive of this project was to siudy the feasibility of using the electromugnetic pulse emansting
from a nuclear detonation to determine the ground-zero position and yieid with equipment located from 200
to 5,000 miles from the source.

Nzrol time-to-arrival bomb dotectors were estzblished in Hawail and California to use the electromag-
netic pulse from a nuclaar detonation to locate the Getonalion position. Two short-baseline Narcl nets are
r=quired to determine actual ground-zero fixes, but during Operation Redwing, single nets determined lines
of pocition and demonstirated the {easibility of the systern.

The ability to isolate the bomb pulse from noiss determines the operationad range of 2 systermn. The Ha-
walian net, located zt a distance greater than its estirnated operationxl range, detlectzd and reporied each
shot before postshat confirmation, and by the end of the operation it was determining and reporting line ef
positior: within % hour after shoet imes. More difficulty was experienced xt the Californis nel: sxact shot
time was required o ideatify the bomb puise from some of its film racord.

Cf a total of 17 shots in the tegt series, the Hawatlan net was aleried for 35 and the Caltfornis o6t for 14.
The equipment operated and recorded data 2t all stations Isr thase shotls. Except for Bhot Beminols, linee
of position were successfully determinsd on each shot {rom the film of the Hawaltan ne? and the Tallforniz
net. Seminole was detonated in a tank of water that attenuated the elzclromagnstic pulss to & point where §t
waE not detectsble on the high-gain-Ulm record.

Lines of position determined at the Hawallan tet had an average ervor of plus or minus 1.4 naytical mtles,
Lines of position &t the California net had an average error of 5.4 nsutical miles. Relstive devics yields
messured from the eisctromagnetic field strength of thn recelved pulse were accurate ooly to within a factor

of tbree.

A.6.2 Project 6.1b. Accurate Locatica o7 an Electromagnetic Pulss Scurce. Agency: Air Force Cam-
bridgs Ressarch Certer, Bediord, Massachusatis. Report Title: Field-Sirength Measurement for Accurate
Location of Electromagoetis Pulse Sources, WT=1351. Project Officen: E. A. Lewis.

The primary cbjective of thia project was to Getermine the sccuracy with which sources of sjectromagz-
netic radistions sesulting {rom atomic explosions couid be locsted at raoges of 1,450 to 8,200 nautical miles,
Sperry Gyfoscope Company was assigned the tzik of operating end testing two Inverse-hyperbolic alomic
strike recorder natworks bassd on the use of Cytac, & low~frequancy, loran-fype, pulsed-signsl sysem
coeraiing on 100 ke. Cne nat was located {n the Ceatral Paciflc, the olber in the Usited Statea.

The two networks employed the Cytac squipment for & fice-measuremernt synchronizing signsl {tenths ol
gsec), nnd radio siations WWV and WWVH for coarse synchronizing signals {mrec). The cquipment used
was & furtker development of that ueed duriny Operation Teapot. Data was reconded photographically asd
sent for snalysis 10 2 net control station and {nformation was {nterchanged belween oets.  Preliminary data
bulleting were {ssued immediately after esch absot. ’

Seventesn shots were {irsd.  Of thess, the Pacific net recorded data on 14 and the United fistes net ra-
corded dttz on 11. The averzge fix error st 2,050 nautical milss was about 5.5 miles with & stsrdard davia-
’ tion of 4 miles. At 5,300 nantical miles, the aversge Hos of position (LOP) error was shout 4 miles witha

standard devistion of about 15 wofleas for the three _OP't used, Fix errors for the United States nat resait-
ing from the poor gaometry of the system averayed 116 and 83 miles. Faiisre to obtalp data because of
eguipwnent nosgerformance was lass than 4 pereent.

LOP errors resuiied maicly {rom geogriphic positice dalerminatics of the sites with respect o EPG,
from the propagation constanty used, sad {rom 132 poor crosaing angles {10 degrens). Lodger base lires
and optimum strtion configaration woxld {mprowe the fix accurssy by & figure of seves.

Considarable {iald-strensth datz wos gathersd which will ba of value In 1h2 desiyn and operation of future
systems.

Coaclusicns reached as & rasclt of Jperatics Redwing indicate that a fully sutoroatic ASTREC Bysterz can
e develooed for detecting 2ad locating pucless axplosicnt, to asalsl in Jamayge azsssanment, a=d fo dotar-
mins explosice loczticns. Tha wyulers can ba sdaple ts salisfy the requirements of the thres major Alr
Foros Commands, Air Defenss Comveand {ADC), Tacticsl Ar Command (TAC), #nd Strategic Alr Command

BAC).

- A.6.3 Profect £.3. Eiffscis of Huckear Detonations oa the loscaders. Agency: U.S. Army Signal Eusi-
peering Laboratories. Repori Title: lcmospharic Sffects of Nuclenr Detunstions, WT~3537. Prokct Oft-
cer; Arikur K. Harrls.
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The major objectives of this sxporimant were to Investigats ths area of absorption balicved to be due to
redioaciive psrticles from iarge auclear detonations and to study ihe effect of orfentation of the path from
the blast sile to the chserver relativs to the geomagnetic field ypnn F2-layer sfocts of such detonstions.
Othar obleciivad coxserned distant effects, boundaries of rising air thought to result from strong shock
waves, znd accumulstica of otber lonospbaric data.

To acesmz ish thase obisctives, loncaphere reconiars were Iocated shout 240 ki to the east of Bikind at
Pongerik, about 740 km tn the south at Kusale, and aboard an sirciit oporated within shout 405 ki of
greund zsro.

Strong radlo~-wave shsorption was experienced at the airorall when undarnesth the radicactive cloud.
Mzasurements ard theorstical stdios have been combined to determine the amoust of absorpticn #a & func-
tion of time, yieid, snd radio fraquency.

F2-layer ciiects coourred to U south that diffared decidedly {rom thoss 10 the exst: the former were
niore pronounced, longer-lasticg, and included discrete moving disturbances aitribatatie to compressionsl
znd hydremaguetic waves.

The rising F2-layer effect tiat was first observed {ollowicg the Ivy Mike shol was not chearved during
Operatiss Redwing. A theory was developed that explaing why this coavectional effect is faund oaly for shots
of sbout 10 2it and greater.

A.5.4 Projest 6.4. Test of Alrborne Astasnas ardd Pholowbas for Yisld Determination. Agency: Alr Be-
search and Developroent Command, Wright-Patterson Alr Force Sase, Report Title: Airborne Antsanus
and Phototubes for Determinstion of Nuclear-Weapor Yisld, WT—1352. Project Officors: Alan X. Waters
and Roger E. Claps.

The chjectives of this project ware 1o datermize: {1) th suitability of flush-mounted airborne antennes
for th=s type cumpatible with supersonic aircraft for dstecting the pertinent features of the low-frequescy
elactromagnetic radiation; (2) the quantitative charactaristics of both the tharmal and lew~{requeacy elac-
tromagnatic radiaticn (n an airborna vehicle 5a & funstion of racge to the burst; and {3} the effects of ambient
conditions upon both parameters.

A puclear detocation generatss thrae categoriss of charscteristic phenomans whick can be messured {rom
a bigb-spred aircraft: (1) low frequency electromagnetic radiaticn which can be receivad by an slsciric or
magnetic antenza; {2} thermal radiation detectable by pholotubes; and (3) pictsrial characteristics which can
be photograpbed.

Atrborne equipment has been Sasigned for determining the iocaticn and yield of & nuclear datenation. This
equipment for Indirect bomb damsge ksszzimont ({BDA) deterinea yield froin 2 miezsurement of the inter-
val betwsaz the time of the burst apd tims of the second paak o the thermnl radistion intensily curve.
Flush-maunted ferrite-cors magnetic leop anteanas, for uae in detacting the electromagnetic signsl acd thas
fixing the time of burst, psriormed succesafully during Operatios Redwing. Two kinds of phototubes for de~
tecting ihe second thermal pesk were testad and were found about squaily satisfactory. The method salected
for ;ﬂ:é:‘: determination gavs results accurats 1o £ 18 percent for {Ive shots with ylelds (o the range from

3.0 Mt

A detalled study of the coliected datd showed that the slectromagrelic signal, conaisting of & dirsct pulse
foliowed by o sories of fonospherc-reflectad aky waves, could be used in many ways to glve {nfarmstion cos-
ceming the detonslion and the iongaphere. From the time inlervals between the grovnd wave and sky waves
it wzs lcand posasibis to compuie both the disiasco between burst and receiver and tha baight of e raflacting
fcnospbere laysr. From the osclliatory period of the individusi sky waves or ground wave the yisld could be
estimated. The wave form of = sky wavo could be uzed for an salimsta of the height of tha receiving equip-
ment  The amplitudas [ 2 sequenco of =Xy waves could be used 1o give the radian frequeacy, ., charsc-
ter{zing the lonosphere, and to extrapoiate to the amplitudas of cthar sky waves or ths ground wavs.

For a pumber of tast shots, the thermal radiaticn intensity data was compared with the expsated Irradi-
ance to glve estimeies of almorpbaric attensation di 20 clowds and haxe. Measuremasis of smblent light
intensity and of the varisbility of amblent light wers slso made, to 213 in the evaluation of the IEDA syatem.

Ga b= sequance photographs the position of the Burat could bs determinad {rome {1} the intersecticn of
bright radiai lines; (2) the nenter of aymmetry of the condensation doms {z28 below); {3} the firehall {iaslf
or (4) the stem of the nuclesr clond., Waea the firebal! was visible, {ts redius could ba used 23 = moasums
of yleld, provided that the Uming of the plcture and tha range betweot burst and camara vpre ksswn. Ths
condensation dome, produced in humid air by ths rarefaction phase of the shock wass, appasred in all berst
sequences and was found uzaful In determining & rugh valus of the ranges and of the Hme of the burat rela-
tive to the timing of the photographa.

A.5.5 Project £.5. Measurement of Radla Freguency of Elsctmmagnetic Rudiatien from Nuclear
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Detonations. Agency: U.S. Army Signal Engineering Laberatories, Fort Monmouth, New Jerssy. Hspori
Tide: Measurement of Radle~Freguency Elactromagnetic Radiatica from Nuclear Deismations, WT—-1355.
Project {dficer: Charies J. Oug, let Lt, USA.

The objective of this project was to obiain, at saveral distantes, oxuiliographic wave forme of the elec-
tromagnatic pulses generated by sach of the nuclesr detoretiona during Opsraticn Radwing. TEces wave
forms were 10 be analyted to determine If correlation existed betweea gelncied pules charscteristics znd
varisus bomd parameters {yield, height of burst, device charscleristizs, 2tc.). AddiYonal dals was dosired
on the variation of pulse shape 2nd fi2ld strength »ith disténce. Informaiion obtainsod from this study Wiz 4o
supply.design informetion for & system 15 detect datonations, locats groamd zere, and measure yield and
passibly beight of burst at remols distancss.

During Operailca Redwing, radlo-frequency slectromagsstic pul. ap generated by muclsar Cotosations at
Enfwetok and Bikini wers dalscted and recorded ooth 32 Enlwetck and Kwalsleln. Oscillographic wave forma
recorded at varicus speeds showed detsils of the inltial portion of the rignal a6 weli as tbe complate signal
_ﬁ an lonospheric reflectica. j

—

—Wave forms were analyzed in determine peak {leid strengtk, times to peak negative and postilve TG
tions, and Hmes to zero crossings. Fourier integral ansiyses vere perfarrodd 1o 3dtain Ge fragusccey sped-
trum of each wave form. Analyals revesisd that correlations axisted betwnen yield 2nd each of B¢ wave-
{form duratios characteristics and slsc between yisld and the frsquancy corresponding o the spectrum pask
amplitede in ths VLY regicc. Chanpes in wave forms chserved it diffsrext distances were attributed to of-
fects of propagstics. Correlstions of fiald stresgih with yiels and with dtstance ware fouss to exist for
kiloton-yield devices. However, no such correlstions could be found for megaton-vield devicas. Fiskd
strengths wers lower (ban chserved for derices of comparshls yleld in Operation Tespol.

The sinfle wave form recorded for the 4 000-1oct nltitude ahot exbihitad x varistion tn weve-form shar-
actaristics which distinguizhed it {rom all ground-based shots of comparshle yteld. The recorded vavs
forms kmown to résult {rom aferics did »ot exhibit ihe characiaristics chservid %or datonatisn-penerated
wave forma. ticipstion {n future tests is naedszd to oblain & comprehenstive ctialeg of signs] &35 reise
wrave-forny characteristics.

Approximate distances tu the source wrrs obiained from & single stzlion Oy ulilizing siy-wive delxy.
Teasts indicated that titme of zignal arrival could be mezasured itk J.1-gasc resoiaton and 3=t ggnsls from
sl fevice could be detecied at 420 miles.

Wive forms should provide valusals informetice {or the development of sysiems b dotact sad 1ooxte the
source of nuclear explosicns. Work should cootizse on desigs of a Jocation ryaless Ror use 2t 520 milss,
with suismadc festures and oolise-fliering cherscteristica. The sysiem should cae wave-form dats as

basic informaticn.

A.6.8 Project 5.£. Attesuation of Super High Frequency sad Ultra Righ Frequency by Iomisy,
ing from Noclexr Explosions. Agency: U.S. Naval Rasgarch laboratory, Waskisfics, D.C. Report Titis:
Attszzation of Telemstry Froguencies by Nuclear Dstonsticus, WI—1345. Project Officen: P.A. Caldwell,

Preliminary design conzideraticar for & telemairy lick for use during waaponreifecta tasts Indicated tat
fonization In the peighborbond of a trazgraitter piased near & muclaar exploslon ight ot off B trassmia-
sion at early timses. This sxperiment wes designsd io detarraine winther 28 Ingizsisnecys talematey link
was possible, zincs Ftorages of broad band {nformaticn is difficsll.

Project 4.6 was establiabed to mossure sleciromagretic attenutics stoarly times with lnsac resol=ticn.
Since attesuation is a functian of the slottron dexsily and the sinctroa soliision {mguency, 2 mesares==t
of attsuaticn versus Ume woald erebls cas to calexiate slactros density versus time.

Avasishls sspar-high frequency GHE) (v 10,0865 Ko) and sltra-Rgh fraquancy (UEF) iw 2,559 ) recalv-
ars eod 30-mw kiystrom-tude trenamitiars and x 2C39 i-wxtt UHY cecillator wors ssed with high-gaie 3o~
teonas. A radizl tranamission path was choesd. The Joaaiiszs of the transmitiars mars chosen 5o (sl iky
caleaistad pask stisnucticas would be withis the dreamis razzs of the Feosiviag scxicmart.  Sinpis-tracs
oscilisstope plotares were mads of the atermation with 12200 resoletics for £§ z3oc end with less resalu-
tos o 550 geec.

Tie data {rors Shets Ossgys snd Blao¥ioot {=dicatsd that tic sigral avel doonped ssproximaiely 6 22
zero tims axd tock syproximately 12 msecilo recover complsisly. Ths meamired atlanuntion was showmis
agres with the caiculaied stizauatita from these shots. Rlectromagostic and hisst effecte mniile Intarpreta-
tica of ik Shot Iscs data Sificalt.
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A.7 PROGRAM 8: THERMAL RADIATION AND EFFECTS

A.7.1 Project 8.1a Bazic Thermal Radistize Measarenants {rom Grousd Stafiens. Agency: U. 8. Xoval
Radlolegical Defenss Labarstory. Report Titis: Basic Thermal Badiation Messuresernts {ros Ground Sa-
ticas, WT-—1338. Projsct Officer: W. 3. Plum.

The shiectives of this profect were 4o dxtermine the charsctaristics of t3e tharmal radistion smited by
three of the uclser éovius datonated at the Eniwetck Provieg grmigzl"s) duriag Operstica Radwics. The
thres davices were &

Rorults of thermal-radiation maasurements, Incleding (EErmal stargy &8 2 function of ms, broad spec-
tral basd, fleld of view, photographic data, scd irmadiasce rorsas dme, ars reportad for Shots Lacrosss,
Cherckee, azd Zuns.

Thoss data were zzalyzed o obiain fOredall radif versus time, color x=d power temperatures versss
iime, aod estimated thermal yi-b:.‘s Ths resuli= &re mﬁa&é toreiler with ¢ brief desoription of the
methads of interpretation useq by the authors:

Toe data from Shots Lacrosse 2od Zunl (55.5-18 andd 3.38-331 surface bursts, respectivelyj Indicata the
poasibiiity of 2 correlaticn betwoen tharmal cuipet 2od wesoos environment. Tho thermal yields for teso
iwo bursts were sboul s azticipaied. | _

Tbe results {rom Cherciae —‘p&% =5t B2 gocuretely amilyzed dus to the mino=s e~
frcts of cloud cover. It is calimalad thar the thermal yield of Chorskss was greater then 3D perzent of e
otal yiewd and that the peak temperature was Is excess of 3 220 X,

Sealing coastdersiisns xre discussed brieliy persding the 2221, 2l of data {roiz provicus fNeld tasts.

A.7.2 Profect 8.1h Measuramerst of Irradisnce a1 High Time Resolution. Agescy: U.S. Naval Radic-
fcgical Dufense Laboralory. Report Title Meoasuremsent of Irrcdizces at Bigh Tinw Basclubion, WT—1341.
Project Officers W.B. Plum,

Ti=z prictinal chiective of this Sroject was io stierass 1o datormine aa distributicn oI 8 3 radisnt
power as a finction of time during the detonation of 2 muclear davice.

IrTadizrce versss g wxb recorded for (v oultimeatn Selosations. Dats o the Cheroi=s shol axs

gt W Satisfactory pericrmancs was cittized froxm the Indtrumeniatien
o5 tks Zuni

{g@e_-i {3 Presiniod (o show tat coosidersbl: care most ba ex-
ercissd To TS TEGETSralatfon ST T55 @15 The Pacific stmospbere makes it sasexmally imposaible tr extrap-
olsts from isTadiznce measurersents 21 2 distant poist back 1o tha device {tself, Evidence la presentad o
show that considerable cary oot be exsroisdd In the izterpretation of tha Sata.

10 AR AR B

£.7-3 Projecs f.1c. Spectind Distribution of Irradisnce with High Time Rasclutica. Agensn T.3. Mawsl
Radiclogical Defecsn Laboratory. Report Titis: Speciral Distribusion of irrediacce oith Bizh Time Sagsin-
o, WT—1348. Project Gifizen: W.E. Plum.

"%sp-!wipﬂi%acﬂﬁdm;pmﬁmhw@mﬁgmm%tm%s
>1-31 alr barst with 23 Bigh 2 time resolction 38 praztical in the izterval batwecn 2 %-;:é:i,ee%%. TEs
sedondary odieclive was 1o mweazurs the pociml divirbotios of & multimegates surfics burst in the samy
tsannsy, 5 that 3 comparisca could be ade Letwees these two 17pes of axplosions. .

A multichennel reconiing spacirezeter with high tims resolution (a the spoctral reapr of 2500 4 @
25,580 A was used o measure B2 spectinal datribation of the {rvadiares sa s Z=nctics of tires recsived 2t
twe Icosticss for Bt Cherukes aad 2% o0y loostics for Foed Zonl. Due io a liToe drog sror, the poit of
deloaation scourvsad cutsida of the fleld of vizw of buth Iastromonts on Cherokes.

Tha spaciesd Siziribolicn of tha Irvadidngs received &2 e tUss of the s2cond maxizmowm for Skt Zmmd
shomed that x largs poriion of ihe ensrgy wws In the Infrarsd seficn of 13s specirus. The distrDations 2t
cther Umes ate oot reporiad, fises ths trrafizece lavels wore moch hewr tlas expectad hecauie of consid~
srable cloud obasmratisn of the fivclail.

A.7.4 Project 5.2, Theorms! nifccts oa Tailnlosie Materials. Agsosy: U.ES Doperusest o Agmissitars
Forest Sarvice. Divisdon of Firs Ressarch. Beport Yitles Thermal Effscte o= Csliziosic Hatortels, WT-
1333. Proiect Cfficer: W.L. Fons.

This prolcct bad as ia prifmary chlectives the delerminalion of {1) G misizue Sermal-igniiha enar-
gias {or S=e Rinfling focis as 3 check o labonalory dats cbtzined by the U. 9. Torest Service (U575 wd e
U. 5. Havz! Radiclopicel Dorense Laboratory INEDL) aad {3} the Sopth of char = wood sa & check o5 eqmtions

Fe.7




developed frown laboratory data obtained by NRDL with & cerbon arc.

Test specimens of aipha-cellulose paper of various thicknesses, densitlec, and carbon contents; six cop.
mon kindling fuels (cotton denim, rayon civih, newspaper, pine needles, dry grass. and corrugated fiber-
board); and three species of wood {maple, willow, amd balss) were expoaed to the radlation from Skot Cherg.
kee at Sites Dog and George. The specimens were exposed io thermal radiation directly and, also, behing
attenuating screens of different transmissions. 1or di{ferent moisture contents, part of the specimens were
i containers vented to the atmosphere and pa>t in moisture-preof containers containing a desiccant. Be-~
cause the homb burst was not directly over planned target zero, the direct radiation from the entire firebs))
entered the cslls at an appreciable angle, irradiatizg only 2 small portion of each specimen at Site George
and missing the specime & entirely at Site Dog. For this re’don, the deoths of char of the wood specimeng
were without sigaificance,

Data were obtained that permitte.* an estimate of the critical] ignition energy for newspaper, pine needles,
and ten of the black papers. Anulysis of the black-paper data indicates that the minimum thermal energy
causing ignition was increased by moisture content, density, and thicimeas rajved to about the 0.7 power,
also that moisture coptent and density had more efizc! on the criticai ignition encrgy of the thick papers than
of the thin papers.

The primacord technique of triggering a mechanism just before shot time was entirely successiul and
should prove useful in a wide variety of applications in future teut operatious.

A.1.5 Project £.3. Evaluaticn of Self-Recording Thermal Radintion Instruments. Agency: Arwmy Chemi-
cal Center. Report Title: Evaluation of Seif-Recording Thermas! Radiation Instruments, WT-—1340. Projsct
Offfcer: J.J. M2} ney.

Three types of self-recording thermal indicators—-two types of Chemical Corps self-recording calorim-
oters and the pulse recorder meade by Walter Kidde Nuclear Laboratories, Garden City, New York—were to
be tested for responss to mavinvin (40-cal/cm?), optimum (£0-cal/cm?), and minimum (3-cal/cm?} valees of
radiant exposure from a nuclear daetonation. The Cherdical Corps thermistor calorimeter, used successfully
during Operation Teapot, provided a relative standard tor co.nparjson of exposure measurements.

The t2sts of the Type 1 and Type 2 Chemicsal Corps self-recording celorimeters on Shot Cherckee re~
sulted in the conclusion that the Type 1 instrumonts were unsatisfactory and thet the Type 2 instruments
successfully integrated radiani exposures of long duration. Instrumentation with the self-recording calortm-
eters and *he Kidde pulse recorder for a short-durntion pulse, planned for Shet Blackfoot, was not fessi-
ble because of the station contimination resuiting from 2 prior ehot; therafore, instrument functioning for
short-duration pulses was not determired, snd the Kidde pulse recorder. which was designed only for
short-duration piuises, has rot received & velid test,

The actual burst point for Shet Cherokee deviated considerably from the planned burst point, resulting in
a significant angle cf incidence of the thermal energy on the instruments.

The data presented in this report represent the thermal ragiant energy actuallv recorded by the thermal-
radiation detectior. instruments at the vericus stations. Since th2 objective of the project was to test and
evaluate the instruments, no attempt has bean made to correct the data received for such fastors as angle
of incldence and almospharic transmaission in order to extrapolate to the radiating properties of the fireball.

The data obtaired with these {natr mantis was compared with that obiained by the NRDL at essentially the
same locations. This comparison of the results ss mezsured by the thermistor {nstru.rent, Type 2 self-
recording czlorimeter, and NRDL disk calorimeters shows good agreement (within 2 12 percent) of the mean
values.

Since theee new Instruments, as presently designed, are inaccurste for radient exposures of jess than 3
{cal/cm?)/szc, the results at Sirtion How, of about 84,000-foot distance, are only of qualitative tnterest.

A,7.6 Projsct 8.4. Thermal Kesponss of Afrcraft Structural Panels of the Bonderd Sandwich Type. Agon-
cles: Burezu of Aeronautics and Cook Research Laboratories. Repert Title: Thermal Effecta on Strength
of Aircraft Structural Sandwich-Type Panels, WT-—1341. Project Officer: A. Julian, LCDR, UGN.

This project was ccnducted to determine the effects of thesmal radiation on ssudwich-type airorafs struc-
turzi panels. Test pansls of varied construction materials ard ficing thickness were subjected to transieat
best pulses in unloaded and prestressed conditions to determine if any changs in structural integrity could
be noted,

Iniital spzcimens wers instrumentad for measurement of temperatare-yime history st the cors-to-fseind
bond and exposed to thermal sa3dintion during Oporation Redwing. Forty unliaded panels and two FI-4 eleva-
tors were expoced at Station 840.01 on Island George during Shot Cherckse. Small groups of similar speci-
nens were rmounted o the Project 5.8 alreraft aad expased during e test ssrias.

Hecordad pask temperature rizes at the ground station were in ¢he range from 100 to 350 F, whir: was
l6as than 50 percent of the expecied and desired range. Thewve Jow tempersturas are attributed to checurstias
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of the test array by smoking of the gray-painted samples at relatively low temperatures, and a much-higher
rate of heat conductivity to the core and rear facing than was originally expected. Obvicus physical sspara-
tisn of the {acing-~to-core was noted only in samplss of 5-piy {spproximately 0.018-inch) and 7-ply (approxi-
mately 0.025-{nch) phenclic face on balsa core, as indicated by marked convaxity of the separated areas.

Results of comparative post-exposure mechanicai tests on field-exposed, aluminum-facing szmples
showsd no noteworthy change in strength characteristics as 2 result of the radiant exposure. However,
tests conducted on sunilar specimens pulse-heated in a restrained and prostressed condition showed that
failure will occur at wmperatures well within the range of tbat devaloped in the field-exposed specimens.
Rzsults show that 0.02¢-inch tluminum facing on balsa-core specimens will fail at temperature rises of
approximately £90° F when subjected to relatively low stresses during the heating cycle. Additional data
from this load test program will bas published unisr BuAer Contract No. A(S} 56-387C, and BuAer Project
TED NAM AD 4002.

Analysia of the recorded field-temperature respouse and subsequent laboratory pulse~beating tests led to
the neceasity for a complete study of the haat-trenefer characieristics of sandwich construction. As a re~
sult of this study, a mathematical formulation hus been derived. Wien these formulas were programed for
digital computer use, accurate results were obtained. This pregram can be used with confldence to predict
thermal response to heat pulses from nuclear weapons or laborriory heat sources, and couid also be used
in establishing material criteria for sandwich structures having suparior thermal tolerance.

A.7.7 Project 8.5. Alrborne Spectral Analysis‘t')f Thermal Radiation with High Time Resclution. Agency:
Bureau of Aeronautics. Report Title: Airborne High-Renoluticn Spectral Analysis, WT-1342. Project
Officer: Ralph Zirkind.

The objectives of this project were to: (1) compars the measuraments of the spectral irradiance recorded
at an alrborne station with that recordad by a ground atation for an afr burst of a device in the megatcn re~
gioo and a surface burst of & device iu the same yield range; (2) measure the spectral characteristics of the
thermal radiation as a function of tims from a fireball unperturbed by the reflected shock durirg the early
po.tion of the thermal pulse; (3} accumulate narrow-band spectral dats with & high time resolution hereto-
forv unavatlable over a large range of yields; (4) determine the time variaiion of the {rradiance color tem-

-parature; (5) correlate rasults of high-resolutivn spectroscopy with broad-band calorimetry; (6) check ex-
isting thermal sealing laws and modify and extend them wharever possible and necessary; and (7) compare
the thermal data from surface detonntions with that from air bursts.

Thke prcject report contains {rrediance data in the region of 9.25u to 2.8 as a function of Hme for four
of six detonations in which this oroject participsted during Operation Redwing. The data were obtainad by
mounting in an afreraft a Hilger medium-quartz spectrometer with thirteen photo-sensitive recejvers near
the {ncal plane and recording the cutput on an Ampex 814 magnstic~tapa recordsr, which has 2 time resolu-
tion of 50 gsec. In addition, a tvo-channel transp-issometer, J.34 to0 0.8, and 0.8 to 1.05u, in conjunc~
tion with a callbrated 1ight source, provided dsta on atmgsphyric transmittance.

The six detonationz covered the approximate range o ___gto 4 Mt Included were three surface shots,
one tower shot, one air burst, and one detoration tamped with water. In two shots, & multimegaton alr
burst and a multimegaton surface burst, the airborne station was lscated above & surface station for com-~
parigon purposes. Due to & bombing error, neither station obtained useful data for the air burst. For the

tower shot, the aircraft was located diroctly sbove ground zero at an altitude of 22,000 feet £nd meas-
ured the irradiance of 2n unperturbed figeball. The remaining periicipation covered surface bursts with
yields of approxlmstelﬁ the purposs was to accumulate additional spectral data. In the
case of the tamped weter ahot, thé aircraft sborted prior to ime zero; therefors, no data was obtained.

Sufficient sl was obtrined to satisfy the objectivas of this project. The significant results include: (1)
the irradiance history a8 2 function of wave length; (2} spectral dependence of the basic time parameters of
the thermal radiation; (3) agreoment between airbnme and surface messurements of typ iy and tymax when
atmospheric effects are taken into conaldsration; and {4) agreemant between airborme and ground-station ob~
aervations of the estimated irradiance color temparatures.

The transmittance results are difficult to Interpret and therefore, only estimatas of the atmospheric
transmisslon ware made. The only positive result {s that the transmittance in the 0.3u to 0.6 region is
about half of values in the region of 0.6 to 1.054.
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A.8 PROGRAM 9: GENERAL SUPPORT

A.8.1 Project 9.1a. Cloud Photography. Agencies: Edgerton, Germeshausen, and Grier, Ine. and
the 6007th Reconnaiseance Group. Report Title: Cloud Photography, ITR—-1343. Project Officer: Lt Colo-
el J.G. James, USAF.

This project was organized to document nuclear cloud phenomsne during Cporation Redwing by muans
of seriel photography. It supplemonted Project 15.1 (Los Alamos Scientifiz Laboratory) and Project 23.2
(University of Calfornia Radiation Laboratory) studies of early rise conducted with the use of ground-baseg
cameras.

Three RB-50 aircraft were {lown &t altitudes of 20,000 to 30,000 fest and &t distances of 40 to 120 miles
from ground zero. Aerial cameras wore installed on A-28 stabiiized mounts, ag during Operation Castle.
Photographs were teken {rom three directions. Timing data were photographed astomaticslly and position
data were supplied by the aircraft navigators. .

Twenty-geven missions were scheduled, but two plines did not fly because of mechanical difficulties.
Adverse weathar conditions in the proximity of the aircraft were responsiblie for the lack of dats from
Shot Mohawk. Only one of eix films was readcbls, zad the one provided only sparse infcomation. Similar
but less extensive loas of data occurred from Sho‘s Cherokes, Flathead, Dakota, and Apache. The early
detonaticn time of Shot Tewa, with resultant minimizing of sky light, spparently cuused ths loss of all ex-
posures on the first photographic run aftsr the initizl bomb light faded.

Nevortheleas, the total data obtained were more accurats and covered longer periods than those {rom
any previcous operation. Measiremenio of cloud height and diamster up to 17 minuilss were mads by
Edgarton, Germeshausen and Grier, Inc. (EG&G) on most shets. For Mchawk and Tewa a sherter interval
was coverad.

Corrections were spplind ior the altitude of the plane, the sarth's curvature, atmospharic refraction,
and wbere necessary, for slight camera platform tilt: The dats agree quite well irom one plans to another,
and the reavits are connidered 15'possess a high degree of reliability. Howawsr, = significent correction
to adjust the hoight to top mesaurernents for the inability to mezasure ths true top of the cloud has not bsen
mzde. The information nscsesary for this correction, tha shipe of ths cloud top, is not known; assuming
& flatter2ad shape would he too speculative. This correction, &t maximum, Is subtractive inthe ordor .{
seversl thousands of {oet.

In genersi, drift measursmenta, oseential to other measuremants efter 26 winutes, are unsatisfactory,
and the data ajter that time are there{ore less reliabla.

The éata indicate that Redwing late cloud photograndy was superior to that of previous opsrations, with
significant sdvancement notad ia tho totel tims intarval covered and considerable improvermsnt made in the
keeping of navigational loge. It is considered that definitive dats have now been oblained concerning the
grovwth 2nd disperaal of stomic clouds during he firet 15 to 20 minutss for the entire yleld range of current
test devices.

A.8.2 Project 8.1b. Documentary Photography. Agsncles: Edgerton, Gennoshauzen, and Grier, Ins,,
Loe Alamos Sclentific Laboratory, and Lonkout Mouwdsin Laboratory. Project Offiesr: Lt Colomel J.G.
Jamas, USAF.

The objectives of this projec: wure to plan, program, and supsrvisse tachnical aud documsntary phoio-
graghic sarvices for all DUD proj 3ty participating in the woapon-eficct phese of ths operation.

Technical photegraphy in support of sil projects, such as high-speed, tima-lapas, snd function~of-time
phoiography was porformed by Edgerton, Sermsshausen, and Grier, Inc. under comtrict.

Technlcal ducumentary photography in support of projects for llustrating preliminury and fingl reports
was condunted by Task Group 7.1, Task Unit 8. All project reguircmants were coordinated through Pro-
gram §.

A documantary motiop~picture film to documan: the technice! and sofentific sapects of waapon-effect
tests wea rade by Lookout Mountain Laborsiory cader the the supervision of Task Unit 3.

Tha 6007th Paconntisdsncs Group, Far Esal Alr Forces, provided controlled mcasics for Shots Lscrosse,
Zuai, Ssminole, ¥nd Mohawk in support of Project 1.8, Cratar Survey.

Requirements were genaratad in tha fi3ld for serial photogrepby of Enlwetok snd Bikiol Atolls, Thess
were low-sititude uncontroiled moaaice 2nd proved to bo of velos to plesning operztions., Az = resuit of
thaze survevs, other cutlying 2tolls wers photograrkad for currsnt snd future pissning purposss.
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