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Gallery of U.S. Nuclear Tests 
by  Carey Sublette 

 

Last changed August 6, 2001 

 

Between July 16, 1945 and September 23, 1992, the United States of America conducted (by official 

count) 1,054 nuclear tests and 2 nuclear attacks.  The number of actual nuclear devices (aka "bombs") 

tested and nuclear explosions is larger than this, but harder to establish precisely.  Some devices that 

were tested failed to produce any noticeable explosion (some by design, some not).  Other "tests" (by 

official definition) were actually multiple device detonations.  It is not clear whether all multiple device 

tests have yet been identified and enumerated. 

 

These pages focus principally (although not exclusively) on the period from July 16, 1945 to 

November 4, 1962 -- the era of atmospheric testing*.  There are a number of reasons for this.  These 

early years marked the height of the Cold War when the U.S. nuclear weapons establishment came into 

being, when the major breakthroughs in weapon design occurred, and when the most severe effects of 

nuclear testing were felt around the World.  During this period, test series were grand operations 

involving huge numbers of people.  And each often with a set of clear objectives.  The era of 

atmospheric testing is also the period for which the most information is available.  When tests were 

exploded in the open, everyone could collect data on what was being tested.  When the tests went 

underground, testing became routine and information about what was being tested went underground 

too.  And of course, we can't have a gallery without pictures.  And atmospheric tests are the only ones 

for which pictures exist. 

 

* There were actually a few surface tests included in the official test count conducted after 

November 4, 1962.  These were a series of zero yield tests of Plutonium dispersal 

conducted in 1963 known as Operation Roller Coaster. 

 

Nuclear Testing and Health 
 

Ever since nuclear testing began, it has been very difficult to get a useful accounting of human 

exposures to the fallout from these tests.  Partly this was motivated by military secrecy, partly by a 

desire to allay public fears (i.e., public relations reasons), and partly by a fear of possible legal action by 

actual of potential victims.   

 

Some exposure-related incidents have been revealed due to the impossibility of hiding them -- 

namely the high radiation exposures of the Marshallese and the Japanese aboard the Fifth Lucky 

Dragon after the Castle Bravo disaster.  But most information on this subject has been withheld, 
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deliberated buried in obscure reports, or never collected (this is the principle of being careful not to learn 

what you don't want to know).  This information has slowly come to light in bits&pieces over the last 20 

years. 

 

What is probably the most important study of the health effects of testing were announced by the 

National Cancer Institute in August of 1997 and released in October.  The study report is now available 

on-line: National Cancer Institute Study Estimating Thyroid Doses of I-131 Received by 

Americans From Nevada Atmospheric Nuclear Bomb Test. 

 

The basic finding of the report is that internal exposures to radioIodine (I
131

) in fallout from 

continental nucelar testing was the most serious health consequence.  RadioIodine concentrates in milk 

when consumed by cows when grazing and then concentrates in human thyroid glands when 

contaminated milk is ingested.  This concentration effect is especially strong in children. 

 

The NCI study estimates that the average American alive at the time received a thyroid radiation 

exposure of 2 rads with some people receiving up to 300 rads.  The effect of these exposures is to boost 

the chance of contracting thyroid cancer some time during a lifetime.  This cancer is normally not very 

rare and is highly treatable (as cancers go).  It is possible to estimate the overall effect of the total 

radiation exposure of the American population.  From the 380 million person-rads of total exposure, 

roughly 120,000 extra cases of thyroid cancer can be expected to develop, resulting in some 6,000 

deaths [See note].  For comparison, the worst industrial disaster in history (Bhopal, India; December 3, 

1984) killed about 3,000 people and injured 150,000. 

 

No effort was made to systematically study the nationwide effects of atmospheric nuclear testing 

until congress ordered the study, which was finally released 15 years later.  In hearing held in 

September 1998, Bruce Wachholz -- chief of the radiation effects branch of the National Cancer Institute 

-- told a Senate hearing that the basic results were known as early as 1989 and a final draft report was 

completed in 1992.  Yet none of the information was made public for 5 more years. 

 

---------------------------------------------------------------------------------------------------------------------------- 

 

The Nuclear Test Series 
 

United States' nuclear tests were conducted on an intermittent basis from July 1946 to October 1958.  

During this period, nuclear tests were conducted in groups known as "operations" or "test series".  Each 

series was a distinct operation that was organized and carried out independently of other operations. 

 

On October 31, 1958 -- just after it concluded the largest test series to date -- the United States 

entered into a unilateral testing moratorium announced by President Eisenhower with the understanding 

that the former Soviet Union also would refrain from conducting tests.  The Soviet Union honored this 

moratorium initially but secretly prepared for a massive testing campaign which commenced in 

September 1961 and included the largest nuclear tests ever conducted. 

 

On September 15, 1961, the United States resumed testing at the Nevada Test Site (NTS) on a year-

round basis with Operation Nougat.  From that time to the present, tests have principally been grouped 

for fiscal and reporting purposes into "operations" or "series" according to the fiscal year in which they 

took place.  For example, fiscal year 1963 tests (which began 1 July 1962 and extended through 30 June 

1963) were in the Operation Storax series. 

 

Important exceptions to this scheme were a number of test series conducted during 1962-63: 

http://rex.nci.nih.gov/INTRFCE_GIFS/WHTNEW_INTR_DOC.htm
http://rex.nci.nih.gov/INTRFCE_GIFS/WHTNEW_INTR_DOC.htm
http://nuclearweaponarchive.org/Usa/Tests/Radiodine.html
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● Operation Dominic (which also been called Dominic I) -- conducted between April 25 and 

November 4 of 1962 (and thus overlapping Nougat and Storax) and which included 

○ the Department of Defense (DoD) Operation Fishbowl high-altitude tests in the Pacific. 

● Operation Sunbeam (also known as Dominic II) -- 4 weapons effects tests conducted by the 

DoD at the NTS between July 7 and 17 July 17, 1962 (concurrent with Storax) 

● Operation Roller Coaster -- 4 zero-yield tests conducted jointly by the U.S. and UK at Nellis Air 

Force Range (NAFR) between May 15 and June 9, 1963 (concurrent with Storax). 

 

Atmospheric testing concluded with the test Dominic/Fishbowl Tightrope on November 4, 1962.  

The signing of the Atmospheric Test Ban Treaty on August 5, 1963 in Moscow halted all further 

atmospheric testing by both superpowers. 

 

The Fiscal Year based underground series was perturbed in 1976 when the Federal Government 

changed the fiscal year to begin on October 1 and end on September 30.  Accordingly, the Fiscal Year 

1976 series -- Operation Anvil -- did not end on June 30 but was extended through September 30, 1976 -

- a period of 15 months. 

 

On March 31, 1976, the Soviet Union and the United States agreed to limit the maximum yield of 

underground tests to 150 kt. 

 

On October 2, 1992, the United States entered into another unilateral moratorium on nuclear 

weapons testing announced by President Bush.  President Clinton extended this moratorium in July 1993 

and again in March 1994 until September 1995.  With the signing of the Comprehensive Test Ban 

Treaty in September 1996, the United States -- along with the other nuclear powers -- made a legal 

commitment never to test nuclear devices again even though this treaty will likely never go into force 

due to the opposition of India. 

 

The Atmospheric Test Series 
 

Trinity - The First Nuclear Test 

 

Operation Year Location Number 

Trinity 1945 Alamagordo New Mexico 1 

 

The Post War Test Series 

 

Operation Year Location Number 

Crossroads 1946 Bikini Atoll 2 

Sandstone 1948 Enewetak Atoll 3 

Ranger 1951 Nevada Test Site 5 

Greenhouse 1951 Enewetak Atoll 4 

Buster-Jangle 1951 Nevada test Site 7 

Tumbler-Snapper 1951 Nevada Test Site 7 

Ivy 1952 Enewetak Atoll 2 

Upshot-Knothole 1953 Nevada Test Site 11 

Castle 1954 
Bikini Atoll 

Enewetak Atoll 
6 
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Teapot 1955 Nevada Test Site 14 

Wigwam 1955 Pacific Ocean 1 

Project 56 1955 Nevada Test Site 4 

Redwing 1956 
Bikini Atoll 

Enewetak Atoll 
17 

Plumbbob 1957 Nevada Test Site 30 

Project 58 1957 Nevada Test Site 2 

Project 58A 1958 Nevada Test Site 2 

Hardtack I 1958 

Bikini Atoll 

Enewetak Atoll 

Johnston Island 

35 

Argus 1958 South Atlantic 3 

Hardtack II 1958 Nevada Test Site 37 

Nougat 1961-1962 Nevada Test Site 32 

Dominic 

(with Fishbowl) 
1962 

Christmas Island 

Johnston Island 

Central Pacific 

36 

Storax 

(with Sunbeam and Roller Coaster) 
1962-1963 

Nevada Test Site 

Nellis Air Force Range 
56 

 

 

Underground Tests at the Nevada Test Site 
 

1963 to the present 

 

Overview of underground testing 
 

Official List of Underground Nuclear Explosions (UNEs) in Nevada from Sandia National 

Laboratories (July, 1994). 
 

U.S. Test Locations 
 

The first test of a nuclear weapon was in the atmosphere on July 16, 1945 in a remote part of New 

Mexico on what was then the Alamogordo Bombing Range and is now the White Sands Missile Range.  

The site is 55 miles northwest of Alamogordo, New Mexico.  At various times between June 1946 and 

November 1962, atmospheric and underground tests were conducted by the United States in the 

Marshall Islands (known as the Pacific Proving Grounds or PPG), Christmas Island, Johnston Atoll in 

the Pacific Ocean, and over the South Atlantic Ocean.  Between January 1951 and July 1962, 

atmospheric and underground nuclear tests were conducted in Nevada at the Nevada Test Site (NTS - 

originally called the Nevada Proving Grounds or NPG). 

 

Since July 1962, all nuclear tests conducted in the United States have been underground.  Most of 

them have been at the NTS.  Some tests were conducted on the Nellis Air Force Range (NAFR); in 

central and northwestern Nevada; in Colorado, New Mexico, and Mississippi; and on Amchitka, one of 

the Aleutian Islands off the coast of Alaska. 

 

Maps of the test sites: 

 

● Continental U.S. test sites (65 K, 691 x 598) 

http://nuclearweaponarchive.org/Usa/Tests/Nevada.html
http://nuclearweaponarchive.org/Usa/Tests/Nevada.html
http://nuclearweaponarchive.org/Usa/Tests/Ustestmap3.jpg
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● Pacific Ocean: Larger map (91 K, 976 x 710) ; Smaller map (49 K, 639 x 469) 

○ Enewetak Atoll: Larger map (20 K, 920 x 1104) ; Smaller map (13 K, 466 x 611) 

○ Bikini Atoll: Larger map (67 K, 944 x 796) ; Smaller map (56 K, 623 x 532) 

○ Christmas Island: Map (58 K, 503 x 481) 

○ Johnston Island: Picture (76 K) 

● Nevada Test Site: Topographic map (17 K, 516 x 498) , Area map (93 K, 443 x 647) 

 

About the Pacific Proving Ground 

 

-------------------------------------------------------------------------------- 

 

Principle References Used for the Gallery of U.S. Nuclear Tests 
 

●The Swords of Armageddon: U.S. Nuclear Weapons Development Since 1945, Chuck Hansen, 

October 1995, Chuckelea Publications 

● U.S. Nuclear Weapons: The Secret History, Chuck Hansen, 1988, Orion Books 

● United States Nuclear Tests; July 1945 to December 31, 1992, Robert S. Norris and Thomas B. 

Cochran, NWD 94-1, 1 February 1994, NRDC (Natural Resources Defense Council) 

● Reflections of a Nuclear Weaponeer, by Frank H. Shelton; 1988, Shelton Enterprise, Inc. 

● United States Nuclear Tests, July 1945 through September 1992, DOE/NV-209 (Rev. 14), 

December 1994 

 

On-Line Sources on U.S. Nuclear Tests 
 

● United States Nuclear Tests, July 1945 through September 1992, DOE/NV-209 (Rev. 15), 2001 - 

lists chronologically and alphabetically by name all nuclear tests and simultaneous 

detonations conducted by the United States. Acrobat (.pdf) download (36 kilobytes). 

Regretably the DOE Nevada web site has removed the HTML format on-line version of this 

catalog. 

● Radiological Effluents Released from U.S. Continental Tests, 1961 through 1992, DOE/NV-

317 (Rev. 1), August 1996 - documents all U.S. continental nuclear tests from 1961 through 

1992 from which radioactive effluents were released. 

● Official list of announced Nevada Test Site explosions [1995] 

● Comprehensive List of All Nuclear Explosions by Jim Lawson [8/1996] 

● Historical Estimates Of External Gamma Exposure And Population External Gamma 

Exposure From Testing At The Nevada Test Site. Part 1, Test Series Through Hardtack 

2, 1958; Anspaugh, Lynn R; Church, B W.; Ucrl-87380; pg. 39; December 1, 1984; Acrobat 

(.pdf) download 3.7 megabytes. 

● The National Cancer Institute Study Estimating Thyroid Doses of I-131 Received by Americans 

From Nevada Atmospheric Nuclear Bomb Test, 1997 is available from the National Cancer 

Institute. To get the full report, in Acrobat (.pdf) format click here. 

● Go to the DOE IHP Marshall Islands Program this is an on-line repository of more than 6,000 

documents pertaining to the U.S. Nuclear Testing Program in the Marshalls Islands. 
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http://nuclearweaponarchive.org/Usa/Tests/Bikini1.gif
http://nuclearweaponarchive.org/Usa/Tests/Bikini2.gif
http://nuclearweaponarchive.org/Usa/Tests/Xmasisland.gif
http://nuclearweaponarchive.org/Usa/Tests/Johnston1.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ntstopo.gif
http://nuclearweaponarchive.org/Usa/Tests/Ntsmap.gif
http://nuclearweaponarchive.org/Usa/Tests/Ppg.html
http://www.nv.doe.gov/news&pubs/publications/historyreports/pdfs/DOENV209_REV15.pdf
http://www.nv.doe.gov/news&pubs/publications/historyreports/Radiological.htm
http://www.nv.doe.gov/news&pubs/publications/historyreports/Radiological.htm
http://nuclearweaponarchive.org/Usa/Tests/Nevada.html
http://nuclearweaponarchive.org/Library/Catalog
http://www.llnl.gov/tid/lof/documents/pdf/197594.pdf
http://www.llnl.gov/tid/lof/documents/pdf/197594.pdf
http://www.llnl.gov/tid/lof/documents/pdf/197594.pdf
http://rex.nci.nih.gov/
http://rex.nci.nih.gov/
http://rex.nci.nih.gov/INTRFCE_GIFS/WHTNEW_INTR_DOC.htm
http://tis-nt.eh.doe.gov/ihp/marsh/marshall.htm
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http://nuclearweaponarchive.org/Usa/Tests/Trinity.html 

Trinity 
16 July 1945 

 

If the radiance of a thousand suns 

Were to burst at once into the sky, 

That would be like the splendor of the Mighty One... 

I am become Death, 

The shatterer of Worlds. 

 

The Bhagavad-Gita  

 

Last changed 12 March 1999 

 

The first nuclear explosion in History took place in New Mexico at the Alamogordo Test Range on 

the Jornada del Muerto (Journey of Death) desert in the test named Trinity. 

 

This test was intended to prove the radical new implosion weapon design that had been developed at 

Los Alamos during the previous year.  This design -- embodied in the test device called 'Gadget' -- 

involved a new technology that could not be adequately evaluated without a full-scale test.  The gun-

type Uranium bomb, in contrast, was certain to be effective and did not merit testing.  In addition, since 

no nuclear explosion had ever occurred on Earth, it seemed advisable that at least one should be set off 

with careful monitoring to test whether all of the theoretical predictions held. 

 

The origin of the name Trinity for this event is uncertain.  It is commonly thought that Robert 

Oppenheimer provided the name which would seem logical.  But even this is not definitely known.  A 

leading theory is that Oppenheimer did select it.  And that he did so with reference to the divine Hindu 

trinity of Brahma (the Creator), Vishnu (the Preserver), and Shiva (the Destroyer).  Oppenheimer had an 

avid interest in Sanskrit literature (which he had taught himself to read), and following the Trinity test is 

reported to have recited the passage from the Bhagavad-Gita that opens this page. 

 

Before Trinity: The 100 Ton Test 

May 7, 1945: 

 

To help in preparing the instrumentation for the Trinity shot, the "100-Ton Test" was fired on May 

7,945.  This test detonated 108 tons of TNT stacked on a wooden platform 800 yards from Trinity 

ground zero.  The pile of high explosive was threaded with tubes containing 1,000 curies of reactor 

fission products.  This is the largest instrumented explosion conducted up to this date.  The test allowed 

the calibration of instruments to measure the blast wave and gave some indication of how fission 

products might be distributed by the explosion. 

 

● The pile of 108 tons of Composition B (a TNT/RDX mixture) prior to being blown up in the 

100 Ton Test (46 K). 

 

● This image was provided by Peter Kuran, director of Trinity and Beyond: The Atomic Bomb 

Movie (available on video).  Footage of the 100-ton shot can be seen in the movie. 

 

The Gadget 

July 12, 1945: 

 

http://nuclearweaponarchive.org/Usa/Tests/100ton.jpg
http://nuclearweaponarchive.org/Usa/Tests/100ton.jpg
http://www.vce.com/trinity.html
http://www.vce.com/trinity.html
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The 'Gadget' components arrive at the test site.  Assembly of the test device begins at the McDonald 

Ranch farmhouse at Alamogordo at 1300 hours. 

 

Delivery of the plutonium core (40 K).  Sgt. Herbert Lehr delivering the plutonium core (or more 

probably half of it) for the 'Gadget' in its shock-mounted carrying case to the assembly room in the 

McDonald Ranch farmhouse. 

 

July 14, 1945: 

 

Robert Bacher drives the assembled core to Zero where final assembly of the 'Gadget' was conducted 

in a canvas tent at the basis of the tower. 

 

Plutonium core insertion (42 K). 
 

Silhouetted against the canvas, we see the Plutonium core being inserted into the explosive shell of 

the 'Gadget'. 

 

Later that same day, the assembled 'Gadget'(without detonators) was hoisted to the top of the 100-

foot test tower. 

 

July 15, 1945: 

 

On the night of July 15
th

, the detonators were installed in the 'Gadget' and assembly was completed.  

Dr. Norris Bradbury -- supervising the assembly process -- noted in his log book:  "Look for rabbit's feet 

and 4-leaf clovers.  Should we have the Chaplain down here?" 

 

The partially-assembled Gadget atop the test tower.  Visible in this picture is Norris Bradbury, 

who later became the director of Los Alamos for several decades upon Oppenheimer's departure. 

Bigger image (640x472, 71K)    Biggest image (935x690, 135K)  
 

351x250, 33 K Partially assembled Gadget. 

Bigger image (640x456, 92K)    Biggest image (939x669, 142K) 
 

339x250, 21 K The fully assembled Gadget. 

Bigger image (640x472, 56K)    Biggest image (1024x755, 120K) 
 

 

The Trinity Test 
 

July 16 1945, 5:29:45 AM. (Mountain War Time) 

Trinity Site Zero, Alamogordo Test Range, 

Jornada del Muerto desert. 

 

Yield: 20-22 Kilotons 

 

Image-1         Image-2 
 

"In that brief instant in the remote New Mexico desert, the tremendous effort of the brains and brawn 

of all these people came suddenly and startlingly to the fullest fruition.  Dr. Oppenheimer -- on whom 

has rested a very heavy burden -- grew tenser as the last seconds ticked off.  He scarcely breathed.  He 

http://nuclearweaponarchive.org/Usa/Tests/Trlehrcore.jpg
http://nuclearweaponarchive.org/Usa/Tests/Gadassm.jpg
http://nuclearweaponarchive.org/Usa/Tests/GadgetA343c10.jpg
http://nuclearweaponarchive.org/News/Bradburyobit.html
http://nuclearweaponarchive.org/Usa/Tests/GadgetA640c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/GadgetA935c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/GadgetC351c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/GadgetC640c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/GadgetC939c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/GadgetB339c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/GadgetB640c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/GadgetB1024c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Trinity6-18MS320c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Trin3.jpg
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held on to a post to steady himself.  For the last few seconds, he stared directly ahead.  And then when 

the announcer shouted "Now!", there came a tremendous burst of light followed shortly thereafter by the 

deep growling roar of the explosion.  His face relaxed into an expression of tremendous relief.  Several 

of the observers standing back of the shelter to watch the lighting effects were knocked flat by the blast. 

 

"... All seemed to feel that they had been present at the birth of a new age -- The Age of Atomic 

Energy -- and felt their profound responsibility to help in guiding into the right channels the tremendous 

forces which had been unlocked for the first time in History." 

-- Brigadier General Thomas F. Farrell, describing his impressions at S-10,000 a bunker 

10,000 yards south of Trinity; quoted in The Day the Sun Rose Twice by Ferenc M. 

Szasz, pg. 88. 

 

 
 

Below is the aftermath of the detonation about 24 hours later.  A dark area of fused soil (trinitite) 

radiates from ground zero.  In the lower right portion of the picture, the crater from the 100 Ton Test is 

visible. 

 

The Trinity Crater (52K) 

 

463x388, 48K  Another view of Trinity ground zero. 

 

340x480, 40K  Oppenheimer and Groves inspecting the remains of the Trinity test tower, 9 

September 1945.   Click for big image (532x750, 86K)  

 

The heat of the Trinity explosion melted the sandy soil around the tower to form a glassy crust 

known as "trinitite".  Years later, with a view towards making the Trinity site a tourist-accessible 

national historic site (a plan that has never been carried out), the mildly-radioactive crust was bulldozed 

into heaps and covered with soil.  Click for bigger image (500x470, 92K) 

 

There is also a full color gallery of trinitite specimens. 

 

Some movies of the Trinity test: 

 

● An MPEG Movie of Trinity, no sound (239946 bytes)  

● Quicktime Movie of Trinity, with sound (961935 bytes). The voice is that of veteran newsreel 

announcer Edward Thorgerson who died December 22, 1997 at age 95. 

● Another Quicktime Movie of Trinity (900222 bytes)  

● Yet another Quicktime Movie of Trinity (1.39 megabytes) 

 

For more videos, pictures, maps, and documents on Trinity, go to Gregory Walker's Trinity Test 

Page. 

 

http://nuclearweaponarchive.org/Usa/Tests/Trincrater.jpg
http://nuclearweaponarchive.org/Usa/Tests/Gzero.jpg
http://nuclearweaponarchive.org/Usa/Med/Oppgrov2med.jpg
http://nuclearweaponarchive.org/Usa/Med/Oppgrov2big.jpg
http://nuclearweaponarchive.org/Usa/Med/Trinititesm.jpg
http://nuclearweaponarchive.org/Usa/Med/Trinitite.jpg
http://nuclearweaponarchive.org/Usa/Med/Trinitite.html
http://nuclearweaponarchive.org/Usa/Tests/Trinty1.mpg
http://nuclearweaponarchive.org/Usa/Tests/Trinty1.mov
http://nuclearweaponarchive.org/Usa/Tests/Trinty2.mov
http://nuclearweaponarchive.org/Usa/Tests/Trinty3.mov
http://nuketesting.enviroweb.org/trinity/tr_test.html
http://nuketesting.enviroweb.org/trinity/tr_test.html
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To go to the Summary of the Symposium On The 50th Anniversary Of The Trinity Test, Sponsored 

by National Academy of Sciences (NAS) & DOE and held at NAS, Sunday, July 16, 1995, click here. 

 

You can also try downloading the following documents from Los Alamos National Laboratory in 

Adobe Acrobat (.pdf) format: 

 

● LA-6300-H Trinity by Bainbridge.  The authoritative Trinity test report. 

● LA-3719 Health Physics Survey of Trinity Site. 

 

http://nuclearweaponarchive.org/News/Trinity.txt
http://lib-www.lanl.gov/la-pubs/00317133.pdf
http://lib-www.lanl.gov/la-pubs/00314894.pdf
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The First Atomic Weapons 
 

Last changed 30 March 1999 

 

In some sort of crude sense which no vulgarity, no humor, 

No overstatement can quite extinguish, the physicists have known sin; 

and this is a knowledge which they cannot lose. 

-- J. Robert Oppenheimer  

Concurrent with the preparations for the Trinity test, preparations were being made for the delivery 

of operational atomic weapons to Tinian Island in the Pacific for use against Japan at the earliest 

possible date. 

 

2 weapon designs were available for use -- the gun assembly 'Little Boy' bomb that used Uranium 

highly-enriched in U
235

 and the implosion assembly 'Fat Man' that used Plutonium. 

 

Little Boy and Fat Man On Display 
 

At the National Atomic Energy Museum, Albuquerque, New Mexico, USA, representative weapon 

casings for the 'Little Boy' and 'Fat Man' type weapons are on display. 

 

Little Boy and Fat Man (136K)             Little Boy and Fat Man (65K) 

 

 

The Combat Weapons 
 

After the detonation of the first Plutonium bomb core in the Trinity test, the next weapon that was 

available was the completed 'Little Boy'.  It was this weapon that was dropped on Hiroshima.  Another 

'Little Boy' weapon would not have been ready for months.  For this reason, only one 'Little Boy' unit 

was prepared.  In contrast, many 'Fat Man' bomb assemblies were on hand (without Plutonium).  And 

the actual "Fat Man bomb" delivered against Japan only existed when assembly of the 'Fat Man' unit 

with the Plutonium core was completed shortly before the mission. 

 

Little Boy bomb before use in combat (75K) 

 

Designation Mk-I  'Little Boy' Mk-III  'Fat Man' 

Width 28 in. 60.25 in. 

Length 120 in. 128 in. 

Weight 8,000 lbs. 10,300 lbs. 

Yield 15-16 kt 21-kt 

 

The second Plutonium bomb core was delivered to Tinian for use in the first deliverable 'Fat Man' 

weapon against Kokura arsenal only days after the arrival of 'Little Boy'.  Due to weather-related 

problems, the Kokura primary target was scrubbed and the secondary target Nagasaki was bombed. 

 

Fat Man Blue Print (73K) 

 

'Fat Man' bomb assembly being prepared for testing at the US Navy Saltwells ordnance facility near 

Inyokern, California (now China Lake Naval Weapons Center near Ridgecrest, California): 

http://nuclearweaponarchive.org/Usa/Med/Lbfm.jpg
http://nuclearweaponarchive.org/Usa/Med/Amwpns.jpg
http://nuclearweaponarchive.org/Usa/Med/Lbmus.jpg
http://nuclearweaponarchive.org/Usa/Med/Fm100.gif
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(45K) 

 

Buttons of refined plutonium metal used in the second bomb core, dropped on Nagasaki (40K) 

 

Click here for a close up view of the plutonium buttons (145K) 

 

Fat Man unit (71K) 

 

 

'Fat Man' at Tinian Island 
 

Below are images of the actual 'Fat Man' bomb that was dropped on Nagasaki assembled and ready 

for combat. 

 

Assembled Fat Man bomb at Tinian Island (27K) 

 

640x467, 56K Fat Man bomb being prepared for loading on the B-29 Bock's Car  

Click for big image (954x646, 114K) 

 

http://nuclearweaponarchive.org/Usa/Med/Saltwell.jpg
http://nuclearweaponarchive.org/Library/Plutonium/Pubuttb.jpg
http://nuclearweaponarchive.org/Library/Plutonium/Pubutton.jpg
http://nuclearweaponarchive.org/Usa/Med/Fmmus.jpg
http://nuclearweaponarchive.org/Usa/Med/Fmtin.jpg
http://nuclearweaponarchive.org/Usa/Med/FatMan640c10.jpg
http://nuclearweaponarchive.org/Usa/Med/FatMan954c10.jpg
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The Hiroshima/Nagasaki Legacy 
 

Within a mile, most people were dead and most buildings destroyed.  The survivors waited for death 

as emergency services were minimal.  The cremation fires burned day and night, mixing with the fallout. 

 

Hiroshima 
August 6,  8:15 am 

 

'Little Boy' bomb -- dropped by the U.S. B-29 Enola Gay -- explodes with the force of 15 kilotons of 

explosive 

 

Aerial View of Hiroshima Mushroom Cloud (62K) 

 

 

Picture below taken by Seizo Yamada, 7 kilometers east-northeast of Hiroshima 

Ground Level View of Hiroshima Mushroom Cloud (123K) 

 

 

About 1-hour after the bombing.  Picture taken by U.S. bomber 80 km away over the Seto Inland 

Sea. 

Ground Level View of Hiroshima Mushroom Cloud (111K) 

 

 

Nagasaki 
August 9,  11:02 am 

 

'Fat Man' bomb -- dropped by the U.S. B-29 Bock's Car -- explodes with the force of 22 kilotons of 

explosive 

 

Fireball and Mushroom Over Nagasaki (119K) 

 

Aerial View of Nagasaki Mushroom Cloud (119K) 

 

 

The Damage 
 

Reinforced concrete building near ground zero in Hiroshima.    (77K) 

 

Hiroshima, vicinity of ground zero.  The ruined dome -- now known as the Atomic Bomb Dome -- 

has been left standing as a memorial.  It is 160 meters from ground zero near the bare trees to the left of 

the dome.   (68K) 

http://nuclearweaponarchive.org/Japan/Hirosh1.gif
http://nuclearweaponarchive.org/Japan/Hirgrnd.jpg
http://nuclearweaponarchive.org/Japan/Hirosh2.gif
http://nuclearweaponarchive.org/Japan/Hirosh.html
http://nuclearweaponarchive.org/Japan/Nagask2.jpg
http://nuclearweaponarchive.org/Japan/Hruin1.jpg
http://nuclearweaponarchive.org/Japan/Hruin2.jpg
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Victims of the bombings. 
 

Below are a Nagasaki boy and a Hiroshima woman suffering from flashburns.  The woman died on 

October 15, 1945.  The fate of the boy is unknown. 

Boy                                 Woman 

 

 

 

Memorial Cenotaph in Hiroshima Peace Park 
The inscription reads   ( 60K ): 

 

Let all souls here rest in peace, 

for we shall not repeat the evil. 

 

Towards evening, a light southerly wind blowing across the city wafted to us an odor suggestive of 

burning sardines.  I wondered what could cause such a smell until somebody -- noticing it too -- 

informed me that sanitation teams were cremating the remains of people who had been killed.  Looking 

out, I could discern numerous fires scattered about the city.  Previously I had assumed the fires were 

caused by burning rubble.  Towards Nigitsu was an especially large fire where the dead were being 

burned by hundreds.  Suddenly to realize that these fires were funeral pyres made me shudder, and I 

became a little nauseated. 

Aug 8, 1945 

from Hiroshima Diary by Michihiko Hachiya. 

 

http://nuclearweaponarchive.org/Japan/Victim1s.gif
http://nuclearweaponarchive.org/Japan/Victim2s.gif
http://nuclearweaponarchive.org/Japan/Cenotap.gif


 14 

http://nuclearweaponarchive.org/Usa/Tests/Crossrd.html 

Operation Crossroads 
1946 

Last modified December 16, 2001 

 

The Crossroads Series tests were the first nuclear explosions since World War II and the first 

nuclear weapon tests since Trinity.  These were the first "weapons effects" tests ever conducted -- tests 

designed specifically to study how nuclear explosions affect other things rather than tests of the behavior 

of a weapon design (as was Trinity).  The purpose of the tests was to examine the effects of nuclear 

explosions on naval vessels, planes, and animals. 

 

A fleet of 71 surplus and captured ships anchored in the Bikini Atoll lagoon in the Marshall Islands 

were used as targets.  This fleet included a number of famous Allied and Axis vessels such as the aircraft 

carrier USS Saratoga; the battleships USS Nevada, Pennsylvania, Arkansas, and New York; the German 

cruiser Prinz Eugen, and the Japanese battleship Nagato. 

 

The weapons used were Mk 3A (Model 1561) 'Fat Man'-type atomic bombs, essentially unmodified 

from the wartime designs. 

 

"The bomb will not start a chain-reaction in the water converting it all to gas and letting the ships on 

all the oceans drop down to the bottom. 

It will not blow out the bottom of the sea and let all the water run down the hole. 

It will not destroy gravity. 

I am not an atomic playboy as one of my critics labeled me, exploding these bombs to satisfy my 

personal whim." 

-- Vice Admiral W.H.P. Blandy, Commander Joint Task Force One, Operation Crossroads 

 

 

Able 

Test:  Able 

Time:  22:00:34   June 30, 1946 (GMT) 

 09:00:34  July 1, 1946 (local) 

Location:  Bikini Atoll lagoon, Marshall Islands 

Test Height and Type:  Airburst, Altitude 520 ft (160 m) 

Yield:  23-kt 

 

History's 4
th

 atomic explosion.  A standard 'Fat Man'-type Mk 3A fission bomb -- dropped by B-29 

"Dave's Dream" -- was used in test.  The bomb fell 980 ft short and 1870 ft left of target, perhaps due to 

a collapsed tail fin.  The USS Gilliam was sunk, and 4 other vessels were either sunk or severely 

damaged.  The misplaced bomb resulted in a government investigation of the flight crew. 

 

Able as seen from Eneu Island (58K) 

Able from air (38K) 

Click here to see a movie of the Able shot (307K) 

 

 

Baker 

Test:  Baker 

Time:  21:35:00  July 24, 1946 (GMT) 

 08:35:00  July 23, 1946 (local) 

http://nuclearweaponarchive.org/Usa/Tests/Able1.jpg
http://nuclearweaponarchive.org/Usa/Tests/Able2.jpg
http://nuclearweaponarchive.org/Usa/Tests/Able.mpg
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Location:  Bikini Atoll lagoon, Marshall Islands 

Test Height and Type:  Sub-surface burst, Depth -90 ft (-27.5 m) 

Yield:  23-kt 

 

History's 5
th

 atomic explosion.  A standard 'Fat Man'-type Mk 3A fission bomb was used in test.  The 

bomb was encased in a watertight steel caisson and suspended beneath landing ship LSM-60.  The 

closest ship to surface zero was the USS Saratoga.  8 ships were sunk or capsized.  8 more were severely 

damaged.  Sunk vessels were the USS Saratoga, USS Arkansas, the Nagato, LSM-60 (obviously), the 

submarines USS Apogon and USS Pilotfish, the concrete dry dock ARDC-13, and the barge YO-160. 

 

Serious radioactive contamination of the lagoon occurred.  Radiation exposure at the surface near the 

detonation point amounted to a lethal 730 R in the first 24 hours.  Bikini Island -- some 3 miles from 

surface zero -- could not be safely landed on until a week had passed. 

 

Click here to see a movie of the Baker shot (404K). 

 

Pictures are in chronological order: 

 

Beginning 4 milliseconds after the explosion, the shock wave reaching the surface throws up a 

"spray dome", rising at an initial speed of 2,500 ft/sec (Mach 2.5) in advance of the rapidly expanding 

bubble of hot gases.  This picture shows the spray dome development a few milliseconds later.  The light 

from the subsurface fireball is clearly visible. 

 

Baker Spray Dome (38K) 
 

Once the fireball bubble (consisting of water vapor and bomb debris) reaches the surface, a huge 

hollow column of water is thrown up with the intensely radioactive gas in the bubble being vented 

through the center of the column. 

 

The low pressure rarefaction zone behind the advancing shock wave causes water droplets to 

condense out of the moisture laden tropical air producing the "Wilson Cloud Chamber" effect. 

 

Below, the Wilson condensation cloud is prominent.  It hides the growing water column, which is 

only visible by the "crown" of the column protruding through the top of the cloud.  The location of the 

shock front can be seen by the white zone on the water (called the "crack") surrounding the cloud. 

 

Wilson Cloud Chamber Effect (51K) 
 

The condensation cloud is beginning to dissipate.  It has vanished close to the ocean surface 

revealing the hollow water column (or stem) and target fleet, but leaving a cloud layer that still obscures 

most of the developing mushroom head. 

 

Mushroom Cloud (40K) 
 

Closer view of stem and cloud (97K) 
 

This close-up view of the stem from Eneu Island -- 10 seconds after detonation -- shows water 

starting to escape the stem and fall back toward the surface.  At its greatest extent, the water column was 

2,000 feet (600 m) across with walls 300 feet (100 m) thick and 6,000 feet (2 km) tall, holding a million 

tons of water. 

 

file:///D:/tp:/nuclearweaponarchive.org/Usa/Tests/Baker.mpg
http://nuclearweaponarchive.org/Usa/Tests/Baker1.jpg
http://nuclearweaponarchive.org/Usa/Tests/Baker2.jpg
http://nuclearweaponarchive.org/Usa/Tests/Baker3.jpg
http://nuclearweaponarchive.org/Usa/Tests/Baker7.jpg
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As water falls back from the stem, it forms a dense highly radioactive cloud called the "base surge".  

The stern of the USS Saratoga can be seen rising 43 feet on the crest of the first wave (94 feet high and 

1000 feet from surface zero).  Waves 6 feet high were seen 22,000 feet (7 km) from the explosion. 

 

Cloud stem:   635x468, 77K     1042x768, 183K  

 

At this point, the mushroom cloud head is 6,000 feet across (2,000 meters).  It rose to 10,000 feet 

(~3,000 meters before dispersing).  The base surge is prominent. Expanding outward initially at over 60 

mph, it rapidly rose to a height of 900 feet (300 meters).  The expanding surge formed a doughnut 

shaped ring 3.5 miles (5 km) across and 1800 feet high 4 minutes after the explosion. 

 

Base Surge Forming (60K) 
 

This sequence taken from almost directly overhead provides an excellent view of the formation of 

the condensation cloud.  In the second frame, the separation between the shock front (producing the 

outer slick) and the condensation cloud forming in the rarefaction zone behind the shock front is easily 

seen. 

49K     61K     75K     86K  

 

In the first frame of this sequence, the front of the faster moving the hydrostatic shock is visible as a 

fainter ring surrounding the white slick of the atmospheric shock. 

77K     80K     77K     78K 

 

http://nuclearweaponarchive.org/Usa/Tests/Baker8.jpg
http://nuclearweaponarchive.org/Usa/Tests/Baker8big.jpg
http://nuclearweaponarchive.org/Usa/Tests/Baker5.jpg
http://nuclearweaponarchive.org/Usa/Tests/BakerAbove1.jpg
http://nuclearweaponarchive.org/Usa/Tests/BakerAbove2.jpg
http://nuclearweaponarchive.org/Usa/Tests/BakerAbove3.jpg
http://nuclearweaponarchive.org/Usa/Tests/BakerAbove4.jpg
http://nuclearweaponarchive.org/Usa/Tests/BakerFar1.jpg
http://nuclearweaponarchive.org/Usa/Tests/BakerFar2.jpg
http://nuclearweaponarchive.org/Usa/Tests/BakerFar3.jpg
http://nuclearweaponarchive.org/Usa/Tests/BakerFar4.jpg
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http://nuclearweaponarchive.org/Usa/Tests/Sandston.html 

Operation Sandstone 
1948 

Last modified July 10, 1997 

 

Although a series of improvements for the implosion bomb were envisioned and under development 

at Los Alamos even before Trinity (the first nuclear test), the end of the War had derailed these efforts.  

With the Cold War rapidly developing, an urgent need was felt to bring these improvements to the U.S. 

weapon stockpile. 

 

On June 27, 1947, President Harry Truman authorized a new test series for weapons development 

for the following year.  Operation Sandstone was conducted at Enewetak Atoll in the Marshall Islands in 

1948 to test the first new weapon designs since World War II.  The massive operation involved 10,200 

personnel. 

 

Up until this time, all 4 implosion bombs that had been exploded (the Trinity 'Gadget', the 'Fat Man' 

bomb used on Nagasaki, and the 2 bombs used during Operation Crossroads ) had all been identical, 

based on a conservative wartime design.  The Sandstone test series introduced a second generation of 

weapon design by evaluating several new design principles.  In addition, a number of design parameters 

were varied to evaluate their effects on performance. 

 

The original 'Fat Man' pit design used a Christy solid Plutonium core surrounded by a close fitting 

natural uranium tamper.  The Sandstone devices all replaced the contiguous tamper-core approach with 

a "levitated core" in which the core was suspended within a larger hollow space within the tamper so 

that a gap existed between them.  The collision between the tamper and core would create more efficient 

compression of the core than the explosive-driven shock in the wartime design.  They apparently 

retained a solid core, however. 

 

These devices also abandoned the use of a pure Plutonium core since oralloy (Uranium highly-

enriched in U
235

) production exceeded Plutonium production by a factor of over 3-to-1.  The first test -- 

X-Ray -- used a composite Oralloy-Plutonium core.  Both Yoke and Zebra used an all Oralloy core.  

The pits (tamper plus core) for all 3 devices weighed about the same. 

 

Other tested features included: 

● varying the tamper thickness (which had been fixed at 7 cm in earlier devices) 

● varying the amount of fissile material in the core 

● the effect of using a "minimum strength" Polonium-Beryllium Urchin neutron initiator. 

 

Previously, Urchins containing the full load of 50 curies of Po
210

 had been used in tested bombs.  

Guidelines permitted the use of initiators with as little as 12 curies.  But the adequacy of these had never 

been put to an actual test.  Given the very short 138.4 day half life of Po
210

, this was an important 

question for maintaining a ready stockpile. 

 

Although the Sandstone tests continued to use the Mk 3 implosion system, they proof tested 

components that led to the fielding of the Mk 4 bomb.  The Mk 3 bomb used for the Sandstone devices 

was 60 inches in diameter and weighed 10,500 lb total.  The explosive, core, and firing system weighed 

7,600 lb. 

 

Both the principle of levitation and the use of Oralloy-Plutonium composite cores had been under 

development at Los Alamos during the War.  If it had continued into the fall of 1945, both of these 
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innovations would have been introduced to increase the size and efficiency of the stockpile.  Now the 

confrontation with the Soviet Union impelled the inclusion of these innovations in deployed weapons.  

The results of Sandstone led to the immediate stockpiling of both X-Ray and Zebra core designs, 

replacing all other designs.  Taken together, this lead to an immediate increase in total stockpile yield of 

75%. 

 

X-Ray 

Test:  X-Ray 

Time:  18:17  April 14, 1948 (GMT) 

 0617  April 15, 1948 (local) 

Location:  Island Engebi ("Janet"), Enewetak Atoll 

Test Height and Type:  200 foot Tower Shot 

Yield:  37-kt 

 

The X-Ray device used a Uranium-Plutonium composite Type B levitated pit.  The 

Uranium:Plutonium ratio by weight was on the order of 2:1 or greater.  Efficiency of utilization of the 

Plutonium in this core was around 35%.  Uranium utilization was in excess of 25%.  Taken together, this 

indicates a core containing about 2.5 kg of Pu and 5 kt of U
235

.  This was the highest yield device tested 

to date. 

 

X-Ray Shot (24K) 
 

 

Yoke 

Test:  Yoke 

Time:  18:09  April 30, 1948 (GMT) 

 0609  May 1, 1948 (local) 

Location:  Island Aomon ("Sally"), Enewetak Atoll 

Test Height and Type:  200 foot Tower Shot 

Yield:  49-kt 

 

The Yoke device also used an all-oralloy Type B levitated pit.  Yoke was the highest yield device 

tested, a record it kept until 1951.  Despite its high yield, it was regarded as an inefficient device. 

 

Yoke Shot 
 

 

Zebra 

Test:  Zebra 

Time:  18:04  May 14, 1948 (GMT) 

 0604  May 15, 1948 (local) 

Location:  Island Runit ("Yvonne"), Enewetak Atoll 

Test Height and Type:  200 foot Tower Shot 

Yield:  18-kt 

 

The Zebra device also used only highly-enriched Uranium in the levitated pit.  Despite its lower 

yield than Yoke, it apparently had superior efficiency (at least for its size). 

 

http://nuclearweaponarchive.org/Usa/Tests/Sndxray.jpg
http://nuclearweaponarchive.org/Usa/Tests/Sndyoke.jpg
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http://nuclearweaponarchive.org/Usa/Tests/Ranger.html 

Operation Ranger 
1951 

Last modified January 3, 2005 

 

The intensifying Cold War -- which spread into direct nuclear competition in 1949 with the first 

Soviet atomic test -- spurred the U.S. to expand its efforts to produce more and better nuclear weapons.  

For the first time, true mass production of nuclear weapons began with the Mk 4 in 1950 which -- 

though much improved in reliability and ease of stockpiling -- was basically equivalent in weight and 

yield to the wartime 'Fat Man'.  By late 1950, programs were in full swing to increase the yield and to 

reduce the weight and size of nuclear weapons. 

 

These new designs were planned for testing in the Pacific Proving Ground at Enewetak Atoll in a 

series to be called Greenhouse, planned for April-May 1951.  As preparations proceeded, 2 concerns 

were raised: 

 

● With the outbreak of the Korean War in June 25, 1950, fears developed of a wider war that would 

make operations in the Pacific impossible; 

● Weapon designers began to feel that insufficient technical data was available and that a systematic 

series of atomic tests was called for to study how various parameters affected yield in fission 

weapons. 

 

The first concern led to the selection of an alternate testing ground in the continental United States -- 

Frenchman Flat in the Las Vegas Bombing and Gunnery Range (now part of the Nevada Test Site or 

NTS).  The second led to Operation Ranger -- a hastily organized test operation to collect data in 

preparation for Greenhouse. 

 

Operation Ranger carried out the first tests in the United States proper since the Trinity test in 

1945.  It was proposed during technical discussions at Los Alamos on December 6 and 11, 1950.  

Approval was requested by LASL Director Norris Bradbury on December 22.  Presidential approval was 

received on January 11, 1951.  The first Ranger test shot was 16 days later.  All five were fired in just 8 

days. 

 

The Ranger test devices were mostly Mark 4 bomb designs modified to test the effects of various 

design parameters on yield.  The last shot was a test of a new bomb design (the Mk 6) and prooftested 

the Fox composite core. 

 

All of the test devices weighed 10,800 lb and were 60 inches in diameter (essentially identical to the 

'Fat Man' bomb).  The explosive, core, and firing systems of each device weighed 7,100 lb. 

 

All test devices were dropped over Frenchman Flat by a B-50 bomber (a re-engined B-29, which 

was the type of aircraft used in the atomic attacks against Japan). 

 

Below is what the deployed version of the Mk-4 bomb looked like: 

 

Mk-4 bomb (17K)    Mk-4 bomb (46K) 
 

Ranger released about 6,000 kilocuries of radioIodine (I
131

) into the atmosphere (for comparison, 

Trinity released about 3,200 kilocuries of radioIodine).  This produced total civilian radiation exposures 

amounting to 160 thousand person-rads of thyroid tissue exposure (about 0.04% of all exposure due to 

http://nuclearweaponarchive.org/Usa/Weapons/Mk4.jpg
http://nuclearweaponarchive.org/Usa/Weapons/Mk4a.jpg
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continental nuclear tests).  This can be expected to eventually cause about 50 cases of thyroid cancer, 

leading to some 2-3 deaths.  Chart of fallout exposures from "underground tests" (52 K, 539x577).  

From National Cancer Institute Study Estimating Thyroid Doses of I
131

 Received by Americans From 

Nevada Atmospheric Nuclear Bomb Test, 1997.  To go to the National Cancer Institute and get the full 

report, click here. 

 

Able 

Test:  Able 

Time:  13:45  January 27, 1951 (GMT) 

 05:45  January 27, 1951 (local) 

Location:  Frenchman Flat (NTS), Nevada 

Test Height and Type:  1060 foot Air Burst 

Yield:  1-kt 

 

The Able device was a compression vs critical mass test using an all-Oralloy core.  Used a type D pit 

in a Mk 4 high-explosive assembly.  A yield of 1.3-kt was predicted before the shot.  This test 

configuration was used again repeatedly in weapon effects tests in later years when an accurate, 

predictable 1-kt yield was desired. 

 

 

Baker-1 

Test:  Baker-1 

Time:  13:52  January 28, 1951 (GMT) 

 05:52  January 28, 1951 (local) 

Location:  Frenchman Flat (NTS), Nevada 

Test Height and Type:  1080 foot Air Burst 

Yield:  8-kt 

 

The Baker-1 device was a "fractional crit" test.  A core with less than one critical mass of material 

(at normal density) was imploded to supercriticality by high implosion pressure.  For comparison, the 

'Fat Man' bomb contained 1.3 critical masses.  Used a type D pit, was used in a Mk 4 high explosive 

assembly.  Was the first use of the TOM initiator (a more advanced design than the wartime Urchin).  

Predicted yield was 9-kt. 

 

 

Easy 

Test: Easy 

Time:  13:47  February 1, 1951 (GMT) 

 05:47   February 1, 1951 (local) 

Location:  Frenchman Flat (NTS), Nevada 

Test Height and Type:  1080 foot Air Burst 

Yield:  1-kt 

 

The Easy device was another compression vs critical mass test to obtain a different point on the 

compression vs yield curve.  Presumably an all-Oralloy core was used as in the Able test.  Easy used a 

type D pit in a Mk 4 high explosive assembly.  A yield of 0.6-kt was predicted before the shot. 

 

 

Baker-2 

Test:  Baker-2 

Time:  13:49  February 2, 1951 (GMT) 

http://nuclearweaponarchive.org/Usa/Tests/Rascd.gif
http://rex.nci.nih.gov/INTRFCE_GIFS/WHTNEW_INTR_DOC.htm
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 05:49   February 2, 1951 (local) 

Location:  Frenchman Flat (NTS), Nevada 

Test Height and Type:  1100 foot Air Burst 

Yield:  8-kt 

 

A test of the reproducibility of weapon performance.  The test device was identical to Baker-1. 

 

 

Fox 

Test:  Fox 

Time:  13:47  February 6, 1951 (GMT) 

 05:47  February 6, 1951 (local) 

Location:  Frenchman Flat (NTS), Nevada 

Test Height and Type:  1435 foot Air Burst 

Yield:  22-kt 

 

This shot proof-tested a Fox composite core in a Type D pit using the Mk 6 HOW double prime high 

explosive assembly.  The test device was named 'Freddy'.  Predicted yield was 34-kt.  At this time, Fox 

cores -- which were expected to be more efficient than X-Ray cores (tested in Operation Sandstone) -- 

were being rapidly stockpiled. 

 

This strange-looking picture image is a double-exposure of the Fox shot. 

Fox Shot (32K) 
 

Below is what the deployed version of the Mk-6 bomb looked like: 

Mk-6 bomb (39K)  
 

file:///D:/tp:/nuclearweaponarchive.org/Usa/Tests/Opranger.jpg
http://nuclearweaponarchive.org/Usa/Weapons/Mk6.jpg
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http://nuclearweaponarchive.org/Usa/Tests/Grnhouse.html 

Operation Greenhouse 
1951 

Last modified August 2, 2003 

 

The Greenhouse test series was conducted at Enewetok Atoll in April and May of 1951.  It 

consisted of 4 relatively high yield tests (by the standards of the time) -- Dog, Easy, George, and Item.  

Dog and Easy were proof tests of 2 new strategic bombs -- the Mk 6 and Mk 5 respectively.  George 

and Item were the first true tests of thermonuclear fusion -- the release of fusion energy from thermally 

excited nuclei.  George was a research experiment that studied deuterium-fusion burning when heated 

by thermal radiation.  Item was the first test of the principle of fusion boosting of fission devices. 

 

Dog 

Test:  Dog 

Time:  18:34  April 7, 1951 (GMT) 

 06:34  April 8, 1951 (local) 

Location:  Island Runit ("Yvonne"), Enewetak Atoll 

Test Height and Type:  300 foot Tower Shot 

Yield:  81-kt 

 

Below is an inert duplicate of the Dog device being loaded on the test tower.  Dummy devices that 

were physically and electrically identical were used routinely to test and verify the shot set-up prior to 

installing the actual test device. 

 

(38K) 

 

The actual Dog shot:    A  (43K)     B  (43K) 

 

Dog was a proof test of Mk 6 strategic bomb.  This was the highest yield test up to that time 

(superseded by George a month later), and evaluated the stockpiled MK 6 weapon with a "How Double 

Prime" composite uranium-plutonium core.  The explosion lifted 250,000 tons of soil to an altitude of 

approximately 35,000 feet. 

 

The Mk 6 was a improved large "Fat Man-style" weapon, with a 60 inch diameter, a length of 128 

inches, and a weight of 8,500 lb (later reduced to 7,600 lb) a reduction from the earlier 10,900 lb Mk 4.  

The Mk 6 had an improved 60 point implosion system (the Mk 4 had a 32 point system) that provided 

greater compression and higher efficiency.  The Mk 6 was the first nuclear weapon stockpiled in large 

numbers by the U.S. (over 1000 eventually produced).  Stockpiling of the MK 6 on an emergency basis 

was underway at the time of the test. 

 

Easy 

Test:  Easy 

Time:  18:26  April 20, 1951 (GMT) 

 06:26  April 21, 1951 (local) 

Location:  Island Enjebi ("Janet"), Enewetak Atoll 

Test Height and Type:  300 foot Tower Shot 

Yield:  47-kt 

 

Proof test of the TX-5D bomb -- a major advance in weight reduction for implosion bombs.  Weight 

was 2,700 lb with a 40 inch diameter compared to 10,000 lb and a 60-inch diameter for earlier designs.  

http://nuclearweaponarchive.org/Usa/Tests/Ghdgdum.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ghdog2.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ghdog.gif
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Used a 92 point (92 lens) implosion system and a composite (plutonium/oralloy) core.  This design was 

used as the primary in the first thermonuclear bomb test -- Ivy 'Mike'. 

 

This test was also used to test weapon effects on various military structures.  These structures were 

erected on Enjebi and nearby Mijakadrek Island. 

 

 

George 

Test:  George 

Time:  21:30  May 8, 1951 (GMT) 

 09:30  May 9, 1951 (local) 

Location:  Island Eberiru ("Ruby"), Enewetak Atoll 

Test Height and Type:  200 foot Tower Shot 

Yield:  225-kt 

 

George was the largest nuclear explosion to date (a record that stood until the first thermonuclear 

device test -- Ivy 'Mike' -- 17 months later). 

 

George was a thermonuclear physics experiment and used a purely experimental device design 

unsuitable for use as a weapon.  The test device -- named the CYLINDER -- consisted of an enriched 

uranium core which was imploded using a unique cylindrical implosion system.  This device may have 

been the first to use external initiation to begin the fission chain reaction.  The Cylinder fission device 

may have been based on a design by physicist George Gamow. 

 

The device was a disk about 8-feet across and 2-feet thick perforated by an axial hole.  The hole -- 

compressed to a narrow channel by the implosion -- conducted thermal radiation to a small Beryllium 

Oxide chamber containing a mixture of cryogenic Deuterium with a few percent of Tritium to lower its 

ignition temperature.  The thermal radiation not only heated the fuel chamber to fusion temperatures, the 

pressure in the BeO wall caused it to implode and compress the fusion fuel, accelerating its combustion.  

The thermal radiation arrived ahead of the shock front of the fission explosion, allowing time for a 

reaction to occur before being engulfed by the expanding fission fireball.  The yield of the fusion 

reaction was negligible compared to the fission device. 

 

The progress of the fusion burn was observed by measuring the thermal X-rays emitted by the fusion 

plasma.  This required instruments that were shielded from the thermal X-rays and the gamma rays of 

the fission bomb and were far enough away from the explosion to be able to measure and transmit data 

while the fusion burn was in progress.  This part of the experiment was designed by Hugh Bradner and 

Hebert York.  The measurements were made by recording the fluorescence of a set of K-edge filters 

located at the base of the shot tower.  X-rays from the fusion chamber reached the instruments through 

vacuum filled pipes that were inside a 4-ft. diameter lead pipe that blocked out extraneous X-rays and 

gammas and weighed 235 tons.  The total weight of diagnostic equipment was 283 tons. 

 

Other diagnostics used were shielded photographic plates to detect the high-energy fusion neutrons 

by the "proton streaks" left by protons ejected from the emulsion by neutron collisions. 

 

The thermonuclear portion of the experiment was largely developed by Edward Teller, but based on 

a device patented by Johann Von Neumann and Klaus Fuchs in 1946.  The Von Neumann-Fuchs 

invention was intended to be the ignition mechanism for the Classical 'Super' -- the first proposed 

design for a hydrogen bomb (that was later shown to be impractical). 
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The test fortuitously provided useful data on the radiation implosion principle -- an essential element 

of the Teller-Ulam design which had been devised just 2 months prior. 

 

George left a large shallow crater in the coral and sand atoll -- 1,140 feet across and 10 feet deep 

(such wide shallow craters were typical of atoll tower shots). 

 

In the sequence of 3 Rapatronic camera pictures below, the development of the "Mach stem" can be 

seen as the fireball shock wave reflects off the ground.  The Mach stem is a belt of intensified shock 

pressure at the base of the shock front.  Since in this phase of growth the temperature (and hence 

brightness) of the fireball is determined by the strength of the shock wave, a bright band can be seen 

where the Mach stem is located. 

 

George 10 milliseconds after detonation (26K) 

 

George 20 milliseconds after detonation (38K) 

 

George 30 milliseconds after detonation (34K) 

 

George fireball (49K) 

 

George fireball (40K) 

 

George mushroom (62K) 

 

George mushroom (83K) 

 

George mushroom (39K) 
 

 

Item 

Test:  Item 

Time:  18:17  May 24, 1951 (GMT)  

 06:17  May 25, 1951 (local) 

Location:  Island Enjebi ("Janet"), Enewetak Atoll 

Test Height and Type:  200 foot Tower Shot 

Yield:  45.5-kt 

 

First test of the principle of "fusion boosting", the use of a thermonuclear fusion reaction to inject 

neutrons into a fission core to boost efficiency.  The Item device used a cryogenic Deuterium-Tritium 

mixture inside an enriched-Uranium core.  [Carson Mark later reported in a 1993 interview that it used 

D-T gas.]  The boosting approximately doubled the yield over its expected unboosted value. 

 

Unidentified Greenhouse shot (18K) 
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http://nuclearweaponarchive.org/Usa/Tests/Busterj.html 

Operation Buster-Jangle 
1951 

Last modified October 15, 1997 

 

The Cold-War inspired accelerating tempo of nuclear weapons activity led to the inauguration of 

more complex joint test operations between the Department of Defense and the nuclear weapons labs (at 

this time consisting only of Los Alamos).  The previous test series had either been run by the DoD 

(Crossroads) or Los Alamos (Sandstone, Ranger, and Greenhouse). 

 

In late 1951, 2 test series were held together for the first time -- Operation Buster (conducted by 

Los Alamos) and Operation Jangle (conducted by the DoD).  7,800 DoD personnel participated in 

Buster-Jangle -- 6,500 of them troops who conducted field exercises in conjunction with the tests.  

These were the first such field exercises conducted in the United States proper. 

 

Buster-Jangle was held at the Nevada Proving Ground (later NTS) and had a number of objectives.  

The Buster series was primarily a weapon development effort.  A number of pit configurations were 

fired in a Mk-4 high explosive assembly to collect data for weapons design.  In addition, the TX-7E 

design was proof fired (leading to the deployment of the Mk7 light-weight bomb).  The DoD also 

participated in one of the Buster tests conducting the Desert Rock I exercise during the Dog shot.  The 

Jangle series evaluated the usefulness of atomic weapons in cratering using ground-level and sub-

surface bursts.  The Desert Rock II and III troop exercises were held in conjunction with these tests.  

The purpose of the Desert Rock exercises was to gain experience in operations conducted in a nuclear 

combat environment. 

 

Buster-Jangle released about 10,500 kilocuries of radioIodine (I
131

) into the atmosphere (for 

comparison, Trinity released about 3200 kilocuries of radioIodine).  This produced total civilian 

radiation exposures amounting to 7.4 million person-rads of thyroid tissue exposure (about 2% of all 

exposure due to continental nuclear tests).  This can be expected to eventually cause about 2,300 cases 

of thyroid cancer, leading to some 120 deaths.  Chart of fallout exposures from "underground tests" 

(55 K, 539x577). From National Cancer Institute Study Estimating Thyroid Doses of I
131

 Received by 

Americans From Nevada Atmospheric Nuclear Bomb Test, 1997. To go to the National Cancer Institute 

and get the full report, click here. 

 

 

Operation Buster 
Able 

Test:  Able 

Time:  14:00  October 22, 1951 (GMT) 

 06:00  October 22, 1951 (local) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  100 foot Tower Shot 

Yield: <1 lb 

 

This was a test of the Petite Plutonium fission bomb, designed by Ted Taylor.  It consisted of a 

standard 60-inch, 10,000 lb. implosion system with the plutonium core reduced to what was estimated to 

be close to the minimum amount of fissile material for an appreciable yield.  This was the lowest yield 

design yet tested with a predicted yield of only 200 tons.  It was a "fizzle" -- the first actual failure of 

any U.S. nuclear device (the 18
th

 exploded by the U.S.) and the first known failure of any nuclear 

device.  Rather than being a sign of ineptness, this failure was indicative of the increasingly aggressive 

http://nuclearweaponarchive.org/Usa/Tests/Bjscd.gif
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(and thus risky) U.S. experimental approach to weapon development.  It established a close lower bound 

on the minimum amount of plutonium that could be used in a weapon to produce a significant yield -- an 

important benchmark in weapon design. 

 

This was inadvertently a "zero yield" test.  The device achieved supercriticality and produced 

detectable nuclear output.  But the energy produced was negligible compared to the high explosive used.  

The tower was damaged but remained largely intact from the test. 

 

The first attempt to fire this device (on October 19) was a true failure -- nothing happened.  The 

problem was traced to the control circuitry. 

 

 

Baker 

Test:  Baker 

Time:  15:20  October 28, 1951 (GMT) 

 07:20  October 28, 1951 (local) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  1118-foot Airdrop from B-50 

Yield:  3.5-kt 

 

The test device -- designated "LT" -- was a Mk 4 bomb assembly consisting of a Plutonium core 

without a uranium tamper.  The expected yield was 3-8 kt. 

 

 

Charlie 

Test:  Charlie 

Time:  15:00  October 30, 1951 (GMT) 

 07:00  October 30, 1951 (local) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  1,132-foot Airdrop from B-50 

Yield:  14-kt 

 

The test device -- designated "PC" -- was a Mk 4 bomb assembly of a composite Uranium-

Plutonium core.  The expected yield was 12-15 kt. 

 

Buster Charlie (86 K)      Buster Charlie (31 K)      Buster Charlie (18 K) 

 

 

Dog 

Test:  Dog 

Time:  15:30  November 1, 1951 (GMT) 

 07:30    November 1,1951 (local) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  1417 Foot Airdrop from B-50 

Yield:  21-kt 

 

The test device -- designated "NF" -- was a Mk 4 bomb assembly of a composite Uranium-

Plutonium core.  The expected yield was 18-25 kt. 

 

Desert Rock I -- the first U.S. nuclear field exercise on land -- was conducted in association with the 

Dog shot.  In the weeks before the shot, the assembled troops (from the 188
th

 Airborne, 127
th

 Engineer 

http://nuclearweaponarchive.org/Usa/Tests/Bjcharl.jpg
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Battalion, and the 546
th

 Field Artillery Battalion) dug field emplacements to simulate a defensive 

deployment southwest of the shot location.  The troops observed the shot from a point 6 miles from 

ground zero; were transported to the defensive emplacements to view the weapon effects; and then 

conducted maneuvers in the area.  Since this shot was an airburst, there was no local fallout although 

some neutron-induced radioactivity existed.  

 

Buster Dog (48K)       Buster Dog (35K)       Buster Dog (67K) 

Buster Dog with Desert Rock I troops (27K) 

Buster Dog with Desert Rock I troops (42K) 

 

 

Easy 

Test:  Easy 

Time:  16:30  November 5, 1951 (GMT) 

 08:30  November 5, 1951 (local) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  1,314-foot Airdrop from B-45 

Yield:  31-kt 

 

This was a test of the TX-7E -- a Mk-7 bomb prototype.  With a weight of only 1,800 lb and a 

diameter of 30 inches, this bomb represented a drastic size reduction over its 'Fat Man'-size (10,000 lb, 

60-inch diameter) predecessors.  The design used an 800 lb. assembly of high explosive (primarily Octol 

75/25) with a composite Uranium-Plutonium core.  The predicted yield was 22-35 kt. 

 

Buster Easy (67 K)     Buster Easy (35 K)     Buster Easy (48 K)     Buster Easy (15 K) 

 

 

Operation Jangle 
 

Sugar 

Test:  Sugar 

Time:  17:00  November 19, 1951 (GMT) 

 09:00  November 19, 1951 (local) 

Location:  Nevada Test Site (NTS), Area 9 

Test Height and Type:  Surface Burst (bomb center 3.5 ft. above surface) 

Yield:  1.2-kt 

 

This was a weapons effect test of a surface burst.  Up to this time, no surface burst had ever been 

fired (the fact that the center of the 60-inch diameter bomb was actually slightly above the surface later 

complicated attempts at analysis).  This was the only surface test ever conducted in the United States 

proper (although subsurface shots were subsequently fired at NTS that produced surface craters). 

 

The device used (designated 'Johnny') was identical to the Ranger Able device, chosen for its 

predictability and its limited yield (to minimize contamination).  It was Mk-6 bomb using an all-

Uranium core.  The test name Sugar was a mnemonic code for "surface". 

 

The test left a crater 21 feet deep and 90 feet wide.  At this time, an 83-kt surface burst implosion 

bomb was being considered for use as a cratering and "bunker-buster" weapon.  The test indicated that 

such a weapon would produce a crater 300 feet in diameter and 70 feet deep. 
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Desert Rock II was conducted in conjunction with Sugar.  The troops observed the detonation at a 

distance of 5 miles.  Due to the intense local radioactivity from the ground burst, the maneuvers were 

conducted at a considerable distance from ground zero. 

 

Jangle Sugar (14K)       Jangle Sugar (35K) 

 

 

Uncle 

Test:  Uncle 

Time:  19:59:59.7  November 29, 1951 (GMT) 

 11:59:59.7  November 29, 1951 (local) 

Location:  Nevada Test Site (NTS), Area 10 

Test Height and Type:  Sub-surface Burst -17 ft. 

Yield:  1.2-kt 

 

This was a weapons effect test of a sub-surface burst. 

 

The device used (designated 'Frankie') was identical to the Ranger Able device.  The test name 

Uncle was a mnemonic code for "underground". 

 

The test left a crater 53 feet deep and 260 feet wide.  The 17-foot depth of burial was designed as a 

scaled down test of a 23-kt ground penetrating gun-type weapon also being considered as a cratering and 

"bunker-buster" weapon.  The test indicated that such a weapon would leave a crater 700 feet in 

diameter and 140 feet deep. 

 

Desert Rock III was conducted in conjunction with Uncle.  As with Sugar, the troops observed the 

detonation at a distance of 5 miles and did not closely approach ground zero.  Near ground zero, the 

radiation level was 5,000 roentgens/hour at one hour after the test, with levels of 1,000 R/hr extending 

up to 1,200 yards from the burst point.  Hazardous levels of 100 R/hr extended past 5,000 yards in some 

areas.  

 

Jangle Uncle (35K)          Jangle Uncle (14K) 
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http://nuclearweaponarchive.org/Usa/Tests/Tumblers.html 

Operation Tumbler-Snapper 
1952 - Nevada Proving Ground 

Last modified 19 June 2002 

 

As the Korean War raged, the high tempo of Cold-War nuclear weapons tests continued with a 

second combined test operation being conducted at the Nevada Proving Ground (later NTS) scarcely 4 

months after the last joint operation (Buster-Jangle).  Operations at the NPG were beginning to 

resemble non-stop testing. 

 

With the U.S. preoccupied by Korea and by the possibility of a general Asian land war erupting, 

both parts of Tumbler-Snapper were focused on developing tactical nuclear weapons -- both the 

weapons themselves and the knowledge and experience necessary for their operational use. 

 

Operation Tumbler consisted of 3 airbursts conducted to gather detailed information about blast 

effects.  The 4
th

 test was also an airburst and technically part of both Tumbler and Snapper.  The 

remaining 4 shots during Operation Snapper were tower shots and were weapons development tests of 

various kinds. 

 

The Desert Rock IV field exercise was conducted during Tumbler-Snapper with 7,350 out of 

8,700 DoD participants conducting maneuvers in conjunction with test shots Charlie, Dog, and George, 

and observing during Fox.  Although the radiation exposure dose limit was set at 3.0 rem, a number of 

exposures in excess of that occurred -- 48 with 3-5 rem; 9 with 5-10 rem; and 1 in excess of 10 rem 

(these exposures do not cause observable health effects, but do cause a small increase in cancer risk). 

 

Tumber-Snapper released about 15,500 kilocuries of radioiodine (I
131

) into the atmosphere (for 

comparison, Trinity released about 3,200 kilocuries of radioiodine).  Although this was only some 40% 

more than that released by Buster-Jangle, unfavorable weather patterns caused dramatically higher 

civilian radiation exposures (about 15-fold).  The total thyroid tissue exposure amounted to 110 million 

person-rads -- about 29% of all exposure due to continental nuclear tests.  This can be expected to 

eventually cause about 34,000 cases of thyroid cancer, leading to some 1750 deaths.  Chart of fallout 

exposures from "underground tests" (60 K, 539x577).  From National Cancer Institute Study 

Estimating Thyroid Doses of I-131 Received by Americans From Nevada Atmospheric Nuclear Bomb 

Test, 1997.  To go to the National Cancer Institute and get the full report, click here. 

 

 

Operation Tumbler 
 

Previous test series (Sandstone, Greenhouse, and Buster) had revealed unexpected anomalies in 

blast over pressures and arrival times from airbursts, so Tumbler was conducted to gather detailed data 

on these effects.  The first 2 tests were both 1 kt for convenience in developing scaling laws.  All 3 air 

drops during Tumbler were from a B-50 which was a re-engined B-29.  The test devices were all based 

on the large (60-inch diameter) heavy Mk 4 bomb, which was essentially the same size as the original 

'Fat Man' bomb but with special core assemblies to obtain specific yields.  

 

Able 

Test:  Able 

Time:  17:00  April 1, 1952 (GMT) 

 09:00  April 1, 1952 (local)  

Location:  Nevada Test Site (NTS), Area 5 
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Test Height and Type:  793-foot Airdrop from B-50 

Yield:  1-kt 

 

This device used the same U
235

 core design first tested in Ranger Able.  This design had become 

something of an experimental benchmark due to its convenient low yield and high predictability, having 

also been used in Jangle Sugar and Jangle Uncle.  The Mk 4 based test device weighed 10,800 lb. 

 

Tumbler Able (40 K) 

 

What are Those Smoke Trails Doing in That Test Picture? 
 

 

Baker 

Test:  Baker 

Time:  17:30  April 15, 1952 (GMT) 

 09:30  April 15, 1952 (local) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  1,109-foot Airdrop from B-50 

Yield:  1-kt 

 

This device also used the Ranger Able U
235

 core in a Mk 4 based test device (weight 10,500 lb). 

 

 

Charlie 

Test:  Charlie 

Time:  17:30  April 22, 1952 (GMT) 

 09:30 22 April 22, 1952 (local) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  3,447-foot Airdrop from B-50 

Yield:  31-kt 

 

This test combined a proof test of a new high-efficiency core with blast effects measurements.  The 

predicted yield was 40-60 kt.  This test was broadcast live on television (a first).  The Mk 4 based test 

device weighed 10,440 lb. 

 

Tumbler Charlie (76K) 

 

Tumbler Charlie (probably, whether this is Tumbler Charlie or Buster Charlie is uncertain) 

(16K) 

 

 

Operation Snapper 
 

This was an ambitious series to evaluate new weapon design principles and gather fundamental 

weapon design data.  Among the new features tested included Deuterium gas fusion boosting, external 

initiation, and the use of Beryllium neutron reflector/tampers.  Tests of new smaller implosion systems 

and new schemes for achieving high core compression were also conducted.  Other experiments 

calibrated the TOM internal neutron initiator, provided initiation time vs yield calibration data, and 

explored the curious "rope trick" effect seen with cable-moored test devices. 

 

Dog 
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Test:  Dog 

Time:  16:30  May 1, 1952 (GMT) 

 08:30  May 1, 1952 (local) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  1040-foot Airdrop from B-45 

Yield:  19-kt 

 

Dog was a test of a modified TX-7 weapon (previously tested in Buster Easy).  The device tested 

the usefulness of deuterium gas fusion boosting (not deuterium-tritium boosting!).  The predicted yield 

was 15-20 kt. 

 

360x480, 38K       576x768, 47K        758x1010, 113K 

 

 

Easy 

Test:  Easy 

Time:  12:15  May 7, 1952 (GMT) 

 04:15  May 7, 1952 (local) 

Location:  Nevada Test Site (NTS), Area 1 

Test Height and Type:  300-foot Tower 

Yield:  12-kt 

 

This device (codenamed 'BROK-1') was a test of the TX-12 -- a Mk-12 bomb prototype.  The Mk-12 

was intended to be a slender, lightweight tactical bomb that could be carried externally by high-speed 

fighter-bombers.  It set a record at the time for small diameter and lightweight, with an implosion system 

diameter of 22 inches weighing only 550 lb (a modest improvement over the Mk-7), yet retained good 

compression and efficiency.  The total device weight was 625 lb with a predicted yield of 9-kt. 

 

 

Fox 

Test:  Fox 

Time:  12:00 25 May 1952 (GMT) 

 04:00 25 May 1952 (local) 

Location:  Nevada Test Site (NTS), Area 4 

Test Height and Type:  300-foot Tower 

Yield:  11-kt 

 

This device (code named XR1) used a Mk 5 bomb assembly.  The test was intended to gather data 

on the initiation time vs yield curve.  It also served as a calibration test of the TOM Polonium-Beryllium 

internal neutron initiator.  The test device had a diameter of 40 inches and weighed 2,700 lb.  The 

predicted yield was 15-18 kt. 

 

Snapper Fox, 584x460 (36K)       Larger size, 628x721 (70K) 

 

 

George 

Test:  George 

Time:  11:55 1 June 1952 (GMT) 

 03:55 1 June 1952 (local) 

Location:  Nevada Test Site (NTS), Area 3 

Test Height and Type:  300-foot Tower 
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Yield:  15-kt 

 

This device (code named XR2) used a Mk 5 bomb assembly.  The test was intended to gather 

additional data on the initiation time vs yield curve.  A novel feature of this test was the use of an 

external initiator -- in this case employing a device called a betatron (which is a circular electron 

accelerator).  In this test, the high-energy electrons were used to generate high energy X-rays that 

induced photo-fission in the core to initiate the chain reaction.  The betatron allowed very accurate 

control of initiation time.  The test device had a diameter of 40 inches and weighed 2,700 lb.  The 

predicted yield was 30-kt. 

 

 

How 

Test:  How 

Time:  11:55 5 June 1952 (GMT) 

 03:55 5 June 1952 (local) 

Location:  Nevada Test Site (NTS), Area 2 

Test Height and Type:  300-foot Tower 

Yield:  14 kt 

 

This device (code named Scorpion) was designed in part by Ted Taylor.  Snapper How was the 

first test to use a Beryllium neutron reflector/tamper which would become standard in later weapons.  

The test device used the same 22-inch implosion system as Snapper Easy.  But the lightweight tamper 

cut 80 pounds off the implosion system weight.  Predicted yield was 11-kt. 

 

Snapper How (27K) 

 

 

"Rope Tricks" 
 

The image below shows the growing fireball -- taken about 1 millisecond after detonation -- for one 

of the Snapper tower shots (I haven't been able to find out which one yet).  There are 2 striking features 

about this picture -- the spikes projecting from the bottom of the fireball and the ghostly mottling of the 

fireball surface. 

 

The peculiar spikes are extensions of the fireball surface along ropes or cables that stretch from the 

shot cab (the housing for the test device at the top of the tower) to the ground.  This novel phenomenon 

was named a "rope trick" by Dr. John Malik who investigated it.  The effect had been observed in 

earlier tests when spikes were seen extending along cables that moored the shot towers to the ground.  

During Snapper, Malik conducted experiments using different kinds of cables and ropes and with 

different surface treatments.  Consequently, the spikes in this picture may be due to either mooring 

cables or Malik's own test ropes. 

 

The cause of the "rope trick" is the absorption of thermal radiation from the fireball by the rope.  The 

fireball is still extremely hot (surface temperature around 20,000 degrees K at this point -- some 3½ 

times hotter than the surface of the Sun.  A the center, it may be more than 10 times hotter) and radiates 

a tremendous amount of energy as visible light (intensity over 100 times greater than the Sun) to which 

air is (surprise!) completely transparent.  The rope is not transparent, however.  And the section of rope 

extending from the fireball surface gets rapidly heated to very high temperatures.  The luminous 

vaporized rope rapidly expands and forms a spike-shaped extension of the fireball.  Malik observed that 

if the rope was painted black spike formation was enhanced -- and if it was painted with reflective paint 

or wrapped in aluminum foil -- no spikes were observed. 

http://nuclearweaponarchive.org/Usa/Tests/Tshow1.jpg
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Cause of the surface mottling.  At this point in the explosion, a true hydrodynamic shock front has 

just formed.  Prior to this moment, the growth of the fireball was due to radiative transport -- i.e., 

thermal x-rays outran the expanding bomb debris.  Now, however, the fireball expansion is caused by 

the shock front driven by hydrodynamic pressure (as in a conventional explosion, only far more intense).  

The glowing surface of the fireball is due to shock compression heating of the air.  This means that the 

fireball is now growing far more slowly than before.  The bomb (and shot cab) vapors were initially 

accelerated to very high velocities (several tens of kilometers/sec) and clumps of this material are now 

splashing against the back of the shock front in an irregular pattern (due to initial variations in mass 

distribution around the bomb core), creating the curious mottled appearance.  

 

Rope Trick Fireball (26K)     Click here to for a much larger view (177K) 

 

The photograph was shot by a Rapatronic camera built by EG&G.  Since each camera could record 

only one exposure on a sheet of film, banks of 4-to-10 cameras were set up to take sequences of 

photographs.  The average exposure time was 3 millionths-of-a-second.  The cameras were last used at 

the Test Site in 1962. 
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Operation Ivy 
1952 - Enewetak Atoll, Marshall Islands 

Last modified 14 May 1999 

 

On January 31, 1950, President Harry S. Truman publicly declared the U.S. intention to develop a 

hydrogen bomb.  The primary motivations for this declaration was were 2 surprising revelations -- the 

Soviet Union's first fission bomb during the previous Fall, and the discovery of Klaus Fuchs' espionage 

activity of at Los Alamos uncovered just days before.  These combined shocks -- added to the rapidly 

growing Cold War tensions -- created grave concern at the highest levels of Washington about the 

United States being overtaken in a nuclear arms race by the Soviet Union. 

 

From that time onward, the highest priority was placed on developing new and more potent strategic 

weapons.  Especially thermonuclear weapons (hydrogen bombs).  At that time, though, no one had good 

ideas about how a practical thermonuclear weapon could be made, rendering Truman's declaration 

"hollow".  This raised new fears that Truman's pronouncement may have spurred Soviet thermonuclear 

efforts onward even faster and that they might have hit upon concepts not yet known in the U.S.  

Consequently, a fallback strategy was pursued:   developing the highest yield fission bomb possible, a 

technical effort led by Theodore Taylor at Los Alamos.  The conceptual breakthroughs of Stanslaw 

Ulam and Edward Teller the following January provided the needed insights to develop a thermonuclear 

device.  

 

So from early 1951 onward, these 2 parallel efforts to develop high-yield weapons were focused on a 

Pacific Proving Ground test series for late in 1952.  This series -- Operation Ivy -- exploded the 2 

largest bombs tested up to that time.  It inaugurated the thermonuclear age with the first "true" 

thermonuclear test (codename 'Mike') which was considerably more powerful than all the high 

explosives used in 2 World Wars put together.  Ivy also tested the highest yield pure fission weapon 

ever exploded. 

 

"It is part of my responsibility as Commander in Chief of the Armed forces to see to it that our 

country is able to defend itself against any possible aggressor.  Accordingly, I have directed 

the AEC to continue its work on all forms of atomic weapons including the so-called 

hydrogen or Super bomb." 

-- President Harry S. Truman, 31 January 1950  

 

 

Ivy Mike 
Mike 

Test:  Mike 

Time:  19:14:59.4  October 31, 1952 (GMT) 

 07:14:59.4  November 1, 1952 (local) 

Location:  Elugelab ("Flora") Island, Enewetak Atoll 

Test Height and Type:  Surface burst 

Yield: 10.4-MT 

 

The device detonated in the 'Mike' ("m" for "megaton") test -- called the Sausage -- was the first 

"true" H-Bomb ever tested.  That is, the first thermonuclear device built upon the Teller-Ulam 

principles of staged radiation implosion.  The device was designed by the Panda Committee directed 

by J. Carson Mark at Los Alamos (Teller declined to play a role in its development). 
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The 10.4-Megaton device was a 2-stage device using a TX-5 fission bomb as the primary stage and a 

secondary stage consisting of liquid Deuterium fusion fuel stored in a cylindrical Dewar (thermos) flask.  

Running down the center of the Dewar was a Plutonium "spark plug" rod to ignite the fusion reaction.  

The Dewar was surrounded by a natural-Uranium pusher/tamper weighing more than 5 metric tons.  The 

entire assembly was housed in an enormous steel casing.  80 inches wide and 244 inches long with walls 

~10-12 inches thick -- the largest single forging made up to that time.  The inside surface of the casing 

was lined with sheets of lead and polyethylene to form the radiation channel that conducted heat from 

the primary to the secondary.  The entire device weighed 82 tons. 

 

The enormous explosion was the 4
th

 largest device ever tested by the U.S.  77% (8-Megatons) of the 

yield was due to fast fission of the natural-Uranium pusher/tamper with the remainder (2.4-Megatons) 

coming directly from fusion of the Deuterium fuel.  The island the test device was installed on -- 

Elugelab (codenamed Flora) -- was entirely destroyed.  The resulting crater was 6,240 ft across and 164 

ft deep.  High levels of radiation blanketed much of the atoll following the test. 

 

 

Preparations for the Shot 
 

Outside the Mike shot cab (34 K) 
 

357x434, 46K  The Sausage is being prepared for the test by welding "light pipes" to it that will 

permit measurement of the emission of light from specific locations on the 

surface of the casing. 

 

338x250, 15K   The Sausage in its shot cab 

Click for big image (640x474, 43K)      Click for biggest image (939x695, 85K) 

 

640x466, 55K   The Sausage in its shot ca 

Click for big image (1024x746, 128K)       Click for biggest image (1600x1166, 413K)   

 

Below Marshall Holloway, who directed the Sausage preparation and the 'Mike' shot is seen posing 

in front of the device (center). 

the Sausage and Holloway (58K) 
 

Below is a view along the atoll island ring showing the shot cab on Elugelab and the instrumentation 

set-ups on the neighboring islands of Teiter, Bogairikk, and Bogon.  The 9,000 foot long causeway 

linking the islands together is the "Krause-Ogle box" -- a 9 foot square aluminum-sheathed plywood 

tunnel filled with helium ballonets.  This box allowed gamma and neutron radiation from the blast to 

travel with little absorption to test instruments on Bogon. 

 

Mike shot set up along the atoll (92K). 

 

 

Detonation 
 

383x480, 56K    The Mike Fireball  

Click for big image (640x480, 83K)     Click for biggest image (1024x768, 192K) 

 

 

The mushroom cloud climbed to 57,000 feet in only 90 seconds, entering the stratosphere.  One 

minute later it reached 108,000 feet, eventually stabilizing at a ceiling of 120,000 feet.  Half-an-hour 
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after the test, the mushroom stretched 60 miles across with the base of the mushroom head joining the 

stem at 45,000 feet. 

 

2 slightly different versions of the same mushroom cloud image 

Each version has its own unique advantages in detail and esthetics 

 

312x250, 16K  Ivy Mike mushroom cloud 

Click for big image (640x513, 32K) 

Click for bigger image (1024x820, 60K) 

Click for biggest image (1477x1183, 109K) 

 

335x250, 17K  Ivy Mike mushroom cloud 

Click for big image (640x478, 24K) 

Click for bigger image (1024x765, 71K) 

Click for biggest image (1600x1195, 296K) 

 

3 slightly different versions of another mushroom cloud image 

Each version has its own unique advantages in detail and esthetics 

 

419x250, 20K  Ivy Mike mushroom cloud  

Click for big image (640x382, 27K)   

Click for bigger image (1024x611, 65K)   

Click for biggest image (1600x954, 143K)   

 

335x250, 13K  Ivy Mike mushroom cloud  

Click for big image (640x478, 24K)  

Click for bigger image (1024x765, 58K)  

Click for biggest image (1470x1098, 118K)  

 

333x250, 13K  Ivy Mike mushroom cloud  

Click for big image (640x480, 25K)  

Click for bigger image (1024x768, 62K)  

Click for biggest image (1600x1200, 165K)  

 

Other mushroom cloud images  

 

250x319, 16K  Ivy Mike mushroom cloud  

Click for big image (376x480, 26K)       Click for bigger image (601x768, 80K)   

 

The Mike mushroom in black and white  

 

The Aftermath 
 

Elugelab Island, before and after :  Side by side comparison (22K)  

 

Elugelab before --  closeup (76K)  

 

Elugelab after -- closeup (63K)  

 

http://nuclearweaponarchive.org/Usa/Tests/IvyMikeA312c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeA640c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeA1024c25.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeA1477c25.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeF335c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeF640c15.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeF1024c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeF1600c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeB419c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeB640c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeB1024c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeB1600c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeE335c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeE640c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeE1024c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeE1470c25.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeG333c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeG640c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeG1024c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeG1600c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeD250c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeD376c15.jpg
http://nuclearweaponarchive.org/Usa/Tests/IvyMikeD601c15.jpg
http://nuclearweaponarchive.org/Usa/Tests/Imikebw.jpg
http://nuclearweaponarchive.org/Usa/Tests/Elugels.jpg
http://nuclearweaponarchive.org/Usa/Tests/Elugbfor.jpg
http://nuclearweaponarchive.org/Usa/Tests/Elugaft.jpg


 37 

Powered mostly by fission, 'Mike' showered high levels of radiation over the atoll.  Below is a 

fallout map showing radiation intensities (in rads/hour) an hour after the test. 

 

The fallout map (634x632, 62K)  

 

 

Ivy King 
 

King 

Test:  King 

Time:  23:30  November 15, 1952 (GMT) 

 11:30  November 16, 1952 (local) 

Location:  Runit ("Yvonne") Island, Enewetak Atoll 

Test Height and Type:  1,480-foot Airburst 

Yield:  500-kt 

 

The device detonated in the King ("k" for "kiloton") test was dropped by a B-36H bomber flying out 

of Kwajalein Island.  The detonation occurred 20 feet lower than planned with a circular bombing error 

of 570±35 feet.  While perhaps not the largest deliverable fission bomb possible at the time, it was 

certainly pushing close to the practical limit. 

 

This device was a prototype of the Mk 18 Super Oralloy bomb ("SOB").  The device consisted 

mostly of standard stockpiled components.  It was based on the stockpiled Mk-6D bomb but using the 

92 point implosion system developed for the Mk-13.  The pit (consisting of the reflector and core) was 

modified however.  The normal Uranium-Plutonium composite core was replaced by a new design made 

up of approximately 60 kilograms of highly-enriched Uranium (oralloy) in a natural-Uranium tamper.  

The complete bomb weighed 8,600 lb. 

 

The Mk-18 bomb was developed under the direction of Ted Taylor at Los Alamos.  A major aspect 

of the development was developing safety mechanisms.  With such a large amount of enriched uranium 

(more than 4 critical masses), the bomb was skirting the edge of criticality safety.  Chains made of 

Aluminum and Boron filled the central portion of the bomb to absorb neutrons and prevent collapse (if, 

for example, the high explosives were detonated in an accident).  The chains were pulled out before the 

bomb was dropped. 

 

Ivy King Fireball (66K)           (153K)           (43K)  

 

456x250, 15K   Ivy King fireball  

Click for big image (640x351, 43K)  

Click for bigger image (1024x562, 68K)  

Click for biggest image (1600x878, 169K)  

 

Ivy King mushroom cloud (90K)  
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http://nuclearweaponarchive.org/Usa/Tests/Upshotk.html 

Operation Upshot-Knothole 
1953 - Nevada Proving Ground 

Last modified 19 June 2002 

 

"As the first faint streaks of dawn poked over the distant hills, the blast came.  A vivid 

flash of light pierced the desert darkness and lighted up the entire countryside.  It lasted but a 

moment or two … then was gone.  All eyes turned toward the spot where the bomb had 

exploded.  They saw a big ball of furiously churning fire, smoke, sand and debris rapidly 

rising from the ground in huge, rolling waves.  The afterglow remained for several minutes 

while the mushroom cloud continued to rise then drift away and apart.  Then Sun was still 

below the horizon but daylight was coming fast.  Broad streaks of sunlight slanted over the 

mountaintops like ghostly fingers clawing at the heavens.  Rumbling of the shock wave 

continued for nearly 5 minutes, bouncing back-and-forth from one mountain wall to 

another." 

-- Nevada Highways & Parks 13, no2, "Observation Shot Project", (Jun-Dec 1953): 3-16  

 

 

By 1953, a pattern of test activity at the Nevada Proving Ground had emerged.  Through the 1950s, 

every year (or every other year if a pacific test series intervened) a series of several shots was fired at the 

NPG over a period of 3-or-4 months to address a wide variety of objectives.  Upshot-Knothole was just 

such a scatter-shot effort.  Technical information to assist in weapon design was obtained in several 

tests.  Efforts to prepare the U.S. military for atomic combat continued with proof-tests of a number of 

new tactical weapons including the first nuclear artillery shell.  The tests provided additional experience 

and information for planning atomic combat operations.  Important information was also obtained for 

civil defense efforts. 

 

And critically important, Upshot-Knothole also tested the radiation implosion systems for the 

World's first deployable thermonuclear weapons which would be proof-tested in Operation Castle the 

following year. 

 

An estimated 18,000 DoD personnel participated in observer programs, tactical maneuvers, scientific 

studies, and support activities.  Members of all 4 Armed Services participated in Exercise Desert Rock 

V. 

 

This operation exposed exercise personnel to nuclear tests and thus radiation -- more aggressively 

than previous ones.  Observation by troop formations were conducted at what was calculated to be the 

minimum safe separation distance with many personnel being exposed to multiple tests.  Under current 

occupational radiation exposure limits (0.3 rem/week and 5 rem/year), this would limit maximum 

exposures to 3.3 rems over the 11-week operation.  Approximately 3,000 soldiers reached-or-exceeded 

this limit, with 84 exceeding the annual limit (the highest recorded exposure was 26.6 rem).  These 

exposures do not produce observable symptoms.  They simply increase the lifetime risk of cancer a 

small amount. 

 

The effect on the downwind civilian population -- taken together -- was much worse.  Upshot-

Knothole released some 35,000 kilocuries of radioiodine (I
131

) into the atmosphere (for comparison, 

Trinity released about 3,200 kilocuries of radioIodine).  This produced total civilian radiation exposures 

amounting to 89 million person-rads of thyroid tissue exposure (about 24% of all exposure due to 

continental nuclear tests).  This can be expected to eventually cause about 28,000 cases of thyroid 

cancer, leading to some 1,400 deaths.  Chart of fallout exposures from "underground tests" (61 K, 

http://nuclearweaponarchive.org/Usa/Tests/Ukscd.gif
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539x577).  From National Cancer Institute Study Estimating Thyroid Doses of I
131

 Received by 

Americans From Nevada Atmospheric Nuclear Bomb Test, 1997. To go to the National Cancer 

Institute and get the full report, click here. 

 

 

Annie 

Test:  Annie 

Time:  13:20  March 17, 1953 (GMT) 

 05:20  March 17, 1953 (local) 

Location:  Nevada Test Site (NTS), Area 3 

Test Height and Type:  300-foot Tower Shot 

Yield:  16-kt 

 

In an effort to calm public fears about weapons testing, Annie was an "open shot".  Civilian 

reporters were permitted to view it from News Nob, 11 kilometers south of the shot-tower.  Annie was a 

weapon development test.  It was an experimental device (code named XR3) that provided additional 

information to normalize the yield-vs-initiation time curve.  It was a Mk-5 HE assembly using a Type D 

pit and used a betatron for external initiation (the 3
rd

 such test).  Total device weight was 2,700 lb.  

Predicted yield was 15-20 kt. 

 

Upshot-Knothole Annie (36K) 

Upshot-Knothole Annie (41K)       Upshot-Knothole Annie (331x250, 13K) 

 

Click here for bigger images  

640x483, 43K  

1024x773, 124K  

1280x966, 226K  

 

What are Those Smoke Trails Doing in That Test Picture? 
 

 

Nancy 

Test:  Nancy 

Time:  13:10  March 24, 1953 (GMT) 

 05:10  March 24, 1953 (local) 

Location:  Nevada Test Site (NTS), Area 4 

Test Height and Type:  300-foot Tower Shot 

Yield:  24-kt 

 

This was a test of the TX-15 'Zombie' thermonuclear weapon design scheduled to be proof-tested at 

the Pacific Proving Grounds in 1954.  The device -- codenamed 'Nevada Zombie' -- tested both the 

RACER primary and the TX-15 radiation implosion system.  The TX-15 appears to have been 

something of a transitional design between a radiation implosion fission bomb and an optimized 

thermonuclear design.  It was originally conceived as a 2-stage pure fission bomb using nriched-

Uranium fuel but matured into a thermonuclear system for improved yield as work progressed.  It was 

lighter and had a smaller diameter than any of the other thermonuclear designs then under development.  

The 'Nevada Zombie' weighed 11,000 lb., a diameter of 35.4 inches, and a length of 122 inches.  The 

RACER primary produced a yield below the predicted range of 35-40 kt, leading to a design 

modification for the Simon shot. 

 

Upshot-Knothole Nancy (67K)  
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Ruth 

Test:  Ruth 

Time:  13:00  March 31, 1953 (GMT) 

 05:00  March 31, 1953 (local) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  300-foot Tower Shot 

Yield:  0.2-kt 

 

This was the first device to be tested by UCRL (University of California Radiation Laboratory, later 

Lawrence-Livermore) -- the new second weapons laboratory established by Teller and Lawrence.  The 

device -- named 'Hydride I' -- was a fission bomb based on an enriched-Uranium hydride fuel.  Like its 

sister device tested in the Ray shot 12 days later, 'Hydride I' was intended for use as a primary in a 

compact thermonuclear system. 

 

The Uranium Hydride fission bomb approach was considered during the days of the Manhattan 

Project as possible way for reducing the required critical mass of Uranium.  The hydrogen in the 

hydride compound (UH3) moderates the fast neutrons somewhat, which moves the energy spectrum 

down into a region where the average fission cross-section of Uranium is substantially higher giving a 

smaller effective critical mass.  Unfortunately, bomb efficiency is very adversely affected by the slowing 

down of the neutrons since it gives the bomb core more time to blow apart.  The concept (if it worked) 

would allow low yield bombs that -- while inherently inefficient -- also did not use up much fissile 

material. 

 

The Manhattan Project had abandoned this idea as a practical bomb design although Uranium 

Hydride systems proved quite valuable for criticality experiments when fissile material was scarce.  The 

famous "Dragon" prompt criticality experiments where a chunk of fissile material was dropped through 

a subcritical mass to momentarily reach supercriticality used Uranium Hydride. 

 

After the War, Los Alamos physicists were skeptical of the usefulness of Uranium Hydride in 

weapons.  Edward Teller remained interested in the concept though and used his prominent position to 

push hydride weapon development when the UCRL weapons lab opened. 

 

The Ruth shot was a fizzle.  The predicted yield was 1.5 to 3 kt while the 200-ton yield was a 

fraction of that.  Especially embarrassing to UCRL was that only the top 100 feet of the 300-foot shot 

tower was vaporized (though much of the remainder was scattered across the desert).  It was standard 

practice at that time for each test to totally erase all evidence associated with it (automatically 

"declassifying" the site), which Ruth failed to do. 

 

'Hydride I' weighed 7400 lb, was 56 inches in diameter, and was 66 inches long.  A betatron was 

used for initiation. 

 

Upshot-Knothole Ruth Tower Stump (48 K) 

 

 

Dixie 

Test:  Dixie 

Time:  15:30  April 6, 1953 (GMT) 

 07:30  April 6, 1953 (local) 

Location:  Nevada Test Site (NTS), Area 7 

http://nuclearweaponarchive.org/Usa/Tests/Ukruth.jpg
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Test Height and Type:  6,022-foot Airdrop 

Yield:  11-kt 

 

B-50 bomber airdrop.  The detonation was 565 feet east and 72 feet north of the designated ground 

zero.  Dixie was a Mk-5D bomb proof test.  The predicted yield was 8-12 kt.  This test experimented 

with Lithium Deuteride as a means of fusion boosting.  The device weight was 3,260 lb, diameter was 

60 inches, length was 128 inches. 

 

 

Ray 

Test:  Ray 

Time:  12:45  April 11, 1953 (GMT) 

 04:45  April 11, 1953 (local) 

Location:  Nevada Test Site (NTS), Area 4 

Test Height and Type:  100-foot Tower 

 Yield: 0.2-kt 

 

This was the second test of a Uranium Hydride device, this time using the heavy isotope of 

Hydrogen (Deuterium).  The Uranium Deuteride device was called 'Hydride II' and was otherwise 

basically identical to 'Hydride I'.  The predicted yield was 0.5-1 kt, the lower expected yield making a 

smaller gap with the same 200-ton yield as the first test.  UCRL scientist Herbert York claims not to 

regard this test as a failure since it was lower than the predicted range by "only a factor of 3".  Legend 

has it that this shot was fired on a tower of only 100 feet (compared to 300 feet for Ruth) to ensure that 

the tower would be entirely destroyed. 

 

 

Badger 

Test:  Badger 

Time:  12:35  April 18, 1953 (GMT) 

 04:35  April 18, 1953 (local) 

Location:  Nevada Test Site (NTS), Area 2 

Test Height and Type:  300-foot Tower 

Yield:  23-kt 

 

This was a test of the TX-16 thermonuclear weapon design.  The reduced size cryogenic weapon 

descended from the Sausage device tested in Ivy Mike.  The test device was named 'Buzzard' and used 

a deuterium gas boosted RACER primary.  The expected yield was 35-40 kt.  The device had a diameter 

of 56 inches and weighed 7400 lb.  The full scale thermonuclear version of this design was actually 

deployed on a limited scale for a short time as an "Emergency Capability" weapon in late 1953 and early 

1954.  The full-scale version was never tested though due to the success of solid-fueled weapon designs. 

 

Upshot-Knothole Badger (57K) 

 

 

Simon 

Test:  Simon 

Time:  12:30  April 25, 1953 (GMT) 

 04:30  April 25, 1953 (local) 

Location:  Nevada Test Site (NTS), Area 1 

 Test Height and Type: 300-foot Tower 

Yield:  43-kt 

http://nuclearweaponarchive.org/Usa/Tests/Ukbadger1.jpg
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This was a test geared toward developing the TX-17/24 thermonuclear weapon design.  The TX-17 

and TX-24 were the physically largest and heaviest weapons -- as well as one of the highest yield 

weapons -- ever deployed by the United States.  The test device -- codenamed 'Simultaneity' -- was 

much smaller and lighter, however.  It had a diameter of 35.4 inches and a length of 224 inches with a 

total weight of 11,000 lb (5,000 kg).  It used a redesigned RACER primary with 2 kg of enriched 

uranium added to the design tested in Nancy.  This addition boosted its yield by almost a factor of 2.  

The predicted yield was 35-40 kt. 

 

Upshot-Knothole Simon (31 K) 

 

 

Encore 

Test:  Encore 

Time:  15:30  May 8, 1953 (GMT) 

 08:30  May 8, 1953 (local) 

Location:  Nevada Test Site (NTS), Area 5 

Test Height and Type: 2 423-foot Airdrop  

Yield:  27-kt 

 

B-50 bomber airdrop from a height of 19,000 feet.  The detonation was 15 feet west and 937 feet 

south of the designated ground zero.  This was a weapon effects test ("E" as in "Encore" and "effects") 

and used a Mk-6D bomb with a predicted yield of 30-35 kt.  The total device weight was 8,330 lb. 

 

 

Harry 

Test:  Harry 

Time:  12:05  May 19, 1953 (GMT) 

 05:05  May 19, 1953 (local) 

Location:  Nevada Test Site (NTS), Area 3 

Test Height and Type: 300-foot Tower 

Yield:  32-kt 

 

This device -- known as 'HAMLET' -- was designed by Ted Taylor at Los Alamos and holds the 

distinction of being the most efficient pure fission design with a yield below 100-kt ever exploded (note: 

the most efficient fission weapon of any size was the 500-kt Ivy King, also designed by Taylor).  This 

implies an unusually effective compression of the fissile material.  The design is noted as being a test of 

a new hollow core design.  It may be that this was the first device to use a hollow core.  Earlier levitated 

core devices being solid cores suspended inside a hollow tamper.  It is also possible that a 2-stage 

levitation scheme may have been used to further intensify the shock compression.  Predicted yield was 

37-kt. 

 

'HAMLET' used the TX-13D heavy-weight strategic bomb design.  The system was 56 inches in 

diameter and 66 inches long and weighed 7,000 lb (without the outer bomb case), full weight was 8,000 

lb.  A betatron was used for initiation.  This design was never deployed because the design optimization 

chosen -- using a large heavy bomb to get an efficient yield out of a small amount of fissile material -- 

was obsolete in an era of rapidly expanding fissile material supply and with thermonuclear weapons 

nearing deployment status. 

 

The Harry shot is notable for another reason.  It resulted in the heaviest contamination of 

"downwinders" -- civilians living downwind of the Nevada test Site -- of any U.S. continental test as 

http://nuclearweaponarchive.org/Usa/Tests/Uksimon.jpg
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measured by external gamma ray exposure.  For the period up to the end of 1958 (through Operation 

Hardtack II), it is estimated that a cumulative total of 85,000 person-roentgens of external gamma ray 

exposure occurred.  Of this, Harry contributed 30,000 by itself. 

 

Upshot-Knothole Harry (31K)          Upshot-Knothole Harry (32K)  

 

 

Grable 

Test:  Grable 

Time:  15:30  May 25, 1953 (GMT) 

 08:30  May 25, 1953 (local) 

Location:  Nevada Test Site (NTS), Area 5 

Test Height and Type:  524-foot Airburst 

Yield:  15-kt 

 

This is the first test of a nuclear artillery shell (Grable for "gun") -- the 280 mm AFAP (artillery 

fired atomic projectile).  The shot was an artillery-delivered airburst.  The shell traveled 11,000 yards 

before detonation which occurred 86 feet west, 137 feet south, and 24 feet above the designated burst 

point.  The 280 mm shell was also a "gun" weapon in another sense.  It used a "gun-type" fission 

weapon assembly method like the 'Little Boy' bomb.  This was, in fact, the first test of a gun-type bomb 

(and second detonation -- Hiroshima not being a test).  The predicted yield was 14-kt. 

 

The Mk-9 280 mm (11.02 inch) shell was 54.4 inches long, weighed 803 lb, and used Oralloy as the 

fissile material.  Airburst detonation was arranged by a time fuze.  The Mk-9 was fired by an enormous 

85-ton artillery piece.  The gun had a muzzle velocity of 2060 ft/sec,and a range of up to 20 miles. 

 

Upshot-Knothole Grable with gun (51K)      Upshot-Knothole Grable (53K)  

 

Upshot-Knothole Grable (61K)        Upshot-Knothole Grable (55K)  

 

Upshot-Knothole Grable:   pick   480x612 (69K) size   or     376x480 (40K) size 

 

 

Climax 

Test:  Climax 

Time:  11:15  June 4, 1953 (GMT) 

 04:15  June 4, 1953 (local) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  1334-foot Airdrop 

Yield:  61-kt 

 

B-36 bomber airdrop.  The detonation was 172 feet west and 232 feet north of the designated ground 

zero.  This was a proof test of the Mk-7 high-yield, light-weight fission bomb.  The diameter of the 

bomb was 30 inches, making it suitable for external carriage by high-speed fighter-bombers.  The 

predicted yield of this device was 50-70 kt.  The actual yield (61-kt) was the highest of any U.S. 

continental test up to this time. 

 

The Mk-7 was the lightest and most compact implosion bomb design yet developed.  And its 

implosion system -- a composite COBRA core in a Type D pit -- was later used as a primary in several 

high-yield thermonuclear devices in the Castle test series. 

 

http://nuclearweaponarchive.org/Usa/Tests/Ukharry1.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ukharry2.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ukgrabgun.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ukgrable1.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ukgrable2.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ukgrable3.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ukgrable4a.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ukgrable4b.jpg
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The complete bomb was 30.5 inches wide and 183 inches long and weighed 1,840 lb.  The implosion 

system weighed 900 lb and used the more powerful Cyclotol 75/25 in preference to the Composition B 

used in most bombs at that time. 

 

Upshot-Knothole Climax:   pick 651x519 (109K) size    or    288x225 (21K) size 

 

Upshot-Knothole Climax (34K)  

 

What are Those Smoke Trails Doing in That Test Picture? 

 

 

Upshot-Knothole 1953 Shot 
 

This is one of the Upshot-Knothole tower shots.  But the exact test is unknown to me.  There were 7 

tower shots.  But it is probably not either of the Ruth or Ray fizzles. 

 

The ghostly mottling is due to irregularities in the fireball surface created when the expanding bomb 

debris -- traveling at high velocity -- catches up to the decelerating surface of the expanding fireball and 

"splashes" into it. 

 

24K    Photographer: Harold Eugene "Doc" Edgerton, 1903-1990. 

 

http://nuclearweaponarchive.org/Usa/Tests/Ukclimax1a.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ukclimax1b.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ukclimax2.jpg
http://nuclearweaponarchive.org/Usa/Tests/SmokeTrails.html
http://nuclearweaponarchive.org/Usa/Tests/Uktower.jpg
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http://nuclearweaponarchive.org/Usa/Tests/Castle.html 

Operation Castle 
1954 - Pacific Proving Ground 

Last changed 20 December 2000 

 

Operation Castle was a series of high-yield thermonuclear weapon design tests.  Following the 

initial experimental demonstration of the Teller-Ulam principles in Operation Ivy (the Sausage device 

detonated in the Ivy Mike test), both weapon labs (Los Alamos and Lawrence-Livermore) rushed to 

develop a number of deliverable weaponized designs.  The original schedule included a weaponized 

version of the cryogenic fuel system used in Sausage (designated the EC-16, the test device being 

named 'JUGHEAD'); plus a variety of other extensions and new concepts.  One of these new approaches 

-- the use of non-cryogenic "dry" (Lithium Deuteride) fuel -- was a spectacular (and disastrous) success 

with a yield far exceeding expectations.  Some of the other tests were also much larger than expected.  

In fact, the 3 largest tests ever carried out by the U.S. were all part of Operation Castle. 

 

Not all new concepts were successful.  For example, the first UCRL thermonuclear device fizzled.  

Included in the test series were experimental systems not intended for immediate deployment; weapon 

designs soon deployed on an emergency basis; and 2 designs that had already reached emergency 

deployment status despite never having been tested.  One of these was the cryogenic TX-16, which was 

deleted from the test schedule (and removed from service) when solid fuel proved highly effective. 

 

An important factor in planning Castle was the availability of Lithium-enriched in Li
6
.  The U.S. 

thermonuclear weapon program had been stuck in the doldrums prior to the breakthroughs of Ulam and 

Teller in early 1951 and no plans had been made for producing this fusion fuel.  Once a workable design 

for a high yield fusion weapon had been conceived though, it became a race to get a large Lithium-

enrichment plant into production.  In contrast, the Soviets had decided to pursue a thermonuclear design 

of limited potential (the Sloika/Alarm Clock) and had begun constructing lithium enrichment facilities 

before the United States.  The Soviet Union exploded a "dry" device of this type the August preceding 

Castle at the time that the first U.S. Lithium-enrichment plant was just starting up.  Due to the current 

Lithium
6
 shortage, several weapon designs tested in Castle therefore used only partially-enriched or 

even un-enriched Lithium. 

 

 

Castle Bravo 
Bravo 

Test:  Bravo 

Time:  18:45:00.0  February 28, 1954 (GMT) 

 06:45:00.0  March 1, 1954 (local) 

Location:  Artificial island on reef 2950 ft off Nam ("Charlie") Island, Bikini Atoll 

Test Height and Type:  Surface burst (7 feet above surface) 

Yield:  15-MT 

 

The 'Shrimp' device tested in Bravo was a 15-MT 2-stage thermonuclear surface burst.  This was the 

first "dry" or solid fuel (lithium deuteride fueled) H-Bomb tested by the U.S. and the first solid fuel 

Teller-Ulam device ever tested.  It was the largest bomb ever tested by the U.S. although this was by 

accident.  The yield of Bravo dramatically exceeded predictions -- being about 2.5 times higher than the 

best guess and almost double the estimated maximum possible yield (6-MT predicted, estimated yield 

range 4-8 MT). 
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The 'Shrimp' test device was basically a scaled-down version of the 'Runt' device tested in Castle 

Romeo but with partially-enriched Lithium as fuel.  Its weight was a comparatively light 23,500 lb and 

was 179.5 in long and 53.9 in wide.  The fuel consisted of 37-40% enriched Lithium
6
 Deuteride encased 

in a natural-Uranium tamper.  10-MT of the yield was from fast fission of the tamper.  The 'Shrimp' also 

tested light case design, substituting an aluminum exterior case for the steel used in the 'Sausage' (tested 

in Ivy Mike).  It used a RACER IV fusion boosted primary. 

 

The reason for the unexpectedly high yield was due to the "Tritium bonus" provided by the Lithium
7
 

isotope which made up most of the Lithium.  This isotope was expected to be essentially inert.  But in 

fact, it had a substantial reaction cross-section with the high-energy neutrons produced by Tritium-

Deuterium fusion.  When one of these high-energy neutrons collided with a Lithium
7
 atom, it could 

fragment it into a Tritium and a Helium atom.  Tritium was the most valuable fusion fuel -- being both 

highly reactive and causing extremely energetic fusion -- so this extra source of tritium greatly increased 

the weapon yield. 

 

The Bravo crater in the atoll reef had a diameter of 6,510 ft with a depth of 250 ft.  Within 1 minute, 

the mushroom cloud had reached 50,000 feet (15 km), breaking 100,000 feet (30 km) 2 minutes later.  

The cloud top rose and peaked at 130,000 feet (almost 40 km) after only 6 minutes.  8 minutes after the 

test, the cloud had reached its full dimensions with a diameter of 100 km, a stem 7 km thick, and a cloud 

bottom rising above 55,000 feet (16.5 km). 

 

The Bravo test created the worst radiological disaster in U.S. history.  Due to failure to postpone the 

test following unfavorable changes in the weather -- combined with the unexpectedly high yield and the 

failure to conduct pre-test evacuations as a precaution -- the Marshallese Islanders on Rongerik, 

Rongelap, Ailinginae, and Utirik atolls were blanketed with the fallout plume.  They were evacuated on 

March 3.  But 64 Marshallese received doses of 175 R.  In addition, the Japanese fishing vessel Daigo 

Fukuryu Maru (Fifth Lucky Dragon) was also heavily contaminated with the 23 crewmen receiving 

exposures of 300 R (one later died, apparently from complications). 

 

The entire Bikini Atoll was contaminated to varying degrees, and many Operation Castle personnel 

were subsequently over-exposed as a result. Personnel in the firing bunker on Nan Island were trapped 

for a time when external radiation levels reached 250 roentgens/hr an hour after the shot.  After this test, 

the exclusion zone around the Castle tests was increased to 570,000 square miles -- a circle 850 miles 

across (for comparison, this is equal to about 1% of the entire Earth's land area). 

 

'Shrimp' was used as the basis for the Mk-21 bomb, the weaponization effort beginning on March 26 

only 3 weeks after Bravo.  Design stabilized in mid-July 1955 with a projected yield of 4-Megatons 

(subsequently tested at 4.5-Megatons in Redwing Navajo, 95% fusion, July 11, 1956).  Quantity 

production began in December 1955 and ended in July 1956 with 275 units being produced.  The Mk-21 

weighed about 15,000 lb.  It was 12.5 ft long, and 56 in. in diameter.  During June-November 1957, it 

was converted to the Mk 36 design. 

 

Bravo Before Detonation 
 

The 'Shrimp' device in its shot cab:  The Shrimp (72K)  

 

Site 20 -- the 1-acre artificial island holding the Bravo shot cab -- was connected to nearby Namu 

island (visible at top of picture) by a 2,900 foot causeway across the reef.  The array of dark towers 

support mirrors that reflected images of the early stages of fireball growth to other nearby islands. 

 

Site 20 - The Bravo Shot Cab (69K)  

http://nuclearweaponarchive.org/Usa/Tests/Cshrimp.jpg
http://nuclearweaponarchive.org/Usa/Tests/Cbravocab.jpg
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Bravo Fireball 
This picture was taken from a RB-26 at about 40,000 ft. a few minutes after zero hour.  The 

fireball/mushroom cloud had quite a variety of condensation structures associated with it.  At various 

stages of its life, it had 4 condensation rings, 3 ice caps, 2 skirts, and 3 bells.  In this picture, 3 ice caps 

and 2 rings are seen. 

 

Castle Bravo 

375x250, 15K  

640x427, 39K  

1024x683, 55K  

1600x1068, 137K  

1600x1068 (higher quality), 272K  

 

Castle Bravo 

250x187, 10K  

640x480, 46K  

1024x768, 124K  

1600x1200, 229K  

 

Castle Bravo 521x323 (114K)  

A larger (but somewhat lower quality) view 767x594 (56K) 

 

Castle Bravo 644x352 (20K)  

 

 

Bravo Crater 
 

Castle Bravo Crater 

358x480, 30K     640x768, 70K      1024x854, 92K  

 

 

Fallout Over the Marshall Islands 
Contour lines show the cumulative radiation dose in roentgens (R) for the first 96 hours after the test. 

 

Bravo Fallout Plume (37K)  
 

Bravo fallout plume superimposed over the USA: 

525x531 version (9K)         657x664 version (12K)  
 

 

Castle Romeo 
Romeo 

Test:  Romeo 

Time: 18:30:00.4  March 26, 1954 (GMT) 

 06:30:00.4  March 27, 1954 (local)  

Location:  On barge in Bravo crater, Bikini Atoll 

Test Height and Type:  Barge shot (14 feet above surface) 

Yield:  11-MT 

http://nuclearweaponarchive.org/Usa/Tests/BravoA198c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/BravoA395c10.jpg
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http://nuclearweaponarchive.org/Usa/Tests/BravoC167c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/BravoC250c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/BravoC640c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/BravoC1024c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/BravoC1600c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Cbravo1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Cbravo1b.jpg
http://nuclearweaponarchive.org/Usa/Tests/Cbravo3s.jpg
http://nuclearweaponarchive.org/Usa/Tests/BravoCrater250c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/BravoCrater358c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/BravoCrater572c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/BravoCrater636c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Cbrvfll.gif
http://nuclearweaponarchive.org/Usa/Tests/Cbrvusa1.gif
http://nuclearweaponarchive.org/Usa/Tests/Cbrvusa2.gif
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Like Bravo, Romeo's explosive power far exceeded original projections.  Iin fact, it did so by an 

even larger factor -- almost tripling the best guess yield.  At 11-Megatons, Romeo was the 3
rd

 largest 

test ever detonated by the United States.  The original yield estimate for this test device -- known as 

'Runt' (and later 'Runt I') -- was only 4-Megatons (with a range of 1.5-7 MT).  As the large uncertainty 

range indicates, the performance of this device was highly uncertain.  The reason for this was that it used 

inexpensive and abundant un-enriched natural Lithium (7.5% Li
6
) in the Lithium Deuteride fusion fuel.  

In fact, as late as October 1953, Los Alamos was considering not even testing this device.  The decision 

to include it was thought to be a crap-shoot to see if this cheap fusion fuel would be useful. 

 

The spectacular results of Bravo -- which was a scaled-down version of the 'Runt' device with 

partially-enriched lithium fuel -- caused the expected and maximium yields for 'Runt' to be doubled to 8 

and 15 MT respectively.  It also led to 'Runt' being moved up in the test schedule to the 2
nd

 shot rather 

than the 6
th

. 

 

'Runt I' was a proof test of the Mk-17 bomb (which was deployed as the emergency capability EC-17 

in a matter of months).  7-MT of the yield was from fast fission of the natural-Uranium tamper. 

 

Romeo was the first nuclear test conducted on a barge.  Since high-yield thermonuclear tests were 

blowing vast holes in the reefs at Bikini and Enewetak, this was imperative.  Otherwise, the U.S. test 

program would soon run out of islands. 

 

The 'Runt I' test device weighed 39,600 lb. and was 224.9 inches long with a diameter of 61.4 

inches.  

 

Runt I Test Device 

 

Runt I (32K)     Click here for a much bigger Runt (640x474, 77K)!  

 

 

Romeo After Detonation 

 

Castle Romeo (37K)       Castle Romeo (57K)       Castle Romeo 92K) 

 

Castle Romeo 

415x250, 9K  

640x386, 19K  

1024x617, 55K  

1600x963, 134K  

 

 

The Deployed Weapon 

 

This how the deployed Mk-17/24 weapon family appeared.  Mk-17/24 (31K)  

 

 

Castle Koon 
Koon 

Test:  Koon  

Time:  18:20:00.4  April 6, 1954 (GMT) 

http://nuclearweaponarchive.org/Usa/Tests/Crunt.jpg
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http://nuclearweaponarchive.org/Usa/Tests/CromeoB1024c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/CromeoB1600c20.jpg
http://nuclearweaponarchive.org/Usa/Weapons/Mk17s.jpg
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 06:20:00.4  April 7, 1954 (local)  

Location:  Eninman Island, Bikini Atoll  

Test Height and Type:  Surface burst (9.6 feet above surface)  

Yield:  110-kt 

 

Koon was the first thermonuclear device to be designed by UCRL (now Lawrence Livermore) and 

was the last weapon design on which Edward Teller directly worked.  It was a "fizzle".  With a predicted 

yield of 1-Megaton, its actual yield was only 110-kt.  Of this, 100-kt was from fission (almost entirely 

due to the primary).  Only 10-kt of energy was contributed by fusion reactions. 

 

The test device was name Morgenstern ("morning star").  It had a somewhat more complex internal 

design than the Los Alamos devices and was intended to break new ground in weapon design.  

Diagnostics indicated an unexpectedly long time delay between the primary firing and the secondary 

ignition.  Reportedly this was due to a simple design flaw.  The neutron flux from the primary had pre-

heated the secondary leading to poor compression.  Other devices tested in Castle contained Boron
10

, 

which may have served as neutron shield to reduce this pre-heating effect.  In any case, the failure of 

this dry fueled design also led to the cancellation of the test for its cryogenic sister device -- the 

Ramrod. 

 

Below is a map of Eninman Island before-and-after the Koon shot.  The crater was 990 feet wide 

and 75 feet deep.  Remember, Koon was a fizzle!  A successful shot would have obliterated most of the 

island. 

 

Castle Koon Shot Site -- Before (63K)         Castle Koon Shot Site - After (42K) 

 

 

Castle Union 
Union 

Test:  Union 

Time:  18:10:00.7 25 April 1954 (GMT) 

 06:10:00.7 26 April 1954 (local)  

Location:  On barge, Bikini Atoll 

Test Height and Type:  Barge shot (13 feet above surface) 

Yield:  6.9-MT 

 

The 'Alarm Clock' device (completely unrelated to the Sloika/Alarm Clock weapon design) was a 

prototype of the EC-14 -- a dry fuel thermonuclear weapon that had already been deployed by the U.S. 

on an emergency basis.  This weapon used 95% enriched Lithium
6
 Deuteride fuel, which was expensive 

and scarce at the time and limited the numbers that could be deployed. 

 

The 'Alarm Clock' was 61.4 inches wide, 135 inches long (for the nuclear system - the total length 

was 151 inches), and weighed 27,700 lb.  It used the RACER IV primary.  5-MT of its yield was due to 

fission (72.5%).  The test left a 300-foot wide, 90-foot deep crater in the lagoon bottom. 

 

Castle Union (28K) 

 

TX-14 Alarm Clock (54K) 

 

 

 

http://nuclearweaponarchive.org/Usa/Tests/Ckoon1.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ckoon2.gif
http://nuclearweaponarchive.org/Usa/Tests/Cunion.jpg
http://nuclearweaponarchive.org/Usa/Weapons/Tx14.jpg
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Castle Yankee 
Yankee 

Test:  Yankee 

Time:  18:10:00.1  May 4, 1954 (GMT) 

 06:10:00.1  May 5, 1954 (local) 

Location:  On barge, Bikini Atoll 

Test Height and Type:  Barge shot (14 feet above surface) 

Yield:  13.5-MT 

 

This device -- designated 'Runt II' -- was a proof test of the TX/EC-24, the sister design of the 'Runt 

I' TX/EC-17 which was fired in Romeo.  Both weapons had identical casings, external appearance, and 

weight.  The principal difference was the choice of thermonuclear fuel.  While 'Runt I' used natural-

Lithium (7.5% Li
6
), 'Runt II' used partially-enriched Lithium (37-40% Li

6
, the same as the 'Shrimp' 

device tested in Bravo). 

 

'Runt II' was included in the test schedule following the extremely successful test of 'Runt I' and the 

withdrawal of the 'Ramrod' and 'Jughead' devices from the series (the first due to the failure of its sister 

device 'Morgenstern'; the second due the fact that cryogenic weapons were now obsolete). 

 

The 'Runt II' was (like 'Runt I') 61 inches wide and 225 inches long and weighed 39,600 lb.  It used 

the RACER IV primary. 

 

As might be expected from the substitution of more Tritium-fertile enriched Lithium, the yield of 

'Runt II' exceeded 'Runt I'.  Its predicted yield was 9.5-MT (range 7.5-15 MT); the 13.5-MT actual yield 

was the second highest of any U.S. test ever.  The substitution led to a yield increase of 2.5-MT entirely 

due to fusion.  This represents a 63% increase in fusion output (from 4 to 6.5 MT).  This fusion yield 

was the largest such yield of any device tested up to this time -- larger than any Castle test -- and set a 

U.S. fusion yield record that held until the Hardtack Poplar test in 1958.  7-MT of its yield was fission 

(51.9%) -- the same as for Romeo. 

 

This how the deployed Mk-17/24 weapon family appeared.  Mk-17/24 (31K)  

 

 

Castle Nectar 
Nectar 

Test:  Nectar  

Time:  18:20:00.4  May 13, 1954 (GMT) 

 06:20:00.4  May 14, 1954 (local)  

Location:  On barge, Bikini Atoll  

Test Height and Type:  Barge shot (14 feet above surface)  

Yield:  1.69-MT 

 

The 'Zombie' device tested in Nectar was a prototype of the TX-15 lightweight thermonuclear 

weapon.  This bomb was a transitional design between fission bombs and the classic conception of a 

hydrogen bomb.  The 'Zombie' began its conceptual existence as a radiation imploded fission bomb with 

a yield in the range of hundreds of kilotons, similar to Stanislaw Ulam's original conception of using one 

fission bomb to compress another.  The idea of making the outer case of the secondary out of fissile 

material (enriched uranium) rather than natural uranium was retained.  But the design evolved to include 

fusion fuel (lithium deuteride and tritium) to boost its yield. 

 

http://nuclearweaponarchive.org/Usa/Weapons/Mk17.jpg
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The final result is basically a radiation imploded fusion boosted fission bomb.  The difference 

between this approach and the other 2-stage thermonuclear systems tested in Castle was that the 

requirements for compression are relaxed.  The other thermonuclear systems needed to achieve efficient 

compression of the low-density fusion fuel to achieve extremely high densities so that a rapid 

equilibrium burn would occur when the fission "spark plug" in the center ignited it.  Although most of 

total energy release might be due to fission, it was fast fission of ordinary uranium driven by the fusion 

produced neutrons.  The 'Zombie' -- by using a secondary case made of highly-enriched Uranium 

(though perhaps not quite "weapon grade") -- would become supercritical through a much less 

demanding compression process.  The rapid energy release through the fission chain reaction would 

drive the whole system to thermonuclear temperatures.  And due to the strong heating, the fusion fuel 

inside could burn without nearly as much compression.  

 

This 'Zombie' was not as cheap as the other thermonuclear systems tested in Castle due its use of 

enriched-Uranium, enriched-Llithium, and Tritium.  But it could be made smaller and lighter than any of 

them.  It was also a relatively low risk design, the fission explosion of the secondary being a very robust 

process. 

 

The yield of 'Zombie' was the closest to original predictions of any of the other Castle devices, 

differing only by a negligible 6%.  Nectar obtained 80% of its energy release from fission (1.35 MT), 

the highest percentage of any of the Castle devices (neglecting Koon which didn't work).  The 'Zombie' 

device was 34.5 inches in diameter, 110 inches long, and weighed 6,520 lb.  It used the COBRA 

primary.  The mushroom cloud top reached 71,000 feet. 

 

Below is the deployed version of the Mk-15 bomb (this is not the actual Zombie test device). 

Mk-15 Bomb (24K) 

 

 

Never Fired: Jughead 

 

Below is a picture of the TX-16 'Jughead' -- the direct descendant of the 'Sausage' fired in Ivy Mike.  

This cryogenic weapon system -- using liquid Deuterium fuel -- was actually fielded, one of the first two 

thermonuclear weapon systems ever to reach deployment.  After the stunning success of the solid fuel 

'Shrimp', this system became instantly obsolete and was never tested. 

 

TX-16 Jughead (61K) 

 

 

Operation Castle Summary 
The Castle Shot Schedule: January 1954 

Test 

Name 

Device Name/ 

Purpose 

Predicted Yield 

& Range 

Laboratory Location Date 

Bravo SHRIMP 

TX-21 prototype 

6 MT  (4-8 MT) LASL Bikini-on reef 2,950 

from SW tip of Namu 

March 1 

Union ALARM CLOCK 

EC-14 proof test 

3-4 MT (1-6 MT) LASL Bikini-barge in 

lagoon near Yurochi 

March 11 

Yankee JUGHEAD 

EC-16 proof test 

8 MT  (6-10 MT) LASL Bikini-barge at Union 

shot site 

March 22 

Echo RAMROD 

Cryogenic 

experiment 

125 kt (65-275 kt) UCRL Eniwetok- Eberiru 

Island 

March 29 

http://nuclearweaponarchive.org/Usa/Weapons/Mk15.jpg
http://nuclearweaponarchive.org/Usa/Weapons/Tx16.jpg
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Nectar ZOMBIE 

TX-15 proof test 

1.8 MT  (1-2.5 MT) LASL Bikini-barge at Union 

shot site 

April 5 

Romeo RUNT 

EC-17 proof test 

4 MT  (1.5-7 MT) LASL Bikini-barge at Union 

shot site 

April 15 

Koon MORGENSTERN 

Solid-fuel 

experiment 

1 Mt (1/3-2.5 Mt) UCRL Bikini- Eninman 

Island 

April 22 

 

The Castle Shot Schedule: Post Bravo Revisions 

Test 

Name 

Device Name Original Predicted 

Yield/Range 

Post-Bravo Predicted 

Yield/Range 

Actual Yield 

Bravo SHRIMP 6 MT  (4-8 MT) ---------- 15-MT 

Romeo RUNT I 4 MT  (1.5-7 MT) 8 MT  (1.5-15 MT) 11-MT 

Union ALARM CLOCK 3-4 MT  (1-6 MT) 5-10 MT  (1-18 MT) 6.9-MT 

Koon MORGENSTERN 1 MT (0.33-2.5 MT) 1.5 MT  (0.33-4 MT) 110-kt 

Yankee (I) JUGHEAD 8 MT (6-10 Mt) ---------- Cancelled 

(post-Bravo) 

Yankee (II) RUNT II ---------- 9.5 MT  (7.5-15 MT) 13.5-MT 

Echo RAMROD 125 kt (65-275 kt) ---------- Cancelled 

(post-Koon) 

Nectar ZOMBIE 1.8 MT  (1-2.5 MT) 2-3 MT  (1-5 MT) 1.69 -MT 

 

The Castle Series Results 

Test 

Name 

Device Name/ 

Purpose 

Yield Deviation From 

Original Prediction 

Fission Yield 

(Percent of Total) 

Date 

Bravo SHRIMP 

TX-21 prototype 

615 MT +150% 10-MT (66.7%) March 1 

Romeo RUNT 

EC-17 proof test 

11 MT +175% 7-MT (63.6%) March 27 

Koon MORGENSTERN 

Solid-fuel experiment 

110 kt - 89% 100-kt (90.9%) April 11 

Union ALARM CLOCK 

EC-14 proof test 

6.9 MT +73% to +130% 5-MT (72.5%) April 26 

Yankee Runt II 

EC-24 proof test 

13.58 MT +42% (post Bravo 

prediction) 

7-Mt (51.9%) May 5 

Nectar ZOMBIE 

TX-15 proof test 

1.69 MT -6.1% 1.35-MT (79.9%) May 14 
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http://nuclearweaponarchive.org/Usa/Tests/Teapot.html 

Operation Teapot 
1955 - Nevada Proving Ground 

Last modified 15 October 1997 

 

Teapot was authorized by President Eisenhower on August 30, 1954.  This series of 14 shots 

prooftested a broad variety of fission devices with low-to-moderate yields.  As a group, these devices 

combined several innovations -- some previously tested, some introduced during this test series -- to 

create a new pattern of fission device that would dominate the design of all later weapons.  These 

devices used new compact, efficient, lightweight spherical implosion systems; Beryllium tampers; 

hollow cores; Deuterium-Tritium boosting; and the use of neutron pulse tubes as initiators to create 

light, compact, efficient, and reliable fission explosive systems. 

 

These devices were tested for a broad variety of tactical weapon applications including air defense 

(AD) and anti-submarine warfare (ASW).  Several new primaries were tested for a new generation of 

lighter and more compact (Class "D") thermonuclear weapons to be fired in 1956 during Operation 

Redwing. 

 

Weapons effects tests were scheduled to develop information on the use of nuclear explosives 

against aircraft and to gain more information about cratering. 

 

UCRL (University of California Radiation Laboratory, now the Lawrence Livermore National 

Laboratory - LLNL) had its first successful test shots after 2½ years of trying.  UCRL demonstrated 

linear implosion -- a non-lensed implosion approach used in artillery shells and other applications 

where very small diameter systems are required. 

 

Approximately 8,000 DoD personnel participated in the Desert Rock VI exercise which was 

intended to familiarize troops with the capabilities of nuclear weapons and the conditions of atomic 

combat. 

 

LANL test shots were named after flying insects, fruits, and vegetables.  UCRL test shots were 

named after inventors and San Francisco streets.  DoD shot names were abbreviations or abbreviation 

mnemonics. 

 

Teapot released some 24,500 kilocuries of radioIodine (I
131

) into the atmosphere (for comparison, 

Trinity released about 3,200 kilocuries of radioIodine).  This produced total civilian radiation exposures 

amounting to 41 million person-rads of thyroid tissue exposure (about 11% of all exposure due to 

continental nuclear tests).  This can be expected to eventually cause about 13,000 cases of thyroid 

cancer, leading to some 650 deaths.  Chart of fallout exposures from Teapot (58 K, 539x577).  From 

National Cancer Institute Study Estimating Thyroid Doses of I
131

 Received by Americans From Nevada 

Atmospheric Nuclear Bomb Test, 1997.  To go to the National Cancer Institute and get the full report, 

click here. 

 

 

Wasp 

Test:  Wasp 

Time:  20:00  February 18, 1955 (GMT) 

 12:00  February 18, 1955 (PST) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  762-foot Airdrop 

http://nuclearweaponarchive.org/Usa/Tests/Tpscd.gif
http://rex.nci.nih.gov/
http://rex.nci.nih.gov/INTRFCE_GIFS/WHTNEW_INTR_DOC.htm
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Yield:  1.2-kt 

 

This B-36 airdrop was a LASL air defense-oriented weapons effects test using the venerable Ranger 

Able Uranium core in a new compact, lightweight implosion system.  The implosion system was a 

sphere 22 inches in diameter but only weighed 120 lb (!).  It was dropped in a Mk-12 bomb case.  This 

was the 5
th

 time the Ranger Able core design had been used in a test.  This test evaluated the effects of 

low-altitude detonations.  The total device weight was 1,500 lb.  Although the bomb was much heavier, 

the implosion system was the lightest nuclear explosive system fired up until this time (broken the 

following year during Operation Redwing). 

 

 

Moth 

Test:  Moth 

Time:  13:45  February 22, 1955 (GMT) 

 05:45  February 22, 1955 (PST) 

Location:  Nevada Test Site (NTS), Area 3 

Test Height and Type:  300-foot Tower Shot  

Yield:  2-kt 

 

This was a LASL proof test of the unboosted XW-30 fission air defense warhead.  The total device 

weight was 445 lb (the lightest complete fission device yet fired).  The actual nuclear system was 23 

inches in diameter and weighed 375 lb.  This was the first test to use an ENS (external neutron source) 

initiator -- a compact pulse neutron tube.  Predicted yield was 4 kt. 

 

Teapot Moth (30K) 

 

 

Tesla 

Test:  Tesla 

Time:  13:30  March 1, 1955 (GMT) 

 05:30  March 1, 1955 (PST)  

Location:  Nevada Test Site (NTS), Area 9b 

Test Height and Type:  300-foot Tower Shot 

Yield:  7-kt 

 

This was a UCRL linear implosion device named 'Cleo I'.  This was also the first successful UCRL 

test.  It used a ZIPPER external neutron initiator.  Predicted yield was 3.5-7 kt.  The explosive used was 

Cyclotol 75/25.  The nuclear system was a small diameter system only 10 inches wide and 39.5 inches 

long and weighed 785 lb. 

 

Teapot Tesla (21K) 

 

 

Turk 

Test:  Turk 

Time:  13:20  March 7, 1955 (GMT) 

 5:20    March 7, 1955 (PST) 

Location:  Nevada Test Site (NTS), Area 2 

Test Height and Type:  500-foot Tower Shot  

Yield:  43-kt 

 

http://nuclearweaponarchive.org/Usa/Tests/Tpotmoth.jpg
http://nuclearweaponarchive.org/Usa/Tests/Tpottesla1.jpg
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This was a UCRL test of a primary for the XW-27 Class "D" (lightweight) thermonuclear weapon.  

The device -- named 'LINDA' -- was a mockup of the XW-27 radiation case and was 30.5 inches by 61.3 

inches and weighed 2,325 lb.  Expected yield was 45 kt. 

 

 

Hornet 

Test:  Hornet 

Time:  13:20  March 12, 1955 (GMT) 

   5:20  March 12, 1955 (PST) 

Location:  Nevada Test Site (NTS), Area 3a 

Test Height and Type:  300-foot Tower Shot 

Yield:  4-kt 

 

This was a LASL test of the boosted version of the XW-30 air defense warhead.  It was a sealed-pit 

D-T gas boosted design.  The maximum expected yield was 10 kt.  It used a ZIPPER external initiator.  

Total device weight was 500 lb, the nuclear system weighed 460 lb. 

 

Teapot Hornet (48K)  

 

What are Those Smoke Trails Doing in That Test Picture? 

 

 

Bee 

Test:  Bee 

Time:  13:05  March 22, 1955 (GMT) 

 05:05  March 22, 1955 (PST) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  500-foot Tower Shot 

Yield:  8-kt 

 

This was a LASL test of a sealed-pit D-T gas-boosted XW-25 air defense warhead.  The maximum 

expected yield was 20 kt.  It used a ZIPPER external initiator.  The nuclear system weighed 130 lb and 

was a sphere 17 inches in diameter -- the smallest and lightest device yet fired. 

 

Teapot Bee (29 K) 

 

 

Ess 

Test:  Ess 

Time:  20:30  March 23, 1955 (GMT) 

 12:30  March 23, 1955 (PST) 

Location:  Nevada Test Site (NTS), Area 10 

Test Height and Type:  -67 feet Sub-surface Shot 

Yield:  1.20-kt 

 

This LASL test was the sixt6thh to use the Ranger Able U
235

 core, this time in a Mk-6 HE 

assembly.  ESS ("Effects Sub-Surface") was a test of atomic demolition munition (ADM) cratering.  

The 8,000 lb bomb was placed in a shaft lined with corrugated steel,10 feet wide, and 70 feet deep (so 

that the bomb center was at -67 feet) which was back-filled with sandbags and dirt prior to firing.  The 

crater was 300 feet wide and 128 feet deep. 

 

http://nuclearweaponarchive.org/Usa/Tests/Tpothornet.jpg
http://nuclearweaponarchive.org/Usa/Tests/SmokeTrails.html
http://nuclearweaponarchive.org/Usa/Tests/Tpotbee.jpg
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Teapot Ess (43 K) 

 

 

Apple 

Test:  Apple-1 

Time:  12:55  March 29, 1955 (GMT) 

 04:55  March 29, 1955 (PST) 

Location:  Nevada Test Site (NTS), Area 4 

Test Height and Type:  500-foot Tower Shot 

Yield:  14-kt 

 

LASL test of a Class "D" (lightweight) thermonuclear weapon primary and radiation implosion 

system using small quantities of fusion fuel.  The primary failed, yielding much less than the predicted 

40 kt.  No reaction was detected in the secondary stage.  The nuclear system was 29.5 inches wide, 74.6 

inches long, and weighed 2,300 lb. 

 

Teapot Apple-1 (38 K) 

 

 

Wasp Prime 

Test:  Wasp Prime 

Time:  18:00 29 March 1955 (GMT) 

 10:00 29 March 1955 (PST) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  737-foot Airdrop 

Yield:  3.2-kt 

 

This was a repeat LASL test of the Wasp design using a higher yield core for weapons development 

purposes, but otherwise identical.  B-36 airdrop.  The yield was about the same as predicted.  As a minor 

footnote, this shot was fired 5 hours and 5 minutes after Apple-1 -- the first time in U.S. history that 2 

nuclear explosions were set off in one day. 

 

 

HA 

Test:  HA 

Time:  18:00  April 6, 1955 (GMT) 

 10:00  April 6, 1955 (PST) 

Location:  Nevada Test Site (NTS), Area 1 

Test Height and Type:  36,620-foot Airdrop 

Yield:  3.2-kt 

 

This B-36H airdrop was a LASL high-altitude (= HA) test of an air-to-air missile warhead.  Similar 

to the Wasp Prime device (17 inch spherical system weighing 125 lb) in a 1085 lb Mk-5 ballistic case.  

Due to the extreme high-altitude of this test (for an air dropped device), it was parachute retarded to 

permit the release aircraft to escape to a safe distance (the only parachute weapon drop ever conducted 

at the NTS). 

 

Teapot HA(22K) 

 

 

Post 

http://nuclearweaponarchive.org/Usa/Tests/Tpotess.jpg
http://nuclearweaponarchive.org/Usa/Tests/Tpotapplea.jpg
http://nuclearweaponarchive.org/Usa/Tests/Tpotha.jpg
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Test:  Post 

Time:  12:30  April 9, 1955 (GMT) 

 -4:30  April 9, 1955 (PST) 

Location:  Nevada Test Site (NTS), Area 9c 

Test Height and Type:  300-foot Tower Shot 

Yield:  2-kt 

 

This was a test of 'Cleo II' -- the second UCRL linear implosion device.  34.2 inches long, weight 

322 lb.  Used Cyclotol 75/25 HE.  ENS initiated. 

 

 

MET 

Test:  MET 

Time:  19:15  April 15, 1955 (GMT) 

 11:15  April 15, 1955 (PST) 

Location:  Nevada Test Site (NTS), Frenchman Flats 

Test Height and Type:  400-foot Tower Shot 

Yield:  22-kt 

 

MET stands either for "Military Effects Test" or "Military Effects Tower" (according to Frank 

Shelton).  This was a LASL test of a composite U
233

/Plutonium bomb core (the first test by the U.S. to 

use U
233

) in a Mk 7 HE assembly.  The 30-inch diameter spherical implosion system weighed 800 lb. 

 

The primary purpose was to evaluate the destructive effects of nuclear explosions for military 

purposes.  For this reason, the DoD specified that a device must be used that had a yield calibrated to 

within ± 10%.  The Buster Easy device design was selected (this test gave 31 kt and used a 

Plutonium/U
235

 core).  LASL weapon designers, however, decided to conduct a weapon design 

experiment with this shot and -- unbeknownst to the test effect personnel -- substituted the untried U
233

 

core.  The predicted yield was 33 kt.  The actual 22 kt was 33% below this, seriously compromising the 

data collected. 

 

MET - Military Effect Test (26K) 

 

What are Those Smoke Trails Doing in That Test Picture? 

 

MET - Military Effect Test (37K) 

 

 

Apple-2 

Test:  Apple-2 

Time:  12:10  May 5, 1955 (GMT) 

   5:10  May 5, 1955 (PST) 

Location:  Nevada Test Site (NTS), Area 1 

Test Height and Type:  500-foot Tower Shot 

Yield:  29-kt 

 

This was a repeat of the LASL Apple-1 shot that had an inadequate yield.  This shot used a modified 

device (presumably with more fissile material).  Predicted yield was again 40 kt.  Although this device 

still had a yield below predictions, it was twice the Apple-1 shot and apparently was adequate. 

 

Teapot Apple-2 (36K)          Teapot Apple-2 (36K)  

http://nuclearweaponarchive.org/Usa/Tests/Tpotmet1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/SmokeTrails.html
http://nuclearweaponarchive.org/Usa/Tests/Tpotmets.jpg
http://nuclearweaponarchive.org/Usa/Tests/Tpotapple2a.jpg
http://nuclearweaponarchive.org/Usa/Tests/Tpotapple2b.jpg
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Zucchini 

Test:  Zucchini 

Time:  12:00  May 15, 1955 (GMT) 

 05:00  May 15, 1955 (PST) 

Location:  Nevada Test Site (NTS), Area 7 

Test Height and Type:  500-foot Tower Shot 

Yield:  28-kt 

 

This device was another LASL test of a Class "D" thermonuclear bomb primary/secondary system.  

This was a light case design, presumably using an Aluminum case lined with an X-ray opaque high 

atomic number material (like Lead or Uranium).  The device was 40 inches in diameter, 80.5 inches 

long, and weighed 2,925 lb.  Predicted yield was 40 kt. 

 

 

 

Desert Rock VI 

Military Exercise involving 8000 troops and other personnel during Teapot 

 

Desert Rock VI Soldiers (48K) 

 

http://nuclearweaponarchive.org/Usa/Tests/Tpotprey.jpg
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http://nuclearweaponarchive.org/Usa/Tests/Wigwam.html 

Operation Wigwam and Project 56 
Wigwam: 1955 - Pacific Ocean 

Project 56: 1955-56 Nevada Proving Ground 

 

Last modified 17 October 1997 

 

 

Operation Wigwam 
 

Test:  Wigwam 

Time:  21:00  May 14, 1955 (GMT) 

 13:00  May 14, 1955 (PDT) 

Location:  Pacific Ocean 

Test Height and Type:  Underwater, -2000 ft 

Yield:  30-kt 

 

Operation Wigwam consisted of a single nuclear detonation (both the operation and test are known 

as Wigwam), conducted 400-500 miles SW of San Diego, California(about 29 Deg N, 126 Deg W).  It 

was a deep water test (the ocean is 16,000 feet deep at that point) to investigate the vulnerability of 

submarines to deep nuclear weapons and the feasibility of using depth bombs in combat (there was 

considerable concern about problems with surface contamination) . The test device was a B-7 (Mk-90) 

'Betty' depth bomb that was suspended by a 2,000 ft cable from a barge.  The dry weight of the bomb 

was 8,250 lb (5,700 lb when submerged). 

 

6,800 personnel on 30 ships participated in Wigwam.  A 6-mile towline connected the fleet tug 

Tawasa and the shot barge.  Suspended from this line at varying distances from the barge were 3 

"Squaws" (sub-scale submarine-like pressure hulls equipped with instruments and cameras). 

 

The ships conducting the test were 5 miles upwind from the barge with the exception of the USS 

George Eastman (YAG-39) and USS Granville S. Hall (YAG-40).  These 2 ships were equipped with 

heavy shielding and were stationed 5 miles downwind.  Both ships were contaminated by the base surge.  

But due to the relatively dilute radioactivity (since the shot was at such a great depth) and the heavy 

shielding, exposures were kept within the Operation Wigwam dose limit of 3.9 rems.  Nearly all 

personnel were issued film badges to measure radiation exposure, and some 10,000 badges were 

processed.  Only 3 personnel were measured as having doses exceeding 0.5 rems. 

 

Wigwam (43K) 

 

Click here for a big view of Wigwam (87K) 

 

B-7 Betty Depth Bomb (47K) 

 

 

Project 56 
 

Project 56  No. 1 

Test:  Project 56 No. 1 

Time:  22:10  November 1, 1955 (GMT) 

            November 1, 1955 (PST) 

http://nuclearweaponarchive.org/Usa/Tests/Wigwam1.jpg
http://nuclearweaponarchive.org/Usa/Tests/Wigwambig.jpg
http://nuclearweaponarchive.org/Usa/Weapons/W7betty.jpg
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Location:  Nevada Test Site (NTS), Area 11a 

Test Height and Type:  Surface 

Yield:  Zero 

 

One-point safety test of an all-oralloy prototype sealed pit weapon that was similar to the Plumbbob 

Priscilla and Redwing Lacrosse devices (tested at 37 and 40 kt respectively), probably the primary for 

the TX-15/39 and W-27. 

 

To ensure safety of the deployed design, 2 changes were made to enhance the nuclear output of this 

test.  More Oralloy was used than would be present in the war-reserve model.  Also 3 external neutron 

sources ("zippers") were used to ensure a large neutron population at the moment of criticality.  The 

37.1-inch diameter device weighed 600 lb. 

 

 

Project 56  No. 2 

Test:  Project 56 No. 2 

Time:  21:15  November 3, 1955 (GMT) 

            November 3, 1955 (PST) 

Location: Nevada Test Site (NTS), Area 11b 

Test Height and Type:  Surface  

Yield:  Zero 

 

One-point safety test of the Plutonium containing W-25 sealed pit weapon.  The device was 17.4 

inches in diameter, 26.6 inches long, and weighed 218 lb.  3 zippers were used as neutron sources. 

 

 

Project 56  No. 3 

Test:  Project 56 No. 3 

Time:  19:55 5 November 1955 (GMT) 

 1 November 1955 (PST) 

Location:  Nevada Test Site (NTS), Area 11c 

Test Height and Type:  Surface 

Yield:  Zero 

 

This was a one-point safety test for the prototype TX/W-28 primary.  The 16.8 inch diameter nuclear 

system weighed 143 lb, the total device weighed 275 lb.  3 zippers were used as neutron sources. 

 

 

Project 56  No. 4 

Test:  Project 56 No. 4 

Time:  21:30  January 18, 1956 (GMT) 

 00:30  January 18, 1956 (PST) 

Location:  Nevada Test Site (NTS), Area 11d 

Test Height and Type:  Surface 

Yield:  Slight (10-100 tons) 

 

Like shot No. 3, this was a one-point safety test for the prototype TX/W-28 primary.  The device 

was basically identical except that 6 zippers were used as neutron sources. 

 

The enhanced yield (compared to No. 3) was probably due to the larger neutron population injected 

into the core.  Due to the low rate of neutron multiplication possible in this slightly supercritical system, 



 61 

only a limited amount of neutron multiplication is possible while the core remains compressed.  A larger 

initial neutron population results in a larger final neutron population (and thus total fission output). 
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http://nuclearweaponarchive.org/Usa/Tests/Redwing.html 

Operation Redwing 
1956 - Enewetak and Bikini Atolls, Marshall Islands 

 

Last changed 22 October 1997 

 

Redwing was the second U.S. test series devoted primarily to proving thermonuclear designs of 

actual weapons.  While Castle had demonstrated heavy, conservatively designed, first generation 

weapons, Redwing centered on testing a broad variety of new innovative second generation designs. 

 

The Castle series had (somewhat inadvertently) released large amounts of nuclear explosion 

products (especially fission products) into the atmosphere, causing hundreds of radiation injuries, 

contributing to the death of one person, and contaminating much of the Marshall Islands.  Although only 

about 23-Megatons of energy were expected from Castle, the actual yield was 48.2-Megatons of which 

30.5 were fission alone. 

 

Redwing was thus conducted under an "energy budget" -- the total explosive yield of the series, and 

the total fission yield were both assigned fixed limits for the whole series.  The total yield limit was 

approximately 20-Megatons (actual total 20.82-Megatons), and the actual fission yield was 9-10 

Megatons (less than the Castle Bravo fission yield by itself).  The apportionment of the allowed total 

yield and fission yield between the 2 weapons laboratories (Los Alamos and UCRL - University of 

California Radiation Laboratory) were subject to bitter dispute.  Many high-yield designs were tested at 

reduced yield and a number of "clean" (low fission yield) megaton-class devices were tested (but also 

some very "dirty" ones). 

 

Due to the extensive roster of megaton range tests scheduled for Redwing, both Bikini and 

Enewetak atolls were used to make the shot schedule more tractable. 

 

This series proof tested the Mk-28 warhead -- a lightweight, small diameter thermonuclear design 

(20 inch diameter) dramatically smaller than most of the Castle designs.  The first 3-stage 

thermonuclear systems ever tested; tests of designs intended for both "clean" (low fallout) and "salted" 

or "dirty" (extremely high fallout) weapons.  Tests of low yield tactical fission weapons were also 

conducted including some very small diameter, lightweight systems (diameters of 5, 8, and 11.6 inches).  

The first U.S. airdrop of a thermonuclear weapon was also conducted.  Partly as a weapons effects test, 

and partly as a political demonstration of the United States' capability to conduct nuclear attacks. 

 

The test names are all American Indian tribes.  The UCRL devices were names for birds and musical 

instruments. 

 

International Law limits the methods and weapons that belligerents may use against an enemy.  All 

arms, projectiles, or material calculated to cause unnecessary suffering and unnecessary death are 

forbidden.  Poison and poisoned weapons are prohibited.  Most opinion also agrees on forbidding "dum-

dum" bullets (designed to expand or flatten easily in the human body), suffocating and poisonous gases, 

bacteriological warfare, and radiological weapons. 

 

Regarding nuclear weapons, the preponderance of legal opinion has the effects of nuclear radiation 

from these weapons as being "akin to those inflicted by the use of poison or poisoned weapons... Thus, 

in principle, the use of such weapons is illegal" (International Law Association, Report of 50
th

 

Conference held at Brussels, 1962). 
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Most legal opinion do not regard the use of fire weapons such as flame-throwers and napalm and 

incendiary bombs as illegal. 

"The Laws of War", Encyclopedia Britannica 

 

Strauss issued a brief statement about the results of Redwing tests ... The tests had achieved 

"maximum effect in the immediate area of a target with minimum widespread fallout hazard." ... Strauss 

concluded hopefully that Redwing had proven "much of importance not only from a military point of 

view but from a humanitarian aspect." 

 

(Lewis L. Strauss, Chairman of the US Atomic Energy Commission, quoted in Atoms for Peace and 

War 1953-1961, Richard G. Hewlett and Jack M. Holl, pg. 347, Univ. California Press, 1989) 

 

 

Lacrosse 

Test:  Lacrosse 

Time:  18:25  May 4, 1956 (GMT) 

 06:25  May 5, 1956 (local) 

Location:  Platform on reef off Runit (Yvonne) Island, Enewetak Atoll 

Test Height and Type:  8 feet above platform, 17 feet above reef, surface burst 

Yield:  40-kt 

 

LASL test of an externally initiated boosted primary in a thermonuclear system mockup for the TX-

39 (a redesign of the Mk-15).  The overall device was 34.5 inches in diameter and 100 inches long, 

weight was 8,386 lb., the primary system was 583 lb.  Predicted yield was 25-50 kt.  This primary was 

similar to the all Oralloy device safety tested in Project 56 #1.  This primary was used in the Redwing 

Apache thermonuclear shot and was similar to the device later fired in Plumbbob Priscilla. 

 

Crater dimensions were 400 feet wide, 55 feet deep. 

 

Redwing Lacrosse Test Device (38K) 

 

 

Cherokee 

Test:  Cherokee 

Time:  17:51  May 20, 1956 (GMT) 

 05:51  May 21, 1956 (local) 

Location:  Off Namu (Charlie) Island, Bikini Atoll 

Test Height and Type:  B-52 Air Drop, 4,350 ± 150 foot burst height 

Yield:  3.8-MT 

 

This was the first U.S. airdrop of a thermonuclear weapon.  This DoD-sponsored test (using an 

LASL designed device) was intended to gather weapon effects data for high-yield air bursts.  But it also 

was a political demonstration of the United States capability to deliver H-bombs by air to pressure the 

Soviet Union. 

 

The weapon used was a TX-15-X1 weapon similar to the lower yield 'Zombie' device tested in 

Castle Nectar.  The B-52 was flown from Fred Island at Eniwetak.  The intended ground zero was 

directly over Namu Island.  But the flight crew mistook an observation facility on a different island for 

their targeting beacon with the result that the weapon delivery was grossly in error.  The bomb detonated 

some 4 miles off target over the ocean northeast of Namu.  As a result, essentially all of the weapons 

effects data was lost. 

http://nuclearweaponarchive.org/Usa/Tests/Rwlacrsdev.jpg
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The operational configuration bomb was 34.5 inches wide, 136 inches long, and weighed 6,867 lb.  

The yield was very close to the predicted value.  The cloud height rose to 94,000 feet.  Although the 

Mk-15/39 was a radiation implosion design that harnessed thermonuclear reactions, it seems to have 

been a transitional design that could also be considered a radiation implosion boosted fission design.  

The secondary consisted of highly-enriched Uranium jacket that would have produced a high-yield 

fission explosion even without the yield-boosting fusion fuel it contained. 

 

 

Zuni 

Test: Zuni 

Time:  17:56.00.3  May 27, 1956 (GMT) 

 05:56.00.3  May 28, 1956 (local) 

Location:  Bikini Atoll, Eninman (Tare) Island 

Test Height and Type:  Surface burst, Height 9 Feet 

Yield:  3.5-MT 

 

The Bassoon device fired in Zuni was the first test ever of a 3-stage thermonuclear design.  

Surprisingly, this substantial innovation was also the first successful thermonuclear device design ever 

fired by Lawrence Livermore (then known as UCRL, now LLNL).  The configuration fired in this test 

was a "clean" (low fallout) version that used a Lead tamper around the thermonuclear third stage.  Only 

15% of the energy yield was from fission.  A "dirty" version of this design -- the Bassoon Prime device 

-- was later fired in Redwing Tewa.  The predicted yield for Zuni was 2-3 MT. 

 

The Bassoon device was 39 inches in diameter and 135.5 inches long.  It weighed 12,158 lb.  Crater 

dimensions were 2330 feet wide, 113 feet deep. 

 

This design was later developed into the Mk-41 bomb -- the highest yield (2-MT) weapon ever 

deployed by the U.S. 

 

Redwing Zuni Shot Cab (108K)      Redwing Zuni Mushroom (43K) 

 

Redwing Zuni Crater (88K) 

 

Click here for Zuni fallout map (49K) 

 

 

Yuma 

Test:  Yuma 

Time:  19:56  May 27, 1956 (GMT) 

 07:56  May 28, 1956 (local) 

Location:  Eniwetok Atoll, Aomon (Sally) island 

Test Height and Type:  205-foot tower 

Yield:  0.19-kt 

 

This was a UCRL linear implosion design intended for air defense warheads.  The device -- known 

as 'Swift' -- was a boosted asymmetrical design.  The device failed to boost however and the yield was 

far below predictions.  The 'Swift' was only 5 inches in diameter, 24.5 inches long, and weighed 96 lb.  

This was the smallest diameter and lightest nuclear device tested up to this time.  It used Octol 76/24 as 

the explosive and was presumably a Plutonium-fueled device. 

 

http://nuclearweaponarchive.org/Usa/Tests/Rwzunicab.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwzuni1.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwzunicrater.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwzunifallout.gif
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Erie 

Test:  Erie 

Time:  18:15  May 30, 1956 (GMT) 

 06:15  May 31, 1956 (local) 

Location:  Runit (Yvonne) Island, Enewetak Atoll 

Test Height and Type:  300-foot tower burst 

Yield:  14.9-kt 

 

This was a test of the boosted primary and the implosion system for the TX-28C ("C" for "clean") 

thermonuclear bomb.  The complete device was 20 inches in diameter, 55 inches long, and weighed 

2,106 lb.  The primary weighed 142.6 lb. 

 

Redwing Erie (80 K) 

 

 

Seminole 

Test:  Seminole 

Time:  00:55  June 6, 1956 (GMT) 

 12:55  June 6, 1956 (local) 

Location:  Eniwetak Atoll, Bogon Island 

Test Height and Type:  Surface burst, elevation 7 feet 

Yield:  13.7-kt 

 

Seminole was one of the most peculiar weapon effects tests ever conducted as well as one of the 

most spectacular.  This was a combined weapons development/effects test in which the device was 

exploded in a large tank of water to couple the shock wave to the ground.  In effect, the above-ground 

water tank simulated an underground nuclear test.  The device was housed in a circular chamber inside 

the water tank which was accessible by a corridor through the tank.  The chamber was 10 feet off center 

from the tank center, which led to a significant asymmetry in the crater produced.  The crater produced 

was 660 feet wide and 32 feet deep. 

 

The shot was designed so that by the time the fireball reached the wall of the tank, it had transitioned 

from thermal radiation-driven growth to hydrodynamic (shock wave driven) growth.  As can be seen in 

the images below, the shock wave front of the fireball is still quite luminous. 

 

The device being tested was a TX-28 primary/implosion system.  The device was 20 inches in 

diameter and 55 inches long.  The boosted primary had a predicted yield of 10-kt.  The total device 

weight was 1,832 lb; the primary itself weighed 143.5 lb. 

 

The Seminole device before detonation: 

 

Seminole Device (39K) 

 

The shot tank: 

 

Seminole Shot Tank (86K)  

 

Below are 2 sets of images.  The represent the same picture sequence but have been processed 

differently with different field of view, color, contrast, detail, and file size results.  Take your pick. 

 

http://nuclearweaponarchive.org/Usa/Tests/Rwerie.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwsemdev.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwsemtank.jpg
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Seminole Fireball:         101K     Big version  151K       54K 

Wilson Effect Cloud:     109K         54K  

Redwing Fallout:           146K         83K  

 

Black and white fallout picture:  Seminole Fallout (30K)  

 

Seminole fallout from afar:  Seminole in the distance (70K)  

 

Seminole crater:   Seminole Crater (59K)  

 

 

Flathead 

Test:  Flathead 

Time:  18:26  June 11, 1956 (GMT) 

 06:26  June 12, 1956 (local) 

Location:  Bikini Atoll lagoon, 5000 feet off Yurochi (Dog) Island 

Test Height and Type:  Barge shot, elevation 15 feet 

Yield:  365-kt 

 

This was a test of the TX-28S ("S" for "salted"), a dirty high fallout bomb design.  The yield was 

73% fission.  The device was 20 inches by 55 inches and weighed 1,374 lb. 

 

 

Blackfoot 

Test:  Blackfoot 

Time:  18:26  June 11, 1956 (GMT) 

 06:26  June 12, 1956 (local) 

Location:  Runit (Yvonne) Island, Enewetak Atoll 

Test Height and Type:  200-foot tower shot 

Yield:  8-kt 

 

This LASL test was a prototype of a low-yield, small-diameter, light-weight air defense warhead.  

The boosted device was the first nuclear test ever to use a PBX (plastic bonded explosive) for the 

implosion system (PBX-9401 and PBX-9404 were used).  This device demonstrated what appears to be 

roughly a minimum diameter spherical implosion system.  The device diameter was only 11.5 inches.  

No other known spherical implosion system appears to have shaved more than an inch from this.  The 

device length was 23 inches and the nuclear system weighed only 62.7 lb (total device weight was 130 

lb.). 

 

Redwing Blackfoot (28K)  

 

 

Kickapoo 

Test:  Kickapoo 

Time:  23:26  June 13, 1956 (GMT) 

 11:26  June 14, 1956 (local) 

Location:  Aomon (Sally) Island, Enewetak Atoll 

Test Height and Type:  300-foot tower shot 

Yield:  1.49-kt 

 

http://nuclearweaponarchive.org/Usa/Tests/Rwsem1a.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwsem1abig.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwsem1b.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwsem2a.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwsem2b.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwsem3a.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwsem3b.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwsem3bw.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwsemfar.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwsemcrater.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwblkfoot.jpg
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This was a UCRL linear implosion design intended for air defense warheads.  This device -- known 

as 'Swallow' -- was a boosted asymmetrical design.  The 'Swallow' device was 8 inches in diameter, 28 

inches long, and weighed 225 lb.  This was the smallest diameter and lightest nuclear device tested up to 

this time.  It used Cyclotol 75/25 as the explosive and was presumably a Plutonium-fueled device. 

 

 

Osage 

Test:  Osage 

Time:  01:14 16 June 1956 (GMT) 

                         1956 (local) 

Location:  Runit (Yvonne) Island, Enewetak Atoll 

Test Height and Type:  B-36 Air drop, 670±35-foot burst height 

Yield:  1.7-kt 

 

Proof test of the LASL XW-25 warhead.  This was a lightweight, low yield, Plutonium warhead 

intended for air defense and other tactical applications.  This spherical implosion device had a diameter 

of 17.4 inches, was 25.7 inches long, and weighed 174.6 lb.  It was dropped in an instrumented Mk 7 

drop case, which had a total weight of 3,150 lb. 

 

 

Inca 

Test:  nca 

Time:  21:26  June 21, 1956 (GMT) 

 09:26  June 22, 1956 (local) 

Location:  Rujoru (Pearl) Island, Enewetak Atoll 

Test Height and Type:  200-foot tower shot 

Yield:  15.2-kt 

 

UCRL test of a multi-application boosted tactical nuclear warhead prototype named 'Swan'.  This 

design was later developed into the XW-45 warhead.  The predicted yield was 10-15 kt. 

 

 

Dakota 

Test:  Dakota 

Time:  18:06 25 June 1956 (GMT) 

 06:06 26 June 1956 (local) 

Location:  Bikini Atoll lagoon, 5,000 feet off Yurochi (Dog) Island 

Test Height and Type:  Barge shot 

Yield:  1.1-MT 

 

TX-28C variant prototype test.  The W-28 small diameter, lightweight ("Class-D") thermonuclear 

weapon design became the most versatile and widely used design ever adopted by the United States.  

Entering service in 1958 (the first operational version was manufactured in 1/58), the W-28 remained in 

service until 1990 (last one dismantled 9/91).  It was fielded in 5 models with 20 variants. 

 

The test device was 20 inches in diameter, 58 inches long, and weighed 1,797 lb.  This test did 

substantially better than expected.  The predicted yield was 800 kt.  Dakota was fired over the Flathead 

test site. 

 

Redwing Dakota (54 K) 

 

http://nuclearweaponarchive.org/Usa/Tests/Rwdakota.jpg
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Mohawk 

Test:  Mohawk  

Time:  18:06  July 2, 1956 (GMT) 

 06:06  July 3, 1956 (local) 

Location:  Eberiru (Ruby) Island, Enewetak Atoll 

Test Height and Type:  300-foot tower shot 

Yield: 360-kt 

 

This UCRL thermonuclear device used a boosted 'Swan' primary and 'Flute' secondary.  The device 

was 15 inches in diameter, 46.2 inches long, and weighed 1,116 lb.  The primary was 11.6 inches by 

22.8 inches and weighed 105 lb.  The yield was at the high end of the predicted range.  A wide-but-very 

shallow crater was created (mostly due to pressure collapse of the porous coral soil) -- 1,340 feet by 8 

feet. 

 

The picture below shows Mohawk several hundred microseconds after detonation.  The "pimple" at 

right is the vaporized shot cab. 

 

Mohawk Early Fireball (71K)           Mohawk Mushroom (41K) 

 

 

Apache 

Test:  Apache 

Time:  18:06.00.2 8 July 1956 (GMT) 

 06:06.00.2 9 July 1956 (local) 

Location:  In the Ivy Mike crater, Enewetak Atoll 

Test Height and Type:  Barge shot 

Yield:  1.85-MT 

 

UCRL test of a 2-stage system using a 'Zither' secondary stage.  This was a prototype of the XW-27 

warhead intended for the Regulus I missile and was fired in a Regulus nose cone.  Used the same LASL 

primary design that was fired in Redwing Lacrosse (40-kt).  The test device was 30.2 inches in 

diameter, 69.8 inches long, and weighed 2,941 lb.  A high percentage of the yield was due to fission. 

 

Redwing Apache:   375x250, 13K     640x427, 36K     1024x683, 52K     1600x1068, 138K  

 

Redwing Apache (64K)       Redwing Apache (36K)        Redwing Apache (38K)  

 

 

Navajo 

Test:  Navajo 

Time:  17:56.00.3  July 10, 1956 (GMT) 

 05:56.00.3  July 11,1956 (local) 

Location:  Bikini Atoll lagoon, South of Yurochi (Dog) Island 

Test Height and Type:  Barge shot 

Yield:  4.5-MT 

 

LASL test of the TX-21C "clean" thermonuclear device.  The yield was 95% fusion -- the highest 

known fusion yield of any U.S. test (and thus the cleanest U.S. shot ever fired).  Yield was in the 

predicted range. 

 

http://nuclearweaponarchive.org/Usa/Tests/Rwmohawk1.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwmohawk2.jpg
http://nuclearweaponarchive.org/Usa/Tests/Apache375c10.jpg
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http://nuclearweaponarchive.org/Usa/Tests/Apache1024c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Apache1600c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwapache1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwapache2s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwapache3s.jpg
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Tewa 

Test:  Tewa 

Time:  17:46.00.0 20 July 1956 (GMT) 

 05:46.00.0 21 July 1956 (local) 

Location:  Over reef between Namu (Charlie) and Yurochi (Dog) Islands, Bikini 

Atoll 

Test Height and Type:  Barge shot 

Yield:  5-MT 

 

This device -- the Bassoon Prime -- was a "dirty" 3-stage design, the first U.S. 3- stage design.  This 

was actually the second test of this design (the earlier "clean" version -- Bassoon -- was test fired in 

Redwing Zuni).  The fission yield was 87% -- the highest known fission yield in any U.S. 

thermonuclear test.  A uranium tamper was used around the tertiary stage instead of the Lead tamper 

used in Zuni.  The predicted yield was 6-8 MT. 

 

This design was later developed into the Mk-41 bomb -- the highest yield (25-MT) weapon ever 

deployed by the U.S. 

 

Tewa Before 

 

Shown below is the Bassoon Prime device being installed in its "shot cab".  2 diagnostic "light 

pipes" are visible.  The device is 39 inches in diameter, 135.5 inches long, and weighed 15,735 lbs.  The 

crater left in the reef was 4000 ft in diameter and 129 ft deep. 

 

Bassoon Prime Device (110K)  

 

This is the Tewa shot barge:   Tewa Shot Barge (47K)  

 

Tewa Detonation 

 

Redwing Tewa 

324x250, 14K      640x494, 29K      1024x790, 74K      1280x988, 191K      1600x1235, 209K  

 

 

Tewa After 
The Tewa shot crater:   Tewa Shot Crater (56K)  

 

Click for Tewa fallout map (452x456, 50K)  

 

 

Huron 

Test:  Huron 

Time:  18:12  July 21, 1956 (GMT) 

 06:12  July 22, 1956 (local) 

Location:  Off Flora Island, Enewetak Atoll 

Test Height and Type:  Barge shot 

Yield:  250-kt 

 

LASL 2-stage Egg device, diameter 15.3 inches, length 43.1 inches, weight 793 lb.  Used PBX-9401 

and PBX-9404 explosives.  Matched the predicted yield.  Possible XW-50 prototype. 

http://nuclearweaponarchive.org/Usa/Tests/Rwbassn.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwtewabarge.jpg
http://nuclearweaponarchive.org/Usa/Tests/Tewa324c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Tewa640c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Tewa1024c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Tewa1280c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Tewa1600c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwtewacrater.jpg
http://nuclearweaponarchive.org/Usa/Tests/Rwtewafallout.gif
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Redwing Shot Schedule, 25 January 1956 

Shot Name Ready Date Shot Site Predicted Yield 

Lacrosse May 1 Eniwetok (off Runit), Barge 25-50 kt 

Cherokee May 1 Bikini (Namu), Air Drop, 5,000-ft burst height ----- 

Zuni May 15 Bikini (Eninman), Ground 2-3 MT 

Erie May 23 Eniwetok (Runit), 300-ft tower burst ----- 

Seminole May 28 Eniwetok (Bogon),Ground 10 kt 

Yuma June 1 Eniwetok (Aomon), 200-ft tower ----- 

Flathead June 2 Bikini (Yurochi), Barge ----- 

Blackfoot June 7 Eniwetok (Runit), 200-ft tower ----- 

Inca June 8 Eniwetok (Rujoru), 200-ft tower 10-15 kt 

Huron June 12 Bikini (Yurochi), Barge ----- 

Osage June 14 Eniwetok (Runit), Air drop, 700-ft burst height ----- 

Kickapoo June 18 Eniwetok (Aomon), 300-ft tower ----- 

Navajo June 18 Bikini (Yurochi), Barge ----- 

Mohawk July 1 Eniwetok (Eberiru), 300-ft tower ----- 

Apache July 1 Bikini (Yurochi), Barge ----- 

Tewa July 7 Bikini (Yurochi), Barge 6-8 MT 

 

Redwing Shot Results 

Shot Name Firing Time and Date (GMT) Yield - Actual (Predicted) 

Lacrosse 18:25  May  4 40 kt  (25-50 kt) 

Cherokee 17:51  May 20 3.8 MT 

Zuni 17:56  May 27 3.5 MT  (2-3 MT) 

Yuma 19:56  May 27 0.19 kt 

Erie 18:15  May 30 14.9 kt 

Seminole 00:55  June  6 13.7 kt  (10 kt) 

Flathead 18:26  June 11 365 kt 

Blackfoot 18:26  June 11 8 kt 

Kickapoo 23:26  June 13 1.49 kt 

Osage 01:14  June 16 1.7 kt 

Inca 21:26  June 21 15.2 kt  (10-15 kt) 

Dakota 18:06  June 25 1.1 MT  (800 kt) 

Mohawk 18:06  July   2 360 kt 

Apache 18:06  July   8 1.85 MT 

Navajo 17:56  July 10 4.5 MT 

Tewa 17:46  July 20 5 MT  (6-8 MT) 

Huron 18:12  July 21 250 kt 
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http://nuclearweaponarchive.org/Usa/Tests/Plumbob.html 

Operation Plumbbob 
1957 - Nevada Test Site 

Last changed 12 July 2003 

 

Operation Plumbbob was conducted at the Nevada Test Site (NTS) from May through October of 

1957.  It was the 6
th

 test series at NTS and consisted of 29 tests.  6 of these were safety tests, and 2 did 

not produce any nuclear yield.  This series addressed several objectives including tactical weapon proof 

tests, safety tests, and component and mockup testing for thermonuclear systems to be detonated in 

Hardtack I among other things. 

 

During Plumbbob, 16,000 DoD personnel participated in the Desert Rock VII and VIII exercises. 

 

The LASL shots were named for deceased scientists, and the UCRL shots were named for North 

American mountains. 

 

Plumbbob released some 58,300 kilocuries of radioIodine (I
131

) into the atmosphere.  This was more 

than twice as much as any other continental test series.  This produced total civilian radiation exposures 

amounting to 120 million person-rads of thyroid tissue exposure (about 32% of all exposure due to 

continental nuclear tests).  This can be expected to eventually cause about 38,000 cases of thyroid 

cancer, leading to some 1900 deaths.  Chart of fallout exposures from Plumbbob (59 K, 539x577). 

From National Cancer Institute Study Estimating Thyroid Doses of I
131

 Received by Americans From 

Nevada Atmospheric Nuclear Bomb Test, 1997.  To go to the National Cancer Institute and get the full 

report, click here. 

 

 

Boltzmann 

Test:  Boltzmann 

Time:  11:55 28 May 1957 (GMT) 

Location:  NTS, Area 7c 

Test Height and Type:  500-foot Tower 

Yield:  12-kt 

 

XW-40 lightweight boosted fission warhead test.  The device -- developed by Los Alamos Scientific 

Laboratory (LASL) -- weighed 295 lb (total weight), the nuclear system by itself weighed 144.6 lb.  

Device width 18 inches, length 31.6 inches.  The shot cab held 9 tons of sand and 15 tons of paraffin as 

instrument shielding.  Predicted yield was 11-kt. 

 

Boltzmann (30 K)        Boltzmann (63 K) 

 

 

Franklin 

Test:  Franklin 

Time:  11:55  June 2, 1957 (GMT) 

Location:  NTS, Area 3 

Test Height and Type:  300-foot Tower 

Yield:  140-tons 

 

This LASL test was a fizzle, yielding only 7% of its predicted 2-kt yield.  This was a test of the XW-

30 warhead.  The device was a boosted all-Oralloy fission design.  The diameter of the device was 20.8 

http://nuclearweaponarchive.org/Usa/Tests/Pbscd.gif
http://rex.nci.nih.gov/
http://rex.nci.nih.gov/INTRFCE_GIFS/WHTNEW_INTR_DOC.htm
http://nuclearweaponarchive.org/Usa/Tests/PbBoltzman2s.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbBoltzman1s.jpg
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inches, length 38.4 inches, and the nuclear system weight was 303.8 lb (total device weight 448 lb).  A 

modified and enlarged version with more fissile material in the core and a different combination of high 

explosives was successfully retested in Franklin Prime. 

 

The picture below was identified as "Franklin" but may actually be "Franklin Prime". 

 

Franklin (39 K) 

 

 

Priscilla 

Test:  Priscilla 

Time:  13:30  June 24, 1957 (GMT) 

Location:  NTS, Area 5 

Test Height and Type:  700-foot Balloon 

Yield:  37-kt 

 

Priscilla was a weapons effects test sponsored by the DoD using a stockpiled device of known yield.  

The device used was a LASL-designed Mk-15/39 boosted primary similar to that tested in Redwing 

Lacrosse.  The predicted yield was 40 kt -- the same as in the Lacrosse test.  But the actual yield was 

slightly lower.  The test device weighed 581.4 lb total (nuclear system weight was 542 lb).  It was 27.1 

inches in diameter and 27.1 inches long. 

 

Don't these images of Priscilla look a lot like the images Upshot-Knothole Grable? 

They should.  They are pictures of Upshot-Knothole Grable! 

What are they doing here labelled "Priscilla"? 

All of these images were obtained from DOE sources and were identified as being Priscilla! 

What's going on here? 

 

It appears that images of Grable have been misidentified as being Priscilla by the DOE and AEC 

for many, many years.  I don't have any images that I believe are authentic Priscilla pictures.  But it is 

reasonable to suppose that the 2 shots had a rather similar appearance.  They were both NTS daytime 

airbursts in the 10-40 kt range, and their scaled burst heights were almost identical.  At some time in the 

past sets of Grable, pictures must have been misidentified as being Priscilla.  And presumably the 

security surrounding the handling of the original films have made it difficult to go back and compare 

them to catch the error. 

 

323x250, 13K     640x496, 43K     1024x794, 60K     1600x1240, 150K 

 

Priscilla (74K)            Priscilla (74K) 

 

This is a recent picture of a railroad bridge that was 1,800 feet from Priscilla ground zero and was 

subjected to overpressures exceeding 450 psi, severely distorting the interior structural girders. 

 

Priscilla Damage (77K) 

 

 

Hood 

Test:  Hood 

Time:  11:40.00.4  July 5, 1957 (GMT) 

Location:  NTS, Area 9a 

Test Height and Type:  1500-foot Balloon 

http://nuclearweaponarchive.org/Usa/Tests/PbFranklin1s.jpg
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Yield:  74-kt 

 

Hood was the largest atmospheric test ever conducted at NTS (and in the continental U.S.).  This 

was a test of a 2-stage thermonuclear device designed by UCRL (University of California Radiation 

Laboratory) even though the U.S. government stated at the time that no thermonuclear tests were being 

conducted in Nevada.  The design was intended to fill a gap in 300-400 lb. thermonuclear warhead 

technology and was tested at reduced yield.  The predicted yield was 60-80 kt.  The device used a 

boosted 'Swan' primary (which gave yields of 12-19 kt in other tests during Plumbbob).  About 7-kt of 

the overall yield was from fusion.  The device was a small diameter system (12.1 inches) and was 42.2 

inches long.  Total device weight was 393 lb.  The test also included troop maneuvers by 2,500 Marines 

and air operations by 124 aircraft. 

 

Hood (54K)     Hood (34K) 

 

 

Diablo 

Test:  Diablo 

Time:  11:30.00.1  July 15, 1957 (GMT) 

Location:  NTS, Area 2b 

Test Height and Type:  500-foot Tower 

Yield:  17-kt 

 

This was a UCRL developmental test of a 2-stage thermonuclear design.  A boosted 'Swan' primary 

was fired in a mockup of the thermonuclear system.  The predicted yield was 11-15 kt, the secondary 

stage contributed to the total yield.  This device was very similar to the 'Shasta' test device.  A full yield 

test of this device was intended for Hardtack I in 1958, and it may be related to the similarly 

dimensioned Hardtack I Cedar device which produced 220-kt.  The diameter of this device was 16.2 

inches, length 68.4 inches, and its total weight was 1,352 lb. 

 

452x250, 19K     640x354, 22K     1024x566, 48K     1600x885, 113K  

 

Diablo (31K)  

 

 

John 

Test:  John 

Time:  14:00  July 19, 1957 (GMT) 

Location:  NTS, Area 10 

Test Height and Type:  Rocket, 18,500-foot Burst Height 

Yield:  1.7-kt 

 

This was a combination proof test of the Genie (AIR-2A) nuclear air-to-air rocket and an effects test 

of the Genie W-25 warhead.  The unguided Genie rocket was fired from a F-89J.  The rocket traveled 

4,240 meters in 4.5 seconds (about Mach 3) after release before detonating.  The predicted yield was 

1.7-kt.  The Plutonium core W-25 (probably with a depleted uranium tamper) had a diameter of 17.35 

inches, a length of 25.74 inches, and weighed 221 lb. 

 

John (26K) 
 

 

Kepler 

http://nuclearweaponarchive.org/Usa/Tests/PbHood1s.jpg
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Test:  Kepler 

Time:  11:50  July 24, 1957 (GMT)  

Location:  NTS, Area 4 

Test Height and Type:  500-foot Tower 

Yield:  10-kt 

 

LASL ICBM warhead development test.  Probable test of XW-35 primary in thermonuclear mockup.  

Similar to Hardtack I 'Koa' device (which was tested at 1.37 Mt in 1958).  Kepler had a predicted yield 

of 11-kt.  The device had a diameter of 28.5 inches and a length of 44 inches.  The primary weighed 

64.4 lb, the total device weight was 1,517 lb. 

 

Kepler (81 K) 
 

 

Pascal A 

Test:  Pascal-A 

Time:  8:00  July 26, 1957 (GMT) 

Location:  NTS, Area U3j 

Test Height and Type:  -485 feet, open shaft 3 ft in diameter 

Yield:  Officially listed as "slight", actual yield 55-tons (predicted 1-2 lb) 

Device Description:  64.6 lb; 11.75x15 inches; plutonium pit; PBX 9401 and 9404 explosives 

 

The Pascal-A test occupies a significant place in the history of nuclear testing since it was the first 

test to be that could be called a contained underground test. 

 

Pascal-A (originally named Galileo-A) was a one-point safety test -- an attempt to verify a primary 

design that would have a small maximum energy release if accidentally detonated.  Accidental 

detonations can only initiate the detonation at one location instead of the multi-point initiation of a 

deliberately fired multi-detonator system.  Hence the concept of the "one point safe" criterion.  Even as 

planned, Pascal-A was unsafe by current safety standards since a nuclear yield of 1-2 lb was expected 

compared to current standards of zero yield.  But for safety sake, they tested the device near the bottom 

of a deep open shaft.  This was the first U.S. nuclear test to be conducted in an underground shaft and 

thus qualifies as the beginning of US underground nuclear testing. 

 

As it happened, the test yield was about 50,000 times greater than expected and created a sizable 

explosion, catching everyone off guard.  Official listings of the yield for this shot still describe it only as 

"slight", even though every other test in Plumbbob has a specific yield published.  It is possible to 

calculate the yield though from normalization data given in UCRL-53152  Part 6  Results of 

Calculations of External Gamma Radiation Exposure Rates from Fallout and the Related Radionuclide 

Compositions; Operation Plumbbob, 1957 (by Harry G. Hicks, July 1981).  This report provides 

comparative test product information.  And if Pascal-A is compared with other low yield (and thus pure 

fission) tests, a consistent value of 55 tons is obtained. 

 

Physicist and test director Robert Campbell and Astrophysicist Robert Brownlee provide a first-hand 

accounts of this test in Caging the Dragon: The Containment of Underground Nuclear Explosions 

(DOE/NV-388, 1997). 

 

Campbell:  The first thing we at LASL did in a hole was called Pasal-A.  It was 500 feet deep in a 

cased hole. We put the bomb at the bottom of it, and we didn't stem it.  So, we fired it.  

Biggest damn Roman candle you ever saw!  It was beautiful.  Big blue glow in the 

sky... 

http://nuclearweaponarchive.org/Usa/Tests/PbKepler1s.jpg
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Bill Ogle was out there in that timing station.  When he saw that thing come out of 

the ground, he knew he couldn't come south the way he came or he'd get into trouble...  

He was really excited about how they were going to get back...  They were damn lucky 

they didn't go right through that cloud. 

 

Carothers: Why didn't you stem it? 

 

Campbell: Didn't need to.  We did have a lid on that hole.  Nobody's seen it since. We never did 

find that.  On that lid was one of Johnny Malik's detectors, and we wanted a line of 

sight to see if we could measure some reactions.  There was a kind of plug in the hole.  

It was a couple of hundred feet off the bottom, as I remember.  All it was, was a 

concrete cylinder with a hole through the center of it so the detector could look 

through it.  And it had an annulus, so it wouldn't bind anywhere going down.  It was 

suspended from the harness that was holding the bomb.  It was a collimator, not a plug 

that was supposed to stem the hole.  We never found that collimator either, and it was 

about 5-feet thick. 

... … … 

But anyhow -- bad as it was, spectacular as it was -- there was only a tenth of the 

radiation on the ground around there that there would have been if it had been done on 

the surface. 

... … … 

 

Bob Brownlee: ...  Pascal-B and Pascal-C had plugs, but Pascal-A did not although it had a 

concrete collimator in it for the detector on the surface.  The guys had been working 

trying to get it ready, but there had been a number of troubles.  They finally got it down 

the hole -- by my recollection -- about 10 o'clock-or-so at night.  There wasn't much 

time to go back to Mercury, go to bed, and get up the next morning to shoot it.  So 

somebody said, "Why don't we just shoot it now, and then go in?"  And it was the 

world's finest Roman candle, because at night it was all visible.  Blue fire shot hundreds 

of feet in the air.  Everybody was down in the area, and they all jumped in their cars 

and drove like crazy, not even counting who was there and who came out of the area. 

 

[Caging the Dragon, pp. 20-22].  

 

Stokes 

Test:  Stokes  

Time:  12:25  August 7, 1957 (GMT) 

Location:  NTS, Area 7b 

Test Height and Type:  1,500-foot Balloon 

Yield:  19-kt 

 

Test of the LASL XW-30 multi-purpose warhead; used in TADM (tactical atomic demolition 

munition) and Talos SAM (surface-air-missile) warhead.  All oralloy (highly-enriched Uranium) DT 

gas-boosted system.  Predicted yield 10-20 kt.  Device diameter 22 inches, length 45.8 inches.  Nuclear 

system weight 317 lb., total device weight 448 lb. 

 

382x250, 18K     640x419, 45K     1024x670, 96K     1280x838, 147K     1600x1047, 275K  

 

Stokes (54K)         Stokes (49K)      607x421, 34K     800x625, 120K  

 

 

http://nuclearweaponarchive.org/Usa/Tests/Stokes382c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Stokes640c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Stokes1024c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Stokes1280c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Stokes1600c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbStokes1s.gif
http://nuclearweaponarchive.org/Usa/Tests/PbStokes2s.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbStokes3.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbStokes3_800.jpg
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Shasta 

Test:  Shasta 

Time:  12:00  August 18, 1957 (GMT) 

Location:  NTS, Area 2a 

Test Height and Type:  500-foot Tower 

Yield:  17-kt 

 

This was a UCRL developmental test of a two stage thermonuclear design.  A DT gas-boosted 

'Swan' primary was fired in a mockup of the thermonuclear system.  Shasta was nearly identical to 

Diablo except for changes in case materials and pit geometry.  Predicted yield was 11-15 kt.  Device 

dimensions were 16.9 inches in diameter and 69.2 inches long.  Total device weight was 1,435 lb.  

 

Shasta (100K) 

 

 

Doppler 

Test:  Doppler 

Time:  12:30  August 23, 1957 (GMT) 

Location:  NTS, Area 7 

Test Height and Type:  1,500-foot Balloon 

Yield:  11-kt 

 

LASL gas boosted implosion device, possible XW-34 test.  Satisfactory performance.  Device 

dimensions: diameter 17 inches, length 26 inches.  Nuclear system weight 144.6 lb, total device weight 

275 lb. 

 

Doppler (32K) 

 

 

Pascal-B 

Test:  Pascal-B 

Time:  22:35:00.00  August 27,1957 (GMT) 

Location:  NTS, Area U3d 

Test Height and Type:  -500 feet, open shaft 

Yield:  Often listed as "slight", actual yield 300-tons (predicted 1-2 lb) 

Device Description:  64.6 lb; 11.75x15 inches; plutonium pit; PBX 9401 and 9404 explosives 

 

Pascal-B is an interesting footnote to the history of nuclear testing and -- surprisingly -- spaceflight. 

 

The Pascal-B (originally named Galileo-B) was a near duplicate of the Pascal-A shot.  It was 

another one-point criticality safety test of the same basic primary stage design.  Like Pascal-A, it was 

fired in an open (unstemmed) shaft.  One significant difference was that it had a concrete plug similar to 

the concrete collimator used in Pacscal-A.  But this time, it was placed just above the device at the 

bottom of the shaft. 

 

The close proximity of this plug to the bomb had an unanticipated side effect. 

 

The Thunderwell Story 
 

The February/March 1992 issue of Air & Space magazine -- published by the Smithsonian -- 

contained an article about nuclear rocket propulsion: 

http://nuclearweaponarchive.org/Usa/Tests/PbShasta1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbDoppler1s.jpg
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Overachiever 

 

"Every kid who has put a firecracker under a tin can understands the principle of using 

high explosives to loft an object into space.  What was novel to scientists at Los Alamos [the 

atomic laboratory in New Mexico] was the idea of using an atomic bomb as propellant.  That 

strategy was the serendipitous result of an experiment that had gone somewhat awry. 

 

"Project Thunderwell was the inspiration of astrophysicist Bob Brownlee, who in the 

summer of 1957 was faced with the problem of containing underground an explosion 

expected to be equivalent to a few hundred tons of dynamite.  Brownlee put the bomb at the 

bottom of a 500-foot vertical tunnel in the Nevada desert, sealing the opening with a 4-inch 

thick steel plate weighing several hundred pounds.  He knew the lid would be blown off; he 

didn't know exactly how fast.  High-speed cameras caught the giant manhole cover as it 

began its unscheduled flight into History.  Based upon his calculations and the evidence from 

the cameras, Brownlee estimated that the steel plate was traveling at a velocity 6 times that 

needed to escape Earth's gravity when it soared into the flawless blue Nevada sky.  'We never 

found it.  It was gone,' Brownlee says, a touch of awe in his voice almost 35 years later. 

 

"The following October, the Soviet Union launched Sputnik -- billed as the first man-

made object in Earth orbit.  Brownlee has never publicly challenged the Soviet's claim.  But 

he has his doubts." 

 

Although the shaft test goes unnamed in the article, only 2 shaft shots were fired before Sputnik was 

launched on October 4, 1957 -- Pascal-A and Pascal-B.  The nighttime Pascal-A shot could not have 

been the shot involved since notably absent from the accounts of Pascal-A are the dazzlingly brilliant 

fireball streaking into the heavens that such an object would produce.  Also Pascal-B was the only one 

of the two that was fired in summer as the article describes.  This conclusion was confirmed to this 

author by Dr. Robert Brownlee, who has written expressly for this website his own account of this 

event. 

 

Objects can only be propelled to very high velocities by a nuclear explosion if they are located close 

to the burst point.  Once a nuclear fireball has grown to a radius that is similar in size to the radius of a 

quantity of high explosive of similar yield, its energy density is about the same and very high velocities 

would not be produced.  This radius for a 300-ton explosion is 3.5 meters. 

 

The steel plate at the top of the shaft was over 150 m from the nuclear device.  Much too far for it to 

be propelled to extreme velocity directly by the explosion.  The feature of Pascal-B that made this 

possible was the placement of the collimator close to the device.  The mass of the collimator cylinder 

was at least 2 tonnes (if solid) and would have been vaporized by the explosion, turning it into a mass of 

superheated gas that expanded and accelerated up the shaft, turning it into a giant gun.  It was the 

hypersonic expanding column of vaporized concrete striking the cover plate that propelled it off the 

shaft at high velocity. 

 

To illustrate the physics and estimate how fast it might have been going, consider that if the 

collimator absorbed a substantial part of the explosion energy (say a third of it or 100 tons), it would 

have been heated to temperatures far higher than any conventional explosive (by a factor of 50 with the 

previous assumption). 

 

The maximum velocity achieved by an expanding gas is determined by the equation: 

 

http://nuclearweaponarchive.org/Usa/Tests/Brownlee.html
http://nuclearweaponarchive.org/Usa/Tests/Brownlee.html
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u = 2c / (γ - 1) 

 

where u is the final velocity, c is the speed-of-sound in the gas, and γ is the specific heat ratio of the 

gas.  If we further assume that the thermodynamic properties of vaporized concrete are similar to the hot 

combustion gases of high explosives, then the speed of sound in the vaporized collimator would be 

about 7 km/sec (the square root of 50 times the value of c for an explosive combustion gases, which is 1 

km/sec).  For molecular gases, γ is usually in the range of 1.1 to 1.5.  For explosives, it is 1.25.  Thus we 

get: 

 

u = 2*7 km/sec / (1.25 - 1) = 56 km/sec 

 

This is about 5 times Earth's 11.2 km/sec escape velocity -- quite close to the figure of 6 times 

arrived at by Dr. Brownlee in his detailed computations. 

 

But the assumption that it might have escaped from Earth is implausible (Dr. Brownlee's discretion 

in making a priority claim is well advised).  Leaving aside whether such an extremely hypersonic un-

aerodynamic object could even survive passage through the lower atmosphere, it appears impossible for 

it to retain much of its initial velocity while passing through the atmosphere.  A ground launched 

hypersonic projectile has the same problem with maintaining its velocity that an incoming meteor has.  

According to the American Meteor Society Fireball and Meteor FAQ, meteors weighing less than 8 

tonnes retain none of their cosmic velocity when passing through the atmosphere.  They simply end up 

as a falling rock.  Only objects weighing many times this mass retain a significant fraction of their 

velocity. 

 

The fact that the projectile was not found, of course, is no proof of a successful space launch.  The 

cylinder and cover plate of Pascal-A was also not found even though no hypersonic projectile was 

involved.  Even speeds typical of ordinary artillery shells can send an object many kilometers beyond 

the area of any reasonable search effort. 

 

Also, apparently the project name "Thunderwell" refers to a proposed project that was never carried 

out.  Carl Feynman (by email) related the following account:  

 

"In the mid-80s, I heard of a 'Project Thunderwell' from someone who had been 

employed at Livermore.  In about 1991, I asked Dr. Lowell Wood about it, who was (and 

presumably still is) a prominent weapon physicist at Livermore.  He told me that it was a 

project -- never actually constructed -- to launch a spacecraft on a column of nuclear-heated 

steam.  The idea was that a deep shaft would be dug in the Earth and filled with water.  A 

spacecraft would be placed atop this shaft, and a nuclear explosive would be detonated at the 

bottom." 

 

 

Franklin Prime 

Test:  Franklin Prime 

Time:  12:40  August 30, 1957 (GMT) 

Location:  NTS, Area 7b 

Test Height and Type:  750-foot Balloon 

Yield:  4.7-kt 

 

LASL retest of the fizzled 'Franklin' device but with more U
235

 added to the gas boosted all-oralloy 

implosion core.  Predicted yield 2-kt.  This was a development test of the XW-30 warhead.  The 

'Franklin' device was enlarged, its diameter increasing from 20.8"-to-21.4" and its length increasing 

http://www.amsmeteors.org/fireball/faqf.html#12
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from 38.4" to 45.8 in.  More Oralloy was added to the core.  In addition, the combination of PBX 9401 

and PBX 9404 used in the device was replaced by a combination of PBX 9010 and PBX 9404.  The 

nuclear system weight was 304 lb. 

 

The picture below was identified as "Franklin" but may actually be "Franklin Prime". 

 

Franklin (20K) 
 

 

Smoky 

Test:  Smoky 

Time:  12:30.00.1  August 31, 1957 (GMT) 

Location:  NTS, Area 8 

Test Height and Type:  700-foot Tower 

Yield:  44-kt 

 

Test of the UCRL TX-41 thermonuclear design.  3-stage prototypes of this design were previously 

fired in Redwing Zuni and Tewa (3.5-MT and 5-MT, respectively).  This test system was reportedly a 

2-stage device using a boosted primary in a thermonuclear system mockup (perhaps a test of the first 2 

stages of the full 3-stage design).  Some thermonuclear yield was produced by secondary.  The predicted 

yield was 45-50 kt.  Device dimensions: diameter 50 inches, length 126.2 inches.  Device weight 9,408 

lb.  The Mk-41 eventually became the largest yield nuclear weapon ever developed or deployed by the 

U.S. (25-Megatons).  It was had the highest yield-to-weight ratio of any known weapon (about 6 kt/Kg). 

 

Smoky became notorious in the 1970s due to the radiation exposures received by over 3,000 

servicemen who were brought in as part of the Desert Rock exercises to conduct maneuvers in the 

vicinity of ground zero shortly after the test.  This led to Congressional inquiries and epidemiological 

evaluation of the affected veterans.  A 1980 study of the 3,224 participants found a significantly elevated 

number of leukemia cases.  10 cases of leukemia were found, compared to the expected base number for 

a similar unexposed population of 4 (see Health Effects of Exposure to Low Levels of Ionizing 

Radiation: BEIR V, 1990, p. 375). 

 

700 foot shot tower for Smoky (35K) 

 

Smoky (60K)      Smoky (59K)      Smoky (42K) 

 

 

Galileo 

Test:  Galileo 

Time:  12:40  September 2, 1957 (GMT) 

Location:  NTS, Area 1 

Test Height and Type:  500-foot Tower 

Yield:  11-kt 

 

LASL diagnostic/exploratory test of boosted fission device.  Device dimensions: diameter 12.4 

inches, length 60 inches.  Total device weight 848 lb.  

 

Galileo (115K) 
 

 

Fizeau 

http://nuclearweaponarchive.org/Usa/Tests/PbFranklin1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbSmokytwrs.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbSmoky1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbSmoky2s.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbSmoky3s.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbGalileo1s.jpg
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Test:  Fizeau 

Time:  16:45  September 14, 1957 (GMT) 

Location:  NTS, Area 3b 

Test Height and Type:  500-foot Tower 

Yield:  11-kt 

 

LASL boosted fission device.  Possibly a test of the XW-34 depth bomb.  Device dimensions: 

diameter 16 inches, length 31.75 inches.  Total device weight 131.3 lb.  Predicted yield 8-10 kt. 

 

1024x644 (50K)      (20K)      (33K)      (100K)      (43K) 

 

 

Newton 

Test:  Newton 

Time:  12:50  September 16, 1957 (GMT) 

Location:  NTS, Area 7b 

Test Height and Type:  1,500-foot Balloon 

Yield:  12-kt 

 

LASL test of XW-31 variant, boosted primary in thermonuclear system mockup.  Design yield 50-70 

kt.  Device dimensions: diameter 28 inches, length 39 inches.  Total device weight 1,346 lb. 

 

Newton (57K) 

 

 

Ranier 

Test:  Rainier 

Time:  16:59.59.5  September 19, 1957 (GMT) 

Location:  NTS, Area 12 

Test Height and Type:  Tunnel shot, depth -899 feet 

Yield:  1.7-kt 

 

UCRL deep underground test shot to evaluate containment and detection of underground nuclear 

tests.  Fired in B-tunnel in side of Ranier Mesa.  Modified W-25 warhead used.  Device dimensions: 

diameter 17.4 inches, length 25.7 inches.  Device weight 218 lb. 

 

Pictures below show the shot tunnel and the dust kicked up by the shock wave.  The test itself was 

totally contained. 

 

357x250, 23K     640x448 63K     1024x717, 104K     1600x1120, 293K 

 

Rainier shot tunnel     Rainier dust (40K)      849x120, 94K 

 

 

Charleston 

Test:  Charleston 

Time:  13:00  September 28, 1957 (GMT) 

Location:  NTS, Area 9 

Test Height and Type:  1,500-foot Balloon 

Yield:  12-kt 

 

http://nuclearweaponarchive.org/Usa/Tests/Fizeaus.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbFizeau1s.gif
http://nuclearweaponarchive.org/Usa/Tests/PbFizeau4s.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbFizeau2s.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbFizeau3s.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbNewton1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ranier357c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ranier640c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ranier1024c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ranier1600c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbRanier.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbRanier1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/RanierChimney250.gif


 81 

UCRL test of a small "clean" tactical 2-stage thermonuclear device.  Device fizzled when second 

stage failed to fire.  Predicted yield was below 50-100 kt.  Swan primary used.  Device dimensions: 

diameter 22.4 inches, length 46.6 inches.  Total device weight 1225 lb. 

 

363x250, 8K      640x441, 20K      1024x706, 39K 

 

Charleston (38K) 

 

 

Operation Plumbbob Summary 
Legend:WD=Weapons Development, WE=Weapons Effects, ST=Safety Test, TN= Thermonuclear, 

LASL=Los Alamos Scientific Laboratory, UCRL=University of California Radiation Laboratory 

(later Lawrence Livermore), DoD = Department of Defense. 

Test 

Name 

Time and 

Date 

(GMT) 

Location 
Test 

Type 

Height 

(feet) 

Yield - 

Actual 

(Predicted) 

Sponsor Purpose Comments 

Boltzmann 

11:55 

May 28, 

1957 

NTS, 

Area 7c 
Tower 500 

12-kt 

(11-kt) 
LASL WD 

XW-40 

boosted 

fission 

warhead test 

Franklin 

11:55 

June 2, 

1957 

NTS, 

Area 3 
Tower 300 

140-tons 

(2-kt) 
LASL WD 

Fizzle, XW-

30? boosted 

all-oralloy 

fission 

warhead test 

Lassen 

11:45 

June 5, 

1957 

NTS, 

Area 9a 
Balloon 500 

0.5-tons 

(600-tons) 
UCRL WD 

Fizzle, 

unboosted all-

oralloy small 

weapon 

design 

Wilson 

11:45 

June 18, 

57 

NTS, 

Area 9a 
Balloon 500 

10-kt 

(8 kt, 2-12 

kt) 

UCRL WD 

XW-45X1 

Swan test, 

gas-boosted 

composite pit 

Priscilla 

13:30 

June 24, 

1957 

NTS, 

Area 5 
Balloon 700 

37-kt 

(40-kt) 

LASL/D

oD 
WE 

Mk-15/39 

primary, 

stockpiled 

device of 

known yield 

Coulomb-

A 

17:30 

July 1, 

1957 

NTS, 

Area 3h 
Surface 0 

Zero 

(1-2 lb) 
LASL ST 

XW-31 1-

point safety 

test 

Hood 

11:40.00.4 

July 5, 

1957 

NTS, 

Area 9a 
Balloon 1,500 

74-kt 

(60-80 kt) 
UCRL WD 

Largest 

atmospheric 

test at NTS, 

2-stage 

thermonuclear 

device 

Diablo 

11:30.00.1 

July 15, 

1957 

NTS, 

Area 2b 
Tower 500 

17-kt 

(11-15 kt) 
UCRL WD 

2-stage 

device, some 

thermonuclear 

yield 

http://nuclearweaponarchive.org/Usa/Tests/Charleston363c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Charleston640c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Charleston1024c25.jpg
http://nuclearweaponarchive.org/Usa/Tests/PbCharleston1s.jpg


 82 

John 

14:00 

July 19, 

1957 

NTS, 

Area 10 
Rocket 18,500 

1.7-kt 

(1.7-kt) 
DoD WE 

W-25 

warhead for 

Genie air-to-

air missile 

Kepler 

11:50 

July 24, 

1957 

NTS, 

Area 4 
Tower 500 

10-kt 

(11-kt) 
LASL WD 

XW-35 

ICBM 

warhead 

development, 

primary in 

thermonuclear 

mockup 

Owens 

13:30 

July 25, 

1957 

NTS, 

Area 9b 
Balloon 500 

9.7-kt 

(2-10 kt) 
UCRL WD 

Very small 

boosted 

plutonium 

device, XW-

51 progenitor 

Pascal-A 

8:00 

July 26, 

1957 

NTS, 

Area 3j 
Shaft - 485 

Listed as 

"slight", 

about 55-

tons 

(predicted 

1-2 lb) 

LASL ST 
1-point safety 

test 

Stokes 

12:25 

Aug 7. 

1957 

NTS, 

7b 
Balloon 500 

19-kt 

(10-20 kt) 
LASL WD 

XW-30 test, 

all oralloy 

gas-boosted 

system 

Saturn 

1:00 

Aug-10, 

1957 

NTS, 

Area 12c 
Tunnel - 100 

Zero 

(100-lb) 
UCRL ST 

1-point safety 

test of XW-

45X1, 

oralloy-Pu 

composite 

core filled 

with helium; 

first shot fired 

in Ranier 

Mesa tunnel 

Shasta 

12:00 

Aug 18, 

1957 

NTS, 

Area 2a 
Tower 500 

17-kt 

(11-15 kt) 
UCRL WD 

Nearly 

identical to 

Diablo, DT 

gas boosted 

Swan primary 

Doppler 

12:30 

Aug-23, 

1957 

NTS, 

Area 7 
Balloon 1,500 

11-kt 

( ----- ) 
LASL WD 

Gas boosted 

implosion 

device, 

possible XW-

34 test 

Pascal-B 

22:35 

Aug 27, 

1957 

NTS, 

Area 3c 
Shaft - 500 

0.3-kt 

(1-2 lb) 
LASL ST 

1-point test 

for upper 

limits of 

safety, similar 

to Pascal-A 

Franklin 

Prime 

12:40 

Aug 30, 

1957 

NTS, 

Area 7b 
Balloon 750 

4.7-kt 

(2 kt) 
LASL WD 

Retest of 

Franklin with 

more U
235

 

added to core 
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Smoky 

12:30.00.1 

Aug 31, 

1957 

NTS, 

Area 8 
Tower 700 

44-kt 

(45-50 kt) 
UCRL WD 

TX-41 2-

stage device, 

some 

thermonuclear 

yield 

Galileo 

12:40 

Sept. 2, 

1957 

NTS, 

Area 1 
Tower 500 

11-kt 

( ----- ) 
LASL WD 

Boosted 

fission device, 

exploratory 

test 

Wheeler 

12:45 

Sept. 6, 

1957 

NTS, 

Area 9a 
Balloon 500 

197-tons 

(200-tons) 
UCRL WD 

Retest of 

redesigned 

Lassen 

device, 

possible XW-

51 air-to-air 

warhead 

progenitor 

Coulomb-

B 

20:50 

Sept. 6, 

1957 

NTS, 

Area 3g 
Surface 0 

0.3-kt 

(1-2 lb, 20-

tons max) 

LASL ST 

1-point test 

for upper 

limits of 

safety, similar 

to Coulomb-

A, all-oralloy 

gas boosted 

Laplace 

13:00 

Sept. 8, 

1957 

NTS, 

Area 7b 
Balloon 750 

1-kt 

(1.5-2 kt) 
LASL WD 

Fleegle 

device: all-

oralloy gun-

type weapon 

Fizeau 

16:45 

Sept. 14, 

1957 

NTS, 

Area 3b 
Tower 500 

11-kt 

(9-10 kt) 
LASL WD 

XW-34 test, 

boosted 

fission device 

Newton 

12:50 

Sept. 16, 

1957 

NTS, 

Area 7b 
Balloon 1,500 

12-kt 

(50-70 kt) 
LASL WD 

Test of XW-

31 variant, 

boosted 

primary in 

thermonuclear 

system 

mockup 

Rainier 

16:59.59.5 

Sept. 19, 

1957 

NTS, 

Area 12 
Tunnel - 899 

1.7-kt 

( ----- ) 
UCRL WE 

Deep 

underground 

test shot, 

modified W-

25 warhead 

Whitney 

12:30 

Sept. 23, 

1957 

NTS, 

Area 2 
Tower 500 

19-kt 

(15 kt) 
UCRL WD 

Test of 

boosted Swan 

primary in W-

27 

thermonuclear 

system 

mockup 

Charleston 

13:00 

Sept. 28, 

1957 

NTS, 

Area 9 
Balloon 1,500 

12-kt 

(less than 

50-100 kt) 

UCRL WD 

Clean tactical 

2-stage 

thermonuclear 

device, 2nd 

stage failed to 
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fire 

Morgan 

13:00 

Oct 7, 

1957 

NTS, 

Area 9 
Balloon 500 

8-kt 

(2-10 kt) 
UCRL WD 

XW-45X1 

test, boosted 

Swan primary 

and Flamingo 

secondary 
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http://nuclearweaponarchive.org/Usa/Tests/Proj57-58.html 

Projects 57, 58, and 58A 
1957-1958: Nevada Test Site 

 

Last changed September 20, 1997 

 

The advent of compact, lightweight, low maintenance nuclear weapons had important implications 

for weapon safety.  In the days of large, heavy fission bombs, the possibility of dangerous nuclear 

reactions being initiated by accident could be minimized by preventing the final assembly of the bomb 

from occuring until just before actual use.  This was accomplished by requiring actual assembly of the 

bomb from its components just before the mission (as with the original 'Fat Man' design) by having a 

"trap door" in the bomb so that the fissile material could be inserted just before flight or even in-flight or 

by equipping the bomb with automatic in-flight insertion mechanisms (electric motors that moved the 

bomb core and high explosives into their operational configuration). 

 

But light, compact, low maintenance weapons did not have the space for these sorts of arrangements.  

And separate handling of internal bomb components by field personnel was very undesirable from the 

standpoint of ease of use and reliability.  Instead, "sealed pit" designs were adopted in which all parts of 

the fission bomb (the fissile material, tamper, reflector, high explosive, etc.) were placed in their final 

configuration when the bomb was assembled in the factory.  This raised the possibility that accidental 

detonation of the high explosive could compress the core to supercriticality and bring about hazardous 

releases of nuclear energy.  Such an accident would presumably result in yields far below the actual 

weapon design.  But even very low yields could result in catastrophic effects on nearby personnel and 

facilities.  A fission yield of only a few tons can produce lethal radiation out to distances of several 

hundred meters. 

 

Safety tests were clearly needed to evaluate the safety of these new sealed pit designs.  The inherent 

safety margins were small, and it was impossible to precisely calculate what would happen in an 

asymmetrical detonation such as could occur in an accident.  The standard that was adopted was the 

fission device must be "one point safe".  In other words, the initiation of the high explosive at one point 

(in contrast to the simultaneous multi-point detoantion of a proper implosion) could not cause a 

detectable release of nuclear energy (the result must be "zero yield").  Also of interest was the extent of 

the Plutonium contamination hazard in the event of an accidental detonation, even with no nuclear 

energy release. 

 

The first safety tests were known as Project 56 conducted in 1955 (of 4 shots, one failed - producing 

a yield of some tens of tons).  In 1957 and 1958, 3 more limited test programs were conducted:  Project 

57, Project 58, and Project 58A.  These 3 programs included a total of 5 test shots -- most of them them 

producing some sort of nuclear yield (one an astonishing 500-tons).  All 3 programs are discussed on 

this page. 

 

 

Project 57 
Project 57 No. 1 

Test:  Project 57 No. 1 

Time:  14:27  April 24, 1957 (GMT) 

Location:  Nevada Test Site, Area 13 

Test Height and Type:  Surface burst 

Yield:  Zero 
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This was an AEC-sponsored plutonium contamination hazard test of the XW-25 air-defense warhead 

which was expected to be widely deployed in large numbers, even within urban population centers.  The 

warhead contained Plutonium and depleted Uranium.  No nuclear energy release occurred.  The warhead 

was 17.4 inches by 26.7 inches long and weighed 218 lb.  It contained about 100 lb. of high explosives. 

 

 

Project 58 
Pascal-C 

Test:  Pascal-C 

Time:  20:15  December 6, 1957 (GMT) 

Location:  Nevada Test Site, Area 3e 

Test Height and Type:  Underground burst in shaft, -250 feet 

Yield: Slight 

 

Los Alamos 1-point safety test of device scheduled for firing in Operation Hardtack.  Similar to 

Hardtack II 'Valencia' and Hardtack II 'San Juan' devices.  Possible XW-42 test.  The device was 13 

inches in diameter, 17.3 inches long, and weighed 92.9 lb. 

 

 

Coloumb-C 

Test:  Coulomb-C 

Time:  20:00  December 9, 1957 (GMT) 

Location:  Nevada Test Site, Area 3i 

Test Height and Type:  Surface burst 

Yield:  500-tons 

 

Los Alamos 1-point safety test of device scheduled for firing in Operation Hardtack.  This a 

deliberate overtest that was actually intended to produce a nuclear yield.  This established an upper 

bound on 1-point safety limits.  Similar to the 'Moccasin' device fired in Hardtack II Hidalgo.  The 

device was 22.2 inches by 22.2 inches and weighed 383 lb. 

 

 

Project 58A 
 

Venus 

Test:  Venus 

Time:  01:00  February 22, 1958 (GMT) 

Location:  Nevada Test Site, Area 12 

Test Height and Type:  Underground burst in tunnel, -100 feet 

Yield:  Less than 1-ton 

 

Lawrence Livermore 1-point safety test of device scheduled for firing in Operation Hardtack.  

Similar to Hardtack II Oberon and Sanford devices.  Possible XW-47 primary candidate.  Device 

dimensions were diameter 12.8 inches, length 14.7 inches, weight was 114 lb. 

 

 

Uranus 

Test:  Uranus 

Time:  22:00  March 14, 1958 (GMT) 

Location:  Nevada Test Site, Area 12 
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Test Height and Type:  Underground burst in tunnel, -114 feet 

Yield:  Less than 1-ton 

 

Lawrence Livermore 1-point safety test of XW-48 warhead.  This was a plutonium linear implosion 

warhead for a 155 mm artillery shell.  Similar to devices fired in Hardtack II Mars, Tamalpais, and 

Ceres.  Possible XW-47 primary candidate.  Device was 21.1 inches long and weighed 111 lb. 
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Operation Hardtack I 
1958 - Pacific Proving Grounds 

 

Last changed November 30, 2001 

 

In 1958, the arms race proceeded apace with the enormous weapons production infrastructure and 

both weapons labs operating at full speed.  Hardtack I included 35 tests -- the largest test series so far 

(1958 in fact saw a total of 77 U.S. tests, more than the 3 previous record setting years combined).  

Partly this burst of testing activity was due to building pressure for an imminent test moratorium, 

leading the weapons labs to rush as many device types to the test range as possible.  A total of 35.6-

Megatons were shot during this series. 

 

The lab tests centered on ICBM and SLBM missile warheads and high-yield strategic bombs.  The 

DoD conducted high altitude multi-megaton tests to study their usefulness for ABM (anti-ballistic 

missile) warheads and discovered the high-altitude EMP (electromagnetic pulse) effect in the process.  

Effects tests of underwater explosions were also conducted. 

 

At least 14 mark-designated warheads were tested, plus additional developmental designs not yet 

awarded a serial number.  These included the Mk/TX/XW - 7, 25, 31, 34, 35, 39, 41, 43, 46/53, 47, 49, 

50, and 51.  This series fired the largest tests since Ivy and Castle (and never equalled since in later U.S. 

tests) and led to the development and deployment of the largest U.S. weapon ever fielded (the 25 Mt 

Mk-41 bomb) and the largest U.S. missile warhead ever fielded (the W-53 9 Mt Titan-II warhead).  An 

air-dropped bomb variant of the W-53 was the largest (and oldest) weapon in the U.S. inventory up until 

its retirement in early 1997.  The UCRL test of the W-47 Polaris warhead prototype was a major 

technological breakthrough that led to high yields in small light packages charcteristic of all U.S. missile 

warheads today. 

 

The extensive test schedule required the use not only of both atolls (Bikini and Enewetak) but 

Johnston Island also.  This series was the last to conduct atmospheric testing at Bikini and Enewetak 

atolls.  Test names were taken from North American trees and shrubs. 

 

 

Yucca 

Test:  Yucca 

Time:  April 28, 1958 (GMT) 

 April 28, 1958 (local) 

Location:  85 mi. NE of Eniwetak (28 deg 37 min N; 163 deg 01 min E) 

Test Height and Type:  Balloon; 85,250 ft 

Yield:  1.7-kt 

 

DoD/LASL test of a W-25 air defense warhead in a high-altitude balloon-lofted shot for ABM 

development work.  The device weighed 218 lb.  The complete balloon payload was 762 lb. 

 

Hardtack I Yucca, 640x492 (41 K) 
 

 

Cactus 

Test:  Cactus 

Time:  18:15  May 5, 1958 (GMT) 

http://nuclearweaponarchive.org/Usa/Tests/Yucca640c20.jpg
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 06:15  May 6, 1958 (local) 

Location:  Runit (Yvonne) Island, Enewetak Atoll 

Test Height and Type:  Surface, 3 feet off shot building floor 

Yield:  18-kt 

 

LASL test of a MK-43 primary in a thermonuclear system mockup.  Similar to to the Elder device.  

Predicted yield 13-14 kt.  The Cactus device primary weighed 110.3 lb (50 kg).  The overall device 

weighed 1,432 lb., a width of 18 inches, and a length of 69 inches. 

 

The device was detonated 596 feet southwest of the Redwing Lacrosse crater.  The Cactus crater 

had a diameter of 346 feet and a maximum depth of 37.2 feet (with a 8-14 foot lip).  In 1979-1980, this 

crater was used as a burial pit to inter 110,000 cubic yards of radioactive soil scraped from the various 

contaminated Enewetak Atoll islands. 

 

Hardtack I Cactus (38 K)             Hardtack I Cactus Crater (38 K) 

 

 

Yellowwood 

Test:  Yellowwood 

Time:  2:00   May 26, 1958 (GMT) 

 14:00  May 26, 1958 (local) 

Location:  Enewetak lagoon 

Test Height and Type:  Barge, 11-feet 

Yield:  330-kt 

 

This was a LASL developmental test of a "clean" TX-46 warhead design.  The predicted yield was 

2.5-MT of which only 200-kt was expected to be fission (8%).  The test was a fizzle with only low level 

thermonuclear burning detected in the second stage.  Yellowwood was similar to Hardtack I Butternut 

which demonstrated the primary with a yield of 81 kt.  A modified Yellowwood design was successfully 

refired in Hardtack I Oak (below).  This system was eventually developed into the W-53 9-MT Titan-

II warhead and the B-53 strategic bomb. 

 

The shot barge for Yellowwood was ballasted with 225 tons of silica sand in an attempt to reduce 

biosphere exposure to strontium-90.  It was hoped that chemically inert strontium silicate would be 

formed. 

 

Hardtack I Yellowwood (48K) 

 

 

Umbrella 

Test:  Umbrella 

Time:  23:15  June 8, 1958 (GMT) 

 11:15  June 9, 1958 (local) 

Location:  Enewetak lagoon 

Test Height and Type:  Underwater, -150 feet 

Yield:  8-kt 

 

Umbrella was a DoD-sponsored weapons effects test for a medium depth underwater explosion.  A 

Mk-7 bomb was used for the test (30 inches in diameter, 54 inches long, device weight 825 lb.) in a 

heavy pressure vessel (total weight 7000 lb.).  Very similar to the 'Wahoo' device.  The device was 

http://nuclearweaponarchive.org/Usa/Tests/Ht1cactus1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ht1cactus2s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ht1yellowd1s.jpg
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detonated on the lagoon bottom NNE of Mut (Henry) Island.  An underwater crater 3,000 feet across 

and 20 feet deep was produced. 

 

Hardtack Umbrella black and white (22K) 

 

For a larger version of the above picture, click here (50K) 

 

Hardtack Umbrella (51K)         Hardtack Umbrella (32K) 

 

383x480, 53K      612x768, 116K      957x1200, 178K      1946x2441, 1211K 

 

 

Oak 

Test:  Oak 

Time:  19:30 28 June 1958 (GMT) 

 07:30 29 June 1958 (local) 

Location:  Enewetak lagoon 

Test Height and Type:  Barge, 8.6-feet 

Yield:  8.9-MT 

 

Prototype test of the LASL-designed TX-46 system.  Similar to the devices tested in Butternut (an 

81-kt primary test) and Yellowwood (a fizzle).  The second stage was beefed up after the Yellowwood 

failure.  This was also a standard "dirty" configuration (in contrast to the "clean" version fired in 

Yellowwood). This test exceeded the predicted yield of 7.5-MT.  The fission yield was predicted to be 

4-MT, actual fission yield was 5-MT.  This is one of the largest devices ever tested by the U.S. (6
th

 

largest U.S. test). 

 

The test was conducted in very shallow water (12 feet).  The device was horizontal on the barge with 

the axis 3 feet above the barge deck, which was in turn 5.6 feet above the waterline.  The barge weighed 

223 tons and was unballasted to provide a shallow draft.  The subsurface crater produced was 5,740 feet 

diameter and 204 feet deep. 

 

The test device was 37 inches in diameter and 100.5 inches long and weighed 6,113 lb.  This design 

was later developed into the 9-MT W/Mk-53 warhead deployed on the Titan II missile and the Mk-53 

strategic bomb.  This last version remained in active service until early 1997, making it the oldest and 

highest yield weapon in the U.S. stockpile (it is not clear whether it is still being held in the reserve 

stockpile, or whether it has slated for dismantlement). 

 

Hardtack Oak (21K)      Hardtack Oak (60K)     Hardtack Oak (182K) 

 

383x250, 2 K      640x453, 54K      1024x725, 133K      2316x1639, 762K  

 

 

Juniper 

Test:  Juniper 

Time:  04:20  July 22, 1958 (GMT) 

 16:20  July 22, 1958 (local) 

Location:  Bikini 

Test Height and Type:  Barge, 12-feet 

Yield:  65-kt 

 

http://nuclearweaponarchive.org/Usa/Tests/Ht1umbr1a.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ht1umbr1b.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ht1umbr3.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ht1umbr2.jpg
http://nuclearweaponarchive.org/Usa/Tests/Umbrella383c5.jpg
http://nuclearweaponarchive.org/Usa/Tests/Umbrella612c5.jpg
http://nuclearweaponarchive.org/Usa/Tests/Umbrella957c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Umbrella1946c5.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ht1oak1.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ht1oak2.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ht1oak3.jpg
http://nuclearweaponarchive.org/Usa/Tests/OakA353c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/OakA640c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/OakA1024c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/OakA2316c10.jpg
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This shot -- the last Bikini atmospheric test -- was an exploratory shot by UCRL attempting to 

dramatically reduce the size and weight of a nominally 1-Megaton warhead.  Alumni of the UCRL 

weapons program from this period have described this test as the "most radical UCRL shot" and an 

"entirely new concept".  This led eventually to the development of the W-47 Polaris missile warhead 

which considerably reduced the size of megaton class warheads.  The degree of novelty can be judged 

by the range of predicted yields 0.2-kt to 60-kt -- i.e., the possibility of complete failure of the boosted 

primary and the secondary stage was considered possible (0.2-kt is approximately the yield of a boosted 

primary that fails to boost).  The test was a complete success. 

 

The test device had a diameter of 14.4 inches and a length of 15.3 inches.  It weighed 167.5 lb. 

 

Below is the Juniper shot in the background. A reconnaissance aircraft is in the foreground. 

 

Hardtack Juniper (99K) 

 

 

Operation Hardtack I Summary 

Legend:WD=Weapons Development, WE=Weapons Effects, ST=Safety Test, TN= Thermonuclear, 

LASL=Los Alamos Scientific Laboratory, UCRL=University of California Radiation Laboratory 

(later Lawrence Livermore), DoD = Department of Defense. 

Test 

Name 

Time 

& 

Date 

(GMT) 

Location 
Test 

Type 

Height 

(feet) 

Yield - 

Actual 

(Predicted) 

kt 

Sponsor Purpose Comments 

Yucca 

2:40 

Apr. 

28, 

1958 

85 nm NE 

of 

Enewetak 

Balloon 85,250 
1.7 

(1.7) 
DoD WE 

High-altitude test 

of W-25 for 

ABM use 

Cactus 

18:15 

May 5, 

1958 

Enewetak Surface 3 
18 

(13-14) 
LASL WD 

MK-43 primary 

test in TN 

mockup, similar 

to Elder 

Fir 

17:50.0

0.1 

May 

11, 

1958 

Bikini Barge 10 
1,360 

(1,500) 
UCRL WD 

Clean 2-stage TN 

device, only 90-

kt fission (6.6%) 

Butternut 

18:15 

May 

11, 

1958 

Enewetak Barge 10 
81 

(105) 
LASL WD 

TX-46 primary 

test, similar to 

Oak and 

Yellowwood 

Koa 

18:30.0

0.1 

May 

12, 

1958 

Enewetak Surface 3 
1370 

(1750) 
LASL WD 

XW-35 ICBM 

warhead, fission 

yield 750-kt (1-

MT predicted) 

Wahoo 

1:30 

May 

16, 

1958 

Enewetak 
Underwa

ter 
-500 

9 

(-----) 

Dod/LA

SL 
WE 

Mk-7 deep water 

effects test, water 

depth 3200 ft. 

Holly 
18:30 

May 
Enewetak Barge 13 

5.9 

(11) 
LASL WD 

XW-31Y3 proof 

test 

http://nuclearweaponarchive.org/Usa/Tests/Ht1juniper1.jpg
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10, 

1958 

Nutmeg 

21:20 

May 

21, 

1958 

Bikini Barge 12 
25.1 

(8-25) 
UCRL WD 

2-stage TN 

device, possible 

Xw-47 prototype 

Yellowwo

od 

2:00 

May 

26, 

1958 

Enewetak Barge 11 
330 

(2500) 
LASL WD 

"Clean" TX-46 

fizzle (predicted 

fission yield 200 

kt), low level 

burning in 2nd 

stage 

Magnolia 

18:00 

May 

26, 

1958 

Enewetak Barge 14 
57 

(55) 
LASL WD 

Proof test of 

Cougar device 

Tobacco 

2:15 

May 

30, 

1958 

Enewetak Barge  
11.6 

(175) 
LASL WD 

Exploratory shot, 

XW-50 Nike-

Zeus prototype, 

2nd stage failed 

to ignite 

Sycamore 

3:00 

May 

31, 

1958 

Bikini Barge 12 
92 

(5000) 
UCLR WD 

Clean" TX-41 

fizzle; predicted 

yield 5-MT total , 

200-kt fission; 

low level burning 

in 2nd stage; 

similar to Poplar 

and Pine 

Rose 

18:45 

June 2, 

1958 

Enewetak Barge 15 
15 

(125) 
LASL WD 

Exploratory shot, 

possible XW-49, 

80 kt fusion 

expected, 2nd 

stage failed to 

ignite 

Umbrella 

23:15 

June 8, 

1958 

Enewetak 
Underwa

ter 
-150 

8 

(-----) 
DoD WE 

Medium depth 

underwater 

effects test, Mk 7 

used 

Maple 

17:30 

June 

10, 

1958 

Bikini Barge 12 
213 

(225) 
UCRL WD 

Dirty" 2-stage 

test, predicted to 

be 89% fission 

Aspen 

17:30 

June 

14, 

1958 

Bikini Barge 11 
319 

(300) 
UCRL WD 

Possible XW-47 

prototype, 2 

stage, 150-kt 

fission yield 

expected, fired in 

Bravo crater 

Walnut 

18:30 

June 

14, 

1958 

Enewetak Barge 7 
1.45 

(1.3) 
LASL WD 

TN prototype 

development test 

Linden 
3:00 

June 
Enewetak Barge 8 

11 

(12-13) 
LASL WD 

Possible XW-50 

primary 
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18, 

1958 

Redwood 

17:30 

June 

27, 

1958 

Bikini Barge 11 
412 

(300-500) 
UCRL WD 

Possible XW-47 

prototype, 2-

stage, 250-kt 

fission yield 

expected; similar 

to Aspen, 

Nutmeg, 

Dogwood devices 

Elder 

18:30 

June 

27, 

1958 

Enewetak Barge 9 
880 

(800) 
LASL WD 

TX-43 laydown 

bomb test, 50% 

fission yield 

expected, similar 

to Cactus 

Oak 

19:30 

June 

28, 

1958 

Enewetak Barge 7 
8900 

(7500) 
LASL WD 

TX-46/53 

prototype test, 

beefed up 2nd 

stage after 

Yellowwood 

failure 

Hickory 

:00 

June 

30, 

1958 

Bikini Barge 12 
14 

(8-12) 
UCRL WD 

Possible XW-47 

primary test, 

similar to 

Hardtack II 

Neptune and 

Titania 

Sequoia 

18:30 

July 1, 

1958 

Enewetak Barge 7 
5.2 

(5) 
LASL WD 

Similar to 

Hardtack II 

Otero, test of 

Hardtack I 

Pisonia primary 

Cedar 

17:30 

July 2, 

1958 

Bikini Barge 11 
220 

(100-200) 
UCRL WD 

2-stage "clean" 

TN device, 

predicted fission 

yield 30-kt 

Dogwood 

18:30 

July 5, 

1958 

Enewetak Barge 12 
397 

(300-500) 
UCRL WD 

Similar to 

Redwood, Aspen, 

Nutmeg; possible 

XW-47 

prototype, 

Piccolo 2nd 

stage, pred. fiss. 

yield 250-kt 

Poplar 

3:30 

July 

12, 

1958 

Bikini Barge 12 

9300 

(5000-

10,000) 

UCRL WD 

TX-41 "clean" 2-

stage variant; 

predicted yield 5-

10-MT total, 450-

kt fission; similar 

to Pine and 

Sycamore; largest 

of Hardtack I, 

and 5th largest 

U.S. test ever 

Scaevola 4:00 Enewetak Barge 20 0 LASL ST XW-34 1-point 
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July 

14, 

1958 

(0) safety test, 

successful 

Pisonia 

23:00 

July 

17, 

1958 

Enewetak Barge 6.5 
255 

(150-200) 
LASL WD 

Probable XW-50 

TN prototype, 

modified 

Tobacco device, 

used Sequoia 

primary, 

predicted fission 

yield was 100-kt 

Juniper 

4:20 

July 

22, 

1958 

Bikini Barge 12 
65 

(0.2 - 60) 
UCRL WD 

"Most radical 

UCRL shot", 

"entirely new 

concept", last 

Bikini 

atmospheric shot, 

probable XW-47 

candidate 

Olive 

20:30 

July 

22, 

1958 

Enewetak Barge 8 
202 

(50 - 125) 
UCRL WD 

Concept 

feasibility test, 2-

stage TN device, 

established high 

yield/light 

weight; weight 

100 kg 

(yield/weight 

ratio 2 kt/kg) 

Pine 

20:30 

July 

26, 

1958 

Enewetak Barge 8 
2000 

(4000-6000) 
UCRL WD 

TX-41 "clean" 3-

stage variant; 

predicted yield 4-

6-MT total, 200-

kt fission; similar 

to Poplar and 

Sycamore 

Teak 

10:50 

1-Aug-

58 

Over 

Johnston 

Island 

Redstone 

rocket 

252,00

0 

3800 

(-----) 
DoD WE 

ABM effects test, 

W-39 warhead, 

1.9-MT fission 

yield 

Quince 

2:15 

Aug. 6, 

1958 

Enewetak Surface 3 
0 

(-----) 

UCRL/

DoD 
WD 

Probable XW-51 

test, fizzle 

Orange 

10:30 

Aug. 

12, 

1958 

Over 

Johnston 

Island 

Redstone 

rocket 

141,00

0 

3800 

(-----) 
DoD WE 

ABM effects test, 

W-39 warhead, 

1.9-MT fission 

yield 

Fig 

4:00 

Aug. 

18, 

1958 

Enewetak Surface 0 
0.02 

(-----)) 

UCRL/

DoD 
WD 

Probable XW-51 

test, similar to 

Quince, 

successful, last 

atmospheric shot 

at Enewetak 
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Operation Argus 
1958 - South Atlantic 

 

Last changed September 20, 1997 

 

Operation Argus was the only clandestine test series in the 17-year history of atmospheric testing.  

It was secretly conducted in the South Atlantic, 1100 miles southwest of Capetown, South Africa.  

Argus consisted of 3 very high-altitude test shots of the W-25 warhead to investigate the effects of 

nuclear explosions outside of the atmosphere.  i.e., How the charged particles and radioactive isotopes 

released would interact with the Earth's magnetic field which could potentially interfere with radar 

tracking, communications, and the electronics of satellites and ballistic missiles. 

 

In a way, these tests could be considered a logical extension of the high-altitude shots conducted 

within the atmosphere in Hardtack I which detonated warheads at 85,250 feet (a 1.7-kt W-25 in the 

Yucca shot), 141,000 feet (a 3.8-MT W-39 in the Orange shot), and 252,000 feet (also a 3.8-MT W-39 

in the Teak shot).  Argus pushed nuclear tests still higher with effects tests at 100 miles (528,000 feet), 

182 miles (961,000 feet), and 466 miles (2,460,000 feet). 

 

The motivation for this secret series was a theory developed by the brilliant-but-eccentric physicist 

Nicholas Christofilos at Lawrence Radiation Laboratory (LRL).  He had predicted that military 

significant effects would be produced by injecting charged particles from nuclear explosions into near 

space to create artificial Van Allen belts.  This series sought to prove (or disprove) his theory by actually 

creating such a belt.  Operation Argus has been termed the "World's largest scientifc experiment" 

encompassing as it did the space surrounding the entire Earth.  The tests essentially confirmed his 

predictions. 

 

 

X-17a Ready For Launch (45 K) 
 

All 3 shots were launched by a specially modified Lockheed X-17A 3-stage missile fired from the 

USS Norton Sound (AVM 1) which was operating as part of the 9 ship Top-Secret Task Force 88.  The 

W-25 warhead produced yields of 1.7-kt, as in previous tests.  The Plutonium implosion W-25 warhead 

was developed for the unguided air-to-air rocket Genie and was exceptionally light for the time -- 218 lb 

(98.9 kg), dimensions were 17.4 inches (width) and 25.8 inches (length).  It had previously been fired 3 

times, so its yield and reliability was well-established.  The X-17A was 42 feet 10 inches long with the 

Argus payload and had a diameter of 91.12 inches. 

 

To investigate the effect of trapped radiation in the Earth's magnetic field, it was important pick a 

test site where the magnetic field configuration could trap and hold charged particles efficiently.  This 

dictated test between 35 and 55 degrees (either north or south of the Equator).  The altitude limit of the 

available missile dictated a southern hemisphere test since the fact that the global magnetic field is 

centered about 200 miles off-center from the Earth's geometric center brings the stable trapping region 

400 miles closer to the surface there. 

 

Although the W-25 was a LASL warhead design, Argus was actually conducted by LRL.  The New 

York Times broke the story of this test series on March 19, 1959. 

 

 

Argus I 

http://nuclearweaponarchive.org/Usa/Tests/Argus.html


 96 

Test:  Argus I 

Time:  02:28  August 27, 1958 (GMT) 

 06:15  May 6,1958 (local) 

Location:  South Atlantic; 38.5 deg South, 11.5 deg. West 

Test Height and Type:  High Altitude Missile, 100 Miles 

Yield:  1.7-kt 

 

 

Argus II 

Test:  Argus II 

Time:  03:18  August 30, 1958 (GMT) 

 06:15  May 6, 1958 (local) 

Location:  South Atlantic; 49.5 deg South, 8.2 deg West 

Test Height and Type:  High Altitude Missile, 182 Miles 

Yield:  1.7-kt 

 

 

Argus III 

Test:  Argus III 

Time:  22:13  September 6, 1958 (GMT) 

 06:15  May 6, 1958 (local) 

Location:  South Atlantic; 48.5 deg South, 9.7 deg West 

Test Height and Type:  High Altitude Missile, 466 Miles 

Yield:  1.7-kt 
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Operation Hardtack II 
1958 - Nevada Test Site 

Last changed 15 October 1997 

 

1958 was a banner year for nuclear weapons testing by the U.S. with a total of 77 U.S. tests -- more 

than the 3 previous record-setting years combined.  This burst of testing activity was partly due to 

building pressure for an imminent test moratorium -- leading the weapons labs to rush as many device 

types to the test range as possible -- and partly due to the accelerating momentum of the arms race of the 

1950s hitting full stride.  1958 was exceeded only by the 96 tests in 1962, sandwiched as it was between 

a testing moratorium followed by a surprise moratorium breakout by the Soviet Union in 1961 and the 

imminent prospect of a permanent atmospheric testing ban. 

 

Hardtack II included 37 tests -- the largest test series so far, exceeding the 35 tests of the just 

completed Hardtack I.  Hardtack I had focused primarily on high-yield proof or developemental tests 

of complete thermonuclear weapons, which necessitated it be conducted in the distant Pacific (a total of 

35.6-MT being fired).  In contrast, Hardtack II consisted exclusively of low-yield tests.  Many of them 

attempted zero-yield 1-point safety tests which could be conducted in relative safety in Nevada (some 

were underground).  Only 45.8-kt total was fired in Hardtack II.  And of this, only 18.5-kt was fired 

above ground.  This was a dramatic turnaround from the previous Nevada test series Plumbbob in 

which the above-ground Hood shot by itself was 74-kt.  Concern about the effects of fallout on the U.S. 

was certainly making itself felt. 

 

Most of the tests were efforts to prove the safety and effectiveness of new "sealed pit" fission 

primaries and tactical weapons.  This task proved extremely difficult -- caught between the Scylla of 

safety (ensuring that accidental detonation of the explosive could not create even a small nuclear yield) 

and the Charybdis of effectiveness (ensuring that the weapon reached its design yield).  Effective 

designs often proved unsafe, and modifications made to achieve safety often led to fizzles.  As a result, 

despite the large number of tests only a fairly small number of application systems were actually under 

development.  For example, at least 10 shots were conducted to verify the safety and effectiveness of a 

primary for the XW-54 warhead.  No more than 7 design types account for at least 29 of the tests.  This 

series included tests of what is probably the lightest nuclear system feasible -- the XW-51 'Davy 

Crockett' warhead, weighing only 16 kg in its tested form.  

 

The Los Alamos (LASL) shots had names taken from New Mexico counties.  The Livermore 

(UCRL) shots had names of North American mountains, Roman gods and goddesses, and the fairies of 

A Mid-Summer Night's Dream. 

 

The World's first underground nuclear test had been fired in the previous NTS series (Plumbbob 

Ranier).  This series introduced underground testing as a routine procedure.  The intention was to 

reduce the fallout effects of the testing which were raising great concern.  But the "underground" testing 

procedures were still relatively primitive.  Many of these shots were conducted in "unstemmed" holes.  

That is, holes not back-filled and sealed prior to testing.  These shots were called "Roman candles" since 

the incandescent gas from the fireball was ejected as a jet from the mouth of the shaft.  Obviously fallout 

containment was much less than perfect.  But most of the fission product was nonetheless deposited in 

the shaft instead of escaping.  And the radiation that did escape was not lofted so that it could travel far 

downwind. 

 

Hardtack Phase II still released some 3,140 kilocuries of radioiodine (I
131

) into the atmosphere 

(about equal to the Trinity test) -- only ~5% as much as the previous test series (Plumbbob).  This 
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radiation also did not nearly spread as far, only about one-millionth as much radiation exposure occurred 

to civilians.  The total civilian radiation exposures was a mere 160 person-rads of thyroid tissue 

exposure.  The odds are about 20-to-1 against this producing even one additional cancer case.  Chart of 

fallout exposures from "Hardtack Phase II" (51 K, 539x577).  From National Cancer Institute Study 

Estimating Thyroid Doses of I
131

 Received by Americans From Nevada Atmospheric Nuclear Bomb Test, 

1997.  To go to the National Cancer Institute and get the full report, click here. 

 

 

Lea 

Test:  Lea 

Time:  13:20  October 13, 1958 (GMT) 

Location:  NTS, Area 7b 

Test Height and Type:  Balloon, 1500-feet 

Yield:  1.4-kt 

 

This was a fizzled attempt to fire the LASL-designed XW-54 primary at full yield. One of many (at 

least 10) shots that attempted to verify safety and effectiveness of this device in several variants (not 

even counting at least 2 safety shots -- Pascal-A and Pascal-B -- attempted in Plumbbob).  This was 

probably a version of the 'Gnat' device and was similar to devices fired in Hardtack II Otero, 

Bernalillo, Luna, Mora, Colfax, etc. 

 

Device dimensions: 11.7 inches in diameter, 15 inches long, weight 63 lb. 

 

In the picture below, spikes can be seen propagating down the mooring cables of the balloon.  These 

were termed "rope tricks" by Dr. John Malik and are caused by thermal energy from the fireball surface 

vaporizing the cables. 

 

Hardtack II Lea (14K) 

 

Click here for a larger picture (34K) 

 

 

Socorro 

Test:  Socorro 

Time:  13:30  October 22, 1958 (GMT) 

Location:  NTS, Area 7b 

Test Height and Type:  Balloon, 1450-feet 

Yield:  6-kt 

 

Finally a successful full yield test of the XW-54 primary!  Predicted yield was 5-9 kt.  Similar to the 

Lea device.  Device dimensions: 11.7 inches in diameter, 15 inches long, weight 58.1 lb. 

 

Hardtack II Socorro (25K) 

 

 

De Baca 

Test:  De Baca 

Time:  16:00  October 26, 1958 (GMT) 

Location:  NTS, Area 7b 

Test Height and Type:  Balloon, 1500-feet 

Yield:  2.2-kt 

http://nuclearweaponarchive.org/Usa/Tests/Htscd.gif
http://nuclearweaponarchive.org/Usa/Tests/Htscd.gif
http://rex.nci.nih.gov/
http://rex.nci.nih.gov/INTRFCE_GIFS/WHTNEW_INTR_DOC.htm
http://nuclearweaponarchive.org/Usa/Tests/Ht2lea1a.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ht2lea1b.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ht2socorro1.jpg
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Another attempt at firing a full yield version of the XW-54/'Gnat' system puts in a disappointing 

showing.  Similar to the 'Catron' and 'Mora' devices, the 2.2-kt yield was below predictions.  Device 

dimensions: 11.3 inches in diameter, 15 inches long, weight 66 lb. 

 

Hardtack II De Baca (63K)  

250x319, 27K     76x480, 50K      602x768, 105K      803x1024, 165K      936x1194, 214K 

 

 

Santa Fe 

Test: Santa Fe 

Time:  3:00  October 30, 1958 (GMT) 

Location: NTS, Area 7b 

Test Height and Type:  Balloon, 1,500-feet 

Yield:  1.3-kt 

 

Similar to devices fired in many of the preceding Hardtack II shots.  Based on device 

characteristics -- 11.3 inches in diameter, 15 inches long, weight 57.3 lb. -- it was probably another XW-

54/Gnat attempt.  Yield was below predictions. 

 

Hardtack II Santa Fe (15K) 

 

 

Blanca 

Test:  Blanca 

Time:  15:00.00.0  October 30, 1958 (GMT) 

Location:  NTS, Area 12e 

Test Height and Type:  Tunnel, -987-feet 

Yield:  22-kt 

 

UCRL test of an alternate W-47 primary in a thermonuclear system mockup.  This shot was 

successful, the predicted yield was 20-kt.  Similar to Hardtack II Evans.  The device was 18 inches in 

diameter, 45.5 inches long, and weighed 717.6 lb. 

 

Although it was fired in an underground tunnel, the shot still vented radioactive material into the 

atmosphere (visible in the picture below). 

 

Hardtack II Blanca (59K) 

 

 

Operation Hardtack II Summary 

Legend:WD=Weapons Development, ST=Safety Test, TN= Thermonuclear, LASL=Los Alamos 

Scientific Laboratory, UCRL=University of California Radiation Laboratory (later Lawrence 

Livermore), sim.=similar, HT=Hardtack 

Test 

Name 

Time 

& 

Date 

(GMT) 

Location 
Test 

Type 

Height 

(feet) 

Yield - 

Actual 

(Predicted) 

kt 

Sponsor Purpose Comments 

Otero 
20:00 

Sept. 

NTS, 

Area 3q 

Unstemmed 

Shaft 
- 480 

0.038 

(0-0.040) 
LASL ST 

1-point test, 

failed, probable 

http://nuclearweaponarchive.org/Usa/Tests/Ht2debaca1.jpg
http://nuclearweaponarchive.org/Usa/Tests/DeBaca250c5.jpg
http://nuclearweaponarchive.org/Usa/Tests/DeBaca376c5.jpg
http://nuclearweaponarchive.org/Usa/Tests/DeBaca602c5.jpg
http://nuclearweaponarchive.org/Usa/Tests/DeBaca803c5.jpg
http://nuclearweaponarchive.org/Usa/Tests/DeBaca936c5.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ht2santafe1.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ht2blanca1.jpg


 100 

12, 

1958 

XW-54 (Gnat 

device) test, 

similar to HT-I 

Sequoia 

Bernalill

o 

19:30 

Sept. 

16, 

1958 

NTS, 

Area 3h 

Unstemmed 

Shaft 
- 456 

0.015 

(0-0.040) 
LASL ST 

1-point test, 

repeat of Otero, 

still unsafe 

Eddy 

14:00 

Sept. 

19, 

1958 

NTS, 

Area 7b 
Balloon 500 

0.083 

(0.075-0.15) 
LASL WD 

146 lb, 17.4 

device test 

successful 

Luna 

19:00 

Sept. 

21, 

1958 

NTS, 

Area 3m 

Unstemmed 

Shaft 
- 484 

0.015 

(0-0.040) 
LASL ST 

1-point test, 

repeat of 

Otero/Bernalillo, 

still unsafe 

Mercury 

22:00 

Sept. 

23, 

1958 

NTS, 

Area 12f 
Tunnel - 183 

Slight 

(0-0.010) 
UCRL ST 

1-point test, 

declared success, 

XW-47 primary, 

similar to HT-I 

Juniper device 

Valencia 

20:00 

Sept. 

26, 

1958 

NTS, 

Area 3r 

Unstemmed 

Shaft 
- 484 

0.002 

(0-0.040) 
LASL ST 

1-point test, 

declared success 

despite yield, 

XW-42 test, sim. 

to Pascal-C and 

San Juan devices 

Mars 

0:00 

Sept. 

28, 

1958 

NTS, 

Area 12f 
Tunnel - 140 

0.013 

(0-0.010) 
UCRL ST 

1-point test for 

XW-48, similar 

to Tamalpais and 

Ceres 

Mora 

14:05 

Sept. 

29, 

1958 

NTS, 

Area 7b 
Balloon 1,500 

2 

(9-15) 
LASL WD 

Full yield test of 

device sim. to 

Otero et al, 

probable XW-54 

(Gnat device), 

fizzled 

Hildago 

14:10 

Oct. 5, 

1958 

NTS, 

Area 7b 
Balloon 377 

0.077 

(0-0.040) 
LASL ST 

1-point test of 

Moccasin, failed, 

similar to 

Coulomb-C 

Colfax 

16:15 

Oct. 5, 

1958 

NTS, 

Area 3k 

Unstemmed 

Shaft 
- 350 

0.0055 

(0-0.040) 
LASL ST 

1-point test of 

device sim. to 

Otero et al, 

probable XW-54 

(Gnat device), 

failed 

Tamalpai

s 

22:00.0

0.1 

Oct. 8, 

1958 

NTS, 

Area 12b 
Tunnel - 407 

0.072 

(0.10-0.30) 
UCRL WD 

Full yield test of 

XW-48, sim. to 

Mars and Ceres 

Quay 

14:30 

Oct. 

10, 

1958 

NTS, 

Area 7c 
Tower 100 

0.079 

(0.075-

0.150) 

LASL WD 

Concept 

feasibility test, 

sim. to HT-I 

Linden, possible 
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XW-50 primary 

Lea 

13:20 

Oct. 

13, 

1958 

NTS, 

Area 7b 
Balloon 1,500 

1.4 

(9-15) 
LASL WD 

Full yield test of 

device sim. to 

Otero et al, 

probable XW-54 

(Gnat device), 

fizzled 

Neptune 

18:00 

Oct. 

14, 

1958 

NTS, 

Area 12c 
Tunnel - 110 

0.115 

(0-0.010) 
UCRL ST 

1-point test of 

XW-47 primary, 

failed, sim. to 

HT-I Hickory 

and HT-II Titania 

Hamilton 

16:00 

Oct. 

15, 

1958 

NTS, 

Area 5 
Tower 50 

0.0012 

(0.020-

0.050) 

UCRL WD 

XW-51 Davy 

Crockett (Quail 

device) prototype 

test, fizzled, 

extremely small 

device (16 kg) 

Logan 

06:00.0

0.1 

Oct. 

16, 

1958 

NTS, 

Area 12e 
Tunnel - 932 

5 

(3-7) 
UCRL WD 

ABM warhead 

test, small (28.6 

kg, 28cm x 

29cm) kiloton-

range device, 

successful 

Dona 

Ana 

14:20 

Oct. 

16, 

1958 

NTS, 

Area 7b 
Balloon 750 

0.037 

(0.050-

0.080) 

LASL WD 

Low yield Gnat 

device test, 

similar to Otero 

et al 

Vesta 

23:00 

Oct. 

15, 

1958 

NTS, 

Area 9e 
Surface 0 

0.024 

(0-0.010) 
UCRL ST 

1-point test of 

XW-47 primary, 

failed, sim. to 

Wrangell, 

Oberon, Sanford 

Rio 

Arriba 

14:25 

Oct. 

18, 

1958 

NTS, 

Area 3s 
Tower 72.5 

0.090 

(0.100-

0.150) 

LASL WD 

Low yield Mk-7, 

successful, fired 

on wooden tower 

San Juan 

14:30 

Oct. 

20, 

1958 

NTS, 

Area 3p 

Unstemmed 

Shaft 
- 234 

0 

(0-0.040) 
LASL ST 

1-point test, 

successful, safe 

design 

extrapolated from 

Pascal-C and HT-

II Valencia 

Socorro 

13:30 

Oct. 

22, 

1958 

NTS, 

Area 7b 
Balloon 1,450 

6 

(5-9) 
LASL WD 

Full yield test of 

XW-54, 

successful, sim. 

to Otero et al 

Wrangell 

16:50 

Oct. 

22, 

1958 

NTS, 

Area 5 
Balloon 1,500 

0.115 

(5-10) 
UCRL WD 

Full yield test 

fizzle, XW-47 

primary, sim. to 

Vesta, Oberon, 

Sanford 

Oberon 

20:30 

Oct. 

22, 

NTS, 

Area 8a 
Tower 25 

0 

(0-0.010) 
UCRL ST 

1-point test, 

successful, XW-

47 primary, sim. 
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1958 to Vesta, 

Wrangell, 

Sanford 

Rushmor

e 

23:40 

Oct. 

22, 

1958 

NTS, 

Area 9a 
Balloon 25 

0.188 

(1-1.5) 
UCRL WD 

Low yield test of 

XW-47 primary 

(Canary device), 

fizzled, sim. to 

Mercury, 

Neptune, Titania 

Catron 

15:00 

Oct. 

24, 

1958 

NTS, 

Area 3t 
Tower 72.5 

0.021 

(-----) 
LASL ST 

1-point test of 

Gnat, sim. to 

Mora, failed, 

fired on wooden 

tower 

Juno 

16:01 

Oct. 

24, 

1958 

NTS, 

Area 9f 
Surface 0 

0.0017 

(-----) 
UCRL ST 

1-point test to 

determine safety 

limits of Logan 

Ceres 

4:00 

Oct. 

26, 

1958 

NTS, 

Area 8b 
Tower 25 

0.0007 

(-----) 
UCRL ST 

1-point test of 

XW-48 atomic 

artillery shell, 

sim. to Tamalpais 

and Mars 

Sanford 

10:20 

Oct. 

26, 

1958 

NTS, 

Area 5 
Balloon 1,500 

4.9 

(-----) 
UCRL WD 

Full yield test of 

XW-47 primary, 

successful, sim. 

to Vesta, Oberon, 

Wrangell 

Da Baca 

16:00 

Oct. 

26, 

1958 

NTS, 

Area 7b 
Balloon 1,500 

2.2 

( >2.2 ) 
LASL WD 

Full yield Gnat 

device test, 

similar to Catron 

and Mora 

Chavez 

14:30 

Oct. 

27, 

1958 

NTS, 

Area 3u 
Tower 52.5 

0.0006 

(0) 
LASL ST 

1-point test of 

device sim. to De 

Baca (Gnat), 

failed, fired on 

wooden tower 

Evans 

00:00.0

0.2 

Oct. 

29, 

1958 

NTS, 

Area 12b 
Tunnel - 852 

0.055 

(2-8) 
UCRL WD 

Full yield test 

fizzle, XW-47 

primary in TN 

mockup, sim. to 

Blanca 

Mazama 

11:20 

Oct. 

29, 

1958 

NTS, 

Area 9 
Tower 50 

0 

( >0 ) 
LASL WD Fizzle 

Humbodt 

14:45 

Oct. 

29, 

1958 

NTS, 

Area 3v 
Tower 25 

0.0078 

(-----) 
UCRL WD 

Repeat of 

Hamilton with 

higher yield, 

XW-51 Davy 

Crockett (Quail 

device) 

prototype, 

extremely small 

device (16 kg) 
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Santa Fe 

3:00 

Oct. 

30, 

1958 

NTS, 

Area 7b 
Balloon 1,500 

1.3 

( >1.3 ) 
LASL WD 

Similar to 

devices fired in 

many preceding 

shots, yield 

below predictions 

Ganymed

e 

11:00 

Oct. 

30, 

1958 

NTS, 

Area 9g 
Surface 0 

0 

( 0 ) 
UCRL ST 

1-point test of W-

45/Swan variant, 

successful 

Blanca 

15:00.0

0.0 

Oct. 

30, 

1958 

NTS, 

Area 12e 
Tunnel - 987 

22 

(20) 
UCRL WD 

Test of alternate 

W-47 primary in 

TN mockup, 

successful, sim. 

to Evans 

Titania 

20:34 

Oct. 

30, 

1958 

NTS, 

Area 8c 
Tower 25 

0.0002 

( 0 ) 
UCRL ST 

1-point test of 

original XW-47 

primary, declared 

safe despite yield, 

sim. to HT-I 

Hickory and HT-

II Neptune 
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Operation Nougat 
September 1961 to 30 June 1962 

Nevada Test Site 

Last changed January 3, 2005 

 

In it closing days, the Eisenhower administration initiated negotitations on a nuclear test ban with the 

Soviet Union (this intention was announced by Eisenhower on August 22, 1958).  As an important 

confidence building measure, Eisenhower also announced a 1-year voluntary moratorium on nuclear 

testing (if the Soviets made a reciprocal commitment) would go into effect on October 31, 1958.  This 

ban was later extended to 13 months (December 31, 1959). 

 

But on December 29, 1959, the U.S. announced an end to the voluntary moratorium although it also 

promised not the renew testing without advance public notice.  This decision not to extend the formal 

moratorium commitment may have been due to the status of the negotiations which were faring very 

poorly.  On January 3, 1960, Khrushchev pledged that the Soviet Union would not conduct nuclear 

testing unless the Western nations resumed it.  The U.S., the UK, and France made no move to resume 

testing.  And so the matter rested for nearly 2 years. 

 

On August 31, 1961, Khrushchev announced that the Soviet Union was abruptly abandoning the 

prevailing de facto nuclear testing moratorium which they (and the United States) had observed for 34 

months.  The next day -- on September 1, 1961 -- the Soviet Union began an atmospheric test series of 

unprecedented magnitude with a 16-kt atmospheric nuclear shot.  2 weeks later.  The U.S. responded by 

initiating Operation Nougat. 

 

This series was conducted at the Nevada Test Site which permitted rapid initiation of tests but 

restricted them to low yields (and mostly underground test shots) due to fallout concerns.  Although this 

was still the "era of atmospheric testing", Nougat was actually the first underground test series.  Higher-

yield atmospheric tests followed 7 months later with Operation Dominic in the Pacific. 

 

The assignment of tests to individual "operations" between this time and the end of atmospheric 

testing is confused and complicated by several overlapping operations -- Nougat, Dominic (or Dominic 

I), Sunbeam (or Dominic II), Fishbowl, Storax, and Roller Coaster.  The available documentation on 

these operations is somewhat unclear unclear or confusing.  It may be that in some cases a shot may be 

officially included in more than one operation.  Definitely and unambiguously assigning shots to 

operations for this period is thus hard or impossible.  Some disagreement about which shots should be 

properly included with a particular operation may occur.  According to this account, Operation Nougat 

included a total of 44 shots, exceeding the previous record holder Operation Hardtack II with 37 tests. 

 

Nougat generally resembles Hardtack II in the nature of testing that was conducted.  Low-yield 

tactical devices were extensively tested.  Thermonuclear primaries and radiation imploson mockups 

were tested.  Much attention was paid to simultaneously achieving desired performance and 1-point 

safety in "sealed pit" fission devices with some designs requiring numerous shots. 

 

Since all the tests were fired underground and only a few of them produced true blast craters (i.e., 

not subsidence craters caused by blast cavity collapse), there are few pictures available of these tests. 

 

The one test for which any relevant images are available is much publicized Gnome shot. 

 

Gnome 
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Test:  Gnome 

Time:  12:10  December 10, 1961 (GMT) 

Location:  Carlsbad, NM 

Test Height and Type:  Shaft Shot, -1,184 ft 

Yield:  3.1-kt 

 

This Plowshare shot -- conducted by Lawrence Radiation Laboratory (later Lawrence Livermore) -- 

was fired in an underground salt dome formation.  A permanent stable cavity 170 ft. in diameter and 80 

ft. high was formed.  This one of the very few nuclear test cavities (perhaps the only one) to avoid 

collapse.  Some radiation accidentally released as a result of pot shot drilling and detected off-site. 

 

Gnome cavity:  547x412, 67K          Gnome diagram:  1024x1119, 87K 

 

 

Operation Nougat Summary 

Legend:WD=Weapons Development, WE=Weapons Effects, ST=Safety Test, TN= Thermonuclear, 

LASL=Los Alamos Scientific Laboratory, LRL=Lawrence Radiation Laboratory (later Lawrence 

Livermore), DoD=Department of Defense, PS=Plowshare, sim.=similar, proto.=prototype, 

Zipper=neutron initiator, 

Test 

Name 

Time 

& 

Date 

(GMT) 

Location 
Test 

Type 

Height 

(feet) 

Yield 

(kt) 
Sponsor Purpose Comments 

Antler 

17:00.0

0.12 

Sept. 

15, 

1961 

NTS, 

Area 12e 
Tunnel - 1,318 2.6 LRL WD 

Possible W-45 

test, yield slightly 

higher than 

expected 

Shrew 

19:45.0

0.12 

Sept. 

16, 

1961 

NTS, 

Area 3ac 
Shaft - 322 0.017 LASL WD 

Possible XW-54 

test, performed as 

expected 

Boomer 

22:00 

Oct. 1, 

1961 

NTS, 

Area 3aa 
Shaft - 330 < 0.1 LASL WD 

Possible XW-54 

test, performed as 

expected 

Chena 

18:00.0

0.12 

Oct. 

10, 

1961 

NTS, 

Area 12b 
Tunnel - 838 < 20 LRL WD 

Arrow device, 

possible W-44 

proto., sim. to D-

I Swordfish, yield 

much lower than 

pred. 

Mink 

18:00.0

0.13 

Oct. 

29, 

1961 

NTS, 

Area 3ae 
Shaft - 630 < 20 LASL WD 

Sim. to HT-II 

Quay, HT-I 

Linden, fizzle 

Fisher 

23:04.5

9.63 

Dec. 3, 

1961 

NTS, 

Area 3ah 
Shaft - 1,191 12.4 LASL WD 

Repeat of Mink, 

possible XW-50 

primary test, 

yield below pred. 

due to Zipper 

http://nuclearweaponarchive.org/Usa/Tests/Gnomec15.jpg
http://nuclearweaponarchive.org/Usa/Tests/GnomeDiag439.gif
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failure 

Gnome 

19:00.0

0.00 

Dec. 

10, 

1961 

Carlsbad, 

NM 
Shaft - 1,184 3.1 LRL PS 

Plowshare shot, 

fired in salt 

dome, cavity 

formed was 170 

ft. in diameter, 

and 80 ft. high, 

some radiation 

accidentally 

released and 

detected off-site 

Mad 

18:00.0

0.16 

Dec. 

13, 

1961 

NTS, 

Area 9a 
Shat - 594 0.5 LASL WD 

Sim. to Hoosic 

and Stillwater, 

yield below 

pred., attempt to 

standardize low-

yield energy 

source for future 

experiments 

Ringtail 

16:35.0

0.13 

Dec. 

17, 

1961 

NS, 

Area 3ak 
Shaft - 1,192 < 20 LRL WD 

Possible XW-54 

test, sim. to 

Shrew and 

Boomer, purpose 

to optimize small 

light system for 

high-yield 

tactical weapon 

Feather 

16:30.0

0.13 

Dec. 

22, 

1961 

NTS, 

Area 12b 
Tunnel - 812 0.15 LRL WD 

"...results quite 

striking." 

Stoat 

16:30.0

0.14 

Jan. 9, 

1962 

NTS, 

Area 3ap 
Shaft - 992 5.1 LASL WD 

Performed as 

expected, 1st in 

series to develop 

new multi-point 

detonation 

system, sim. to 

Agouti, 

Armadillo, 

Ermine, 

Chinchilla I/II 

Agouti 

18:00.0

0.13 

Jan. 18, 

1962 

NTS, 

Area 3a 
Shat - 885 6.4 LASL WD 

Develop test for 

new 10 inch 

implosion 

system, sim. 

Stoat 

Dormouse 

18:00.0

0.13 

Jan. 13, 

1962 

NTS, 

Area 3aq 
Shaft - 1,191 < 20 LASL WD 

Configuration 

optimization test, 

sim. to Mink, 

Fisher, Raccoon, 

Dormouse Prime, 

Packrat 

Stillwater 
18:00.0

0.16 

NTS, 

Area 9c 
Shat - 595 3.07 LRL WD 

Similar to Mad 

and Hoosic 
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Feb. 8, 

1962 

Armadillo 

16:30.0

0.13 

Feb. 9, 

1962 

NTS, 

Area 3ar 
Shaft - 786 7.1 LASL WD 

Develop test for 

new 10 inch 

implosion 

system, sim. 

Stoat 

Hardhat 

18:00.1

0.16 

Feb. 

15, 

1962 

NTS, 

Area 15a 
Shaft - 943 5.7 DoD WE 

Test of 

underground 

structure 

hardening 

Chinchilla 

I 

16:30.0

0.13 

Feb. 19, 

1962 

NTS, 

Area 3ag 
Shaft - 492 1.9 LASL WD 

Test of new 10" 

implosion 

system, 

performed as 

expected, showed 

device not 1-

point safe 

Codsaw 

17:50.0

0.16 

Feb. 

19, 

1962 

NTS, 

Area 9g 
Shaft - 696 < 20 LRL WD 

Possible W-45 

test, sim. to 

Hoosic, Hudson, 

Arikaree 

Cimarron 

18:00.0

0.16 

Feb. 

23, 

1962 

NTS, 

Aea 9h 
Shaft - 1,000 11.9 LRL WD 

Confirmed 

advanced 

warhead design, 

device performed 

better than 

expected 

Platypus 

16:30.0

0.13 

Feb. 

24, 

1962 

NTS, 

Area 3ad 
Shaft - 190 < 20 LASL WD 

Sim. to Shrew, 

Boomer, Ringtail 

Pampas 

19:10.0

0.09 

Mar. 1, 

1962 

NTS, 

Area 3al 
Shaft - 1,191 9.5 

LASL/ 

UK 
WD 

First joint US-

UK test at NTS 

Danny 

Boy 

18:15.0

0.12 

Mar. 5, 

1962 

NTS, 

Area 18 
Subsurface - 110 0.43 

DoD/ 

LRL 
WE 

Test of atomic 

demolition 

munition (ADM) 

cratering effects 

in basalt, crater 

265' by 84', 

design yield 470 

tons 

Ermine 

16:30.0

0.13 

Mar. 6, 

1962 

NTS, 

Area 3ab 
Shaft - 240 < 20 LASL ST 

Test of new 10" 

implosion 

system, 1-point 

safety test 

Brazos 

18:00.

00.21 

Mar. 

8, 

NTS, 

Area 9b 
Shaft - 841 8.4 LRL WD 

Successful 

system proof test, 

possible XW-55 

primary test, 
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1962 
 

developmental 

test of advanced 

implosion 

system, design 

yield 5-10 kt 

Hognose 

16:30.0

0.13 

Mar. 

15, 

1962 

NTS, 

Area 3ai 
Shaft - 784 < 20 LASL WD 

Sim. to Ht-II 

Mercury and 

Oberon 

Hoosic 

18:00.0

0.16 

Mar. 

28, 

1962 

NTS, 

Area 9j 
Shaft - 614 3.4 LRL WD 

Test to determine 

minimum 

boosted yield for 

device previously 

tested in Mad and 

Stillwater, 

possible XW-45 

test, pred. yield 

2-3.5 kt, sim. to 

Hudson and 

Arikaree 

Chinchilla 

II 

18:00.0

0.13 

Mar. 

31, 

1962 

"NTS, 

Area 

3as" 

Shaft - 448 < 20 LASL WD 

Retest of 

Chinchilla I 

which was not 1-

point safe, sim. to 

Stoat 

Dormouse 

Prime 

18:00.0

0.13 

Apr. 5, 

1962 

NTS, 

Area 3az 
Shaft - 856 10.6 LASL WD 

Yield verification 

test, design yield 

10.5-kt, boron 

lined shot hole, 

sim. to 

Dormouse, Mink, 

Fisher, Raccoon, 

Packrat, HT-I 

Linden, HT-II 

Quay 

Passaic 

18:00.0

0.16 

Apr. 6, 

1962 

NTS, 

Area 9i 
Shaft - 766 < 20 LRL WD Verification test 

Hudson 

18:00.0

0.16 

Apr. 

12, 

1962 

NTS, 

Area 9h 
Shaft - 495 < 20 LRL WD 

Sim. to Arikaree, 

Hoosic, Codsaw; 

possible W-45 

test 

Platte 

18:00.0

0.13 

Apr. 

14, 

1962 

NTS, 

Area 12k 
Tunel - 628 1.85 LRL WD 

Yield 

reproducibility 

test, failed, 

retested in Des 

Moines 

Dead 

18:40.0

0.16 

Apr. 

21, 

1962 

NTS, 

Area 9k 
Shaft - 634 < 20 LRL WD  
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Black 

18:00.0

0.16 

Apr. 

27, 

1962 

NTS, 

Area 9p 
Shaft - 714 < 20 LRL WD 

XW-55 primary 

in TN mockup 

Paca 

19:33.0

0.0 

May 7, 

1962 

NTS, 

Area 3ax 
Shaft - 848 < 20 LASL WD 

Test of "100 

lb/100 Kt" class 

device 

Arikaree 

15:00 

May 

10, 

1962 

NTS Shaft - 549 < 20 LRL WD 

Sim. to Hudson, 

Hoosic, Codsaw; 

possible W-45 

test 

Aardvark 

19:00.0

0.10 

May 

12, 

1962 

NTS, 

Area 3 
Shaft - 1,424 40 LASL WD 

Test of improved 

TX-33Y2 AFAP 

Eel 

15:00.0

0.16 

May 

19, 

1962 

NTS, 

Area 9m 
Shaft - 714 4.9 LRL WD Successful 

White 

15:00.0

0.15 

May 

25, 

1962 

NTS, 

Area 12b 
Shaft - 635 < 20 LRL WD 

Probable XW-58 

primary test, sim. 

to Sacramento 

Racoon 

17:00.0

0.14 

June 1, 

1962 

NTS, 

Area 3a 
Shaft - 539 < 20 LASL WD 

Successful, sim. 

to Dormouse, 

Dormouse Prime, 

Mink, Fisher, 

Packrat, HT-I 

Linden, HT-II 

Quay 

Packrat 

17:00.0

0.12 

June 6, 

1962 

NTS, 

Area 3aw 
Shaft - 860 < 20 LASL WD 

Successful (see 

above for 

similarities), 

investigated 

internal initiator 

to improve 

safety, increase 

yield, reduce 

weight 10 lb. 

Des 

Moines 

21:00.0

0.12 

June 

13, 

1962 

NTS, 

Area 12j 
Tunnel - 660 2.9 LRL WD Sim. to Platte 

Daman I 

17:00.0

0.13 

June 

21, 

1962 

NTS, 

Area 3be 
Shaft - 854 < 20 LASL WD Successful 

Haymaker 18:00.0 NTS, Shaft - 1,340 67 LASL WD Possible 
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0.12 

June 

27, 

1962 

Area 

3aus 

Mocassin device 

(tested in Project 

58 #2, HT-II 

Hidalgo) 

Marshmall

ow 

17:00 

June 

28, 

1962 

NTS, 

Area 16a 
Tunnel - 1,050 < 20 

DoD/ 

LRl 
WE 

Simulated high-

altitude effects 

shot in low 

pressure 

chamber, 

successful, x-ray 

effects of re-entry 

vehicles 

investigated 

Sacrament

o 

21:30.0

0.16 

June 

30, 

1962 

NTS, 

Area 9v 
Shaft - 550 < 20 LRL WD 

Sim. to White 

device, probable 

XW-58 test 
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http://nuclearweaponarchive.org/Usa/Tests/Dominic.html 

Operation Dominic 
1962 - Christmas Island, Johnston Island, Central Pacific 

 

Last changed January 3, 2005 

 

The Soviet Union had abrogated the 34-month old de facto nuclear testing moratorium on September 

1, 1961 by initiating an unprecedented series of atmospheric nuclear tests.  The initial U.S. response was 

to commence its own test series (Operation Nougat) 2 weeks later.  Nougat was an underground series, 

however, restricted to very low-yield devices. 

 

Numerous atmospheric tests (many at high-yield) were of course on the drawing board at the 

weapons labs.  Some were carried over from planning for previous test series.  Official U.S. action on 

convening its own atmospheric series did not begin until October 10, 1961 when President Kennedy 

approved planning for one.  Final approval was given on March 2, 1962 -- 7 weeks in advance of the 

first planned test. 

 

Dominic included 36 tests.  The majority of the tests (29 airdrops) were weapons development tests, 

intended to evaluate advanced designs that the labs had been cooking up during the years of the 

moratorium and before.  5 rocket-launched tests were conducted to gather further weapons effects data 

on high-altitude phenomena.  2 tests of operational weapon systems were conducted -- the Polaris 

submarine launched ballistic missile and the ASROC anti-submarine rocket. 

 

Conducted as part of Operation Dominic was a series of high-altitude tests known as Operation 

Fishbowl.  These tests were Thor missile launched warheads detonated at very high altitudes (30-to-248 

miles) to evaluate the destructive mechanisms and effects of high-yield explosions against ballistic 

missile RVs.  Several test failures occurred with missiles being destroyed in flight by range safety 

officers when electronics failed (Bluegill), when rocket motors malfunctioned (Starfish and Bluegill 

Prime), or when the missile veered out-of-control (Bluegill Double Prime).  The Bluegill Prime test 

was particularly disastrous since the missile was blown up while still on the launch pad, requiring 

complete reconstruction of the demolished and Plutonium-contaminated Thor launch facility. 

 

 

Adobe 

Test:  Adobe 

Time:  15:45 25 April 1962 (GMT) 

Location:  Christmas Island 

Test Height and Type:  B-52 Airdrop, 2,900-feet 

Yield:  190-kt 

 

Device Diameter (inches): 15.4    Device Length (inches): 44    Device Weight (lb.): 409 

 

Adobe was a free-fall airburst that was a successful LASL verification test of the XW-50X1-Y2 

warhead in a Mk-39 Mod-1 Type 3 drop case.  The device was similar to those tested in Aztec, 

Kingfish, and Bluegill Triple Prime.  The W-50 warhead was eventually deployed in 3 yields: Y1 (60-

kt), Y2 (200-kt), and the Y3 (400-kt) and deployed on the Nike Zeus SAM (surface-to-air missile) and 

the Pershing surface-to-surface ballistic missile.  The mushroom cloud rose to about 60,000 ft. 

 

 

Aztec 
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Test:  Aztec 

Time:  16:01  April 27, 1962 (GMT)  

Location:  10 mi. S of Christmas Island 

Test Height and Type:  B-52 Airdrop, 2,610-feet 

Yield:  410-kt 

 

Device Diameter (inches): 15.4    Device Length (inches): 44    Device Weight (lb.): 409 

 

This was a generally successful LASL of the the XW-50X1-Y3 in a Mk-39 Mod-1 Type 3 drop case.  

It was the highest yield variant of the W-50 warhead (used on the Nike Zeus and Pershing missiles), 

giving a yield-to-weight ratio of 2.21 kt/kg.  This device used a spherical secondary stage.  The device 

was similar to those tested in Adobe, Kingfish, and Bluegill Triple Prime.  The yield was slightly 

lower than expected.  The mushroom cloud rose to about 60,000 ft. 

 

Dominic Aztec (34K) 

 

 

Arkansas 

Test:  Arkansas 

Time:  18:00.00.16  April 27, 1962 (GMT) 

Location:  Christmas Island 

Test Height and Type:  B-52 Airdrop, 5,030-feet  

Yield:  1090-kt 

 

Device Diameter (inches): 17.36    Device Length (inches): 47.3    Device Weight (lb.): 600  

 

This test was the first parachute-retarded device to be dropped at Christmas Island.  It missed its 

intended air zero point by 600 ft.  The aim point was over a raft moored off the southern end of 

Christmas Island. 

 

Arkansas was a highly successful LRL test of the XW-56X2 ('Fife-I') warhead for the Minuteman 

missile.  This warhead was derived from the breakthrough LRL W-47 warhead developed for the Polaris 

missile.  The characteristics of the 2 warheads are generally similar although the W-56 kept the same 

general yield (usually given as 1.2-MT) as the high-yield W-47Y2 variant while trimming 133 pounds of 

the weight.  This test used a 'Fife' secondary stage.  This test demonstrated a yield-to-weight ratio 4.00 

kt/kg (remarkably close to the effective practical limit of 6 kt/kg for such a light weight device).  The 

test device included a mockup war reserve firing set.  This was similar to the devices (also W-56s) fired 

in Swanee and Bluestone.  The mushroom cloud rose to about 60,000 ft. 

 

About 1,000 W-56s were eventually produced for the Minuteman I and II missiles.  Some 450 

remained in service until the Minuteman II was finally retired in the 1990s.  The last W-56 was retired 

sometime between October 1992 and March 1993. 

 

Dominic Arkansas (66 K) 

 

 

Questa 

Test:  Questa 

Time:  18:01  May 2, 1962 (GMT) 

Location:  15 mi. S of Christmas Island 

Test Height and Type:  B-52 Airdrop; 5,230-feet 

http://nuclearweaponarchive.org/Usa/Tests/Daztec1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Darkansas1s.jpg
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Yield:  670-kt 

 

Device Diameter (inches): 15.75     Device Length (inches): 47.8     Device Weight (lb.): 552 

 

This was an LASL test of the XW-59 warhead in a Mk-39 Mod-1 Type 3 drop case.  The W-59 was 

a development of the LASL J-21 warhead design and was a competitor with the LRL W-56 to arm the 

Minuteman I missile.  It was also intended for the Skybolt air-launched (B-52 dropped) ballistic missile 

(this development effort halted on December 21, 1962 when the Skybolt program was cancelled).  The 

device was similar to those tested in Alma, Rinconada, and Sunset.  The yield (expected to be 1-MT) 

was considerably lower than expected (the full yield was later achieved in Sunset).  The yield-to-weight 

ratio of 2.68 kt/kg was still quite respectable.  The mushroom cloud rose to 62,000 ft. with a base height 

of 35,000 ft. 

 

In the end, both the W-56 and W-59 were produced for the Minuteman I -- about 150 of the later 

being produced between June 1962 and July 1963.  Due in part to its somewhat higher yield, the W-56 

was selected for use on the follow-on Minuteman II so the W-59 was retired from service with the 

Minuteman I system.  All were retired between December 1964 and June 1969. 

 

 

Frigate Bird 

Test:  Frigate Bird 

Time:  23:30  May 6, 1962 (GMT) 

Location:  Johnston Island 

Test Height and Type:  SLBM Airburst; 11,000-feet 

Yield:  600-kt 

 

Device Diameter (inches): 18     Device Length (inches): 46.6     Device Weight (lb.): 717 

 

Frigate Bird was the only U.S. test of an operational ballistic missile with a live warhead.  This test 

involved firing a Polaris A1 missile from a ballistic missile submarine.  The missile was launched by the 

USS Ethan Allen (SSBN-608) at 13:18 (local) from a position 1,500 nm east-northeast of Christmas 

Island.  The re-entry vehicle (RV) and warhead flew 1020 nm downrange toward Christmas Island 

before re-entering the atmosphere 12.5 minutes later and detonating in an airburst at 11,000 feet.  The 

system tested was a combination of a Polaris A1 SLBM and a W-47Y1 warhead in a Mk-1 RV.  The 

Mk-1 RV had a Beryllium heat-sink heat shield and  --with the 717 lb warhead -- had a gross weight of 

900 lb.  The missile/RV demonstrated an accuracy on the order of 2,200 yards.  This warhead had a 

yield-to-weight ratio of 1.84 kt/kg.  But the higher yield Y2 variant tested in Dominic Harlem doubled 

the yield and nearly doubled tht YTW ratio to 3.61 kt/kg. 

 

The image of the Frigate Bird mushroom cloud was taken through the periscope of the USS 

Carbonero (SS-337) 480 nm ENE of Christmas Island.  The Carbonero (along with the USS Medregal, 

SS-480) was within 30 miles of the burst point. 

 

Dominic Frigate Bird:  200x234 10K      640x750, 72K      1024x1200, 127K 

 

Dominic Frigate Bird:  255x289, 27K     358x409, 41K 

 

USS Ethan Allen :  (44K, 500x401) 

 

 

Yukon 

http://nuclearweaponarchive.org/Usa/Tests/FrigateBird200c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/FrigateBird640c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/FrigateBird1024c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dfrigbird1a.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dfrigbird1b.jpg
http://nuclearweaponarchive.org/Usa/Tests/USSEthanAllen.jpg
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Test:  Yukon 

Time:  18:01  May 8, 1962 (GMT) 

Location:  10 mi. S of Christmas Island 

Test Height and Type:  B-52 Airdrop; 2,880-feet 

Yield:  100-kt 

 

Device Diameter (inches): 11.57      Device Length (inches): 28.06      Device Weight (lb.): ? 

 

LRL parachute-retarded test of the 'Calliope II' device.  This was an experimental shot -- the first of 

a planned family of lightweight, high-fusion/low-fission devices which were intended to increase the 

yield-to-weight ratio of ICBM warheads.  The device was similar to those tested in Muskegon, Chetco, 

Nougat Arikaree, Hudson, Codsaw, and Hoosic.  The yield was slightly higher than expected.  The 

mushroom cloud rose to 57,000 ft. 

 

Dominic Yukon (44K)            Dominic Yukon (17K, 269x350) 

 

Click here for a somewhat larger version of the above picture   (48K, 360x460) 

 

 

Mesilla 

Test:  Mesilla 

Time:  17:01  May 9, 1962 (GMT) 

Location:  10 mi. S of Christmas Island 

Test Height and Type:  B-52 Airdrop; 2,450-feet 

Yield:  100-kt 

 

Device Diameter (inches): 16.5      Device Length (inches): 26.4      Device Weight (lb.): ?  

 

Free-fall airdrop of the LASL 'Zippo-I' device in a Mk-15 Mod-0 Type-3 drop case.  Aimpoint was a 

target raft, missed the air zero point by 700 feet.  This was an advanced concepts test for both primary 

and secondary designs.  The yield was considerably lower than expected.  Device was similar to that 

tested in Dulce. 

 

 

Muskegon 

Test:  Muskegon 

Time:  15:37  May 11, 1962 (GMT) 

Location:  10 Mi. S of Christmas Island 

Test Height and Type:  B-52 Airdrop; 2,995-feet 

Yield:  50-kt 

 

Device Diameter (inches): 11.57      Device Length (inches): 26.96      Device Weight (lb.): ? 

 

LRL parachute-retarded test of the 'Calliope IV' device in Mk-36 drop case, missed the air zero point 

by 1,000 feet.  Advanced concepts test of lightweight low fission device.  Similar to that tested in 

Chetco and Yukon.  The yield was slightly lower than expected. 

 

 

Swordfish 

Test:  Swordfish 

Time:  20:02  May 11, 1962 (GMT) 

http://nuclearweaponarchive.org/Usa/Tests/Dyukon2s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dyukon1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dyukon1b.jpg
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 13:02  May 11, 1962 (local) 

Location:  400 nm W San Diego 

Test Height and Type:  Underwater; -650 feet (Rocket-Launched Depth Bomb) 

Yield:  <20-kt 

 

Device Diameter (inches): 13.75      Device Length (inches): 25.3      Device Weight (lb.): 160 

 

This was the 5
th

 and last U.S. underwater test.  It was a DoD-sponsored full scale test of the ASROC 

anti-submarine rocket weapon system.  The ASROC used the LASL developed W-44 warhead (similar 

to that tested in Nougat Chena) which had a nominal yield of 10-kt.  This shot had a number of 

objectives: 

 

1.  It was a weapons effects test to evaluate how it would affect U.S. ships, submarines, and sonar 

systems in the area (a target array of 4 destroyers and a surfaced submarine were positioned at 

distances between 2,200 and 4,600 yards from surface zero); 

2.  It was a safety test to evaluate the radiation hazard to the launching vessel; 

3.  It was a proof firing of the ASROC by a regular Navy crew under simulated wartime conditions. 

 

The ASROC was fired from the destroyer USS Agerholm (DD-826) at a target raft 4,348 yards away.  

The rocket missed its sub-surface zero point by 20 yards and exploded 40 seconds later at a depth of 650 

feet in water that was 17,140 feet deep. 

 

Dominic Swordfish launch  (26K) 

 

The spray dome from the detonation was 3,000 feet across and rose to 2,100 feet in 16 seconds.  The 

detonation left a huge circle of foam-covered radioactive water.  Within 2 days, it had broken up into 

small patches and spread out for 5-to-8 miles.  In the picture below, the Agerholm is in the foreground. 

 

Dominic Swordfish spray dome (25K)    Dominic Swordfish spray dome dispersing(28K) 

 

Swordfish spray dome dispersing further(80K)    Swordfish spray dome from above (53K) 

 

 

Encino 

Test:  Encino 

Time:  17:02  May 12, 1962 (GMT) 

Location:  Christmas Island 

Test Height and Type:  B-52 Airdrop; 5,510-feet 

Yield:  500-kt 

 

Device Diameter (inches): 18      Device Length (inches): 149.5      Device Weight (lb.): 2,060  

 

This free-fall drop tested the LASL-designed XW-43Y5 warhead.  The Mk-43 was a strategic bomb 

deployed in 5 yield variants (from 70-kt up to 1-MT).  This was a verification test of a reduced yield 

variant of the device fired in the HT-I Elder shot (880-kt).  The purpose was to establish a normalization 

or reference point for future high yield designs.  The bomb fell 1,000 ft. from its air zero point.  The 

mushroom cloud rose to 62,500 feet. 

 

 

Swanee 

Test:  Swanee 

http://nuclearweaponarchive.org/Usa/Tests/Dswordfish3as.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dswordfish3bs.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dswordfish3cs.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dswordfish2s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dswordfish1s.jpg
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Time:  15:21  May 14, 1962 (GMT) 

Location:  10 mi. S of Christmas Island 

Test Height and Type:  B-52 Airdrop; 2,940-feet 

Yield:  97-kt 

 

Device Diameter (inches): 17.13      Device Length (inches): 38      Device Weight (lb.): 506  

 

This was a parachute retarded LRL XW-56 warhead dropped in a Mk-36 drop case.  This was a 

highly-experimental weapons development test to collect hydrodynamic and neutronic data on a "clean" 

weapon design to serve as a prototype of an anti-ballistic missile (ABM) warhead.  The device was 

similar to the Arkansas and Bluestone tests (see Arkansas for more information about the W-56 

warhead).  The mushroom cloud rose to 55,000 feet. 

 

Dominic Swanee (22K) 

 

 

Chetco 

Test:  Chetco 

Time:  15:36  May 19, 1962 (GMT) 

Location:  10 mi. S of Christmas Island 

Test Height and Type:  B-52 Airdrop; 6,905-feet 

Yield:  73-kt 

 

Device Diameter (inches): 11.57      Device Length (inches): 28.06      Device Weight (lb.): ?  

 

This was a parachute-retarded LRL 'Calliope I' device in a Mk 36 drop case.  This was an advanced 

concepts test of a lightweight device.  Device was similar to that tested in Muskegon and Yukon.  The 

yield close to the predicted value.  This drop missed its air zero point by only 200 feet.  The official 

report stated that this test resulted in "the finest diagnostic data to date in this series". 

 

Dominic Chetco (29K) 

 

 

Tanana 

Test:  Tanana 

Time:  16:08  May 25, 1962 (GMT) 

Location:  10 mi. S of Christmas Island 

Test Height and Type:  B-52 Airdrop; 9,030-feet 

Yield:  2.6-kt 

 

Device Diameter (inches): 19.62      Device Length (inches): 37.45      Device Weight (lb.): 153.57 

 

This was a parachute-retarded LRL 'Calliope III' device in a Mk 36 drop case.  The secondary failed 

to fire, resulting in a fizzle (the first of the Dominic series).  Described as a "radical" advanced concepts 

test.  Mushroom rose only to 23,000 feet. 

 

 

Nambe 

Test:  Nambe 

Time:  17:02  May 27, 1962 (GMT) 

Location:  Christmas Island 

http://nuclearweaponarchive.org/Usa/Tests/Dswanee1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dchetko1s.jpg
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Test Height and Type:  B-52 Airdrop; 7,140-feet 

Yield:  43-kt 

 

Device Diameter (inches): 11.87      Device Length (inches): 31.58      Device Weight (lb.): ?  

 

LASL free-fall test using a 'Zippo-II' device in a Mk 15 Mod-0 Type-3 drop case.  This was an 

advanced concepts test using a "unique" design.  The yield was lower than expected.  The cloud topped 

61,000 feet.  Good weather conditions permitted excellent test measurements. 

 

Dominic Nambe (38K) 

 

 

Alma 

Test:  Alma 

Time:  17:02  June 8, 1962 (GMT) 

Location:  15 mi. S of Christmas Island 

Test Height and Type: B-52 Airdrop; 8,865-feet 

Yield:  782-kt 

 

Device Diameter (inches): 15.75      Device Length (inches): 47.8      Device Weight (lb.): 553 

 

Free-fall LASL test of the Mk-59 using a Mk 39 Mod-0 Type-3 drop case.  This test of the Mk-59 

achieved a substantially higher yield than the Questa shot (which see for more information about the 

Mk-59).  The device was similar to those tested in Questa, Rinconada, and Sunset.  The achieved 

yield-to-weight ratio was 3.12 kt/kg.  Caused some minor damage to buildings on the island. 

 

 

Truckee 

Test:  Truckee 

Time:  15:37  June 9, 1962 (GMT) 

Location:  10 mi. S of Christmas Island 

Test Height and Type: B-52 Airdrop; 6,970-feet 

Yield:  210 kt 

 

Device Diameter (inches): 15.6      Device Length (inches): 40.37      Device Weight (lb.): 257 

 

This was a parachute-retarded LRL test of the XW-58 missile warhead in a Mk 36 drop case.  This 

was a development and verification test for the Polaris A2 missile (which would carry 3 of these 

warheads).  Satisfactory performance. 

 

Dominic Truckee:  640x469, 49K      1024x750, 126K      1500x1099, 314K 

 

Dominic Truckee:  640x469, 44K      1024x750, 216K 

 

Dominic Truckee:  353x480, 29K      564x768, 41K      882x1200, 104K 

 

Dominic Truckee (20K)      Dominic Truckee (84K) 

 

 

 

Yeso 

http://nuclearweaponarchive.org/Usa/Tests/Dnambe1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/TruckeeB640c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/TruckeeB1024c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/TruckeeB1500c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/TruckeeC640c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/TruckeeC1024c5.jpg
http://nuclearweaponarchive.org/Usa/Tests/TruckeeA353c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/TruckeeA564c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/TruckeeA882c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dtruckee1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dtruckee2s.jpg
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Test:  Yeso 

Time:  16:01  June 10, 1962 (GMT) 

Location:  20 mi. S of Christmas Island 

Test Height and Type:  B-52 Airdrop; 8,325-feet 

Yield:  3,000-kt 

 

Device Diameter (inches): 27      Device Length (inches): 48.3      Device Weight (lb.): 1567  

 

Free-fall LASL test of a device in a Mk 39 drop case.  This was an advanced concepts test of the 

"16-M" device -- similar to the Hardtack-I Koa test.  The device performed as expected.  This was the 

4
th

 largest Dominic explosion and the largest to date in the series.  The yield-to-weight ratio was 4.22 

kt/kg. 

 

Dominic Yeso (34K)       Dominic Yeso (26K) 

 

 

Harlem 

Test:  Harlem 

Time:  15:37  June 12, 1962 (GMT) 

Location:  17 mi. S of Christmas Island 

Test Height and Type:  B-52 Airdrop; 13,645-feet 

Yield:  1,200-kt 

 

Device Diameter (inches): 18      Device Length (inches): 46.6      Device Weight (lb.): 773 

 

Parachute-retarded LRL drop test of the W-47Y2 Polaris warhead in a Mk-36 drop case.  This 

device used a 'Tuba' thermonuclear secondary stage.  The higher yield Y2 variant doubled the W-47Y1 

yield, achieving a yield-to-weight ratio of 3.42 kt/kg. 

 

 

Rinconda 

Test:  Rinconada 

Time:  16:00  June 15, 1962 (GMT) 

Location:  17 mi. S of Christmas Island 

Test Height and Type:  B-52 Airdrop; 9,105-feet 

Yield:  800-kt 

 

Device Diameter (inches): 15.75      Device Length (inches): 39.83      Device Weight (lb.): 507.4  

 

A free-fall LASL airdrop of the XW-59 "Wall" device in a Mk-15 Mod-2 Type-3 drop case.  This 

test successfully pushed the yield of the W-59 higher than previous tests, achieving a yield-to-weight 

ratio of 3.48 kt/kg.  This device was similar to those tested in Questa, Alma, and Sunset.  See Questa 

for more information on the W-59.  The mushroom cloud rose to 65,000 feet. 

 

 

Dulce 

Test:  Dulce 

Time:  16:00  June 17, 1962 (GMT) 

Location:  South of Christmas Island 

Test Height and Type:  B-52 Airdrop; 9,090-feet 

Yield:  52-kt 

http://nuclearweaponarchive.org/Usa/Tests/Dyeso1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dyeso2s.jpg
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Device Diameter (inches): 16.5      Device Length (inches): 28.4      Device Weight (lb.): ?  

 

A free-fall LASL airdrop in a Mk-15 Mod-2 Type-3 drop case.  The experimental lightweight, high-

efficiency design was to similar to that tested in Mesilla (and thus was presumably also a 'Zippo I' 

variant).  The adequacy of the basic design was confirmed.  The mushroom cloud rose to 58,000 feet. 

 

 

Petit 

Test:  Petit 

Time:  15:01  June 19, 1962 (GMT) 

Location:  17 mi. S of Christmas Island 

Test Height and Type:  B-52 Airdrop; 14,995-feet 

Yield:  2.2-kt 

 

Device Diameter (inches): 24.41      Device Length (inches): 63.29      Device Weight (lb.): 498  

 

A parachute-retarded LRL drop test of the 'Oboe' device in a Mk 36 drop case.  This was an 

advanced-concepts test.  It was a fizzle; the secondary stage did not ignite.  This was the second fizzle of 

Dominic (the first being Tanana -- also an LRL device).  The mushroom cloud rose to 20-24,000 feet. 

 

 

Otowi 

Test:  Otowi 

Time:  16:00  June 22, 1962 (GMT) 

Location:  10 mi. S of Christmas Island 

Test Height and Type:  B-52 Airdrop; 9,010-feet 

Yield:  81.5-kt 

 

Device Diameter (inches): 15.4      Device Length (inches): 42.7      Device Weight (lb.): 166.1  

 

LASL test of the 'Zippo-III' device in a Mk-15 Mod-2 Type-3 drop case.  An advanced-concepts test 

of "novel system".  The yield-to-weight ratio was 1.08 kt/kg (although new experimental designs are 

usually designed to produce good experimental data for future development rather than to attempt 

maximum possible yields). 

 

 

Bighorn 

Test:  Bighorn 

Time:  15:19  June 27, 1962 (GMT) 

Location:  30 mi. S of Christmas Island 

Test Height and Type: B-52 Airdrop; 11,810 Feet 

Yield:  7,650-kt 

 

Device Diameter (inches): 45.65      Device Length (inches): 96.18      Device Weight (lb.): 4,072.55  

 

This was a test of the LRL 'Cello I-C' device in a Mk-36 drop case.  This was an advanced-concepts 

test geared toward increasing thermonuclear yield-to-weight ratios.  The test was successful.  It 

produced the second largest yield of any Dominic shot and was the largest to date.  The yield-to-weight 

ratio was 4.14 kt/kg.  The mushroom cloud rose to 75,000 feet. 
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Dominic Bighorn (48K) 

 

 

Bluestone 

Test: Bluestone 

Time:  15:21  June 30, 1962 (GMT) 

Location:  17 mi. S of Christmas Island 

Test Height and Type: B-52 Airdrop; 4,980-feet 

Yield:  1,270-kt 

 

Device Diameter (inches): 17.13      Device Length (inches): 38      Device Weight (lb.): 564.32  

 

Bluestone was a parachute-retarded LRL test of the XW-56X2 'Prime' device in a Mk-36 drop case.  

The device was dropped by a new SAC crew on its first drop mission.  The device was similar to that 

tested in Swanee and Arkansas (see Arkansas for more information about the W-56 warhead).  This 

test was very successful, achieving the full design yield for the W-56 and an impressive 4.96 kt/kg yield-

to-weight ratio -- the highest known ratio demonstrated during Dominic.  The mushroom cloud rose to 

58,000 feet. 

 

Dominic Bluestone (38K)        Dominic Bluestone (27K) 

 

 

Starfish Prime 

Test:  Starfish Prime 

Time:  9:00  July 9, 1962 (GMT) 

Location:  Johnston Island 

Test Height and Type:  Thor Missile Airburst; 248 miles 

Yield:  1,450-kt 

 

Device Diameter (inches): 20      Device Length (inches): 54.3      Device Weight (lb.): 1,665  

 

 

This was the 2
nd

 attempt to launch the Starfish test.  The original Starfish was launched on June 20.  

But the Thor missile engine cut out only 59 seconds after launch.  The range safety officer sent the 

destruct signal 65 seconds after launch and the missile was destroyed at 30-35,000 ft.  The warhead 

high-explosive detonated in 1-point safe fashion -- destroying the warhead without producing nuclear 

yield.  Large pieces of the missile fell back on Johnston Island.  More wreckage along with Plutonium 

contamination was found on nearby Sand Island. 

 

Starfish Prime was successful.  The Thor missile carried the test instrumentation and the W-49 

warhead/Mk-4 RV payload to 248 miles.  The test appeared quite spectacular from Hawaii (800 miles 

away) and at Kwajalein (1,600 miles away) with impressive light displays from an artifical aurora 

lasting up to 7 minutes.  The electromagnetic pulse (EMP) from this test sent power line surges 

throughout Oahu, knocking out street lighting, blowing fuzes and circuit breakers, and triggering burglar 

alarms. 

 

The W-49 warhead used in this test was used on the Thor, Atlas, Jupiter, and Titan missiles, and was 

a descendant of the versatile Mk-28 thermonuclear bomb. 

 

Starfish Prime as seen from Honolulu:    AA        AB       AC       BA       BB       BC 

 

http://nuclearweaponarchive.org/Usa/Tests/Dbighorn1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dbluestone1s.jpg
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http://nuclearweaponarchive.org/Usa/Tests/StarfishBB240c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/StarfishBC240c20.jpg
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Dominic Starfish Prime (30K)           Dominic Starfish Prime (23K) 

 

 

 

Sunset 

Test:  Sunset 

Time:  16:33  July 10, 1962 (GMT) 

Location:  Christmas Island 

Test Height and Type:  B-52 Airdrop; 5,000-feet 

Yield:  1,000-kt 

 

Device Diameter (inches): 15.75      Device Length (inches): 39.83      Device Weight (lb.): 543 

 

High-yield test of the LASL XW-59 warhead in a Mk-15 Mod-2 Type-3 drop case.  This test 

successfully reached the full design yield of the W-59 with a yield-to-weight ratio of 4.06 kt/kg.  This 

device was similar to those tested in Questa, Alma, and Rinconada.  See Questa for more information 

on the W-59.  The mushroom cloud rose to over 60,000 feet. 

 

Dominic Sunset (29K) 

 

 

Pamlico 

Test:  Pamlico 

Time:  15:37  July 11, 1962 (GMT) 

Location:  Christmas Island 

Test Height and Type:  B-52 Airdrop; 14,330-feet 

Yield:  3,880-kt 

 

Device Diameter (inches): 56.2      Device Length (inches): 123.4      Device Weight (lb.): 9,161.67 

 

A parachute-retarded LRL device in a MK-36 drop case.  This was a test of advanced principles for 

achieving high-efficiency thermonuclear burn and successfully confirmed theoretical predictions.  It was 

said to "show the way to a new range of possibilities in high-yield design".  This was the last Christmas 

Island airdrop and the 3
rd

 largest test of Operation Dominic.  Yield-to-weight ratio was 0.934 kt/kg (but 

then this was an experiment, not a final weapon configuration). 

 

 

Androscoggin 

Test:  Androscoggin 

Time:  16:17  October 2, 1962 (GMT) 

Location:  250 mi. SSW of Johnston Island 

Test Height and Type:  B-52 Airdrop; 10,260-feet 

Yield:  75-kt 

 

Device Diameter (inches): 56.2      Device Length (inches): 128.5      Device Weight (lb.): 6,647.52  

 

This LRL shot -- intended to be a high-yield design test -- was a fizzle.  The device tested was 

possibly a 'Ripple' device.  This was the first U.S. test were all of the test instrumentation was carried on 

aircraft. RC-121, C-130, KC-135, and AFSWC RB-52B aircraft were used.  These same aircraft were 

used on all 5 Johnston Island airdrop tests.  This shot was later retested successfully in Housatonic 

(yield 8.3-MT).  The mushroom cloud rose to 54,000 feet. 

http://nuclearweaponarchive.org/Usa/Tests/Dstarfish1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dstarfish2s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dsunset1s.jpg
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Bumping 

Test:  Bumping 

Time:  16:02  October 6, 1962 (GMT) 

Location:  Johnston Island 

Test Height and Type:  B-52 Airdrop; 10,000-feet 

Yield:  11.3-kt 

 

Device Diameter (inches): 39.37      Device Length (inches): 78.43      Device Weight (lb.): 1,155 

 

This LRL shot was a retest of the 'Oboe' device fired in Dominic Petit, which was a fizzle (2.2-kt).  

It was dropped in a Mk-36 drop case.  This was an advanced concepts test to improve warhead yield-to-

weight ratio.  The yield much lower than expected.  The mushroom rose to 50,000 ft. 

 

 

Chama 

Test:  Chama 

Time:  16:01  October 18, 1962 (GMT) 

Location:  Johnston Island 

Test Height and Type:  B-52 Airdrop; 11,970-feet 

Yield:  1590-kt 

 

Device Diameter (inches): 27.98      Device Length (inches): 89      Device Weight (lb.): 2,350  

 

This was a free-fall LASL test of the 'Thumbelina' device in a Mk-36 drop case.  This was a test of a 

lightweight, small diameter device -- possibly a replacement for the W-38 (the 2-4 Mt warhead for the 

Atlas and Titan I missiles).  The results are variously described as "thoroughly successful" while the 

yield was reported to be below the predicted value. 

 

Dominic Chama:  261x250, 7K      500x480, 21K      801x768, 53K      1131x1085, 193K \ 

 

Dominic Chama (32K) \ 

 

 

Checkmate 

Test:  Checkmate 

Time:  8:30  October 20, 1962 (GMT) 

Location:  43 mi. from Johnston Island 

Test Height and Type:  Missile Airburst; 483,000-feet 

Yield:  Low kt 

 

Device Diameter (inches): 14      Device Length (inches): 20      Device Weight (lb.): 150  

 

This was the 2
nd

 successful Operation Fishbowl shot.  This was a test of the LASL XW-50X1 

warhead launched by a solid fueled XM-33 Strypi rocket using an Army Recruit rocket booster stage.  

The warhead detonated at an altitude of 91.3 miles -- 41 miles downrange from Johnston Island and only 

3 kilometers from the airzero point.  See Adobe for more information about the W-50 warhead.  This 

was possibly the lowest yield variant -- the Y1 -- with a yield of 60-kt. 

 

http://nuclearweaponarchive.org/Usa/Tests/Chama261c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Chama500c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Chama801c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Chama1131c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Dchama1.jpg
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Since the shot occurred essentialy above the atmosphere, a luminous fireball was not formed.  

Instead, observers on the island at the moment of detoantion saw a green&blue circular region 

surrounded by a blood red ring.  This faded in less than a minute, and blue-green streamers and pink 

striations developed that lasted half-an-hour. 

 

 

Bluegill Triple Prime 

Test:  Bluegill Triple Prime 

Time:  9:59  October 26, 1962 (GMT) 

Location:  19 mi. SSW of Johnston Island 

Test Height and Type:  Thor Missile Airburst; 160,000-feet 

Yield:  <1,000 kt 

 

Device Diameter (inches): 14      Device Length (inches): 44      Device Weight (lb.): 409  

 

Bluegill Triple Prime was the 4
th

 attempt to launch this high altitude test, originally slated to be the 

first Operation Fishbowl shot.  The Bluegill experiment used a W-50 warhead in a Mk 4 RV launched 

by a Thor missile.  The device was similar to those fired in Adobe (which see for more information on 

the W-50), Aztec, and Kingfish.  This was possibly the 200-kt Y2 or the 400-kt Y3 W-50 variant. 

 

The initial attempt (Bluegill) was launched at midnight (local time) on June 3.  Problems had been 

encountered with the range safety radar prior to launch.  5 minutes after launch, the Johnston Island 

missile tracking system failed . Unable to monitor the missile's flight path, the range safety officer 

destroyed it 10 minutes later prior to warhead detonation. 

 

The second attempt (Bluegill Prime) at 23:15 (local) on July 25 was a genuine disaster.  The Thor 

missile was carrying one pod, 2 re-entry vehicles (all heavily-instrumented), and the warhead.  The 

missile engine malfunctioned immediately after ignition, and the range safety officer fired the destruct 

system whille the missile was still on the launch pad.  The Johnston Island launch complex was 

demolished and heavily contaminated with Plutonium.  Complete reconstruction was required before 

launches could be resumed. 

 

The third attempt (Bluegill Double Prime) was made at 21:14 on October 15 (local).  The missile 

was launched on a true bearing of 150 degrees.  Between 86 and 90 seconds into the flight, booster 

failure occurred and the missile began tumbling.  The missile was destroyed by remote control 156 

seconds after launch.  Some radioactive debris fell back on to Johnston Island. 

 

The 4
th

 and finally successful launch resulted in a detonation at an altitude of 31 miles approximately 

19 miles south-southwest of Johnston Island.  This burst occurred low enough in the atmosphere for 

fireball formation to occur.  Observers saw a brilliant white flash and noticeable heat pulse on bare skin.  

A slightly distorted bright Moon-like sphere was seen -- yellow at first, then gradually showing green, 

pink, and violet hues.  Blue-purple streamers were formed.  A bright glow persisted for 30 minutes, at 

times bright enough to read a watch face in the dark.  The fireball was seen in Hawaii also. 

 

Fishbowl Bluegill Triple Prime: 388x250, 8K   640x412, 16K   1024x660, 43K   1600x1032, 114K 

 

Fishbowl Bluegill Triple Prime (31K) 

 

 

Calamity 

Test:  Calamity 

http://nuclearweaponarchive.org/Usa/Tests/Bluegill388c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Bluegill640c20.jpg
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Time:  15:46 -Oct 27, 1962 

Location:  Johnston Island 

Test Height and Type:  B-52 Airdrop; 11,780-feet 

Yield:  800-kt 

 

Device Diameter (inches): 34.4      Device Length (inches): 93      Device Weight (lb.): 1,830 

 

An LRL airdrop using a Mk-15 drop case.  Said to be the 3
rd

 drop test of a specific device to 

maximize yield to weight ratio (demonstrated ratio was 0.96 kt/kg).  The bombing error was less than 

500 feet, and all diagnostic and effects aircraft obtained excellent data.  The mushroom cloud rose to 

63,000 feet. 

 

 

Housatonic 

Test:  Housatonic 

Time:  16:01  October 30, 1962 (GMT) 

Location:  Johnston Island 

Test Height and Type:  B-52 Airdrop; 12,130-feet 

Yield:  8,300-kt 

 

Device Diameter (inches): 56.2      Device Length (inches): 147.9      Device Weight (lb.): 7139.55 

 

This LRL airdrop was the final nuclear weapon airdrop by the U.S.  The device tested was a 'Ripple 

II' in a Mk-36 drop case, and it was delivered with near-perfect accuracy (bombing error less than 100 

feet).  This was a repeat of the failed Androscoggin and was spectacularly successful, resulting in the 

highest yield of the Dominic test series.  The yield-to-weight ratio was 2.56 kt/kg. 

 

 

Kingfish 

Test:  Kingfish 

Time:  12:10  November 1, 1962 (GMT) 

Location:  43 mi. SSW of Johnston Island 

Test Height and Type:  Thor Missile Airburst; 320,000-feet 

Yield:  <1,000-kt 

 

Device Diameter (inches): 15.4      Device Length (inches): 44      Device Weight (lb.): 409 

 

This was the 4
th

 successful Fishbowl test.  The system that was fired was similar to Bluegill Triple 

Prime -- a W-50 in Mk-4 RV launched by a Thor missile.  The W-50 was also used in Adobe (which 

see for more information on the W-50) and Aztec.  This was possibly the 200-kt Y2 or the 400-kt Y3 

W-50 variant. 

 

The detonation occurred at an altitude of 60 miles.  The dramatic visual (and other) effects were 

observed over much of the central Pacific.  The explosion appeared as a bright yellow glow -- at first 

circular but elongating along a south-to-northwest axis.  The long axis reached 125 miles after 30 

minutes and eventually reached 185 miles.  The glow persisted for at least 1.5 hours.  On Johnston 

Island, a yellow-white luminous circle with intense purple streamers was visible for the first minute.  

Brilliant streamers (beta particle auroras) were seen going north and south from Maui.  At Oahu, a bright 

flash was seen.  After about 10 seconds, a great white ball was seen rising slowly out of the sea and 

remained visible for several minutes. 
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Another major effect of this shot was the widespread disturbance of the ionosphere and the 

consequent disruption of radio communications over the central Pacific which lasted at least 3 hours. 

 

Fishbowl Kingfish:  640x465, 20K     1024x744, 58K     1600x1162, 148K     2314x1681, 247K 

 

Fishbowl Kingfish (28K) 

 

 

Tightrope 

Test:  Tightrope 

Time:  0:00  November 4, 1962 (GMT) 

Location:  2 mi. SSW of Johnston Island 

Test Height and Type:  Nike Hercules Missile Airburst; 69,000-feet 

Yield:  Low kt 

 

Device Diameter (inches): 29     Device Length (inches): 39.3     Device Weight (lb.): 900 

 

This was a DoD-sponsored live test of the Nike Hercules air-defense missile system.  A Nike 

Hercules missile -- carrying the LASL designed W-31 air-defense warhead -- was launched and 

detonated over Johnston Island.  The W-31 came in 4 yield variants ranging from 1-to-40 kt.  It is not 

known which was fired in this test. 

 

On Johnston Island, an intense white flash -- too bright to view even through high-density goggles -- 

was accompanied by a strong heat pulse.  A yellow-orange disc formed, slowly changing to a purple 

toroid which faded from view after several minutes. 

 

This shot is usually regarded as the last U.S. atmospheric test.  The later zero-yield atmospheric 

Plutonium dispersal tests conducted in Operation Roller Coaster are, however, listed as "nuclear tests" 

by the U.S. government and counted as part of the total of U.S. nuclear tests.  Furthermore, several later 

Plowshare nuclear tests (Cabriolet, Palanquin, Buggy, and Schooner) were surface cratering shots in 

which the explosions intentionally broke through the surface, venting a substantial fraction of the 

radioactivity produced. 

 

Fishbowl Tightrope:  421x250, 16K      640x380, 33K      640x394, 30K      1024x608, 63K 

 

 

Operation Dominic Summary 

Legend:WD=Weapons Development, WE=Weapons Effects, ST=Safety Test, TN= Thermonuclear, 

LASL=Los Alamos Scientific Laboratory, UCRL=University of California Radiation Laboratory (later 

Lawrence Livermore), DoD = Department of Defense. 

Test 

Name 

Time 

& 

Date 

(GMT) 

Location 
Test 

Type 

Height 

(feet) 

Yield 

(kt) 
Sponsor Purpose Comments 

Adobe 

15:45 

April 

25, 

1962 

Christmas 

Island 

B-52 

Airdrop 
2,900 190 LASL WD 

XW-50X1-Y2 

verification test, 

sim. to Aztec, 

Kingfish, 

Bluegill Triple 

Prime 

http://nuclearweaponarchive.org/Usa/Tests/Kingfish640c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Kingfish1024c20.jpg
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http://nuclearweaponarchive.org/Usa/Tests/Tightrope640c10.jpg
http://nuclearweaponarchive.org/Usa/Tests/Tightrope640.jpg
http://nuclearweaponarchive.org/Usa/Tests/Tightrope1024c20.jpg
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Aztec 

16:01 

April 

27, 

1962 

Christmas 

Island 

B-52 

Airdrop 
2,610 410 LASL WD 

XW-50X1-Y3 

test, sim. to 

Adobe, Kingfish, 

Bluegill Triple 

Prime, yield 

slightly lower 

than expected 

Arkansas 

18:00.0

0.16 

April 

27, 

1962 

Christmas 

Island 

B-52 

Airdrop 
5,030 1,090 LRL WD 

XW-56X2 test, 

highly successful, 

used Fife 

secondary stage 

Questa 

18:01 

May 2, 

1962 

Christmas 

Island 

B-52 

Airdrop 
5,230 670 LASL WD 

XW-59 test, sim. 

to Alma, 

Rinconada, 

Sunset, yield 

considerably 

lower than 

expected 

Frigate 

Bird 

23:30 

May 6, 

1962 

Johnston 

Island 

SLBM 

Airburst 
11,00 600 LRL WD 

Only US 

operational 

ballistic missile 

launch w/live 

warhead, Polaris 

SLBM/W-

47Y1/Mk-1 RV 

combo, 

successful 

Yukon 

18:01 

May 8, 

1962 

Christmas 

Island 

B-52 

Airdrop 
2,880 100 LRL WD 

Calliope II 

device, 1st test of 

high fusion/low 

fission family; 

sim. to 

Muskegon, 

Chetco, Nougat 

Arikaree, 

Hudson, Codsaw, 

Hoosic; yield 

slightly higher 

than expected 

Mesilla 

17:01 

May 9, 

1962 

Christmas 

Island 

B-52 

Airdrop 
2,450 100 LASL WD 

Zippo-I device, 

advanced primary 

& secondary 

concepts test, 

yield 

considerably 

lower than 

expected 

Muskegon 

15:37 

May 

11, 

1962 

Christmas 

Island 

B-52 

Airdrop 
2,995 50 LRL WD 

Calliope IV device, 

advanced 

lightweight low 

fission concept, 

sim. to Chetco and 

Yukon, slightly 

lower than 

expected yield 
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Swordfish 

20:02 

May 

11, 

1962 

40 nm W 

San Diego 
Underwater - 650 < 20 LASL WD 

Full scale 

ASROC/W-44 

ASW rocket 

proof test, sim. to 

Nougat Chena 

Encino 

17:02 

May 

12, 

1962 

Christmas 

Island 

B-52 

Airdrop 
5,510 500 LASL WD 

XW-43Y5 

warhead, 

verification of 

reduced yield 

variant of HT-I 

Elder shot 

Swanee 

15:21 

May 

14, 

1962 

Christmas 

Island 

B-52 

Airdrop 
2,940 97 LRL WD 

XW-56 "clean" 

ABM warhead 

test, sim. to 

Bluestone, 

possible W-65 

progenitor, 

highly 

experimental, 

yield lower than 

expected 

Chetco 

15:36 

May 

19, 

1962 

Christmas 

Island 

B-52 

Airdrop 
6,905 73 LRL WD 

Calliope I device, 

advanced light 

weight concept, 

sim. to Muskegon 

and Yukon, yield 

close to predicted 

Tanana 

16:08 

May 

25, 

1962 

Christmas 

Island 

B-52 

Airdrop 
9,030 2.6 LRL WD 

Calliope III 

device fizzle, 

"radical" design 

Nambe 

17:02 

May 

27, 

1962 

Christmas 

Island 

B-52 

Airdrop 
7,140 43 LASL WD 

Zippo-II device, 

"unique" design, 

advanced 

concepts test, 

yield lower than 

expected 

Alma 

17:02 

June 8, 

1962 

Christmas 

Island 

B-52 

Airdrop 
8,865 782 LASL WD 

Mk-59, sim. to 

Questa, 

Rinconada, 

Sunset 

Truckee 

15:37 

June 9, 

1962 

Christmas 

Island 

B-52 

Airdrop 
6,970 210 LRL WD 

XW-58, 

development and 

verification test, 

satisfactory 

Yeso 

16:01 

June 

10, 

1962 

Christmas 

Island 

B-52 

Airdrop 
8,325 3,000 LASL WD 

Advanced 

concepts test of 

"16-M" device, 

sim. to HT-I Koa, 

performed as 

expected 

Harlem 

15:37 

June 

12, 

1962 

Christmas 

Island 

B-52 

Airdrop 
13,645 1,200 LRL WD 

W-47Y2 test, 

Tuba secondary, 

successful, 

doubled W-47Y1 
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yield 

Riconada 

16:00 

June 

15, 

1962 

Christmas 

Island 

B-52 

Airdrop 
9,105 800 LASL WD 

XW-59 "Wall" 

device, increased 

yield warhead 

test, successful, 

sim. to Questa, 

Alma, Sunset 

Dulce 

16:00 

June 

17, 

1962 

Christmas 

Island 

B-52 

Airdrop 
9,090 52 LASL WD 

Experimental 

lightweight, high 

efficiency design, 

sim to Mesilla, 

basic design 

adequacy 

confirmed 

Petit 

15:01 

June 

19, 

1962 

Christmas 

Island 

B-52 

Airdrop 
14,995 2.2 LRl WD 

Oboe device, 

advanced 

concepts test, 

second LRL 

fizzle 

Otowi 

16:00 

June 

22, 

1962 

Christmas 

Island 

B-52 

Airdrop 
9,010 81.5 LASL WD 

Zippo-III device, 

advanced 

concepts test of 

"novel system" 

Bighorn 

15:19 

June 

27, 

1962 

Christmas 

Island 

B-52 

Airdrop 
11,810 7,650 LRL WD 

Cello I-C device, 

advanced 

concepts test, 

successful 

Bluestone 

15:21 

June 

30, 

1962 

Christmas 

Island 

B-52 

Airdrop 
4,980 1,270 LRL WD 

XW-56X2 Prime 

test, sim. to 

Swanee 

Starfish 

Prime 

9:00 

July 9, 

1962 

Johntson 

Island 

Missile 

Airburst 

248 

miles 
1,450 LASL WE 

High altitude 

effects test, W-49 

warhead/Mk-4 

RV on Thor 

missile 

Sunset 

16:33 

July 

10, 

1962 

Christmas 

Island 

B-52 

Airdrop 
5,000 1,000 LASL WD 

High yield XW-

59 advanced 

concepts test, 

sim. to Questa, 

Alma, Rinconada 

Pamlico 

15:37 

July 

11, 

1962 

Christmas 

Island 

B-52 

Airdrop 
14,330 3,880 LRL WD 

Advanced 

principles test for 

high-efficiency 

TN burn, 

successful, last 

Christmas Island 

airdrop 

Androsco

ggin 

16:17 

Oct. 2, 

1962 

Johnston 

Island 

B-52 

Airdrop 
10,260 75 LRL WD 

Possible Ripple 

device, fizzle, 

retested in 

Housatonic shot 

Bumping 

16:02 

Oct. 6, 

1962 

Johnston 

Island 

B-52 

Airdrop 
10,000 11.3 LRL WD 

Possible Oboe 

device, retest of 

Petit, yield much 



 129 

lower than 

expected, test to 

improve yield-to-

weight ratio 

Charma 

16:01 

Oct, 8, 

1962 

Johnston 

Island 

B-52 

Airdrop 
11,970 1,590 LASL WD 

Thumbelina 

device, test of 

lightweight small 

diameter device, 

possible 

replacement for 

W-38, yield 

below predicted 

value 

Checkmat

e 

8:30 

Oct. 

20, 

1962 

Johnston 

Island 

Missile 

Airburst 
483,000 Low LASL WE 

XW-50X1 

warhead high-

altitude effects 

shot 

Bluegill 

Triple 

Prime 

9:59 

Oct. 

26, 

1962 

Johnston 

Island 

Missile 

Airburst 
160,000 < 1,000 LASL WE 

W-50 in Mk 4 

RV, Thor missile 

launched, sim. to 

Adobe, Aztec, 

Kingfish 

Calamity 

15:46 

Oct. 

27, 

1962 

Johnston 

Island 

B-52 

Airdrop 
11,780 800 Lrl WD 

Third drop test of 

specific device to 

maximize yield 

to weight ratio 

Housatoni

c 

16:01 

Oct. 

30, 

1962 

Johnston 

Island 

B-52 

Airdrop 
12,130 8,300 LRL WD 

Ripple II device, 

repeat of 

Androscoggin, 

successful, last 

U.S. nuclear 

weapon airdrop 

Kingfish 

12:10 

Nov, 1, 

1962 

Johnston 

Island 

Missile 

Airburst 
320,000 <1,000 LASL WE 

W-50 in Mk 4 

RV, Thor missile 

launched, sim. to 

Adobe, Aztec, 

Bluegill Triple 

Prime 

Tightrope 

0:00 

Nov. 4, 

1962 

Johnston 

Island 

Missile 

Airburst 
69,000 Low LASL WE 

W-31 air defense 

warhead on Nike 

Hercules missile, 

last U.S. 

atmospheric test, 

successful 
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Operation Storax, Sun Beam, and Roller Coaster 
1962-1963: Nevada Test Site, Nellis Air Force Range (Nevada) 

 

Last changed September 20, 1997 

 

Operation Storax was the second fiscal year based "test series", running from July 1, 1962 through 

June 30, 1963.  This series was concluded before the signing of the Atmospheric Test Ban Treaty on 

August 5, 1963 and included the last U.S. atmospheric tests of any description (the last zero-yield 

Plutonium dispersal test Roller Coaster Clean Slate III was fired June 9, 1963). 

 

Although the 2 limited test series Sunbeam (aka Dominic II) and Roller Coaster were conducted in 

Nevada and were simultaneous with Storax, it may be that these were not actually part of Operation 

Storax.  I have included them on this page for convenience although I list these test operations 

separately from the other Storax shots. 

 

The majority of the Storax tests were conducted underground just as had been true during Nougat, 

although with better confinement of radiation than practiced at that earlier series.  Storax included 

several Plowshare tests including the spectacular (and thus very well known) Sedan shot.  These tests 

were intended to develop nuclear explosives for non-military uses. 

 

"They shall beat their swords into plowshares, and their spears into pruning hooks: 

nation shall not lift up sword against nation, neither shall they learn war any more." 

-- Isaiah 2:4  

 

 

Operation Storax 
 

Sedan 

Test:  Sedan 

Time:  17:00  July 6, 1962 (GMT) 

Location:  NTS, Area 10h 

Test Height and Type:  Subsurface, -635 feet 

Yield:  104-kt 

 

Sedan was one of the most spectacular nuclear test ever fired in the continental U.S.  It was an LRL 

test conducted under the auspices of the Plowshare program, which was an attempt to develop non-

military uses for nuclear explosives.  The purpose of Sedan was to investigate the potential of "clean" 

thermonuclear devices for producing large craters cheaply (for canal or harbor construction, for 

example). 

 

Up to a point, the more deeply buried an explosive charge is, the larger the crater it will make.  

Beyond this point, much of the material is thrown with insufficient force to clear the crater and falls 

back in, reducing the final size.  At the optimal crater depth, though, quite a lot of material actually ends 

up back in the crater bottom.  This is an advantage for a Plowshare-type crater experiment since much 

of the radioactivity gets returned to the crater and buried.  The radiation release (as measured in terms of 

I
131

, the most important from human health risks) was 880,000 curies -- about equivalent to a 3-4 kt 

atmospheric fission test. 

 

http://nuclearweaponarchive.org/Usa/Tests/Storax.html
http://nuclearweaponarchive.org/Usa/Tests/Storax.html
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Sedan was detonated at what was estimated to be the optimal crater depth in alluvial soil.  12 million 

tons of soil and rock were lifted into the air with 8 million tons of it falling outside the crater.  The final 

crater was 1,280 feet wide and 320 feet deep.  The force of the detonation released seismic energy 

equivalent to an earthquake magnitude of 4.75 on the Richter Scale.  The device used was similar to that 

used in Dominic Bluestone and Swanee and was thus a variant of the W-56 high yield missile warhead.  

The device had a fusion yield of 70%.  The Sedan device had a diameter of 17.1 inches, a length of 38 

inches, and a weight of 467.9 lb. 

 

Storax Sedan (95K)      Storax Sedan (17K)      Sedan Crater (93K)      Sedan Crater (38K) 

 

The crater as seen today from the viewing site on its edge (it is very impressive to visit): 

Sedan Crater Today (80K) 

 

 

Operation Sunbeam 
 

Sunbeam was a DoD-sponsored operation planned to provide weapons effects data on low-yield 

tactical explosions.  An estimated 2,900 DOoD military and civilian personnel participated in Sunbeam 

either in Exercise Ivy Flats (held in conjunction with Little Feller I) or to provide technical or 

administrative support. 

 

 

Little Feller II 

Test:  Little Feller II 

Time:  19:00  July 7, 1962 (GMT) 

Location:  NTS, Area 18 

Test Height and Type:  Surface, 3 feet 

Yield:  22 tons 

 

Used a stockpile W-54 'Davy Crockett' warhead suspended above the ground.  The Plutonium 

warhead had a diameter of 10.9 inches, a length of 15.7 inches, and weighed 50 lb. 

 

Below are pictures of the 'Davy Crockett', the first shows it mounted on a stand-alone recoilless rifle 

launcher. 

Davy Crockett on Launcher (37K)           Davy Crockett (38K) 

 

 

Johnnie Boy 

Test:  Johnnie Boy 

Time:  16:45  July 11, 1962 (GMT) 

Location:  NTS, Area 18 

Test Height and Type:  Surface, -2 feet 

Yield:  500-tons 

 

This was test of the W-30 TADM (tactical atomic demolition munition).  The W-30 had a diameter 

of 22 inches, a length of 46.5 inches, and weighed 435 lb.  The device was similar to that fired in 

Plumbbob Stokes. 

 

 

Small Boy 

Test:  Small Boy 

http://nuclearweaponarchive.org/Usa/Tests/Sedan2s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Sedan1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Sedan3s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Sedancrater1s.jpg
http://nuclearweaponarchive.org/Usa/Tests/Sedancrater2s.jpg
http://nuclearweaponarchive.org/Usa/Weapons/W54davy1s.jpg
http://nuclearweaponarchive.org/Usa/Weapons/W54davy2s.jpg
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Time:  18:30  July 14,, 1962 (GMT) 

Location:  NTS, Area 5 

Test Height and Type:  Surface, 10 feet 

Yield:  1.65-kt 

 

Test of missile silo hardening principles.  Device similar to those fired in Nougat Ermine, 

Chinchilla I/II, and Armadillo.  The device diameter was 15 inches, length was 15.5 inches, and the 

weight was 63.9 lb. 

 

 

Little Feller I 

Test:  Little Feller I 

Time:  17:00 July 17, 1962 (GMT) 

Location:  NTS, Area 18 

Test Height and Type:  Surface, 40 feet 

Yield:  18-tons 

 

Last atmospheric test at NTS, used a stockpile W-54 'Davy Crockett' warhead.  1,000 DOoD 

personnel took part in Exercise Ivy Flats which included an observer program and troop maneuvers.  5 

participants in the Ivy Flats maneuver task force launched the weapon from a recoilless rifle mounted 

on an armored personnel carrier.  Robert F. Kennedy and General Maxwell D. Taylor were on hand to 

observe the detonation. 

 

Below is a picture of the 'Davy Crockett' mounted on a stand-alone recoilless rifle launcher. 

Davy Crockett on Launcher (37K) 

 

 

Operation Roller Coaster 
 

Roller Coaster was a joint U.S. (DoD)-UK test program to collect data on the safety of weapons 

due to accidental detonation.  Unlike most other weapon safety tests, this was not concerned with the 

question of 1-point safety and the possibility of nuclear yields.  The warheads used in these tests were 

known to be 1-point safe.  Instead, the concern was the hazard presented by the dispersal of Plutonium if 

the explosives were accidentally detonated (as happened in the 1966 hydrogen bomb accident at 

Palomares, Spain). 

 

These tests are arguably the last U.S. atmospheric tests.  Although they produced no nuclear 

reactions (and were not expected to), the U.S. government counts them in the official list of nuclear 

tests.  See table summary below for list of Roller Coaster tests. 

 

Operation Storax Summary 

Legend:WD=Weapons Development, WE=Weapons Effects, ST=Safety Test, TN= Thermonuclear, 

LASL=Los Alamos Scientific Laboratory, UCRL=University of California Radiation Laboratory (later 

Lawrence Livermore), DoD = Department of Defense. 

Test 

Name 

Time 

& 

Date 

(GMT) 

Location 
Test 

Type 

Height 

(feet) 

Yield 

(kt) 
Sponsor Purpose Comments 

Sedan 
17:00 

July 6, 

NTS, 

Area 10h 
Subsurface - 635 104 LRL PS 

2nd Plowshare 

test, cratering 

http://nuclearweaponarchive.org/Usa/Weapons/W54davy1s.jpg
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1962 experiment, TN 

device sim. to 

Dominic 

Bluestone and 

Swanee, 12 

million tons of 

soil displaced, 

crater was 1280 

feet wide and 320 

feet deep 

Merrimac 

16:00 

July 

13, 

1962 

NTS, 

Area 3bd 
Shaft - 1,356 202-200 LRL WD 

Accidental 

release of 

radioactivity 

detected on site 

only 

Whicta 

21:00 

July 

27, 

1962 

NTS, 

Area 9y 
Shaft - 493 < 20 LRL WD 

Accidental 

release of 

radioactivity 

detected on site 

only 

York 

15:00 

Aug. 

24, 

1962 

NTS, 

Area 9z 
Shaft - 722 < 20 LRL WD  

Bobac 

17:00 

Aug. 

24, 

1962 

NTS, 

Area 3bl 
Shaft - 676 < 20 LASL WD  

Raritan 

?  

Sept. 6, 

1962 

NTS, 

Area 9u 
Shaft - 525 < 20 LRL WD  

Hyrax 

17:10 

Sept. 

14, 

1962 

NTS, 

Area 3bh 
Shaft - 711 < 20 LASL WD  

Peba 

17:00 

Sept. 

20, 

1962 

NTS, 

Area 3bb 
Shaft - 792 < 20  LASL WD  

Allegheny 

17:00 

Sept. 

29, 

1962 

NTS, 

Area 9x 
Shaft - 692 < 20 LRL WD 

Accidental 

release of 

radioactivity 

detected on site 

only 

Mississipp

i 

17:00 

Oct. 5, 

1962 

NTS, 

Area 9ad 
Shaft - 1,622 155 LRL WD  

Roanoke 

15:00 

Oct. 

12, 

1962 

NTS, 

Area 9q 
Shaft - 510 < 20 LRL WD 

Accidental 

release of 

radioactivity 

detected on site 

only 

Wolverine 

? 

Oct. 

12, 

NTS, 

Area 3av 
Shaft - 250 < 20 LASL WD 

Accidental 

release of 

radioactivity 
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1962 detected on site 

only 

Tioga 

? 

Oct. 

18, 

1962 

NTS, 

Area 9f 
Shaft - 200 < 20 LRL WD  

Bandicoot 

18:00 

Oct. 

19, 

1962 

NTS, 

Area 3bj 
Shaft - 792 12.5 LASL WD 

Accidental 

release of 

radioactivity 

detected off site 

Santee 

15:00 

Oct. 

27, 

1962 

NTS, 

Area 10 
Shaft - 1,048 < 20 LRL WD  

St. 

Lawrence 

? 

Nov. 9, 

1962 

NTS, 

Area 2b 
Shaft - 550 < 20 LRL WD 

Accidental 

release of 

radioactivity 

detected on site 

only 

Gundi 

16:30 

Nov. 

15, 

1962 

NTS, 

Area 3bm 
Shaft - 800 < 20 LASL WD  

Anacostia 

18:00 

Nov. 

27, 

1962 

NTS, 

Area 9i 
Shaft - 747 < 20 LRL PS 

3rd Plowshare 

test, device 

development, 

accidental release 

of radioactivity 

detected on site 

only 

Taunton 

? 

Dec 4, 

1962 

NTS, 

Area 9aa 
Shaft -750 < 20 LRL WD  

Tendrac 

19:00 

Dec. 7, 

1962 

NTS, 

Area 3ba 
Shaft - 993 < 20 

LASL/ 

UK 
WD 

2
nd

 UK involved 

test 

Madison 

17:25 

Dec. 

12, 

1962 

NTS, 

Area 12g 
Tunnel - 1,320 < 20 LRL WD  

Numbat 

18:45 

Dec. 

12, 

1962 

NTS, 

Area 3bu 
Shaft - 961 < 20 LASL WD  

Manatee 

13:10 

Dec. 

14, 

1962 

NTS, 

Area 9af 
Shaft - 200 < 20 LRL WD  

Casselman 

16:00 

Feb. 8, 

1963 

NTS, 

Area 10g 
Shaft - 994 < 20 LASL WD  

Acushi 

18:30 

Feb. 8, 

1963 

NTS, 

Area 3bg 
Shaft - 856 < 20 LASL WD  

Ferret ? NTS, Shaft ? < 20 LASL WD  
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Feb. 8, 

1963 

Area 3bf 

Hatchie 

? 

Feb. 8, 

1963 

NTS, 

Area 9e 
Shaft ? < 20 LASL WD  

Chipmunk 

? 

Feb. 

15, 

1963 

NTS, 

Area 3ay 
Shaft ? < 20 LASL WD  

Kaweah 

19:47 

Feb. 

21, 

1963 

NTS, 

Area 9ab 
Shaft - 745 < 20 LRL PS 

4
th
 Plowshare 

test, device 

development 

Carmel 

19:47 

Feb. 

21, 

1963 

NTS, 

Area 2h 
Shaft - 536 < 20 LRL WD  

Jerboa 

19:00 

March 

1, 1963 

NTS, 

Area 3at 
Shaft ? < 20 LAS: WD  

Toyah 

16:22 

March 

15, 

1963 

NTS, 

Area 9ac 
Shaft ? < 20 LRL WD  

Gerbil 

15:49 

March 

29, 

1963 

NTS, 

Area 3bp 
Shaft - 917 < 20  LASL WD  

Ferret 

Prime 

17:52 

April 

5, 1963 

NTS, 

Area 3by 
Shaft - 793 < 20 LASL WD  

Coypu 

? 

April 

10, 

1963 

NTS, 

Area 3af 
Shaft ? < 20 LASL WD  

Cumberla

nd 

16:03 

April 

11, 

1963 

NTS, 

Area 2e 
Shaft ? < 20 LRL WD  

Kootanai 

16:09 

April 

29, 

1963 

NTS, 

Area 9w 
Shaft ? < 20 LRL WD 

Accidental 

release of 

radioactivity 

detected on site 

only 

Paisano 

? 

April 

24, 

1963 

NTS, 

Area 9wi 
Shaft ? < 20 LRL WD 

Accidental 

release of 

radioactivity 

detected on site 

only 

Gundi 

Prime 

18:19 

May 9, 

1963 

NTS, 

Area 3db 
Shaft ? < 20 LASL WD  

Harkee 

14:55 

May- 

17, 

NTS, 

Area 3bv 
Shaft ? < 20 LASL WD  
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1963 

Tejon 

? 

May 

17, 

1963 

NTS, 

Area 3cg 
Shaft ? < 20 LASL WD  

Stones 

15:40 

May 

22, 

1963 

NTS, 

Area 3ae 
Shaft - 1,289 20-200 LRL WD  

Pleasant 

15:03 

May 

29, 

1963 

NTS, 

Area 9ah 
Shaft ? < 20 LRL WD 

Accidental 

release of 

radioactivity 

detected on site 

only 

Yuba 

17:00 

June 5, 

1963 

NTS, 

Area 12b 
Tunnel - 796 3.1 LRL WD 

Accidental 

release of 

radioactivity 

detected on site 

only, operational 

release of 

radioactivity 

detected off site 

Hutia 

14:00 

June 6, 

1963 

NTS, 

Area 3bc 
Shaft - 442 < 20 LASL WD  

Apshapa 

14:12 

June 6, 

1963 

NTS, 

Area 9ai 
Shaft ? < 20 LRL WD 

Accidental 

release of 

radioactivity 

detected on site 

only 

Mataco 

14:10 

June 

14, 

1963 

NTS, 

Area 3bk 
Shaft - 642 < 20 LASL WD  

Kennebec 

23:00 

June 

23, 

1963 

NTS, 

Area 2af 
Shaft - 740 < 20 LRL WD 

Accidental 

release of 

radioactivity 

detected on site 

only 

 

 

Operation Sunbeam Summary 

Legend:WD=Weapons Development, WE=Weapons Effects, ST=Safety Test, TN= Thermonuclear, 

LASL=Los Alamos Scientific Laboratory, UCRL=University of California Radiation Laboratory (later 

Lawrence Livermore), DoD = Department of Defense. 

Test 

Name 

Time 

& 

Date 

(GMT) 

Location 
Test 

Type 

Height 

(feet) 

Yield 

(kt) 
Sponsor Purpose Comments 

Little 

Feller II 

19:00 

July 7, 

1962 

NTS, 

Area 18 
Surface 3 0.022 DoD WE 

Used a stockpile 

W-54 Davy 

Crockett warhead 

Johnnie 16:45 NTS, Surface - 2 0.5  WE W-30 TADM 
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Boy July 

11, 

1962 

Area 18 (tactical atomic 

demolition 

munition) test, 

Sim. to 

Plumbbob Stokes 

Small Boy 

18:30 

July 

14, 

1962 

NTS, 

Area 5 
Surface 10 1.65  WE 

Test of missile 

silo hardening 

principles, sim. to 

Nougat Ermine, 

Chinchilla I/II, 

Armadillo 

Little 

Feller I 

17:00 

July 

17, 

1962 

NTS, 

Area 18 
Surface 50 0.018  WE 

Last atmospheric 

test at NTS, used 

a stockpile W-54 

Davy Crockett 

warhead 

 

 

Operation Roller Coaster Summary 

Legend:WD=Weapons Development, WE=Weapons Effects, ST=Safety Test, TN= Thermonuclear, 

LASL=Los Alamos Scientific Laboratory, UCRL=University of California Radiation Laboratory (later 

Lawrence Livermore), DoD = Department of Defense. 

Test 

Name 

Time 

& 

Date 

(GMT) 

Location 
Test 

Type 

Height 

(feet) 

Yield 

(kt) 
Sponsor Purpose Comments 

Double 

Tracks 

? 

May 

15, 

1962 

NAFR Surface 0 0 US-UK ST 

Storage-

transportation 

safety 

experiment, 

measured 

plutonium 

dispersal risk 

Clean 

Slate I 

? 

May 

25, 

1962 

NAFR Surface 0 0 US-UK ST 

Storage-

transportation 

safety 

experiment, 

measured 

plutonium 

dispersal risk 

Clean 

Slate II 

? 

May 

31, 

1962 

       

Clean 

Slate III 

? 

JunE 9, 

1962 
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Underground Testing at the Nevada Test Site 
 

Last changed November 30, 2001 

 

The Nevada Test Site 
 

The Nevada Test Site (NTS) is located in Nye County in southern Nevada.  The southernmost point 

of the NTS is about 65 miles (105 kilometers) northwest of Las Vegas.  The site contains 1,350 square 

miles (3,500 square kilometers) of federally-owned land with restricted access and varies from 28-35 

miles (45-56 kilometers) in width (East-West) and from 40-55 miles (64-88 kilometers) in length 

(North-South). 

 

The Nevada Test Site is bordered on 3 sides by 4,120 square miles (10,700 square kilometers) of 

land comprising the Nellis Air Force Range (NAFR) -- another federally-owned, restricted area.  This 

restricted area provides a buffer zone to the North and East between the test area and land that is open to 

the public and varies in width from 15-65 miles (24-105 kilometers). 

 

A northwestern portion of the Nellis Air Force Range is occupied by the Tonopah Test Range -- an 

area of 624 square miles (1,620 square kilometers) which is operated for the U.S. Dept. of Energy 

(DOE) by the Sandia Laboratories primarily for airdrop tests of ballistic shapes for nuclear weapons.  

The combination of the Tonopah Test Range, the Nellis Air Force Range, and the Nevada Test Site is 

one of the largest unpopulated land areas in the United States -- comprising some 5,470 square miles 

(14,200 square kilometers). 

 

From the end of World War II until 1951, 5 U.S. nuclear weapons tests were conducted at distant 

islands in the Pacific Ocean: 2 at Bikini atoll and 3 at Enewetak atoll.  Testing at those sites required an 

extensive logistic effort and an inordinate amount of time.  When the decision to accelerate the 

development of nuclear weapons was made in the late-1940s in response to national defense policy, it 

became apparent that weapons development lead times would be reduced and considerably less expense 

incurred if nuclear weapons -- especially the lower-yield weapons -- could be tested safely within the 

continental boundaries.  In addition, security of the test operation could be ensured -- a considerable 

concern at a time that a major land war was raging in Asia and the possibility of direct conflict with 

China and the Soviet Union was feared. 

 

Accordingly, a number of sites throughout the continental United States (including Alaska) were 

considered on the basis of low population density, safety, favorable year-round weather conditions, 

security, available labor sources, reasonable accessibility including transportation routes, and favorable 

geology.  After review of known information about fallout, thermal, and blast effects, it was determined 

that an area within what is now the Nellis Air Force Range could be used for relatively low-yield nuclear 

detonations.  The Southern Nevada site was selected from a list of 5 possibilities which included 

Alamogordo/White Sands, New Mexico; Dugway Proving Ground, Utah; Pamilco Sound/Camp 

Lejuene, North Carolina; and a 50-mile-wide strip between Fallon and Eureka, Nevada.  Although the 

NTS originally was selected to meet criteria for atmospheric tests, it subsequently also was used for 

underground tests. 

 

President Harry S. Truman approved the establishment of the NPG on January 11, 1951.  And on 

January 27, 1951, the first atmospheric test was detonated at 1,060 feet above the surface of Frenchman 

Flat.  Public Land Order 805 -- dated February 19, 1952 -- identified 680 square miles (1,800 square 

kilometers) for nuclear testing purposes from an area used by the Air Force as a bombing and gunnery 
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range.  This area now comprises approximately the eastern half of the present Nevada Test Site.  The 

predominant geological features of this area are the closed drainage basins of Frenchman Flat and Yucca 

Flat where the early atmospheric tests were conducted.  The main Control Point has remained on the 

crest of Yucca Pass between these 2 basins.  Additional land was added to the site in 1958, 1961, 1964, 

and 1967, thereby enlarging the site to its present size of about 1,350 square miles (3,500 square 

kilometers). 

 

Testing Goes Underground 
 

The first true underground test of a nuclear explosive -- with the blast entirely contained 

underground -- was the 1.7-kt Plumbob Rainier (16:59:59.5 September 19, 1957 at Area 12 of NTS).  

Operation Nougat (September 1961 - April 1962) was the first test series to be conducted underground.  

After 1962, no further atmospheric testing was conducted and all tests henceforth were underground 

tests. 

 

Although underground testing was the rule after August 1963, it is not exactly true that no 

radioactivity was released into the atmosphere after that date.  First, there were 5 Plowshare cratering 

tests conducted underground but designed to breach the surface (see below).  These released a total of 

984 kilocuries of I
131

 (radioiodine) into the atmosphere.  Containment failures for for a few dozen other 

tests that were supposed to be entirely underground released another 123 kilocuries (2/3 of this was due 

to Baneberry with Des Moines and Bandicoot accounting for nearly all of the rest). 

 

For comparison, Trinity released about 3,200 kilocuries of radioIodine.  The total population 

exposure to radioiodine from all 'underground' tests amounted to 9.1 million person-rads of thryoid 

tissue exposure (about 2% of all exposure due to continental nuclear tests).  This can be expected to 

eventually cause about 2,800 cases of thyroid cancer, leading to some 140 deaths.  Chart of fallout 

exposures from "underground tests" (63K, 539x577).  From National Cancer Institute Study 

Estimating Thyroid Doses of I-131 Received by Americans From Nevada Atmospheric Nuclear Bomb 

Test, 1997.  To go to the National Cancer Institute and get the full report, click here. 

 

Underground testing often leaves visible evidence on the surface in the form of subsidence craters 

(more accurately called 'sinks').  These are depressions on the surface that come about when the roof of 

the blast cavity collapses in to the void left by the explosion.  This creates a new roof which can also 

shear off into the new, larger but partially rubble-filled cavity.  A chain reaction of successive roof 

collapses forms a "chimney" that works its way to the surface. 

 

Formation of a Subsidence Crater 
 

This photo sequence (taken by a circling helicopter) shows the after effects of an underground test.  

In the first frame (1-minute after the test), dust suspended in the air by the shock wave can be seen (with 

difficulty).  The 100-foot shot observation tower then moves back to a safe distance from the center of 

the shot.  At 23 minutes after the test, the surface of the ground caves in to form a crater. 

 

33K 669x800, 62K         1003x1200, 120K 

Subsidence Crater Formation at NTS  Subsidence Crater Cross-section in Alluvium. 

[Teller et al 1968; p. 140]  

 

661x768, 30K 
Formation of a Subsidence Crater 

[Teller et al 1968; p. 128] 

 

http://nuclearweaponarchive.org/Usa/Tests/Uescd.gif
http://nuclearweaponarchive.org/Usa/Tests/Uescd.gif
http://rex.nci.nih.gov/
http://rex.nci.nih.gov/INTRFCE_GIFS/WHTNEW_INTR_DOC.htm
http://nuclearweaponarchive.org/Usa/Tests/Ntscrater2.jpg
http://nuclearweaponarchive.org/Library/Effects/SubsidenceDiag669.gif
http://nuclearweaponarchive.org/Library/Effects/SubsidenceDiag1003.gif
http://nuclearweaponarchive.org/Usa/Tests/Teller68
http://nuclearweaponarchive.org/Library/Effects/CraterDiag1B661.gif
http://nuclearweaponarchive.org/Usa/Tests/Teller68
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See The Effects of Underground Explosions for more information. 

 

http://nuclearweaponarchive.org/Library/Effects/UndergroundEffects.html
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Subsurface Cratering Shots 
 

Test 

Series 

Test 

Name 

Time 

& 

Date 

(GMT) 

Location 
Test 

Type 

Height 

(feet) 

Yield 

(kt) 
Sponsor Purpose Comments 

Nougat 
Danny 

Boy 

18:15 

March 

5, 1962 

NTS, 

Area 18a 
Shaft - 34 m 0.42 DoD 

Weapons 

effects 

(non-

Plowshare) 

Explore cratering 

mechanics in 

hard, dry rock 

(basalt); 81 m 

(265 ft) wide 

crater, 26 m (84 

ft) deep 

Whetstone Sulky 

19:35 

Dec. 

18, 

1964  

NTS, 

Area 18d 
Shaft - 27.1 m 0.092 LLNL 

11
th
 

Plowshare 

Explore cratering 

mechanics in 

hard, dry rock 

(granite) and 

study dispersal 

pattern of 

airborne 

radionuclides; 

produced a 

permanent 

"retarc" (inverted 

crater); released 

13 kilocuries of 

I
131

 

Whetstone 
Palanq

uin 

13:14.0

0.11 

April 

14, 

1965 

NTS, 

Area 20k 
Crater - 85.7 m 4.3 LLNL 

12
th
 

Plowshare 

Explore cratering 

mechanics in 

hard, dry rock 

(rhyolite) and 

study dispersal 

pattern of 

airborne 

radionuclides; 

crater produced 

was 240 feet by 

70 feet; released 

910 kilocuries of 

I
131

 

Crosstie 
Cabriol

et 

16:00.0

0.11 

Jan. 1, 

1968 

NTS, 

Area 201 
Crater - 20 m 2.3 LLNL 

20
th
 

Plowshare 

Study effects and 

phenomenology 

of cratering in 

hard rock 

(rhyolite); 

optimum depth 

of burial for 

cratering; crater 

produced was 

360 feet by 120 

feet; released 6 

kilocuries of I
131

 

Crosstie Buggy 

17:04.0

0.11 

March 

NTS, 

Area 30 
Shaft - 40 m 5.4 LLNL 

21
st
 

Plowshare 

Trench cratering 

experiment, five 

1.1-kt charges 
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12, 

1968 

detonated 150 

feet apart, 

produced crater 

850 ft long, 250 

ft wide, and 65 ft 

deep; released 40 

kilocuries of I
131

 

Bowline 
Schoon

er 

16:00.0

0.14 

Dec. 8, 

1968 

NTS, 

Area 20u 
Crater - 100 m 30 LLNL 

23
rd

 

Plowshare 

Study effects and 

phenomenology 

of cratering in 

hard rock (tuff); 

crater produced 

was 800 feet by 

270 feet; 

probably used 

tungsten-rhenium 

alloy fission 

tamper, U-235 

core (based on 

radioisotope 

releases), 

released 15 

kilocuries of I
131
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Operation Whetstone 
 

Sulky 

Test:  Sulky 

Time:  19:35  December 18, 1964 (GMT) 

Location:  NTS Area 18d 

Test Height and Type:  Shaft, -27.1 m 

Yield:  0.092-kt 

 

This was the 11
th

 Plowshare shot and was conducted by LLNL.  Sulky was fired to explore 

cratering mechanics in hard, dry rock and to the study dispersal pattern of airborne radionuclides.  Sulky 

was fired in granite strata overlaid with basalt. 

 

To the surprise of the test designers who had expected a depression, it produced a permanent rubble 

mound called a "retarc" (an inverted crater -- the word is "crater" spelled backwards).  Permanent retarcs 

of this kind are restricted to hard rock where the shock displaced material -- which has 3 times the 

volume of the original strata -- is strong enough not to undergo compaction and subsidence.  Strong rock 

like granite is especially conducive to this since it tends to fracture in large blocks for maximum bulking 

effect. 

 

Sulky was in fact the only retarc-producing event in the history of U.S. nuclear testing.  The mound 

was 24 m wide and 6 m high and had a small depression in the center (9 x 3.5 m).  Sulky released 13 

kilocuries of I
131

. 

 

Sulky 640x489 (60K) 

 

 

Operation Crosstie 
 

Buggy 

Test:  Buggy 

Time:  17:04.00.11  March  12, 1968 (GMT) 

Location:  NTS Area 30 

Test Height and Type:  Shaft, -40 m 

Yield:  5.4-kt 

 

This was the 21
st
 Plowshare shot.  Buggy was a trench cratering experiment, and so was not 

expected to fully contain the radioactive products.  Five 1.1-kt charges were detonated 150 feet apart and 

produced a crater 850 ft long, 250 ft wide, and 65 ft deep.  It released 40 kilocuries of I
131

. 

 

Buggy (57K) 

 

 

Operation Emery 
 

Baneberry 

Test:  Baneberry 

Time:  15:30.00.20  December 18, 1970 (GMT) 

Location:  NTS, Area 8d 

Test Height and Type:  Shaft, -910 Feet 

http://nuclearweaponarchive.org/Usa/Tests/Sulky640c20.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ctiebuggy.jpg
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Yield:  10-kt 

 

Not all underground tests have successfully contained the radioactive products.  In Baneberry, 

failure of the stemming and capping of the shaft allowed a radioactive jet to emerge.  Radioactivity was 

detected "off site" (i.e., outside the Nevada Test Site).  The release of 80 kilocuries of I
131

 was by far the 

worst accidental release at NTS.  This was an LLNL weapon related test.  For anyone interested in 

numerology, this was the 666
th

 U.S. test by official count. 

 

Baneberry (68K) 
 

 

Operation Tinderbox 
 

Huron King 

Test:  Huron King 

Time:  15:10.00.74  June 24, 1980 (GMT) 

Location:  NTS 

Test Height and Type:  Shaft, -1050 feet 

Yield:  <20-kt 

 

This was a DoD weapon effects test -- part of an Air Force, Defense Nuclear Agency and National 

Security Agency program to improve the database on nuclear hardening design techniques for satellites.  

This was a vertical line-of-sight (VLOS) test -- a very unusual type of test -- using a small DSCS-III 

satellite prototype.  Cost $10.3 million. 

 

The VLOS design involved placing the nuclear device at the bottom of the shaft with the 

communications satellite and other experiments in an above-ground test chamber to simulate a space 

environment.  At zero time, the radiation from the device flowed up the vertical pipe to the surface test 

chamber.  Mechanical closures then intercepted and sealed the pipe, preventing the accompanying shock 

wave from damaging the targets.  The test chamber was then immediately disconnected by remote 

control from the pipe and winched to safety before the ground subsided to form a crater. 

 

Below we can see the subsidence crater just formed, the dust kicked up by the collapse is drifting 

off. 

Huron King Crater (29K) 

Huron King 6 seconds after detonation 

The Huron King test chamber  (28K) 

 

 

Nevada Test Site From Space 
 

As of the end of 1992, there had been a total of 925 announced tests at NTS -- 825 of them 

underground.  This has left the Nevada Test Site pock-marked with subsidence craters.  Some of the 

more heavily-used test areas are so heavily fractured that they are almost unusable for further testing. 

 

Satellite photo of NTS Craters from 438 miles up (45K) 

 

 

Closer Views of the Nevada Test Site 
 

http://nuclearweaponarchive.org/Usa/Tests/Banebrr1.jpg
http://nuclearweaponarchive.org/Usa/Tests/Huronking.jpg
http://nuclearweaponarchive.org/Usa/Tests/Huronkings.jpg
http://nuclearweaponarchive.org/Usa/Tests/Huronkchmbr.jpg
http://nuclearweaponarchive.org/Usa/Tests/Ntscrater1.jpg
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NTS Craters (102K)     NTS Craters (141K) 

 

NTS subsidence craters (90K)          Typical NTS subsidence crater (46K) 

larger version (269K)                          larger version (106K)  
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