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DEDICATION

WRIGHT HASKELL LANGHAM, PhD,

1911- 1972

"Knowledgeable, eloquent and effective” -- a few of the many descrip-
tive phrases that have been applied to Wright Langham, "Mr. Plutonium."
We of the Department of Defense remember Dr, Langham of the Los
Alamos Scientific Laboratory as a friend and ready advisor. It is particu-
larly fitting that this summary of the Palomares accident, one of many
specific instances of Dr. Langham's valuable assistance to the DOD, be °
dedicated to his memory. We do so in fond appreciation,
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FOREWORD

The accident which occurred over Palomares, Spain on 17 January. 1966
and its subsequernt recovery operation attracted worldwide interest,
This report is designed as a summary which collects the most pertinent
data under one cover,

0

The authors, in assembling the records and recollections of the period,
are certainly aware of the problems of assigning relative worth to his-
torical records. The many decisions which had to be made in preparing
this summary were based on the answers to two questions, First, "Did
the occurrence impact on the Palomares operation or political situation?’,
and second, "Might a record of the occurrence aid in the prosecution of

a similar operation at some time in the future?" If the answers were
affirmative, we have attempted to include the information in this sum-

mary.

We are indebted to many individuals and organizations for access to
their files and memories. Nine years have passed since the operation,
so files and memnries were sometimes dusty and sometimes destroyed.
To each request for information, however, a positive and sincere at-
tempt was made to satisfy our requirement. For this effort, we express
our appreciation,
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SECTION 1

THE ACCIDENT

BACKGROUND:

For some years prior to the Palomares accident, the Strategic Air Command (SAC) had been
engaged in Operation Chrome Dome, the use of airborne alert aircraft carrying nuclear ar-
mament. This concept generally involved mid-air refueling rendezvous at one or more
points during a bomber's lengthy mission (Tig. 1-1). As of January 1966, air refueling oper-
ations were supported by the Sixteenth Air Force (16AF) with headquarters at Torrejon Air
Base near Madrid. Refueling was accomplished by tanker aircraft stationed at Torrejon AB
and Moron AB, further to the south (Fig., 1-2),

COLLISION:

On the morning of 17 January 1966, two Operation Chrome Dome B-52Gs, T'ea 12 and Tea 16, *
rendezvoused with two KC-135As, Troubadour 12 and Troubadour 14,** in the Saddle Rock
refueling area at 31, 000 feet. At approximately 0922Z (local time in Spain is Zulu + 1 hour)
the boom operator in Troubadour 12, while refueling Tea 12, reported to his pilot that he had
observed fireballs and what appeared to be a center wing section in a flat spin. This report
of disaster was the first of many dealing with the accident and its aftermath. Tea 16 and
Troubadour 14 had collided while engaged in the final stages of hookup for refueling., Other
aircraft, on other days, and at other places had collided in mid-air. Tea 16, however, was
carrying four nuclear weapons. The events summarizZed in this report were the direct result
of that aircraft accident involving nuclear weapons.

The crews of the other B-52 and KC-135 could not immediately determine the source of the
falling debris. Troubadour 12 completed the refueling (10-12 minutes) of Tea 12 and then
returned to the Palomares area to provide reconnaissance. Attempts to communicate with

. Troubadour 14 by radio werc unsuccessful. Subscquently descending to 4, 000 feet,

Troubadour 12 sighted unidentifiable burning wreckage and, later, what appeared to be the
tail section of a B-52. Other reports reached the Command Post at Moron AB from passing
Spanish ships, a British ship, and a civil air liner. The Spanish Guardia Civil (Government
Police) began reporting parachute sightings and the status of survivors. When these reports
were radioed toMoron AB and passed to Torrejon, the full impact of the accident became apparent.

*  Crews and aircraft assigned to the 51st Bomb Squadron, 68BW, 822 AD, 8AF, SAC and
based at Seymour Johnson AFB, North Carolina.

w* Airci'aft assigned to the 97th AREFS, 97th BW, 42 AD, 2 AF, SAC Crew assigned to

910th AREFS, 340th BW, Bergstrom AFB, Texas, and was on temporary duty at Moron




75-4 Sureniad cgr-o% 1-1 axndid




. volyd4v v o v % HLHON

*SUOTIBD07] AsR] AV T-1 oanit .|

$34DWO|Dd

®DJIA .

.
J31ADf UDG ouaboii0)

8V.UCIONL

v3s
NV3INVYY31IQ3INW

15

pupoON
-]
gy volano) ¥

1v9N1y0d

3ONVYd




Eleven men were involved in the collision, four as crew members of the KC-135 and seven
on the B-52,

" TABLE 1-1
CREW OF THE COLLIDING AIRCRAFT

Crew of KC~135, #61-273, Troubadour 14
17 January 1966

Name and Grade Sevvice Number  Position

*Chapla, Emil,, Maj FVv803557 - Pilot

*1,ane, Paul R,, Capt Fv3064432 Co-Pilot
*potolicchio, Lloyd. MSgt AT32960258 Boom Operator
*Simmons, Leo E.. Capt FVv3104001 - Navigator

Crew of B-32, #58-256, Tea 16
17 January 1966

Name and Grade Service Number  Position

Buchanan, Ivans, Capt FVv3023677 - Radar-Navigator
*Glessner, George ]., 1/Lt Fv3122847 Electronic Warfare Operator
Messinger, Larry G., Maj FV 764067 Staff Pilot

*Montanus, Stephen S,, 1/Lt FV3139365 Navigator

Rooney, Michael J., 1/Lt - FV3131638 Co-Pilot

*Snyder, Ronald P., TSgt AF23914516 Gunner

Wendorf, Charles J., Capt FR66865 Instructor Pilot

*Deceased - did not survive the accident

Of the four survivors, all from the B-52 crew, Captain Buchanan was the only one to come
down on land, . Hc was aided by Spanish residents and taken to the Clinic Jacinto Gonzales

in Vera, ** about 7 kilometers distant. Captain Wendorf and Lieutenant Rooney were picked
up by the fishing boat, Dorita.*** Major Messinger was recovered by the fishing boat,
Agustiny Rosa #*** Bothloats put into Aquilas, a nearby port, where the three survivors were
taken to the local hospital and treated, Later that afternoon, they were transferred to San
Javier, a Spanish Air Force base about 117 miles up the coast, and from that point were

** In pickup truck of Senor Manuel Gonzales Navarro,
*** Bartolome Roldan Martinez, master
++x% Alfonso Orts, master
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evacuated to Torrejon, Captain Buchanan, the most seriously injured of the four survivors,
was treated at Vera and transferred by civil ambulance to San Javier and evacuated to
Torrejon,

As is indicated in Table 1-1, seven of the men were killed as a result of accident. Members
of the Spanish Guardia Civil under command of Captain Isidoro Calin took charge at the acci-
“dent site. Remains were recovered and placed in caskets.* Seven bodies were identified by
the afternoon of 18 January with the help of dental and other records. The remains were re-
turned to the United States on 20 January.

INITIAL COMMAND RESPONSE:

The Commander, 16AF, Major General Delmar Wilson, was notified through his
command post and passed the report to Major Ceneral Donald W, Eisenhart, Hq SAC,
at Offutt AFB, Omaha, Nebraska., These notifications set the "Broken Arrow'**
response system in motion. The Disaster Control Team from Torrejon was alerted and
prepared to travel to the scene, 'At 1136Z Maj Gen Wilson and three members of “his staff***
departed Torrejon by T-39 and surveyed the accident site from the air, landing at San Javier
at 1230Z, At 1134Z a C-97 departed Torrejon with 33 members of the Disaster Control
Team and three accident investigation personnel and arrived at San Javier at 1240Z, An
H-43 from the Torrejon rescue unit and a C-54 carrying jet fuel to support the H-43 were
the last aircraft into San Javier on the first day. At 1221Z-17 january, a Disaster Control
Team under Maj Gen A. J. Beck, Deputy Chief of Staff, Materiel, SAC, left Omaha arriving
at San Javier at 0114Z, 18 January, and at the accident scene at 0630Z,

At 1125Z on the day of the accident, the Joint Nuclear Accident Coordinating Center JNACC)
at Sandia Base (now Kirtland Air Force Base), New Mexico, reccived word of the accident,
JNACC is a joint Department of Defense/Atomic Energy Commission (DOD/AEC) organiza-
tion charged with coordinating assistance for recovery from nuclear accidents. Its files
contain information covering status and capability of DOD and AEC accident response teams
throughout the world. In addition it has ready access to the technical capabilities of the
atomic community centered in Albuquerque, New Mexico, The Air Force Nuclear Safety
Directorate at Kirtland AFB advised JNACC that a team of four of their staff had air trans-
port to Spain and offered space for other response personnel, Representatives of [NACC,
Los Alamos Scientific Laboratory**** and Sandia Corporation**** were alerted and de-
parted Albuquerque on the aircraft at 1800Z, 17 January.

* In the face of tragedy, people-to-people response lightens our load, On the evening of
the accident the remains of the victims were brought to the Town Hall of Cuevas del
Almanzora, northeast of Palomares, There, amonrg burning candles, services were bheld by
a Spanish priest, Maj Gen Wilson received the remains and they were transported to San-
Javier and from there, to Torrejon.

**  Broken Arrow is the code term used in notifications of nuclear acc1dents.

***  One of these was an interpreter.

***% ]o0s Alamos Scientific Laboratory and Sandia Corporation are organizations which
develop atomic weapons under contract to the USAEC,
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As the official contact between USAF and the Government of Spain (GOS), the Joint United

States Military Group JUSMG) was notified of the accident at once. Chief of the JUSMG,

' Maj Gen Stanley J. Donovan, called on the Spanish Air Minister and on General Augustin
Munoz Grandes, Chief of the Spanish General Staff, informing them of the accident, and then
proceeded by plane to San Javier.

The United States Embassy in Madrid was notified by the-Torrejon Command Post. The Am-
bassador, Angier Biddle Duke, on being advised, proceeded to the Spanish Foreign Office
and reported the available details to the Spanish authorities.

The Spanish-Ameriéan Agreement in existence then, * defining responsibilities in casé of an

aircraft accident, provided:

In case of accident occurring to United States military aircraft or to air carriers

which operate undexr contract to the United States Government, the Spanish and

. United States authorities will cooperate in the adoption of rescue measures with
primary responsibility belonging to the United States authorities. Measures to
take charge of and remove the damaged aircraft and its technical equipment are
the responsibility of the .appropriate United States authorities. Spanish military
or police forces shall have primary responsibility for the external security of such
damaged aircraft; however, United States military forces, if first on the scene,
may assume the responsibility pending the arrival of Spanish military or police
forces.

Spanish Guardia Civil personnel were the first government representatives on the scene.
They began immediately to secure the area and continued to perform. in that and similar
capacities for the duration of the recovery operation.

By the evening of the day of the accident, 17 January, 49 U.S. personnel had arrived at
palomares, That number would increase in the days that followed to more than 650 at the -
accident site. The tone of the recovery operation was set when President Johnson, while
breakfasting in his pedroom at the White House, was advised of the accident and that the
situation involved four thermonuclear weapons. He phoned the Secretary of Defense, and
after checking on the danger of a nuclear deronation, instructed that we should "do every-
thing possible to find them. "

PALOMARES:

The village of Palomares lies near the southeastern coast of Spain (Fig. 1-2) in the province
of Almeria, It is so small that it is not included on many maps, nor was it included in the
census. At the time of the accident, its population was estimated to be approximately 2,000
persons. By American standards Palomares would be cons idered a poor village, although

Fprocedural Agreement No, 14 to the 26 Septerniber 1953 Agreements, Operation of Military
Aircraft, " 12 November 1954

18




probably somewhat richer than most in Almeria, the forty-ninth of Spain's fifty provinces in
per-capita income. The area was once rich in metals, with evidence of mining activity
dating from as early as 3500 B.C, It was later settled and its metals extracted to support
the far-reaching commerce of the Phoenicians, Metals, however, no longer contribute to
the area's economy. The abandoned mine shafts are the only remains of this industry, The
presence of these diggings in the area was to play a part in the search for a missing bomb,

Palomares is also sufficiently arid that its only industry, agriculture, must depend on deep
well irrigation, Relying on this irrigation, the village had been able to enjoy a modicum of
prosperity, Farming the irrigated land produced alfalfa, beans, cotton and two wheat and
two tomato crops in 1965, The tomatoes accounted for the village's principal economic input
in that year, about $250,000,

and a few television sets. These modern media which were to carry the Palomares story to
the world would also involve the people of that barriada (hamlet) in the diplomatic and propa-
ganda maneuverings of the nuclear powers. -

* Electricity, provided hy a local generator. came to Palomares in 1958 and with it, radios

The people of Palomares are farmers and farm laborers, but the waters off the Palomares
coast were the harvest grounds of many fishermen from nearby ports and villages:
Villaricos. Aguilas, and Garrucha. These people, after playing the major part in the res-
cue of the surviving airmen, were to be excluded from parts of their fishing grcunds by the
extensive underwater salvage operation which was to follow. (Section III).

One can imagine the response of individuals on the ground to the collision 30, 000 feet above
them. The refueling operations were not new.to the residents of Palomares. Many "hook-
ups " had been witnessed on other occasions. This day, however, was to be different. Some
saw the collision; others looked up only when they heard the explosion. What all saw was -
the burning aircraft wreckage falling about their village and farm plots. The B-52 had
broken apart at high-altitude. The KC-135, however, remaining fairly intact as it plum-
meted to earth, apparently exploded just before ground contact (1600 ft) and again on contact,

- .Engines, wing sections, gear and other smaller pieces fell about the countryside, in back
yards and open fields. The debris pattern on land was spread over several square miles,
Father Serraro, a circuit priest from Cuevas del Almanzora who tended to Palomares

- parishioners, suggested that "the hand of God" had protected the village. Aside from being
frightened, no person or animal was injured nor was any structure damaged - other than
broken windows and the like,

THEB BOMBS:
#7. A8 the first Americans arrived in Palomares, the priorities of the task before them were
f;ﬁ;‘ly obvious, First, there was concern for people, crew members of the aircraft and
residents of the village. After Maj Gen Wilson had seen‘to the condition of the surviving
airmen in Aguilas and the remains of the deceased in Cuevas, he was assured by local au-
tho'rlties at Palomares that no injuries had been sustained by the populace. Some members.
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of the response force had performed initial radiation surveys, predominantly around the
areas of major wreckage. These surveys indicated that there had been no-nuclear explosion.
Somewhere, in the gathering darkness, four nuclear weapons had to be located. There were
many stories to be told by the Spaniards who had seen parachutes with projectiles attached,
but there were few of the Americans who could understand the language. Just before dark, '
Sgt Ramond Howe, who had been ‘conducting radiation monitoring of some of the wreckage,
learned of a possible weapon from a member of the Guardia Civil. That report led the team
to its first find about 900 feet from the beach and southeast of the village (Fig. 1-3). The
weapon was only slightly damaged on impact. It apparently had fallen against a soft, high
bank and rolled to the bank's base (Fig. 1-4). Radiation checks were negative, The team
decided to leave render-safe* procedures until morning as it was now too dark to accomplish
the task. Air Force guards were posted at the weapon. The weapons were given numbers

in the order in which they were found, The team spirit rose at the relative ease of the
Number 1 find and at its good condition, '

Darkness and the rugged terrain in another search area a mile west of the village made it
necessary to postpone this search until morning.

At first light, the small force gathered at the B-52 tail section which was to be used as a
command post (Fig, 1-5). All available personnel were pressed into the search effort, By
0930 hours**, the second weapon was located, Number 2 turned out to be the bomb that had
evaded location the previous evening, Unlike Number 1, however, Number 2 had been sub-
stantially damaged upon impact. Part of the weapon's high explosive had detonated but as
designed, no nuclear detonation had taken place,***

_ Portions of the weapon were in a crater of about 20-foot diameter and 6 feet in depth. Other
parts of the weapon assembly were found as far away as 100 yards, Weapon render-safe
procedures were not required here. The primary concern with Number 2 was the plutonium
contamination that must have been released by the high explosive detonation, Radiation
detection equipment indicated the presence of significant alpha contamination in the area.

At approximately 1030 hours, one hour after Number 2 had been located, Number 3 was dis-
covered within the limits of the village of Palomares. It's high explosive had also detonated
but again there had been no nuclear detonation.*** Parts of the weapon were strewn to
distances of 500 yards. Plutonium contamination was also present at this site,

* Render-safe refers to the procedures employed to insure that a weapon's firing system
is disarmed. : .

** Times are local unless indicated otherwise,

s+* The term used to describe this required design feature is called one-point safety. It
is defined as a probability no greater than one in one million that if a nuclear weapon under-
goes detonation on any one point at anyplace in the high explosive system the weapon will
not produce a nuclear yield of energy in excess of 4-pounds TNT equivalent.
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Weapon Number 1 was lifted by helicopter and loaded on a truck, Debris from Numbers 2
and 3 were collected by Explosive Ordnance Disposal (EOD) personnel and boxed for ship-
ment. Heavy debris could not be lifted by helicopter at sites 2 and 3 because downdrafts
caused by the craft's rotors would have caused spread of contamination, The packaged
debris was trucked from Palomares to San Javier and flown to Torrejon on 20 January, There

_it was repacked, minimizing the opening of the temporary containers. Before the shipment

was airlifted to Amarillo, Texas, it was used at Torrejon as a calibration source for an
aircraft mounted radiation detection system (Section 2). The shipment left Spain on 30
January 1966. ' :

The. location and recovery of weapon Number 4 is covered in Section 3, It suffices here to
say that the weapon had fallen offshore with its main parachute deployed. It was not recov-
ered from the sea until 7 April 1966. The weapon was essentially intact and not
contaminated, Render-safe procedures were conducted by 16AF personnel on board the
recovery vessel.

SAFETY CONSIDERATIONS:

Small as it is, the probability of a nuclear yield in an accident makes nuclear weapon safety
the first concern at all levels of military command, including that of the Commander-in-
Chief, In response to our national policy with regard to nuclear safety, weapons designers
employ a number of means to insure against an unplanned nuclear detonation, In general,
weapons are designed so that a positive event or sequence of events peculiartoits planned mode of
delivery or attack must occur before a weapon will produce 2 significant nuclear yield, Itis
reassuring that the safety engineering that was employed in the weapons was successful in
preventing a nuclear explosion at Palomares and it is important to note that there has never
been an accidental nuclear explosion involving United States weapons.
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SECTION2

LAND OPERATIONS

Recovery operations subsequent to the accident covered 81 days and involved activities both
on land and at sea. The types of operations and methods involved in the two environments
are sufficiently different that it seems reasonable to treat land and sea operations in sepa-
rate parts of this narrative, Where significant interaction between the two operations
occurred, it will be noted. Otherwise the reader should remember that the operations pro-
ceeded concurrently, (Refer to Section 3 for Sea Operations.) '

ESTABLISHING CAMP WILSON:

Though the remaining daylight time was limited when Maj Gen Wilson and the Disaster Con-
trol Team arrived at the scene, it was recognized that this would be a major recovery
operation, Even before it was known that one weapon would be difficult to locate and recov-
er, the task of cleaning up the debris was such that several weeks could be required. It
remained the responsibility of the 16AF Commander to actually coordinate all recovery ef-
forts, to judge what was needed to do specific tasks, and to request the necessary assistance
in both personnel .and material support,

Not realizing that a pattern was being set that would be followed for some 80 days, the
evening of 17 January 1966 was spent in planning the work for the next day., From what had
been seen of the wreckage, it was decided to bring personnel in from the two Spanish bases,
Moron and Torrejon. Movement started at 0100Z on 18 January from Moron, followed by a
second convoy at 0310Z, A total of 126 U.S. personnel were transported in six buses,
Accompanying the convoy was an ambulance, and a var and truck carrying bedding, food,
water, and radios. From Torrejon the first of the two convoys started at 0137Z, the second
at 0202Z, with 175 persons in six buses, and an accompanying ambulance. It soon became
apparent that some personnel did not have the necessary gear to participate in such activity,
but it was almost impossible for those at Torrejon and Moron to realize the conditions at
the accident site. It was a 12- to 14-hour drive to the southern coast, so that the first of
the buses arrived about 1300Z, and the last about 1700Z, The first night of their stay

" meant sleeping any place possible: in buses, on the ground, and a fortunate few in hotels.,
Meals consisted of in-flight rations which had accompanied the personnel or which were
flown in through San Javier, The area used for the camp, and where it remained until the
following Friday, was at the impact site of the B-52 tail section (Fig. 1-5).

Tent City:
Tents and related equipment were requisitioned late January from Gray Eagle* stocks at

Wheelus Air Base, Tripoli, With this equipment a temporary camp had been established at -
the dry river bed site by Wednesday, 19 January (Fig. 2-1). By Friday, earthmoving

* The concept of prepositioning forward operating base assets in support of tactical air
deployments., '
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) equipment had leveled a more suitable area on higher, firmer ground 3 1/2 miles east of
Garrucha. This site lessened a dust problem and eliminated the potential of flash flooding,
" The 75-tent camp with its helicopter landing area and motor pool served until 3 April as
“gorward base " for the specialized task of cleaning up the Spanish countryside. From 3
April to 11 April, the camp closed and moved nearer to Garrucha,

popﬁlatlon :

From the original Disaster Control Team of 36 that went to the scene from Torrejon, the
pumbers grew rapidly, reaching a peak by 31 January (Table 2-1). Two-thirds of these
personnel were involved in either hunting for the weapon or in cleaning up the debris, - while
the remaining were air police, communications, medical, claims, and other support per-
sonnel, Ofthese, 598 were Air Force, 64 Army, and 19 Navy, with those listed as Air
Force including 4 technical representatives. As of 31 January, Maj Gen Wilson listed the
functional alignment of U.S. people as listed in 'I:able 2-1, : '

TABLE 2-1
PERSONNEL AND FUNCTIONS

200 ground search
200 detection, decontamination, harvesting
23 accident investigation board
23 civil engineering
3 , 30 camp support
N ' : 6 legal claims
- 5 medical
58 communications
; 2 helicopter operations
L. o 41 air police
] 7 information and public relations
19 Navy ordnance disposal
4 technical representatives
7 Army engineers
36 transportation
20 command and staff

All except some of the officers were housed in the camp itself. Those few were quartered
in two hotels close to the accident scene, one of these having opened specifically to house
these personnel, '

Population at the camp varied, but from the 31 January high there was a gradual reduction
until the camp was closed on 11 April. The initial high was reduced gradually as the diposal
of aircraft debris was accomplished, although about two hundred were still engaged in
search for the missing weapon and about the same number in decontamination activities.,

27




The first major reduction occurred on 9 and 10 February when about 50 of the cleanup per-
sonnel and the 40-man ordnance disposal team left, Gradual reductions then took place as
the ground search was finally considered as complete as possible, and Maj Gen Wilson rec-
ommended to U,S, Air Force on 4 March that it be terminated., A slight upswing occurred
from 11 to 17 March during the period of filling of 4, 810 barrels with contammated soil and
crops preparatory to shipment to the United States for disposal.

Other personnel at the camp site, although not housed there, were the approximately 126
Guardia Civil and the 39 Spanish personnel (maximum number hired) who worked along with
the Americans in the cleanup of the aircraft debris, as well as some who were hired in the
camp for work in the kitchen, Table 2-2 shows the camp population,

TABLE 2-2

PERSONNEL AT CAMP WILSON AND SAN JAVIER
17 January - 11 April 1966
(as of Monday, weekly)

Camp Wilson Spanish (less San Javier
Americans Guardia Civil) , Americans Total
Jan 17 49 0 1 50
24 583 | 0 50 633
31 665 37 73 s
Feb 7 666 25 53 744
14 : 632 36 ' .31 : 719
21 661 36 ' 47 744
28 618 33 S0 701
Mar 7 522 33 42 : 597
14 471 32 , 31 535
21 330 | 31 361

28 144 ' ' - 28 172 °

Apr 4 34 - 12 .56
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The primary mission of the medical support organization was to provide emergency medical
treatment, to supervise field sanitation, and to furnish assistance in bioenvironmental work
in connection with potential radiation exposure. While no cases of hazardous radiation ex-
posure were treated, all other cases requiring treatment beyond the emergency type were
air evacuated to either Torrejon or Moron, with the majority going to Torrejon. Support
was furnished to the Navy when required and included evacuation of several cases to
Torrejon. .

One tent was assigned as a dispensary type medical facility and manned by personnel from
both bases (Fig. 2-2). By 21 January there were two medical officers, both of whom were
specialists in aviation medicine, and six airmen. '

The majority of the medical problems involved upper respiratory infections since the weather
was quite cool and windy much of the time. There were sprains and blisters suffered by _
those who were walking in the fields and hills in the search parties. However, only 33 cases
were listed as requiring air evacuation from 19 January through 1 March.

Water Supplies:

During the first three days, acceptably pure drinking water had to be trucked 81 miles from
Cartegena. The next week a source at Lorca (48 miles away) was used. Following this,
Camp Wilson was supplied at the beach site by the Navy. Proper medical precautions pre-
vented any gastrointestinal disorders, although the Navy had reported cases of gastroenter-
itis from an unclean Storage tank aboard a cruiser. Storage capacity of drinking water was
only approximately 2500 gallons. Local sources provided water for showers and decontami-
nation (Fig. 2-3; 2-4).

Sanitation:

Although bathing facilities were of an improvised nature until 31 ]amjary, regular monitoring
revealed no contamination. On 31 January, a detachment of Company A, 308th Supply and
Service Battalion, arrived to establish laundry-bath facilities (Fig. 2-5). Daily personnel
decontamination procedures required bathing and clean clothes for each person possibly ex-
posed to alpha radiation. :

As an aid to- personal hygiene, a local barber was permitted to establish a "shop' at the
- camp (Fig, 2-6). -

Heating: -

Daytime temperatures reached as high as 80-90 degrees. Wind conditions and sea dampness
along with 40-45 degree night temperatures made tent heaters necessary to avoid a too-high
rate of respiratory infections. Accordingly, kerosene (Aladdin) heaters were in use by 3
February. Briefings on proper use and strict fire patrol procedures precluded any problems
in their use.
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Messing: : 7

After Gray Eagle equipment became available, hot meals were served (Fig, 2-7; 2-8).
Daily courier flights from Torrejon to San Javier, with transfer to helicopters. - permitted.
milk and fresh bread to be flown in along with the necessary rations, Tomatoes were har-
vested during the crop disposal program, and those free of contamination were purchased
and used for troop feeding,

Some Guardia Civil and Spanish laborers, who worked with the Americans at the site, were
also furnished meals. '

Discipline and Morale:

There were no serious disciplinary problems. Stringent shore leave and off-limits. policies
were in effect, Movies, sports such as volley ball, soft drinks and beer were available in
camp. A USO show was presented on 20 February,

Certain gimmicks, such as specially devised emblems, search unit nicknames, and banners,
helped smooth out the ups and downs. Clearly spelled out rotation and R&R (rest and re-
cuperation) policies helped balance out the frustration of the long search for the missing
weapon. In general, the camp was efficient and well run with local resolution of all problems
that occurred. '

LOGISTICS AND SUPPLY:

Logistics for Operation Recovery was a major function in its total support. The accident site
had none of the essentials for support, Every item of supply had to be transported in, most
of it over a very poor road network. Maj Gen Wilson decided early in the operation that his
‘force should be supported so as to create as little impact on local residents as was possible
under the circumstances. Thus, a field camp situation was necessary as there was no local
housing available,

Gray Eagle:

Gray Eagle supplies, airlifted from Wheelus AB, provided immediate basic camp necessities
and eased the Operation Recovery effort cons iderably. Normal Gray Eagle packaging for de-
ployment did not allow access to specific items, For instance, when Operation Recovery
required machetes, 60 cases might have to be opened to satisfy the requirement, In all,

306, 853 pounds of Gray Eagle equipment were provided to Camp Wilson., Although it had
been airlifted to Spain, it was returned to Wheelus AB via ship from Cadiz. '
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Surface Transportation:

Camp Wilson had no airstrip. Most of its logistic support was flown into the area via San
Javier and then trucked to the site. During one period, 148 vehicles were involved in Opera-
tion Recovery, 21 by the unit at San Javier and 127 at Camp wilson. Types of vehicles used
were varied: supply and pexsonnel vehicle, tank trucks and pumpers, road grad'mg’equip-
ment, limb shredders, wreckers, forklifts and tractors are examples. These vehicles were
augmented by commercial truck and rail as required.

-Sixteenth Air Force vehicle assets were exhausted by the effort, and requests went to other
commands for support. A long-lived major problem was vehicle maintenance. The problem
was aggravated by parts supply problems and apparently because vehicles in poor condition
had been supplied by agencies involved, At one point in the operation, the 16AF sent a TDY
(temporary duty) team to the United States to expedite the flow of supply parts.

Table 2-3 provides an indication of the vehicle requirements of the operation as of 15
February. By 13 April, all surface transportation except for a station wagon used by the
Claims Office were returned to home stations. The vehicles that were not owned by 16AF
were repaired pefore their returnt. : ’

Radiation Detection:

In the field of radiation detection instrumentation, portable equipment for alpha detection has
" nistorically been troublesome for open terrain surveys. To a large extent the problems with
this instrumentation are inherent to their design and to the characteristics of alpha particle
radiation, The plutonium alpha particle has 2 very short range in air (3-4 cm), and cannot
penetrate’a blade of grass or @ thin film of ground moisture. Thus, the alpha detector must
be positioned extremely close to the surface to be monitored, so close that even in the hands
of experienced personnel, there is danger that the surface irregularities (grass, rock, etc.)
will penetrate the extremely thin window of the detector's wand (Fig. 2-9; 2-10).

Because the PAC-1S was the only alpha detector available, it .should not have been
surprising that logistical problems would be encountered in Operation Recovery. The in-
struments suffered an unusually high failure rate. Maj Gen Wilson stated that the U.S. Air
Force was unprepared to provide adequate detection and monitoring for its personnel when
an aircraft accident occurred involving plutonium weapons in a remote area of a foreign
CcOuntrye.

To provide an adequate number of detectors in commission at any onetime, a large number
of instruments had to be available at the site. Sixteenth Air Force asked USAFE and SAC
for all the instruments that could be spared. To fulfill this request, PAC-1S detectors were
brought in from eight European locations, fourteen U.S.sites, and one from Africa.

Several lessons were learned from the usé of the PAC-1S instrument during this operation.
These were: :

- 38



TABLE 2-3

VEHICLES AT CAMP WILSON, 15 FEBRUARY

Type Description Quanti
Bus : 29 Passenger 10
Carrier - 3/4-ton, 4 x 4, M-37 2
Caterpiller D-6 1
Compressor : Air 3
Forklift 6,000 pound 1
Grader ' Road 3
Jeep ' 1/4-ton, 4 x 4 11 -
Mixer Concrete 2
Pumper 530 B 3
Shredder Tree 2
Trailer Water 3
Trailer ' ~ Refueling 2
Trailer 10-ton, semi 3
Tractor-Trailer S5-ton, semi 1
Tractor ' Farm 3
Truck 6-passenger, pick-up 9
Truck 3-passenger, pick-up 3
Truck : .. 11/2-ton, stake & platform 2
Truck 2 1/2-ton, IH, Cargo 7
Truck 2 1/2-ton, Refueler 6
Truck Water Distributor 16
Truck ~ Ambulance 2
Truck Dump 13
Truck 21/2-ton, 6 x6 )
Wagon ‘ Station 5
Wrecker - 3

\

1, Acceptable radiation levels hadto be established at varying values according to the
texture of the terrain before adequate monitoring could become effective,

2. SAC, USAF and AFLC* identifieda requirement to develop a more reliable alpha moni-
toring instrument for field use in monitoring radiation from plutonium 239,

3. Dueto limitedtraining and the problems of alpha particle detection using the PAC-18S,
the more experienced, maturer airmen augmentees to the Dlsaster Control team were more
effective than lower-grade airmen,

*Air Force Logistics Command
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Figure 2-9 Monitoring in Rough Terrain




(7]
O
<
=9
=]
el
oot
3
=]
=
oopd
|
[«
g
(=}
=
2
=)
o
—{
)
[ I
Q
]
B
m




4. Inconjunctionwiththeabove lesson, all monitors for this type of accident had to be
given extensive training before they could conduct a first-class monitoring program. Famil-
jarization training on what the instrument looked like and how it operated was not sufficient.

S. Uﬁder no circumstances, should PAC-1S instruments be deployedtothe field agaih with-
out pertine 't directives and a repair capability. :

The experience at pPalomares was to be a major forcing function on the requirement for a new
plutonium detection system, One was developed and was available in prototype when the B-52
bomber nuclear weapon accident occurred at Thule, Greenland, ‘in January 1968. Rather than
detecting the alpha radiation, this instrument was des igned to detect the low energy, but rela-
tively more penetrating gammas and X-rays present in weapon plutonium. A normal alpha
detector would have been useless in terrain survey at Thule. Drifting snow would have
masked any chance at alpha detection.

Airlift Support:

Sixteenth Air Force requested and received aircraft assistance from several sources. The
Army provided HU-1 helicopters (16AF provided P-4 fuel) to conduct search operations.
Airlift consisted of tankers from Torrejon and Moron, theater aircraft, and unrestricted use
of eight Military Airlift Command (MAC) C- 124's and C-130's until they were released on

7 March by 16AF, In addition, MAC used three civilian Boeing 707's to deliver Operation
Recovery equipment on four occasions.

One aircraft accident occurred during the recovery operation. A MAC C-124 crashed at
Granada, Spain, 12 February. The entire aircrew was killed and the logistic supplies, two
puses and lights for Camp Wilson, were lost. : '

Communications:

Communications, like logistics, was 2 "build it up'’ process for Operation Recovery.
Although the Compania Telefonica National de Espana pointed with pride that, "At a mini-
mum, every village in Spain had at least one telephone, " there were none at Palomares.
Thus, when Maj Gen Wilson set up shop at Palomares, the nearest telephone was located at
Vera, about 10 miles distant - 40 minutes to travel and a general wait of an hour for a cir= -
cuit, Priority was given for establishment of SSB (single side band) capability. Units had
been brought by the team arriving at Palomares on the evening of the accident, By 18592
that night, communications were established with Torrejon. At this stage, secure communi-
cations were not available. Air Rescue cover aircraft also provided early relay service

to San Javier. '

The Spanish government, recognizing that San Javier would be heavily utilized for the opera-
~ tionm, offered its air defense microwave system with terminal at that base. A telephone.
connection to this system was _esta.blished at San Javier on 18 january.
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The next increment of communications capability came on line at Camp Wilson on 22 January,
providing a secure teletype service to Torrejon among other capabilities. This service was
provided by U.S. personnel and mobile equipment of the Second Mobile Communications
Group of Toul Rosieres AB, France. This circuit was relayed through Crougtiton, England,
Several attempts were made by a second unit from the French base to establish direct com-
munications from Palomares to Torrejon, but the quality of the service did not equal that of
the Croughton link, and attempts were abandoned on 3 February, :

Maj Gen Wilson desired that at least two methods of communication be available in case one
system should fail, A necessary link in this program was the lack of wire service from
Palomares to Vera. The Spanish telephone/microwave system could provide service from
Vera to Torrejon, At 1230Z, 22 January, a request for a landline to fill the gap and for an
in-camp telephone system was initiated with U.S. Army support units in Europe. By 2200Z,
on 23 January, the Palomares-Vera line had been laid, and by the next moring the in-camp
net had been installed.. The reaction can only be described as meritorious,

With the arrival of Task Force 65 in the waters off Palomares, ship-to-shore communications
had to be implemented. Single side band (SSB) and VHF links were established and operated
satisfactorily throughout the operation,

Helicopter operations in the area also required communications support. Air Force helicop-
ters were UHF equipped, while those of the Army used VHF. Both services were established
with satisfactory results,

One last communications service should be mentioned. The search operations covered con-
siderable territory., Portable radios were used by the several teams which were spread over
the area. For this purpose, as well as for all radio operations in the area, coordination was
required with the Spanish government for allocation of frequenctes. Authorization was re-

- ceived in all cases ona priority basis,

FIELD OPERATIONS:

Table 2-1 provides an indication of the many activities which were underway at Camp Wilson,
Three topics were uppermost in all minds, These were the search for Weapon #4, decon-
tamination, and the completion of the accident investigation. Each of these activities was
supported by a fourth, the cleanup of aircraft and weapon debris.

.Aircraft Accident Investigation Board:

The Board gathered eye witness statements, reconsiructed the path of flight of the aircraft
and the probable contact area, and collected all available facts concerning the cause of the:
-accident. The first formal board meeting was held on 20 January in a building in the village
of Palomares. The Board was assisted and advised by a team from SAC, Deputy Inspector
General for Safety, Oklahoma City Air Materiel Area, the Boeing Company, 8AF, and 2AF,
Interviews were conducted in Palomares, Vera, Aquilas, Cuevas, and as far away as Murcia,
 Spain, An interpreter was required since witnesses were Spanish fishermen, farmers, and




\
shepards. The structures and aerodynamics group of the Board required a crane to turn !
wreckage sO that fire pattern areas, structural failure points, €tCe» could be detected, On i
28 January, the Board returned to Torrejon to continue formal proceedings, interview surc l
viving crew members, and complete the investigation. The aircraft accident investigation |
was complet‘ed and the report forwarded by 8 February. K

|

{

Search For Weapon #4:

" The basic problem was to analyze pallistic trajectory, define the search area, and locate the
fourth weapon. The Board theorized that the B-52 and all weapons experienced deceleration
as a result of the preakup of the aircraft. The tail cover assembly from Weapon #4 was
found northeast of the B-52 tail area and in line with Weapons #2 and #3, After the initial
B-52/KC-135 collision, a rupture of one longeron occurred just aft of the B-52 trailing edge.
The forward fuselage pitched downward with ultimate loads snapping the left wing off. The
weapons were then tossed out. Weapon #2 was found with a major piece of the bomb rack
still attached, and after theorizing, it was determined that high G-loading had occurred,
causing the relatively massive weapons to separate at approximately 4 to 5 seconds after the
initial longeron failure. Weapons £1 and #3 apparently did not tumble, and they initiated
chute deployment in the first few seconds after release, It was reasonably certain that
Weapon #2 was tumbling when it fell. Weapon #1 was found with its chute intact and it did
not incur an HE* explosion. Weapon #2 experienced an HE explosion. Case fragments and
approximately 10 pounds of HE were found within 300 feet of its crater. Weapon #3 also had
an HE explosion on impact, scattering approximately 80 pounds of HE and plastic within 100
feet of its crater. One fragment was found approximat:ely 1500 feet from the crater.

The main effort of the camp was now directed toward locating the missing weapon and sensi- .
tive documents and equipment. The search started from beyond the last known wreckage and
worked toward the sea. Searching was conducted with personnel lined abreast, under the
direction of three search leaders equipped with portable non-tactical radio units (Fig. 2-11).
A relay point for the radios was located atop a small peak in the vicinity of the Command
post. Each day search areas were laid out and instructions given to the personnel as to what
type of equipment they were to look for. Maintenance perso nel and aircraft investigation
and disaster control teams were on the search, mixed with other personnel, so that anything
spotted could be duly noted, identified, and reported to the intelligence specialists for plot-'

ting on maps.

During the first week there were no adequate maps on which to plot each day's search.

Existing maps from Spanish sources proved to be inaccurate and did not show the village of
palomares. On 24 January the first of the mosaics prepared from the 18 January aerial :
reconnaissance arrived, and serious plotting of wreckage impact points and search areas I
could then be done. . ' - ‘

As photo mosaics became available, search areas became more definitive, and coverage
could be more accurately determined without duplication of effort.. After technical theorists

. - ?‘".}l?ghiExplosiye B




Ot

Figure 2-11 Searchers




in the Sandia Corporation had studied the report of aircraft track, wreckage pattern, the
locations of the weapons that had been found, and the prevailing winds at the time of the acci-
dent, they requested that certain areas be searched and researched for possible location of
parts of the fourth weapon.

North American Aviation offered the use of its newly-designed "Advanced Nuclear Detection”
equipment for possible location of missing weapon components. This equipment was installed
in a 16AF C-54 on 27 January and calibrated on 28 January. Search sorties were flown on

29 and 30 January in the area of the crash at very low altitudes (200 and 100 feet). Radiation
readings were detected by the equipment in the areas of previously inown readings. There
were no new developments. The project was terminated and ground search continued.

Further theories regarding possibilities of a mid-air collision and detonation of the fourth
weapon were advanced. In an effort to fix the location of the fourth weapon, Maj Gen Wilson
requested that an analysis group be formed and furnished with all the data available at the
site. A systems analysis team (SAT) of experts was formed of personnel from Sandia
Corporation, Wright-Patterson AFB, and Eglin AFB. The SAT Theory which they developed
offered several conclusions regarding Weapon #4, One of these was that the weapori collided
in air with another object, resulting in an HE air detonation. A major part of the weapon
continued in the general flight path of the aircraft, and the weapon case with attached para-
chutes deployed drifted out to sea. Ballistic trajectories were computed, and the area of
probable impact received a thorough search for craters, wells, and mine shafts.

While many indentations were covered when the troops walked the fields and were checked
for radiation and for any sign of disturbance, there were also numerous abandoned shafts,
wells, and just plain holes that might well have hidden either the weapon or parts of it.
While any such area was suspect during the first two weeks of the hunt, it was in early
February that serious study of such places started. The men that were walking marked
them with lemon-colored flags. They were then checked for radiation and for disturbed
appearance that might indicate that some type of debris might have fallen there, They were
plotted on maps, given serial numbers, and ticked off as either clear or as needing further
study. Maj Gen Wilson asked USAF to provide him with a geologist who would be able to
‘recognize deviations from the normal that might indicate a hiding place for the elusive weap-
on., The request was made to USAF on 8 February, OSD* approved it, and on 23 February
Mr, Donald Kingery of the U.S. Bureau of Mines, Department of Interior, arrived at
Torrejon, was given a briefing, and the following day went to the site via the early morning
aircraft and the helicopter shuttle run,

Plotting of shafts and wells, as mentioned above, had started prior to his arrival. Some had
been eliminated due to physical appearances, such as undisturbed grass or closed covers,
but others had been listed as requiring further investigation. The daily log kept by Mr.
Kingery listed 169 sites checked out, using criteria established at the site. The ob-
servations of the shaft walls were made to determine possible damage due to an
impact, the bottoms were inspected for cratering. Where water existed, the

* Office of the Secretary of Defense
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elimination was based on the shaft diameter and physical condition of the walls. The impact
distances within the shafts were calculated for openings of varying diameters, of from 1 to 3
meters, for an object with an impact angle of 2 to 3 degrees from vertical, based on the
estimated trajectory. This work went on until 3 March, and was concluded when all known
locations had been surveyed as well as possible, this coincided with the period when decision
was made to discontinue the ground search,

A test was conducted at White Sands Test Range to determine what a probable crater would
look like in similar ground. Colored photos were airmailed to the site for visual briefing
aids to the ground and air search parties. A total of 300 craters, wells, and mine shafts
were identified, and a systematical search of each depression and/or hole was undertaken
by Search Operations, assisted by personnel from Los Alamos and Sandia Corpora.tlon and
the U.S. Bureau of Mines.

Ground search of the disaster area was one of the most comprehensive activities of the
Broken Arrow operation. Two high probability areas were designated for primary search.
One of these areas covered approximately 4 square miles. and the other, 2 square miles.
Search leaders were briefed each night on the area to be covered the next day, and by 2 March
the search areas had been covered in "finger-tip to finger-tip" line abreast formation, both
longitudinally and laterally, an average of five times, and in some cases as many as nine
times. As new information became available, new areas were identified and searched. Each
night at approximately 1730 hrs, the search teams would return with bits and pieces of air-
craft wreckage that had been overlooked, but nothing was recovered that indicated that the
fourth weapon had impacted whole or that its HE had detonated and scattered over land. Each
piece was examined nightly by the Los Alamos and Sandia Corporation personnel, and all
pieces were identified as aircraft debris or equipment.

On 3 March, after intensive ground search of the entire area and thorough investigation and
elimination of 232 soil depressions, mine shafts, wells, .and reservoirs, a message was sent
by Maj Gen Wilson to General Ryan recommending termination of the ground search. The
message was coordinated and concurred in by members of the AEC and Sandia Corporation.
The fact that all of the debris and material which had been collected and examined by USAF
and civilian weapons specialists failed to substantiate a fourth weapon breakup and impact on
land and the testimony of fishermen who were witnesses to the accident and who reported
seeing what was obviously a 64-foot white parachute descend and sink into the sea left no
doubt in the minds of the team and members of the search organization that termination
of the ground search was in order, The AEC and Sandia Corporation personnel departed
Camp Wilson to brief higher headquarters in Washington on 8 March and the CINCSAC* on
9 March. On 9 March, a message from CINCSAC to CSAF** concurred with Maj Gen
Wilson's recommendation that the ground search be terminated, and on 10 March CSAF
made the same recommendation to the Assistant to the Secretary of Defense (Atomic
Energy), with the provision that the capability to regenerate a land search be maintained
as long as there was a potential need for same, ,

* Commander~in-Chief, Strategic Air Command
bk Chlef of Staff, U,S. Air Force
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At that time the DOD established a charter for a Search Evaluation Board, with the chairman
being Dr. Sproule of the research organization of the Secretary of Defense, and representa-
tion from the Department of State, AEC, Joint. Chiefs of Staff JCS), Chief Naval Operations
(CNO), and USAF. The purpose was to evaluate the search effort and to prepare a decision
on "when to conclude the search operations short of success." A briefing for the board was
requested to be presented by SAC/16AF on 16 March, and two each SAC and 16AF officers
went to Washington, D.C. for that purpose. They had all been at the site and were complete-
ly familiar with the entire operation. o

At the time this presentation was being given, word had reached Washington, D.C. that the
U.S. Navy had discovered a purachute-shrouded object on the ocean floor. While it could
not be definitely determined that the object was the bomb since the chute could not be lifted
from it, photographs and testimony of the Alvin crew made it almost a certainty that the
search was over. Thus, on 18 March, Maj Gen Wilson said that the ground search was
being suspended “pending further investigation and recovery operations of Navy."

Radiation Surveys:

Operations were conducted in terms of Counts Per Minute (CPM) on the PAC-1S. Thereis a
discrepancy among the available reports as to the correspondence of CPM readings to surface
contamination in micrograms per square meter. Dr. Langham quotes a correspondence of
13,000 CPM and 100 pg/mz. Another report suggests an equivalence of 100, 000 CPM and
1,000 Fg/mz. These equivalences fall outside of the PAC- 1S specification which required
linearity to within * 10 percent. The manufacturexr was contacted during preparation of this
summary. Under perfect and theoretical conditions of a infinite thin source, the correspond-
ence would be 11, 250 CPM and 100 H g/mz. Any self-shielding in the source or by ecologi-
cal material would significantly change these figures and represents just one more difficulty
in terrain monitoring with an alpha detector. Considering that Dr. Langham's figures were
the basis of the first proposals, and that the slight (11,2350 - 13, 000) difference can be
accounted for by variations in the distance between probe face and terrain surface, it seems
reasonable to provide table 2-4 based on his estimates. The figures provided represent sig-
nificant peg points used in the negotiations.

TABLE 2-4

EQUIVALENCES FOR PAC-1S AS EMPLOYED AT PALOMARES

PAC-1S (CPM) . Surface Level ( pg/m2)
100, 000 - 770
60,000 462
10,000 ' ' 77
7,000 54
700 ) . 5.4
3.8

500 : .
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Terrain:

By the evening of the day of the accident, 17 January, a small monitoring team equipped with
PAC-1S portable alpha detectors was at the site, Weapon #1 was found and surveyed, No
contamination was present - the weapon was intact. On 18 January, Weapons #2 and 3, both
of which had suffered HE detonation, were located, The monitoring team, operating primar- ‘
ily in support of Explosive Ordnance Disposal (EOD) personnel, found that alpha contamina-
tion was generally present in the area, At Site #2* the tail section of the weapon had been
displaced some 250 feet by the detonation. Readings on this weapon section “pegged"” the
instrument at 2,000,000 CPM,.** '

On 19 January 1966, -first attempts were made to delineate the area and extent of contamina-
tion, On this date the remainder of the Torrejon Hazard Survey Force arrived to assist in
monitoring. Priority was assigned to recovery of weapons parts over detailed area monitor-
ing. The first function was to assist EOD personnel in their task, by providing local moni-

" toring around the immediate crater areas. Radial line plots, however, were begun at the
same time. Personnel and PAC-1S's were still somewhat limited. Because of this, on 20
January all monitoring activity at Site #2 was stopped. Site #3 was located on the edge of the
village of Palomares, and the potential political implications of this were already suspect,
The contamination was found to extend into the valley below the crater to a distance of ap-
proximately 4500 feet after 4 to 5 days of detailed monitoring, It included farms and crop-
land. '

As at Site #3, the contamination at Site #2 was found to extend a considerable distance in the
downwind (roughly east) direction and again included much cropland. A note on the survey
report sheet of Site #2 for 19 January indicates that monitoring was stopped at that location
after 15 minutes of work due to an instrument malfunction - no replacements available, Re- .
finements of this contaminated area was finished on 10 February 1966, Monitoring in the
villiage of Palomares, in conjunction with Spanish nuclear energy commission (JEN) per-
sonnel, was begun on 24 January 1966, This consisted initially of monitoring houses and
random crop monitoring, By 3 February 1966, however, it was established that a pattern of
contamination ran through the village and connected Sites #2 and #3, thus making one com-
plete pattern, ‘

* Site locations were numbered for identification purposes as follows:

Site 1: location of first weapon found; _

Site 2: location of second weapon found, west of the village of Palomares;

Site 3: location of third weapon found, east of Palomares;

Site 5: village of Palomares, between and connecting Sites 2 and 3;

Site 6: east of river bed near B-52 tail section impact site; a continuation of Site 3,
** A PAC-1S will not read over 2,000,000 CPM, unless percentages of the probe face
area are covered and the readings extrapolated accordingly. This was never done, however,
because of time factors and no operational requirement for the information, The readings.
were recorded as "instrument pegged, " or "+2,000,000," With the exception of small,
fragmented areas, the terrain ylelded few readings of this magnitude.
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Initial radial lines around the two craters were run until readings of less than 1,000 CPM
were found., [he method of [urther definition of the contaminated area consisted of taking

6 to 12 readings in each field and averaging. This average figure was placed on a sketch, as
no maps were initially available, In final form, this appeared as a rather jumpy and random
plot of the contamination, but it proved to be a practical approach, particularly when decon-
tamination actions commenced.

The initial surveys were never redone in total, Refinement of the contaminated area
at later stages consisted on monitoring and flagging isolines of 7,000 CPM and above and 700
CPM and above (to conform to limits established during negotiations). These were then trans-

. ferred to maps of the area, On 30 and 31 January 1966, a zero contamination line was run

aroundthe entire pattern and staked with red flags,

During the early days of the survey operation, it was obvious that the prevailing

wind and the limited operations near the two craters were causing a shift in the contamina-
tion pattern, Plutonium was being resuspended from the ground. The total extent of the
spread will never be known, Hindsight (that of a liealth Physicist on the scene) suggests that
an early effort to fix the heavy contamination near the craters would have paid dividends.

Of course, the search for weapon parts in the same area was a competing activity.

Another contaminated area was located north of the village of Villaricos, approxi-
mately 4,000 feet from the eastern boundary of Site #3., The area was approximately 3/4
square mile in size, Contamination levels were low, the maximum being 7,000 CPM, with
most levels in the less than 500 CPM range., This area is isolated, rocky, and contains no
cropland, For this reason little concern was devoted to this area, other than delineation of
the extent of contamination. The area was monitored jointly with JEN representatives and is
believed to have been contaminated from Weapon #3, with prevailing weather conditions at
the time causing the break in the pattern, :

These radiation surveys were necessary to delineate the extent of contamination and to pro-
vide a basis for definition of the decontamination operation to follow, . Terrain surveying was
a continuing program during the operation, It required many man-hours of backbreaking
work, extending from relatively easy terrain to that which was much more difficult, In the
end, final surveys were performed on all decontaminated land before it was turned back to

its owners., It was a difficult job performed under trying circumstances.

A hazard control line, as such, was impractical, The politics of the situation
negated establisliment of strict area control procedures and the placing of "contaminated
area" signs, The low levels of contamination in most of the pattern did not actually make
this necessary. : ’

. For initial weapons recovery actions, EOD personnel wore gloves, anti-contamination cover-

alls, and gas masks when working in the crater. Surgical masks were later found to be -




more practical for this type of work,.* - Control points at the two areas of major activity, #2
and #3 craters, were established. Monitoring of personnel was routine and by 24 January
a 500-gallon water trailer was in use at Site #3 for decontamination of personnel and equip-
ment. By 27 January, a similar unit was available for Site #2; however, by that time major.
recovery actions at that location were complete, In the interim, decontammanon was done
by means of buckets and bags of water, brushes, and soap.

A shower was installed in the base camp on 25 January, This proved to be a great asset in
personnel decontamination, On 3 February, a similar unit was set up at Site #3 for use by
personnel working in the contaminated areas. Personnel involved in clean-up operations .
were issued protective clothing - gloves, coveralls, surgical masks, surgical hats and boots
in accordance with standard procedures covering the various cleanup operations.

There was continuous air sampling to determine the significance of airborne contamination,
Particular attention was paid to those operations which generated dust, Resuspension of the
plutonium was negligible, Urine sampling of personnel was begun within three days of the
accident, The initial samples were 24-hour volumes, but it was found that this was not prac-
tical, as it required personnel to carry the sample containers into contaminated areas (a
logical reason for the high levels in some of the initial samples). This function was later
given to the camp medics, to handle on a routine basis. Initial results from the Radiological
Health Laboratory were encouraging, except for a few people who had apparently received
extremely high body burdens, Cases subsequently proved to be contaminated samples, Re-
peat sampling indicated that no person received any significant body burden. JEN officials
handled a program of urinc sampling for Spanish civilians, Initial samples were collected
on 30 Spanish personnel by U,S. personnel. Primary emphasis was placed from the begin-
ning on urine samples as an indicator of personnel exposure. Other techniques included
some nasal swabs and an early use of film badges. The film badges being sent to Wright~
Patterson AFB for evaluation, ' To further control personnel radiation exposure and to insure
that no contamination had been carrled into the base Camp, the base Camp was monitored

daily,

Duringthe early stages, before the setup of showers and a base laundry, elimination of con- -
tamination on personnel and clothing was awkward and difficult. Proper decontaminationof
coveralls was not possible until 1 February 1966, Personnel showers wereinuseon 25 January:a
laundry was installed on 31 January. Many personnel came to camp with only limited
clothing, because they were told they would only stay for a few days. Developments proved

* It is doubtful that the use of the surgical mask served more than a psychological barrier to
‘plutonium inhalation, These masks were not designed as filters for micron particulates nor
do they fit to the face without leakage. An interview with one of those present at the site in~
dicates that control of their use was not stringent. One would see them hung about the neck
or perched atop the head as often as over the mouth and nose, It is significant in this regard
that air sampling indicated a negligible resuspension problewm, Had it been otherwise, itis -
probable that larger body burdens would have been registered, The masks were more com-
fortable than plutonium respiratory devices, that's all,
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this to be extremely conservative, If contamination was found on the skin during personnel
monitoring, individuals were instructed to wash the contamination off and be remonitored.

If contamination was found on clothing they were instructéd to change immediately and to
wash the contaminated apparel. All personnel were informed of the importance of following
these directions, Supervisors were instructed of the necessity of complying with these in-
structions. At later stages more exact precautions were possible, such as issuance of work
clothes at each control point, and then removal at the end of the day. These clothes were
monitored prior to being reworn,

An instance occurred when 7th Army minesweeper personnel arrived in Germany with some
contamination on various articles, even though their equipment was checked before leaving

Camp Wilson, This resuited in establishment of a firm program to insure that no one left .
the area exceeding permissible levels of contamination.

In summary, the types and the number of samples taken as listed in the final bio-environ-
mental report, were as follows: :

TABLE 2-5

ENVIRONMENTAL AND BIOLOGICAL SAMPLES, PALOMARES
17 January - 7 April 1966

Type Number
Personal _

Urine 1,370

Nasal Swabs . 109

Film Badges 22
Air | 439
Water ‘

Locally Tested - 75

Sent to RHL 22
Soil ‘ - 43
Vegetation

Beans, Cabbage, etc. o 28

Tomatoes 74




Negotiations:

Negotiations on levels and methods of decontaminal_:ion proved a difficult task, for ‘
there were varied opinions on what was acceptable. The Spanish government had not estab-
lished criteria for permissible levels, which is completely understandable because plutonium-
producing facilities and nuclear weapons were nonexistent in Spain, Significantly, there
were no criteria in the United States for accident situations, The available criteria pertained
only to plutonium processing plants and laboratories. There were, however, the broad

- guidelines established from the Nevada tests. . A sense of urgency prevailed, primarily
from a political standpoint, to arrive at criteria and begin the clean-up,

Dr. Wright Langham and other representatives from the AEC, Los Alamos Scientific

Laboratory, recommended the following proposal for handling the contaminated areas;

"Based on present information which is summarized in the 1 May 1963 training manual of

the Atomic Weapons Group, the following procedures and activities seem quite adequate to
control any possible lifetime hazards associated with Areas 2 and 3:

"1. All areas in which alpha counts per probe area are 100,000 CPM or above
will be removed to a depth of at least 5-6 cm and buried in an appropriate pit
which will not permit seepage into the water table,

"2. All areas with counts hetween 100,000 CPM and 7, 000 CPM will have the
present crops removed and buried. In all cases where the ground shows counts
of 7,000 CPM to 100,000 CPM the soil will be sprinkled with water and plowed to
a depth of at least 10 cm, After it is plowed, it will be sprinkled again and
another monitoring survey conducted. Any spots that read above 7,000 CPM will
be replowed and resprinkled until all readings are below the 7,000 CPM value.

"3. All areas reading between 500 CPM and 7,000 CPM will be sprinkled with
water to leach and fix the activity in the soil to minimize s preading by the wind,
After sprinkling, the areas that read above 1,000 CPM will be resprinkled, "

This proposal was presented to the Spanish JEN-for consideration. Although agree-
ing in principle with U.S. Air Force decontamination methods, they did not agree on the
levels at which various types of decontamination actions would be taken. Several days of
discussion and negotiations took place, and the following agreement was reached on 2 Feb-
ruary 1966:

1. Select a place with adequate conditions to build a disposal pit where highly contami-
nated soil and products will be deposited.

2, Build the pit with proper safety provisions for public health,

3. Annual vegetable crops with a reading above 200.CPM will be removed to the dispos-
al pit, buried, and decomposed with quick lime. :
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4, Fruit orchards will be carefully water-washed to remove all contamination,

5. The ground areas treated as indicated in paragraphs 2 and 4 above, will be remoni-
tored after completion of water-washing operation and depending upon the level found at that
time, one of the following three procedures will be observed:

a. Soil above 7,000 CPM will be removed and deposited in the disposal pit. Soil will be
replaced to the extent to which it was removed and refertilized.

b. Soil areas between 7,000 and 700 CPM shall be wet down, plowed, and remonitored
for contamination, If the count does not come down to less than 700 CPM, the soil will be

treated again until less than 700 CPM is reached.

c. Soil areas below 200 CPM will be soaked with necessary water to bring contaminar
tion down to very low level and remonitored for reading. '

6. All monitoring will be done with the PAC-15S.

It is significant to note that the clean-up criteria desired by the Spanish was consid-
erably more conservative than that recommended by Dr. Langham. Although the Spanish
agreed in principle to the U.S. proposal, the more stringent requirements were based on
psychological reasons. : '

During the period 3 February 1966 to 1 March 1966 the following changes and/or
amendments were agreed upon by the JEN and the U.S. Air Force:

1, On4 February 1966, agreement was reached with Eduardo Ramos, M.D., Chief
Health Physicist for the JEN, that watering, following plowing would not be a requirement.
This decision was based on the fact that plowing followed by rototilling reduced the surface

count to non-detectable.

- 2, On 8 February 1966, agreement was reached with Eduardo Ramos, M.D. (JEN), to
permit hauling of harvested crops having a count of 200 GPM or less to the river bed for

burning.

3, On 10 February 1966, agreement was reached with Eduardo Ramos, M.D. (JEN), to
raise the counts per minute on harvested crops which could be burned to 400 CPM.

4, Changing attitudes on leaving the contamination in Spain resulted in negotiations '
being conducted by the U.S. Embassy and JUSMG-MAAG with their Spanish governmental’
counterparts during the week of 14 February 1966, There was considerable concern in both
governments about leaving a "monument” to the accident in the form of a burial pit. These -~
parties reached an agreement which, in effect, stated that only that soil having a surface
contamination level of 60,000 CPM would be removed from Spain. (Plowing to a depth of 8 -
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inches of an experimental tract of 0,09 acres which had a surface count of 40,000 CPM, fol-
lowed by a second plowing to a depth of 4 inches, demonstrated that this procedure would
maintain the surface contamination level at non-detectable, )

S« On 24 February 1966, agreement was reached with Lt Colonel Santiago Norena (JEN)
to permit burial of the previously scraped and piled soil in Area 2 (with a surface count
above 7,000 CPM but less than 60,000 CPM) in the pits which had been dug for permanent
burial of the highly contaminated dirt,

Difficulty was encountered in applying the original criteria to hilly, rocky, uncultivated
areas. Thiv problem was resolved by a meeting at Camp Wilson on 28 February 1966,
which had in attendance Generals Donovan and Wilson, Dr. Wright Langham (Consultant),
Eduardo Ramos, M.D. (JEN), and other members of the JEN and the U.S. Air Force. The
following agreement was reached and represents the last c¢f the amendments to the agree-
ments on decontamination levels and methods:

1. Follow-up cleanup requirements in the uncultivated land areas would be limited to
Area 2, Earth would be removed from:

a. Hot spots which showed counts of 60,000 CPM or above, This earth would be in-
cluded with that to be shipped from Spain, :

b. Land surface showmg counts in excess of 10,000 CPM would be washed scarified,
or dug up and raked

c. Land surface showing surface counts of less than 10,000 CPM would be watered
down where practical,

2, The permissible level of contamination was aécepted as 10,000 CPM,
' 3. No work would be accomplished in Area 6.

This is a summary of the amended agreements concerning decontamination levels and
methods employed at Palomares.

1. Soil above 462 Hg/m2 scraped and removed from Spain,
"2, Soil between 5.4 - 462 pg/m2 water, plow,
3. Soil below 5.4H#g/m2 - water.

4, Soil below 77 Hg/m?2 - permissible where other measures could not be applied.
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In actual use, the pit at Site #2 was employed as a holding area only. The vegetation and
scraped soil from other areas which was placed there was later barreled and removed from
Spain, The pit was decontaminated and filled,

Implications of Decontamination Levels: .

The stated policy of the U.S. Government in relation to the Palomares operation

was to decontaminate to levels which were more than adequate by U.S. safety standards.
The United States recognized that the Spanish Government desired levels far beyond safety
requirements in the interest of combating psychological consequences of the accident, The
chance that the decontamination levels agreed to at Palomares would be pointed to as "safety
standards " should a subsequent contamination incident occur was a natural concern of U.S.
authorities. Even though safety standards for plutonium decontamination exist, their em-
ployment in future incidents will probably be used as a talking paper for negotiations - a
starting point to be overridden by psychological and political concerns.

Decontamination:

Once the areas of contamination had been defined, removal of contaminated crops

and soil started. To keep track of the work in the contaminated areas, they were divided
into plots, basically following the outlines of the fields and gardens. These 844 plots
‘ covered 385,68 acres, with contamination readings running from 0 to over 100,000 CPM. '
Within this area there were demarcation lines. for areas of less than 60,000 CPM where
decontamination was to be accomplished, while the areas above that level was to have the

soil removed.

' Vegetation was also marked since that vegetation under 400 CPM could be burned,
‘Subsequently 3,970 truckloads of vegetation (at 4 cubic yards per truck) were hauled from
the area and destroyed. For the remaining contaminated areas, both soil and vegetatidn,

leaching by watering, and washing down was accomplished to reduce readings to as low a
level as possible. ' .

Eleven days after the accident, the JEN, AEC, and engineers discussed the location of a
temporary burial or storage facilities and agreed on an area at Site #2, Using the construc-
tion equipment that had been brought in originally to build a road to the impact sites and
handle the wreckage, a temporary pit was dug. This pit was a trench-silo type with an
approximate 1,000 cubic yard capacity constructed so that trucks could be backed up to it

for unloading (Fig. 2-12). It was to this area that the debris went while awaiting decision cn
its disposition, As there was only a very small amount of the nearby area used for garden-
ing and there were no houses in the immediate vicinity, no problem existed in using that '
spot, Upon completion of the disposal activity it was filled in by returning the dirt that had
been excavated during its construction, .

The crop removal activity started on 22 January, plowing (Fig. 2-13) and scraping on 27
January. As the work was in progress,. dust control was accomplished by use of water
spray (Fig. 2-14) or light sprays of diesel oil, with the latter being used primarily on high-
ly contaminated areas. Roads were sprayed to prevent truck traffic from spreading ’
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contamination, To further guard against contamination spread, the truck beds were
equipped with wooden boxes with a hinged flap on the back of the box that was closed during
time of movement, By 10 February, the equipment in place to do this work included:

16 water distributor trucks
11 dump trucks

3 road graders

2 bulldozers

2 front end loaders (2 cubic yard buckets)
5 gang plows

5 soil mulchers

3 tree limb shredders

In a normal day of operation, 140 truckloads were moved either to the burning area or to

the storage location, The area for burning was at the dry river bed near the impact point of

the B-52 tail, This operation was accomplished at night when winds were toward the sea.

In late February this area was moved closer to the shore and a new road was completed
from Site #3 to the beach, avoiding inhabited areas.

Harvesting was a matter of pure physical labor. Machettes were requisitioned from Gray
Eagle supplies to cut tomato and other crops. As tomato CTops required cane poles for
their growth. three tree-limb shredders were requested from and purchased by SAC. The
first of which arrived within 24 hours from the time it was requested. on 2 February. Cane
poles were pulled from the ground, shredded, and the remains loaded into the trucks for de-
livery to the storage site (Fig. 2-15: 2-16).

" Soil removal was accomplished by the use of road graders. where possible, with it first
being moved into windrows. and then into piles and finally loaded into trucks. Where
_graders could not be used, as in the isolated. hilly area around Site #2, the work had to be
done by hand. When scraping left small hot spots, plowing and/or hand removal was nec-
essary. For low contamination, scarifying of the soil, with minimum turnover, dropped .
the count to an acceptable limit. This minimum movement of surface area was primarily
important in Site #2 where it was feared that major movement of top soil in the fragile area

would create a dust bowl.

Constant monitoring by the PAC-1S was necessary to detect contamination spread, but, in
general, no problems were found. Occasionally a truck would turn up with positive readings
and would require washing down. Operators of scrapers and plows were mostly unaffected,
while pérsonnel using shovels at times had some contamination on shoes, gloves, and.outer

clothing.
Washing of three buildings and some fences startedon 30 January. Other buildings were

washed but in cases this was not sufficient to lower the contamination level to the
_ acceptable limit, and whitewashing had to be done. Rock wall fences were washed, and
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where vegetation which defined boundaries had been removed, either markers or walls of
concrete block or tile were constructed to mark divisions. Hot spots on embankments of the
irrigation ditches were washed down to below 500 CPM,

The zero-count line surrounding the contaminated area at Site #2 was defined by 31
January, and by 2 February the 7,000 CPM line had been marked. The area of 7,000 CPM
covered approximately 35 acres. Constant monitoring permitted establishment of the
100,000 CPM area by 10 February, consisting of about 4 acres. Scraping of the soil,
and/or plowing, was started on 1 February. Vegetation removal started on 2 February.
Although no one record exists of the number of truckloads hauled to the burial site, it was
estimated to be approximately 400. About 470 truckloads of crops were hauled to the de-
struction site for burning. Use of water at this area was at first difficult since there was a
road only to the crater area, and not through the area. At first a fire truck was used for
washing purposes since the pumped stream would reach the desired distance, Later, regu-

. lar water distributing trucks with spray bars were used. As crops and soils were hauled

;ﬁ;;\ i ' away, the zero line was moved, and by 6 March all cane and vegetation as well as the soil

8 over 60,000 CPM readings had been removed.

Site #3 was located at the edge of the village of Palomares, with the area over

7,000 CPM being about 11-1/2 acres, of which approximately 10-1/2 acres were cultivated.
The area over 100,000 CPM was established by 10 February as 1-1/2 acres. Removal of
crops started 22 January and was completed by 28 February, with 2, 815 truckloads being
burned and about 165 going to the disposal trench. Removal of the soil started about 1
February and completed by 5 February. By 7 February the first land was returned to the
owners.,

Site #5'was identified on 2 February, consisting of approximately 9-1/2 acres. The contam-
_ination level was not as high, and cleanup procedures were not as difficult, Crop removal
was completed by 18 February, with 402 truckloads taken to the burning area. Plowing was

done the following day, and by 24 February all land had been declared acceptable for use and
returned to the owners.

The contamination spots at Site #6 were found on 4 February, and by 16 February a zero line
had been marked. Some question arose as to the origin of the radioactivity, and U.S. Air
'Force asked that samples of the soil be sent to the AEC. Due to the rocky terrain and the
sparse soil covering, machettes were used to shave off a layer of soil, and in that manner
usually less than 1/2 inch could be removed. A total of 12 samples were taken with surface
readings varying from 500 to 2,000 CPM. At one time there had been a mining operation
here, and one of the samples was taken from an old ventllanon tunnel of the mine,

.Tables 2-6 and 2-7 indicate the general extent of the decontamination operation,
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TABLE 2-6

LEVELS OF CONT AMINATION*
Area #2

60,000 to over 100, 000 CPM**

7,000 to 60,000 CPM _

Highest reading (soil contiguous to weapons
chunks reading 2 x 106 CPM)

Area #3 .

60,000 CPM to over 100,000 CPM
Some areas between 7,000 and 60,000 CPM
included.

7,000 to 60,000 CPM

Highest reading (on 25 Jan. 1966 at 30 ft
from crater)

Area #6 (Village of Villaricos)
(~1,0 mile ENE of Site #3)

'Range of values within village
Highest (among some€ rocks southwest
of village)

Total Areas
Within zero line

Within 700 CPM line

Between 7,000 CPM and 60,000 CPM lines
Within 60,000 CPM line

Above 7,000 CPM

4 acres

32 acres

1.5 x 109 CPM

1.5 acres

9.5 acres

700,000 CPM

low hundreds CPM

5,000 CPM

630 acres initially

650 after winds occurred
500 acres

41,5 acres

5-1/2 acres

47 acres

* Some apparent overlap among the data, probably due to varying levels within a given

isopleth.
*+ 130,000 CPM corresponds to about 1,000 pg/m2 - the DOD safety criteria for surface

contamination,
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TABLE 2-7
GENERAL POINTS
Soil - removed : 1088 cubic yards from 5-1/2 acres

Soil - plowed: all cultivated land above

700 CPM 285 acres
Soil - watered: (20 jan - 10 Mar) 285 acres
water use ' 100, 000 gal/day

(During prolonged high winds fuel oil
sprayed on stored material)

Vegetation: (a) removed, mulched, stored . 400 yd3
: (400 CPM or higher on :
vegetation)
() burned , ' 3, 700 truckloads (2 1/2-ton
(less than 400 CPM on dumptrucks)
vegetation)
(c) all removed from areas where . 285 acres

scil was above 700 CPM

The Soil Shipment:

As discussed previously, soil with greater than 60,000 CPM and vegetation with
greater than 400 CPM were to be removed from Spain, Although several methods of move-
ment were considered, it was decided to place the waste in 55-gallon barrels. The barrels
were fabricated by a contractor in Naples, Italy for delivery by 9 March, On 23 February,
the plan for removing the debris was firm enough that DOD summarized it as follows:

Sixteenth Air Force has collected approximately 1500 cubic yards of contaminated soil and
vegetation for removal from Spain. This will satisfy removal criterion agreed to by
Government of Spain (GOS),

Sixteenth Air Force proposed the use of oil drum-like containers. Number required is
5, 500, and these have been contracted for in Naples, Italy,

CSAF has arranged with CNO for pickup of drums by the USNS Card and delivery to
Cartegena as soon as possible after production of drums is complete,

After filling, containers will be shipped to destination to be specified, but probably near .
Charleston, South Carolina, for rail shipment to, and disposal in, an AEC disposal area,




The delivery of the drums to Cartegena was opposed by the 16AF since it would then be nec-
essary to transport them overland to palomares, followed by carrying them back to
Cartegena. Air movement of the empties was also considered, but since such aircraft as
the C-124 could only carry 200, this was impractical; and, with San Javier as the nearest
airfield, there would still be an over-the-road movement, DOD also pointed out that due to
the sensitivity of this situation and the urgency of the matter, that voverland transport in
Spain of contaminated debris should be minimized,"” It was suggested that if the barrels
could be delivered by the Navy directly to Palomares, then the Navy could also pick them up
there. The Navy was then asked to arrange such service., However, 200 of the drums were
airlifted to San Javier and trucked to Palomares to permit testing. '

Consideration was given to using either the SS Alma Victory or the l_J_S_I_\E Cammon for move-

ment of the empty barrels, with the USNS Boyce for transportation of the filled barrels to

- the States, None€ of these ships could load at the temporary pier at the beach, and landing
craft would have to be used for lighterage (Fig. 2-17). The Alma was ordered from Suez
to Naples, loaded the drums, and sailed for Palomares 1500Z, 9 March. The Boyce was
routed Aden-Suez-Palomares, and arrived on 17 March. The U.S. Army's 1418th Transpor-
tation Terminal Unit, Cadiz, Spain, was given the task of handling the barrels from ship to
shore and back again. A Military Sea Transport Service representative was assigned to duty
to assist this operation. The Navy had onc LCU and LCM6 and two LCM8 for use in shore-
to-ship movement.

For the movement back to the States the Navy requested:

Dunnage, lashings and stevedores for shipboard handling, stowing, and securing of
cargo.

One radiological survey team with proper radiac equipment to escort and monitor bar-
rels while in transit to CONUS. : ‘

" The need for a courier to accompany the shipment could be avoided if:
Each barrel were painted with consecutive numbers,

The words ''Poison Radioactive Material' were painted in blue or red on the top, bottom,
and sides of each barrel. ’

The 16AF did not feel that the labeling was in line with the spirit of the operation: minimum
attention to the shipment. Also, since the barrels were being carried on Navy ships such
~warnings would not be required, at least until the barrels reached the United States and were
prepa.red for overland shipment, Thus guidance from DOD was requested. DOD settled most
of the questions by stating that due to the sensitivity of this shipment and the fact that no

health safety hazard existed from the containers:

owrwe
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Basic guidance continues to be to minimize visibility of the subject activity. Al-
though it is recognized the soil removal task will be in full public view, the use
of photogenic marking with scare words would seem to be unnecessary advertis-
ing. '

Standard radiation warning markings will be required for common carrier in
CONUS rail shipment, These, however, can be affixed at CONUS dockside.

In regard to the radiation monitoring team, the CNO was asked to comment, Navy decided
that the barrels should be monitored before and during loading, and aboard ship during and
after unloading. If that was done, no team would be required. ‘

The Savannah River Facility, Aiken, South Carolina, was named as the receiving location,
The docking site was to be the U.S. Navy Ship Yard, Chatleston, which was to be responsi-
ble for: '

Working on a 24-hour basis:

offloading 5300 sealed 55-gallon metal drums containing Spanish debris from
{USNS Boyce; : ' ' '

steel strapping 4 drums to a pallet:

loading drums into railroad cars and blocking/bracing cars as required,
The AEC would support by:

supplying i, 530 wing type hardwood pallets, 48" x 48"':

arranging for about 30 railroad cars:

arranging for customs, agriculture clearances, and radiation monitoring
services; : v

couriers to escort rail shipment to Augusta, Georgia:
reimburse expenses incurred in Charleston yards.

After these preparations, the filling operation began. Sixty-five airmen were sent from
Moron and Torrejon to augment the camp force, including 12 carpenters, 3 welders, and the
remaining 50 to work at filling and handling the barrels (Fig. 2-18). Personnel manning the
shovels wore respiratorsor surgical masks, white coveralls, head coverings, and gloves.
As each barrel was filled and covered, its sealing ring was affixed, the bolt tightened and
welded in place, and two bands, placed at right angles, were spot welded into place. Each
was checked for contamination at approximately 72 points, 12 on top, 48 on sides, and a
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Figure 2-18 Barrel Loading Operations




‘final 12 on the bottom, before the barrels left the filling area (Fig. 2-19), A flatbed trans-
ported them to the beach, where radiation was S pot checked. A roller conveyor system was
used to move the barrels to the ships, with a square of plywood under each to permit easier
moving. The goal was to move one barrel off the assembly line each 40 seconds (Fig. 2-20).
It was found that only a very brief contact of the PAC-1S was needed to show if contamination
existed; thus, with two monitors working top and sides, and a third for the bottom readings,

the goal could be accomplished.

Four sﬁifts of workers were used to fill the drums: 0600-1000, 1000-1400, 1400-1800, and
1800-2200 hours, Until the shredded vegetation supply ran out, the barrels were filled about
1/3 full with vegetable matter, and the remainder with soil.

When on 11 March, the SS Alma Victory arrived, the 200 parrels that had already been air-
shipped were filled and waiting on the beach, Since the Alma arrived late in the afternoon,

it was not until 12 March that the first barrels were off-loaded. The USNS Boyce arrived on
17 March, Some delays were encountered due to weather, and, at times due to the unavaila-
bility of LSU's or LCM's for carrying the drums to the Boyce; however, all work was com=
pleted by 24 March, as shown in Table 2-8. No radioactive Contamination detected during

entire operation. Appreciate outstanding cooperation/assistance Mr. Bastin/Mr. Hopkins
and other AEC representatives.

TABLE 2-8

FILLING, LOADING, CONT AMINAT ED MATERIAL, DRUMS, PALOMARES
< 11-24 March 1966

Empty o Filled ‘\\Aboard
Date On Beach On Beach USNS Boyce
March 11 200
12 3000 580
13 5500 1214
14 2221
15 : 3180
16 4062
17 4810
18 : 1550
22 3240
24 4810

At 2412057 March, the last barrel was moved off the beach, and at 16_OOZ the USNS Boyce
sailed to arrive at Charleston at 052100Z April. Subsequently, USNS Boyce reported: ’
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Inspection by AEC representatives revealed drums arrived in satisfactory condition
and off-loading from Boyce completed 060700Z, USNS Boyce departed Charleston
062300Z,

Completed loading drums into railroad cars 071040Z, Twenty-six cars accom-
panied by two AEC couriers in the caboose scheduled to depart Charleston

© 080130Z via Atlantic Coast Line Railroad, estimated time of arrival, Dunbarton,
South Carolina, 081200Z, ‘

From the accident site a summary of the contamination readings was sent to AEC, None of
the drums showed exterior contamination, with the material in the drums carrying readings
varying from zero to 300,000 CPM, with most of it at levels well under 40,000 CPM. Drums
with soil that had come from an area of particularly high readings could not be identified
since the moving and mixing process had caused a loss of identity, Two of the barrels were:
destined for Los Alamos, for Dr, Langham, They had been requested for research pur-
poses. This left 4,808 for disposal in the trench grave prepared at the disposal site.

© e O o oy LA ,,m.—

At the accident site the completion of this second phase of the disposal activity permitted re-
lease of 147 personnel from Camp Wilson for return to their home stations.

Return of the Land:

As the land was cleared of contaminated soil, Some of the top soil was replaced,

with the primary source being the dry river bed near the camp. As other areas were plowed
and/or washed down to zero readings, the land was monitored by the U,S. Air Force and

i ' JEN, who agreed on its cleanliness and turned it back to the owners. Seven local tractors

! were rented for the plowing and harrowing, and a local farmer was put in charge of the oper-
ation. Some complaints were made on the results, primarily that the land was not left in a
= uniform level condition, Thus, some of this was reworked with the owners present and re-
maining until the job was completed on each plot, By the evening of 1 April all land within
the contamination zone had been placed in the condition desired by the owners. All damaged
culverts, irrigation ditches, bridges, concrete block fences (which replaced some of the
cactus fences that had been removed), had been replaced, painted, repaired, or whatever
other work was required to return the countryside to its original condition. On file in the
City Hall of Cuevas De Almanzora was a map showing the plots ofthe land, Fromthis map,
each area was identified, and a Certification of Decontamination Action was prepared to

show the method of decontamination, the date, and it was signed by both the JEN and the ,
USAF representatives. This was an unofficial record used as a file copy by the two agencies.
Next, a document was prepared that returned the land to the owner, with this also being
signed by both JEN and U.S. Air Force, as well as the Spanish agronomist at the site, and.
the two commanders, The forms are shown on the following page. These were filed with
the claims office of the Judge Advocate; one copy went to the land-owner, and one to General.
Montel, the Spanish commander for this project. A total of 856 were prepared.
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DOCUMENTS FOR RETURN OF LAND TO OWNERS, SPAIN

February 1966
DOCUMENT 1 ‘
Certification of Decontamination Actions
Removal of contamination from Plot » Site » has been accomplished as of
. The method of decontamination was . The undersigned jointly certify

that this plot was monitored by JEN and USAF Representatives on » and the sur-
face was found to be free of contamination. The monitoring instruments were calibrated
PAC-1Ss, manufactured by the Eberline Instrument Company, Santa Fe, New Mexico,
.U.S.A. Monitoring was done by placing the probe face in direct contact with the surface,
JEN Representative . USAF Representative .
I certify that this plot can be returned to the landowner(s) for his use,

Date -

DOCUMENT II : :
In Palomares (Almeria) on of - 1966 the following were present
representing the Sixteenth Air Force of the United States, and
as a niember of the Nuclear Energy Commission of Spain, and Mr,
as a representative of the Department of Agriculture of the Province, and
were in complete agreement, THEY DECLARE AND CERTIFY: That the contammatlon
may be considered eliminated as of the date of this docurhent in the property
identified in the map which is on file in the City Hall of Cuevas de Almanzora with the No.
‘Zone » the decontamination having been accomplished by plowing, irri-
gation and grinding, and was tested by the Nuclear Energy Commission of Spain and by the
North American technicians on « The instrument was the PAC-1S, made by
the Eberline Instrument Company of Santa Fe, New Mexico, U.S.A., and the testing was
done by direct contact with the surface of the ground. That with respect to the condition of
the fertility and safety of the land in question in this document, at this moment, the same
conditions exist as were present prior to the 17th of January 1966 and such land should be
returned at this time to its owners for normal use. And to go on record, we herewith issue
and sign this document in quintuplicate for this purpose with the approval of the Commanding
General of the Zone, as well as the Commander of the United States Air Force in the place
and date indicated above,

Representative, NEC Representative, USAF Representative, Department of
Agriculture, Province of Almeria:-

Approved Approved
Commanding General of the Zone Commander, Sixteenth Air Force'
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SECTIONS

SEA OPERATIONS
BACKGROUND:
Situation:

At 09227, on 17 January 1966, the collision of an Air Force B-52 SAC bomber and a KC-135
Tanker aircraft caused some 250 tons of debris to plunge to the surface of the earth in the
vicinity of a Spanish hamr let called Palomares. Because of the proximity of the collision
point to the coastline ‘Fig. 3-1) and the prevailing wind conditions, much of the debris fell
into the Mediterranean Sea. The purpose here is to summarize the actions that resulted in
the at-sea search, identification, recovery and wrap-up of Aircraft Salvage Operations
Mediterranean (AIRCRAFT SALVOPS MED).

Authority :

In response to a verbal request from the Sixteenth Air Force Command for search and rescue
assistance, the Commander in Chief, U.S. Naval Forces Europe directed Commander, Sixth
Fleet to send a ship to the area, As a result of this order, a fleet tug (Fig. 3-2) arrived off
Palomares just 7 hours and 8 minutes after the accident. Since the recovery of survivors by
Spanish fishermen had occurred several hours previously, the Navy ship was released by
the Air Force on-scene commander the following day. However, since only three of the
four hydrogen bombs carried by the B~52 could be located ashore, the Air Force requested
Navy participation in an at-sea search and the recovery of the debris resulting from the col-
lision, Again, Commander, Sixth Fleet, responded, this time by ordering three ocean-
going mine sweepers and a four-man EOD team to the areca, This contingent was only the
forerunner of the eventual thirty-four vessels that were to be manned by some 3425 civilian
and military personnel, This task force was to be augmented by an assortment of four
manned submersibles, three unmanned vehicles, ard numerous systems designed to aid in,
the search, identification, and recovery of objects located on the ocean floor,

Meanwhile, the DOD took action within its means to provide the necessary support to insure
that the missing weapon would be recovered in the most expeditious manner possible, The
Assistant to the Secretary of Defense (Atomic Energy) requested, through the Assistant
Secretary of the Navy (Research and Development) that the Navy use all means to accom-
plish the task before them. On Sunday, 23 January, the CNO established AIRCRAFT
SALVOPS MED and directed mobilization of Navy resources to assist in the search and re-
covery of the lost nuclear weapon, Since the Navy is responsible for the disposal of explo-
sive ordnance discovered within the ocean, the task of locating the mlssmg weapon was set -
about in earnest.

In the main, the CNO order resulted in two primary actions, one on site and the other within

the Naval establishment. Task Force Sixty Five was organized from the assets of the Sixth
Fleet. Rear Admiral William S, Guest, USN, Deputy Commander, Naval Strike and Support
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Forces, Southern Europe, was selected as the Task Force Commander (CTF). At the same
time a Technical Advisory Group (TAG) was formed under the chairmanship of Rear Admiral
Leroy V., Swanson, USN, Assistant Chief of Naval Operations (Fleet Operations)/Director
Fleet Operations Division, The TAG consisted of representatives of those elements within
or close to the Naval establishment who were most knowledgeable in the field of deep sub-
mergency capabilities and environmental problems., The mission of these established organ-
izations was to support and "... conduct coordinated surface and subsurface operations in
the vicinity of Palomares, Spain, in order to detect, identify, and recover material asso-
ciated with the aircraft collision." : '

This taék was to keep both groups at maximum effort for the next 75 days when finally the
lost weapon was found, placed in its shipping container, and returned to the United States. .

ORGANIZATION:

As with most emergencies or accidents, the military establishment was prepared for suchan
occurrence with contingency directives to be instituted through the chain-of-command. Be-
fore this accident, no weapon had been lost at sea in what could be termed foreign territor-
~ ial waters. Consequently, the normal chain of command was modified as shown in Figure
3-3 to include representatives of particular interests of both the Secretary of the Navy and
the Secretary of State. Once the available information had been passed to CTF-65 by those
responsible in the 16AF, the at-sea operations proceeded with little dependence upon the
land operation. In fact, from the outset, Naval participation was geared to the assumption
that the fourth nuclear weapon was lost at sea, so that the eventual conclusion by the Air
Force that the weapon was not on land had little direct effect on the tempo of operations of
the sea searchers, ‘

The development of TF-65 was slow and at best piecemeal, Very early in the effort, mini-
mum requirements for the task force were estimated, and ships at least partially equipped

. for the specialized operations were assigned, Some were involved with maintenance over-
haul cycles and so could not get underway immediately for Palomares. As the sea search
effort continued with forces immediately available from Sixth Fleet, the TAG laid the high-
est priority upon procuring the military and civilian expertise in the field of deep sea re-
covery as well as much of the equipment and instrumentation suggested by these experts.
As these personnel and materials filtered in by sea and by air, CTF-65 began to fill the '
slots of his final staff organization (Fig. 3-4). The initial source of personnel was from
the complements of the ships on station. For the most part, the personnel in similar billets
aboard the Flag ship were asked to double as the appropriate staff members, -

The CNO had directed that full and precise documentation of AIRCRAFT SALVOPS MED
would be required should the search be unsuccessful. These records would provide proof of
the effort expended and justification for terminating short of success. On the brighter side,
such information was considered to be useful for application in future development of pro-
cedures, vehicles, and equipment. To accomplish this task, a tactical analysis group,. com-
posed of four naval officers and three civilian analysts, was ordered to report to CTF-65
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by the middle of February. It is of note that all four of the naval officers were qualified
submariners, an appropriate selection in light of the fact that CTF-65 was an aviator and
not experienced in matters pertaining to search for and recovery of objects on the ocean 's
floor. With the addition of these sevenpersonnel, CTF-65 at last had an adequate functional
staff, The director of the group was assigned as TF-65 operations officer on the staff, thus
providing the submarine experience heretofore missing from the task force organization,

To organize the TAG, CNO drew upon men who were not only experts in their own right, but
those who also headed the organizations most intimately connected with recovery at sea.

“These groups from within the Naval establishment were augmented by consultants from

various civilian companies having experience in this field. Table 3-1 lists the members of
the TAG and their respective positions within the Naval establishment or civilian community,

~TABLE 3-1
TECHNICAL ADVISORY GROUP
Established by the Chief of Naval Operations in response to a request of the Sec-

retary of the Navy. Met formally for the first time on 24 January 1966, in
Washington, D.C. : '

Members
Rear Admiral L, V, Swanson - Chairman
Rear Admiral O, D, Waters Oceanographer of the Navy
Captain E. ]J. Snyder, Jr. Special Assistant to the Assistant
' Secretary of the Navy (R &D)
~Captain W, F, Searle, Jr, ' Supervisory of Salvage, U.S. Navy
Doctor John P, Craven : Chief Scientist, Deep Submergence

Systems Project
Rear Admiral (retired) E. C. Stephan former chairman Deep Submergence
Systems Review Group
Various other Navy, Air Force, and commercial representanves on an as-
needed basis

Although not formally depicted on the organization charts, official laison was established
with a small Spanish Naval detachment in Aguilas. It was this group which ordered the
available vessels in the area to proceed and assist immediately after the accident, They, .
too, were tasked with supporting TF-65 in maintaining the integrity of the search area and
search operations. On one occasion, when a French salvage ship showed up in the middle
of the Task Force, the Spanish authorities were asked to use their influence in removing. the
unwanted guest from:the area of operations, The French ship complied, The Spanish Naval
effort was very successful,
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COMMAND AND CONTROL:

Although it is apparent from the discussion in this section, one point deserves emphasis.
TF-65 was a diverse assemblage of ships, naval personnel, and civilian specialists. As
with any special purpose group brought together for a specific purpose, command and con-
trol assumes significant importance. The problems of command are also magnified by any
situation where political implications of international importance exist, as they did at
palomares. :

Published accounts of TF-65 operations have cited friction between some military and civil-
ian personnel as being detrimental to its mission. This friction is described as resulting
mainly from differences of opinion on the conduct of search operations, the importance of
various findings and the like. What these accounts fail to portray is the immensity of the
problem of locating the bomb, if it could be located at all.. This operation met and overcame
problems never before encountered. TF-65 operated in a difficult environment and it suc-.
ceeded in its mission. That should be, and is, the principle item to lead any report of its
activities. That is the tribute deserved and shared by the officers, seamen, and attached
specialists of the command.

Communications, a vital component of Command and Control, were initially nonexistent in
the Palomares area. Even ashore, considerable time and effort were required to reach a
telephone and then there was no guarantee that the call could be completed successfully. No
rapid means of classified communications were.available until adequate radio equipment andthe
required power source could be shipped in and installed, For the sea operations, there weretwo
primary communications channels required. One was local in nature and served the imme-
diate operational requirements of the Task Force and its support units. This system was
unsatisfactory on many occasions. Insufficient frequencies were available to handle both
administrative and tactical traffic because many ships were auxiliaries or Military Sea
Transportation Service ships who were often limited in communications, personnel, and equip-
ment. Included in the limited category was the ship-to-submersible circuit. While commun-
jcations to the ALVIN and ALUMINAUT via the UQC-1 systems were reliable, the range
capability was limited and some interference was experienced when the two submersibles
were operating in contiguous areas. Even greater difficulty was encountered by the
CUBMARINE and its control vessel, usually a minesweep (MSO). Desired course informa-
tion was generated from sonar contact with the target and the submersible. The course to
steer was then relayed to the open bridge by sound powered phone, thence to the tending
motor whale boat by walkie talkie radio and finally to CUBMARINE by the Aqua Sonics under-
water telephone. Is it any wonder then, that the resulting orders and information wexre often
~ lacking in clarity and completeness., ' C

The second communications channel of import was the one providing a reliable link between
the CTF-65 and his immediate senior in the chain of command, This channel was not effec-
tively established until the arrival of the cruiser, USS BOSTON (CAG-1) (Fig. 3-5), on
January 1966. It was through this ship's capabilities that CTF-65 was able to request assist-
ance and report progress to the CNO and the TAG in Washington, D.C.

o
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OPERATIONAL REQUIR EMENTS:

Shipping assets required by operations generated in AIRCRAFT SALVOPS MED grew from
one fleet tug to a virtual armada of Naval and commercial vessels. The urgency of the situ-
ation dictated that the initial contingent of TF-65 initiate immediate action within its capabili-
ty. Little more than the basic facts concerning the aircraft accident were available to those
early participants. The information available to the CTF, upon his arrival at Camp Wilson -
on 24 January, consisted only of a rough estimate of the actual position of the collision,

some guesses concerning the sequence of events following the break-up of the B-52, existing
meteorological phenomena, and the location of the surviving crew members and assorted

aircraft debris.

The sighting of an object suspended from a large white parachute, its position, and signifi-
cance to the overall search effort have been matters of uncertainty even to the time of this
writing. On 21 January, prior to CTF-65 arrival, several actions had taken place that were
to impact on the entirc search effort.

The first two ships to arrive with any search capability, the Minesweepers, USS SAGACITY
(MSO-469) (Fig./S'-6), and USS PINNACLE (MSO-462) commenced a random search in the
area using their hull-mounted search sonar (UQS-1). On the following day, the splash-down
point of the large white parachute was confirmed when the Spanish fisherman, Francisco
Simo' Orts, who had been closest to the position in question on the day of the accident, was
taken aboard the USS PINNACLE. Senor Simo' Orts positioned the ship by seaman's eye. A.
sonar search of the area resulted in two promising sonar contacts at a depth of 2040 feet.
These contacts were reconfirmed by leaving the area and again asking the fisherman to posi-
tion the ship over the splash-down point, Again the sonar contacts were obtained. Unfortu-
nately, nothing further pduld be done toward identifying these contacts until a much later
date. A confirmation of the splash-down point was received from two other sources: one, a
Spanish pharmacist in the vicinity of Garrucha and the other, his assistant located approxi-
mately 1 to 1 1/2 miles north. Both men observed the splash-down of the white parachute
and provided bearings to the position, These bearings all passed through the search area
finally designated as Alpha I. It is rather ironic, if true, that Simo' Orts attempted to pull
on board his boat a very heavy object attached to a parachute. Unable to raise the weight
and after having dented his boat in the attempt, he released the parachute and its hidden
" weight and watched it sink into the depths. !How different the next 81 days might have been,
had he towed the object into shallow water. (This incident was not confirmed in official tes-
timony.)

Armed with a meager amount of information of questionable accuracy, CTF-65 set about
establishing an operational plan, Certain aspects of the task were determined, followed by
action to provide the ships, personnel, and equipment needed to meet the known require-
ments, :

* Note - The following functions are not in themselves unique, but categorize the primary
purpose of the units as assigned, At various times some of the ships served in secondary
and sometimes dual capacities as the need arose. . :
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Security:

To a world in the throes of a cold war under the threat of nuclear conflict, security measures
were high on the list of tasks assigned to TF-65, Several areas were considered important,
Area surveillance was conducted by various sea and air units, according to their availability.
Their mission was to insure the integrity of the operational area and to maintain continuous
surface and subsurface surveillance of the seaward approaches. Surface units were selected
from the ships which were assigned to TF-65 and in the area. Air surveillance was pro-
vided by aircraft from nearby land bases., Perhaps the most significant surveillance/
security operation was that of tracking the Soviet Elint Trawler "LOTSMAN" which observed
AIRCRAFT SALVOPS MED for a period of 12 days. Area security was further enhanced by
Spanish patrol craft who assisted in keeping the local fishing fleet from interfering with the
search and recovery operations. :

In addition to the physical security, these units provided command facilities for CTF-65 and
his staff, serving as flagship and insuring secure communications to assigned units as well
as up through the chain of command. In general, a cruiser, or destroyer was assigned
these duties,

Search:

A random search effort began upon the arrival of a search capability. However, to continue
such operations would have been a waste of time, men, machines, and money. Random
‘search over such a large area, approximately 130 square miles, would have been inefficient
and provided no measure of search effectiveness. CT F-65 immediately designated specific
search areas and assigned a priority to each, commensurate with the degree of reliability
of the known facts and sightings. The methods and evidence used to finally pinpoint the posi-
tions of the search areas varied widely, Of greatest concern, was the selection of the cen~
ter of area Alpha I. This, in fact, played an important roll in the litigation of the Simo' Orts
claim against the U.S. Government for services rendered. A number of factors were con-
sidered in determining the search areas, some having greater impact than others on any
specific area., In the main, these factors were:

Track of the B=-52

Wind direction and velocity from aircraft altithde to the surface
Debris pattern ashore and near the beach

Survivor splash-down points

Air Force computer studies based on the above

Sonar contacts

" Visual sightings from personnel on shore

The observations. of the fishermﬁn Sino Orts 1

~
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Area Charlie coordinates were selected by reference to the Air Force computer studies and
survivor splash points. Area Bravo was based on the Air Force computer studies, Area
Alpha II was selected mainly as an extension of the debris pattern on shore. Finally, and the
most auspicious was the selection of Alpha [ by CTF-65, This selection was primarily based
on the mean of eleven Ocean Bottom Scanning Sonar (OBSS) and UQS-1 contacts which were
accorded high credibility because of the statements and plotted evidence from the Spanish
fisherman Simo' Orts and the pharmacist and his assistant in Garrucha. These area selec-
tions were not finalized until 17 February at which time some 150 contacts had been logged
and many processed, Figure 3-7 illustrates these areas with their underlying bathymetric
contours, Priorities finally assigned followed in alphanumerical order. These areas were
designated by latitude and longitude in refercnce to the then available navigational charts of
the area. These charts were not very accurate.

The navigational aids consisted of radar for range and bearing fixes, consolan, radio bea-
cons, visual landmarks and Loran-C, Radar, consolan and radio beacons are not accurate
enough for high order positioning. Visual aids were not on a common datum and in proper
relationship to the search area; therefore, they were not useful in the search, Loran-C
would not have been suitable due to the distance to the transmitting stations, resulting in
weak signals being available in the search area. The only medium or large-scale chart
covering the Palomares area in the chart allowance for ships in the Mediterranean Sea is -
H.O. 3930, scale 1:233640, This chart was compiled in October 1935 from old Spanish
charts and was revised in October 1966, The chart carries the note: "Some features on this
chart may be displaced as much as one-half mile from their true position," It was found
that this was the rule rather than the exception. One more chart (identified as SPN, 108)
existed covering the search area and it was reprinted by the Navy Qceanographic Office
(NAVOCEANO).in January 1966 from a Spanish chart compiled in June 1960, from latest
Spanish surveys. Insets on this chart are a chartlet of Palomares and Villaricos and a chart-
let of Garrucha, Both of these chartlets are to a 1:25, 000 scale, but neither the main chart
nor the chartlets contain sufficient sounding data or landmarks to be of value to AIR CRAFT

SALVOPS MED,

In order to fulfill the requirement for a high accuracy, medium range, electronic position-
ing system, a DECCA Hi-Fix navigation net was installed by 6 February, The DECCA Hi-
Fix net, as installed, could only be used for relative positioning, This was remedied by

employing a NAVOCEANO geodetic survey team to fix the system transmitter locations on a

-common datum. A LORAC support team from SERVRON 5 was ordered into the area to oper-

ate the shore stations since a considerable amount of equipment and personnel were required
to maintain a DECCA Net on a 24-hour basis, Figure 3-8 illustrates the net of the DECCA
Hi-Fix System as installed. :

In addition to a high accuracy electronic positioning system, more accurate bathymetric in-
formation was required. This was accomplished concurrently with the establishment of the
operational DECCA system, The initial bathymetric chart was delivered to CTF-65 on

29 January 1966, and the final bathymetric survey was completed 26 February by the USNS
DUTTON, The resulting bathymetric information is depicted in Figure 3-7,
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' Figure 3-7 Underwater Contours
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Having determined the areas to be searched, it was then necessary to assign the available
search assets so that their capabilities and limitations matched the requirements of the areas
to be covered. It was soon recognized that the basic search forces required augmentation

for adequate inshore coverage, resulting in a request for additional swimmers and divers.
Figure 3-9 demonstrates how the various equipments were utilized to cover the depth re-

quirements,

Basic to the search philosophy in areas searched by electronic sound systems, was the nec-
essity to somehow verify each contact, A team concept was developed whereby units were
organized into teams so that their individual capabilities complemented each other. How-
ever, staff requirements, weather restrictions and normal scheduling problems made it
necessary that team assignments remain flexible.

The search plan which evolved was split into two components, One component was the in-
shore search area from the water's edge out to the 80-foot depth contour line. This area
was separated into block areas of a size that could be coyvered each day with a complete
visual search, for 100 percent coverage, by the divers available, The second component,
the area outside the 80-foot depth required more sophisticated methods. Since it was not
practical to utilize divers for full coverage at the deeper depths, such acoustic equipments
as the Sea Scanner, UQS-1, or the Ocean Bottom Scanning Sonar (OBSS) were put into
service. In the case of the Sea Scanner, divers were an integral part of the search team,
but not with the other systems and so identification and recovery teams were needed to
follow-up the contacts,

There were drawbacks to the follow-up method. For instance:
The lack of positive identification during the time the sonar opératoif held the contact on his

scope, deprived the operator of valuable signal interpretation which would be available if- .
operators had data from known objects on which to base their evaluations of the nature of

contacts obtained,

Methods of marking the contact, usually a float and anchor, were not only inaccurate at the
. time buoys were planted, but the buoys were subject to displacement during inclement sea
conditions. This marking system was also limited by depth and bottom contour.

Acoustic systems were hampered in three ways:

1. Rough bottom configuration as existed in Alpha I (Fig. 3-7) c'auses unwanted reflec~
tions and reverberations of sound signals., ’

2. Absence of a baseline target signature and precise knowledge of the bomb dimen-
sions influenced the sonar operators' contact descriptions, ‘
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3. Inaccuracies in navigation, which prevented return to the same precis'e positions,
led to duplicate contacts and frequent inability to relocate targets previously detected,

Since failure to locate the missing nuclear weapon was a definite possibility, CNO had di-
rected that sufficient records be generated to provide proof of the effort applied .and the
search effectiveness of that effort. The method devised wtilized a grid overlay of the search
area (Fig, 3-10), This grid consisted of lettered 2 x 4 mile rectangles oriented with the
long dimension parallel to the general contour of the coastline, Each rectangle was sub-
divided into numbered 1000 x 1000 yard squares which were the units used in making search
assignments, The degree of coverage of each of these squares was used to determine
search effectiveness, '

Two aspects of equipment effectiveness were weighed and caused a variation in the general
search plans, The relative mobility of the team using the CUBMARINE dictated that it be
assigned to areas of high contact density in order to identify contacts at a higher rate, Be-
cause the rate of contact acquisition by acoustic systems far exceeded other methods, the
CUBMARINE spent most of its operational time identifying these contacts in depths beyond
the capability of the divers,

The deep water region in and about Alpha I was treated as a separate case, Here the ALVIN
and ALUMINAUT were assigned visual searches in additon to contact investigation, This was
due to navigational limitations which prevented the submersibles from relocating sonar con-
tacts obtained by other means, and the generally unreliable nature of acoustic search in this
more rugged bottom terrain, The USNS MIZAR possessed a deep photosearch capability
and, therefore, was assigned to search operations in the deep area when not being utilized.
as a control ship for submersibles,

SEARCH SUMMARY:

The selection of equipment for use in the various search areas was based on equip-
ment characteristics, overall search results and the time required to cover a given:

area, and the ability of the available equipments to cope with the environments, inthe de-
fined search areas, The prime source of contact data was sonar equipment, It detected
items of all sizes and composition, from rocks and pebbles to large sections of the aircraft
wings, All contacts had to be identified either visually or photogfaphically since even the
sonars with the highest-definition (about 6 inches for the OBSS) were unable to provide suf-
ficient data for acoustic identification. This dictated that all contacts be revisited and
either sighted or photographed. This requirement placed a major burden on the navigation
systems available. In shallow water, over smooth terrain, results were satisfactory be- .
cause ranges were short and inherent equipment errors negligible, However, in water over
200 feet in depth, artificial light was required and range and bearing errors became signifi-
cant regardless of the terrain. The rough terrain in the southern half of Alpha I made
acoustic systems totally ineffective. Towed search vehicles experienced the same difficul-
ties. Inaccuracies in position increased with depth. Inability to detect the irregularity of
the bottom in time to adjust the depth of the tow causes several collisions with the bottom.
which damaged sensors. The towing duties were mainly assigned to the minesweepers,

.92




Villarices

a*w

r—w

b >

Figure 3-10 Search Grid Overlay




which in spite of the resemblance of towed search equipment to minesweeping gear, experi-
enced two additional limitations and the loss of three towed vehicles. A difficult ship
handling problem existed at the 1-2 knot tow speed of the OBSS making the maintenance of a
search track impossible in any increased wind or sea conditions, and the physical require-
ments of recovery dictated diver assistance to shift the tow rig from astern to a midships
boom for hoisting aboard, a relatively difficult and dangerous task in high sea states (Fig.
3-11), :

Use of the underwater TV system (Fig. 3-12) required even more stringent operating par-
ameters. It could not be towed, and so necessitated extremely accurate ship positioning for
either search or contact identification. When a multipoint moor was feasible, search or
identification could be conducted by a trial and error dipping procedure until the area access-
ible from that moor was covered. When a moor was not feasible, the operation was practi-
cally impossible,

Forty-two days after the accident over Palomares, and on the tenth dive by ALVIN, a target
was discovered in the vicinity of the place where Simo' Orts reported seeing a weapon de-
scend. It was approximately 400 feet long rather than the expected 10 feet and is explained
in the following ways. ‘ .

After water entry, the nuclear weapon, still suspended from its parachute, descended to a
depth of 355 fathoms riding the prevailing currents, It touched down on the rim of an under-
water ridge and was apparently dragged over the edge by the current forces on the chute,
subsequently slid into the deep submarine canyon depicted in Figure 3-13, From here it con-
tinued its descent to a depth of 425 fathoms, leaving a smooth furrow. It was this furrow,
shown in Figure 3-14, that was first discovered by ALVIN on 1 March while conducting con-
tour searches at constant depth levels. Close to the end of her submerged endurance,

ALVIN attempted to follow the furrow down the steep slope but was unable to keep it in sight. |

Nearing the end of her battery life, she was forced to surface, Eight search missions in the
same area and 12 days later, ALVIN relocated the furrow, but again did not reach the end of
the track prior to being forced to surface due to battery exhaustion, The next day was spent
in maintenance and finally on 15 March ALVIN successfully backed down the furrow to dis-
cover a parachute enshrouded object (Fig. 3-15) at a depth of 2550 feet lying on a 70 degree:
slope. The object was designated contact #261. The first phase of the search was complete,

Phase. Il was to commence on 26 March following an abortive attempt to raise contact
#261 on one line that was severed in the attempt, dropping the object, The second

search effort presented many of the same problems and much anxiety for a period of 8 days,

when on 2 April the object, still chute enshrouded, was located on a bearing of 210° T., a
distance of 120 yards from its position.on 15 March and now at a depth of 2800 feet, position
4 on Figure 3-13. The illusive weapon did not again evade the searchers of TF-65. '
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Figure 3-15 Parachute Enshrouded Weapon at 2550 feet



Identification:

While not entirely separable from search capabilities, certain systems possessed a more
effective means of identification than others. And though there was overlap of these system
capabilities, they can best be considered under three categories: divers, surface, and sub-
mersible. .

Divers - During peak diver operations, approximately 125 Navydiverswere assigned to the
task force. Between 22 January and 7 March, they searched out, completely identified, and
when size permitted, recovered 143 aircraft debris contacts in an area covering 3 square
miles. It is obvious that from the standpoint of effectiveness and versatility, depth limita-
tions considered, the swimmers and scuba divers were at the top of the list (Fig. 3-16).

Surfdice - Although providing mission versatility and an improvement in depth capability over
free divers, the hard hat diver was less mobile. handicapped as he was by a tether to the
attending surface vessel (Fig. 3-17). Additionally, his having to operate on the bottom
caused silt clouds which restricted his visibility and usefulness. Also surface dependent
were three other systems ernployed by TF-65, The underwater TV platform was limited in
depth and extremely limited in mobility and search rate requiring a moored vessel for con-
trol,

Effectiveness was significantly enhanced by the Cable controlled Underwater Recovery Vehi-
cle (CURV 1I) (Fig. 3-18). Although tethered to the mother ship, it combined sonar, closed
circuit television, cameras and lighting with the ability to maneuver and recover relatively
heavy objects from the ocean's floor to a depth of approximately 2900 feet. (Cable length-
ened for AIRCRAFT SALVOPS MED (Fig. 3-19).

The third system, used by the USNS MIZAR was a towed sled on which a transponder,' a
battery, one to four cameras, a pinger and two strobe lights was mounted (Fig. 3-20). An
underwater TV camera was available but not used on the sled, This system was primarily
used for contact identification but was hampered by the 10-24 hour time lag required to pro-
cess the film, This, time lag, inherent navigational error, and difficulty in maintaining a
minimum fixed height above the bottom (as was the case with the OBSS), caused contact cor-
relation errors not always reconcilable and sometimes resulted in damage through collision
with the bottom,

‘Inherent in all of these unmanned systems was practically unlimited bottom time,

Submersible - This category of vehicle was by far the most expensive, the most versatile,
the most dangerous, and certainly the most glamorous. Included within the category of Re-
search and Development vehicles, they all were without proven operating procedures.
AIRCRAFT SALVOPS MED, therefore, presented a fine opportunity to prove or disprove the
system designs and to convince the world in general that future recovery operations would
most certainly require comparable equipments. Excluding swimmers/divers (for depth
limitations), the submersible pilots, backed up by external cameras, represented the most
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reliable method of contact identification. In spite of this reliability, other factors posed
problems, Time on the bottom was limited by crew fatigue, endurance of the life support
system and source of power for propulsion and illumination, These manned systems required
many more hours maintenance time than their unmanned counterparts, and replacement parts
were either nonexistent or difficult to obtain, A support organization or mothership was re-
quired, thus increasing the personnel requirement several fold, The vehicles were limited -
to relatively good weather operations by launch and recovery parameters and required a
communications and navigation guide while submerged, since they were not equipped with a
self-contained navigation system, Once submerged, they had to depend on the sonar derived

~ steering instructions from the control ship to reach the general vicinity of the area in ques-
tion, Then, unless previously visited terrain features were recognized, each dive was an '
adventure into a new world with only general guidance by underwater telephone, The working
ability of each was limited by lack of leverage capability, making recovery of neavy objects
difficult if not impossible, Additionally, the danger of entrapment was always a possibility
with rescue prospects doubtful,

There were four such vehicles used during AIRCRAFT SALVOPS MED,

DEEP JEEP - Although first on the scene, DEEP JEEP was the first to be sent home. On e
station for only 8 days, it was able to come up with only one contact which was non-aircraft o
in nature, Disabled by a casualty to one of its electric propulsion motors that was beyond
the capability of the Task Force to repair, it was flown back to its point of origin (Fig.
3-21)., In summary, the DEEP JEEP was characterized as an inadequate search vehicle with
poor mobility, inadequate power, narrow field of view, difficult handling characteristics on
the surface, poor maintainability, poor external lighting, no sonar, and a depth limitation of ;
2000 feet,

CUBMARINE (PC-3B) - CUBMARINE by comparison, was extremely valuable, It spent 73
days on station and evaluated 44 contacts, 18 of which were aircraft debris. Although some-
what limited in endurance and depth Lapablhtv, which reduced its search effectiveness,
CUBMARINE exhibited high mobility, good maintenance, and good coverage, Becauseofits limit-
edutility, the manipulator was not used. CUBMARINE was hrmted to 600-foot depth of opera-
tions (Fig. 3-22).

ALVIN - Next in size and best in maneuverability and adaptability to rugged terrain, ALVIN
(Fig. 3-23) spent 72 days on station and evaluated six contacts, three of which originated
from the B-52/KC-135 collision, When compared to the box score of CUBMARINE, ALVIN's
contact results are misleading, Employed almost exclusively in deep water at the extreme
limit of the predicted debris pattern, ALVINS's opportunity for contact in either the search ’
or identification mode was several orders of magnitudes less than that of CUBMARINE, It
is probable that ALVIN would have performed as well as CUBMARINE, given the same area
assignment, In spite of the fact that ALVIN found the illusive nuclear weapon, both times,
and received its share of the glory, it was not without its shortcomings. To counteract its
effectiveness in rugged submarine canyons, the limited endurance, about 8 1/2 hours, made
searching large flat areas inefficient, Construction and crew habitually accentuated crew
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fatigue, Normally 8 hours of maintenance time between dives was required for battery charg-
ing and normal maintenance; this required dry docking in the well of the supporting Landing
Ship Dock (LSD) (Fig. 3-24), The viewing ports were insufficient in both size and location,
accentuating the need for an improved external lighting system, ALVIN's installed manipu-
lator arm had a working capacity of only 50 pounds, limiting the tasks that could be under-
taken as well as the submersible's capacity to carry an observer, The limited reserve buoy-
ancy inthe system provided practically no lift capability, The maximum operating depth was
6000 feet,

ALUMINAUT - Largest of the submersibles, and designed for four times the endurance of
ALVIN, ALUMINAUT (Fig, 3-25) generally was not as effective for the tasks of search,
identification and recovery, ALUMINAUT amassed a record of 15 evaluated contacts, 7 of
which were aircraft debris. Although duplicating ALVIN's 60 days of availability, and spend-
ing a comparable number of hours submerged, ALUMINAUT amassed nearly twice the num-
ber of days lost to maintenance failures and in a standby status. The standby time tends to
weight these statistics against ALUMINAUT since she was placed in a standby status on
several occasions after the weapon had been located and Tecovery operations employing
ALVIN were in progress. However, several characteristics of ALUMINAUT left room for
improvement, Hull inspection and routine maintenance required the docking services of the
LSD every 4 or 5 days. ALUMINAUT was normally restricted from operating in rugged
canyons and ravines because of its inability to readily avoid the terrain features and still
operate within the short distances required by the prevailing visibilities. Lack of an external
photographic capability and a proven manipulator limited her identification and recovery use-
fulness, It should be noted that ALUMINAUT did possess sufficient lifting capacity to
recover the'weapon but the operation was considered too great a risk to the vehicle and its
crew, Although possessing several types of equipment intended to provide a navigation capa-
bility, ALUMINAUT was not able to determine its geographic position except by dead
reckoning from the dive point. In an environment where visibilities of 40 feet were the maxi-
um, this navigation system was totally inadequate, :

IDENTIFICATION SUMMARY:

Identification of contacts by acoustic means was impossible, Thus, all contacts not initially
acquired either visually or by photograph, required a revisit, The possibilities for revisit
were by diver, underwater TV, towed cameras, camera equipped unmanned vehicles and
manned submersibles. All were useful and all contributed to the successful conclusion of
AIRCRAFT SLAVOPS MED. -

One aspect of the operation affecting search or identification capability was that of sub--
surface navigation, Given that the DECCA Hi-Fix system accurately positioned the surface
control ship, how accurately could the relative position of the submersibles be determined,
Only the USNS MIZAR (Fig, 3-26) possessed an accurate tracking system, called Underwater
Tracking Equipment (UTE), All other tracking systems were either grossly inaccurate or -
range limited in determining where the search vehicle had been or where it was to go,
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Search under any of the other systems was essentially random, Some navigation capability
was provided by bottom planted transponders or pingers for use in conjunction with the ve-
hicles sonar., However, the profusion of frequencies and the loss of line-of-signal in rough
terrain severely handicapped these systems, The more sophisticated navigation systems
installed in the ALUMINAUT were troubled with material deficiencies and were never oper-
ated satisfactorily,

Recovery:

Not the least of the problems facing CTF-65 was the recovery of the weapon once it had been
located, Three separate plans ALPHA, BRAVO, and CHARLIE, were formulated for the re-
covery of Contact #261, While all indications were favorable that this contact was in fact the
missing weapon, it continued to remain hidden until the CURV cameras and TV caught a
glimpse of the weapon shape enroute to the surface (Fig., 3-27), but positive identification
could not be effected until the bomb was on the deck of USS PETREL,

Plans ALPHA and BRAVO both involved the use of ALVIN to place pendants to the unit, but
neither method proved successful, :

Plan CHARLIE called upon the USNS MIZAR to play a primary role, It was to lower a
Danforth anchor, with a frame-like assembly called "POODL" (Fig, 3-28), attached to the
anchor line, to a point near the weapon, The use of a 16 KC transponder on the "POODL" in
conjunction with the UTE, enabled MIZAR to place the assembly within 80 feet of the target,
The two lifting pendants on the "POODL" and the one on the anchor were to be attached by
ALVIN, Only the lift line on the anchor could be attached to six shroud lines, the two lifting
pendants from the POODL were fouled and could not be used, The decision was made to lift,
In the process, the lifting pendant parted between the anchor and the weapon allowing the
weapon to settle to a depth of 2800 feet. The failure was apparently caused by the nylon lift

* line fouling on the anchor or perhaps by contact with a jagged stone out-cropping upslope
from the weapon,

The fourth plan (unnamed) was to use CURV to attach three locally fabricated grapnels to
the chute and its shroud lines, Each grapnel was to have its own 5/8-inch braided nylon lift
line, One of the three was to be used as a "lazy tether" line, long enough to reach to the
bottom of the deepest canyon in the area, Before this plan could be put into action, several
tasks had to be accomplished, When the parachute enshrouded object was sighted on 15
March, CURV was ordered readied for use in depths to 2800 feet, Since its design depth.
was 2000 feet, some 900 feet of control cabling had to be s pliced into position, a sea test con-
ducted off the coast of California and then the vehicle shipped to Palomares and installed on
board the USS PETREL (Fig, 3-29). Having demonstrated its ability to recover an object
from 1050 feet in the Palomares area, CURV was ready to perform when the target was re-
located on 2 April. On 4 April, CURV successfully attached the first grapnel to the a