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Table E-1. Fixed gamma intensity-time recorders (Reference 6)-
(Continned)

Station Ship Detectors Location and Purpose

32 39 Am, Bm, Cm, Dam Main deck, forward of
superstructure,  port,
deck  contamination
studies

39 39, 40 Am. Bm, Dm YheeXhouse; space
radiation level and

entry

87 10 Bm, Dm Engine room aft; space
radiation level and
entry

58 39,43  Bun., Cm, Dm Engine room, firing
aisle; space radiation
level and entry

64 30 Bm., Dm Recorder room; space
radiation Ievel and
entry

64 40 Bm, Cm. Dm Recorder roow; space
radiation level and
entry

67 39,40 Bm, Cm, Dm Over Hold 4, hatch cover,
main deck. starboard;
deck contamination
studies

68 39,40 Bm. Cm, Dm Over Hold 4, hatch cover,
main  deck, port; deck
contamination studies



Table E-1.

Fixed

gamma

intensity-time
(Continued)

recorders (Reference 6).

Station

Ship

Detectors

Location and Pumrpose

ig

39

39

39,40

39,40

B,

B,

Bm,

Bm,,

Bu.,

Bm,,

Bm.,

Cm, Dm

Bm. Cm

Cm., Dm

Bm, Cu

Cn., Dn

Cm, Dm

Cm, Dm

Cm., Dm

Cm, Dm

Dver Hold 2, hatch cover,
main deck

shiekding studies

Over Hold 2. Latch
cover, main deck;
shielding studies

Over Hold 2. hatch
cover, main decks
shielding studies

Over Hold 2Z. hatch
cover, main deck;
shielding studies

Over HoRd 2, hatch
cover, main deck;
shielding studies

3-ft below Hold 2, hatch
cover, center; space
dose and shielding
studies

1-ft above second deck.
Hold 2. center; space
dose and shielding
studies

Hold 2, 11-ft below
second deck, centers
space dose and shielding
studies

Hold 2. 27-ft below
secosid deck, center;
space dose and shielding



Table E-1. TFixed gamma intensity-time recorders (Reference 6)-

Station Ship Detectors® Location and Purpose
2 40 Am, Bm, Cm. Dm, Em Keel, forward; sea
contanination evalnation
7 40 Am. Bm. Co, Hold 1., manifold space;
radiation Ievel and
entry+
9 39,40 Am. Bm, Cm Forward Kingpost; wash-

down evaluation and
radiation evaluation from
distance

13 39 Am, Bm, Cm Over Hold 2, main deck.
starboard; deck contami-
nation and shie Iding
studies

13 40 Bm, Dm Over Hold 2, main deck,
starboard; deck contanin-
ation and shielding
studies

14 39,40 Bm. Dm Over Hold 2, main deck,
port; deck contamination
and shiekding studies

15 39 Bp, Cm, Dm Over Hold 2, Main deck,
center; deck contamin-
ation and shielding
studies

15 40 Am, Bm, Cm Over Hold 2, main deck.,
center; deck contamin-
ation and shiclding

studies

17 39 Am, Bm, Cm Over Hold 2, hatch cover,
pain deck; shielding
studies

*See Table E-2 for definition.

tused to determine times for safe entry and staving vimes, regarding
operational rvadiological safety.



APPENDIX E
RADIOLOGICAL INSTRUMENTATION

E-1 YAG-39 AND YAG-40 (Reference 6).

The respousibility for radiological instrumen€tation on YAG-39 and YAG-40
during Operation WIGWAM was undertaken by the U.S_. XNaval Radiological Defense
Laboratory._ The #nstrumentation was placed aboard both YAGS at stations as listed
in Table E-X. These stations measured the contintous ganma iIntensity recorders as
a function of time. The stations operated on the principle that radiation flux,
incident on an donization chamber. discharged preset automatic— recharging
capacifors. Two to four detectors, as well as dosimetry film, were also placed on

each station saboard the two YAGS. Detector ranges are illustrated in Table E-Z.

Survey teams on the YAG-39 and YAG-40 used Aymy Navy/Poréable Detector
Radiacs (AN/PDR) to supplement the continuous gamma recorders- The  weather-deck
measurements were ftaken 3 feet above the deck surface and the hold peasurenents
were taken in conftact with the hullk. However. because the ship decortamination
procedure studies were cancelled, YAG-40 was given only one complete survey, and
YAG-39 was cursorily surveyed.® The reason for capcellation of the studies is not

giver in Reference 6.

Beta vradiation jintensities were measured using Naval Radiological
Defense Laboratory (NRUL) RBI-12 beta probes equipped with an extra "hi-1¢"
switch. These probes superimposed alr Xon chambers with opposing circuitry in
order to eliminate fhe gamma Jonizing effect. ALY measurements were made with the

probe hekd against gpre-specified surface Iocations.

Although fakXout detectors were placed aboard the ¢wo YAGS under the
supervision of Project 2.7, fielded by NRDL. the equipment Failed. so that no

fallout data were recorded on either YAG, on the two LCMs, or on the YFNB-12_

*fhile in area of operations. Both were completely surveyed upon arvival in San
Francisco after the operation.

E-1



APPENDIX D
WIGWAMRADIOLOGICALENVIRONMENT
(Continued)

shown in Table D-7.  YAG-40 was granted a "RKimited" operational clearance after

spot  decontamination.
Table D-7. Results of radiological swrvey on YAG-40

after arrival at San Francisco XNaval Shipyard
(Reference 06).

Radiation level, * counts/nin

Tten Open window Closed window

Fire sprinkler

Starboard., approximately frame 82 50,000 3,500
Removable from inside 2,500 600
Contamination iInside valve 15,000 2,500
Hangar-deck tie-down channels 50,000 2,000
Roller checks
Port, approximately frame 35 50,000 20,0600
Renovable 4,000
Starboard, approxiuately frame 3 50,000 20,000
Removable None
Hatch wedges (o hatch 2) 50,000 3,000
3-fn. gun mounts
Port 50,000 25,000
Starboard 20,000~40,000 1.000-40,000
Life raft cover (temporarily located 40,000 4,000
starboard, approximately frame 55)
Air scoop (port, frame 115, main deck) 30,000 3,000
Diesel intake stack (frame 136) 50,0060 7,000
Void vents (starboard, frame 90}, patches 50,000 5,000
Lifeboat davit handles (Jorward, starboard) 30,000 5,000
Hand railing and posts (boat deck, 50,000 5,000
starboard)
Deck at affer corners of pilot house 30,000 25,000
Davit (aft, starboard corner of top of 40,000 7,000
~ deckhouse)
Stay brace for gallevy stack. patches 30,000 20.000
Signal  halyard hooks 30,000 1.000
Cleat (port, top of deckhouse) 50,000 20,000
Door to deckhouse (starvboard, frame 70) 50,000 2,000
*The survey was performed with two Berkeley survey meters, Model 2750-L. The

instrunent indication was in counts per minute and necessarily required a
calibration in order €o correlate readings with final-clearance Ievelk.

D-24



APPENDIX D
TIGhAY  RADIOLOGICAL  EXVIROSMENT
{Continued)

clearance required of all ships prior to inactivation or disposal- It is
desirable that all ships satisfy the requirements for fimal clearance as early as
practicable. The final clearance gamma-radiation Ievel for YAG-39 was defined as
i-3 mR/h, corresponding to a meter reading of 4500 CPM, closed window (CW).
Final-cXearance beta-radiation fixed 1evel correspended to a meter reading of

22,500 (CPM, open window (GW).

Table D-6. Results of radfiological swivey om YAG-39 after
arrival at San Frapcisco Naval Shipyard (Reference 6).

Radiation ILevel, * counts/min

item Open window Closed window

Washdown sprimkler heads

Portside of hatch 4 58, HIG 3,000
Top of deckhouse (4 heads) 20,000-50,000 500-6,000
Jack-staff Dbase 5%, 06 10,000
Lifebont supports (beal deck) £5,000 2,000-4,000
Lifeboat davits {(boat deck) 15,000-50,000 1,500-4000
Scuppers: beat deck, port, forward 20,000-50,000 500-2,000
Wrapped wire 1ine, starboard, aft 56,000 2,060
Lifeboat rigging
Washdown diesel No. 2z  intake 26, 008 1,04
manifold
Removable (wipe count taken om 4, GAG

manifold that had been removed)

YAG-40 entered the coptaminated surface area at H + 46 nipnutes and
remained there fFor 2.5 hours during the first 24 hours after detonation. The

resullting weather-deck dosage was of 1.6 R, and the dosage In the internal spaces

was Ress than ope-tenth of this. Hul® and piping system contamination was
insignificant. The radiation levels of YAG-40 upon arrival at Sam Francisco are
*The survey was performed with twe Berkeley survey meters. Model 2750-1. The

instrument indication was in counts per minute and necessarily required a
calibration in order to correlate readings with final-clearance level.
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APPENDEX D
WIGWAM RADIOLOGICALENVIRONMENT
(Continued)

considerable time was spent searching the wrorg area under the IEmpression that the
deep drogues in the shot area had not survived some strong turbulence (Reference
7Y. On D + 4 days, however, these deep drogues were found by a Task Force element
some miles %o the south. On the fArst cast the Horizon fook in the area of these
drogues, the deep activity was discovered. It was subseguently surveyed
satisfactorily and ifs total content of radicactive materiaX was ascertained. In

all some 500 vertical casts were made by the Scripps vessels to D + 10 days.
D5 RADIOLOGXCAL ENVIROMMENT ON SHIPS (Reference 6).

Twe of the ships which encountered regions of high radioactivity were

YAGS5-39 and -40. The profile and plan of the ships are shown in Figure D-13.

Airborne activity. moving downwind, reached the YAG-39. At H + 3

minutes., the radiation Revel on the deck was 400 R/h. This reading persisted

about 6 minutes during passage of the cloud. Interior spaces protected by one
Iayer of ship skir were exposed to about 6 to 12 R durimg the same period. Other
spaces had sigpificantly Lover readings. The radiation Yevel on deck had

decreased to about 9 mR/h a€ H + 1 hour. and about I mR/h at H + 19 hours.
Although washdown with contaninated water increased the radiation Xevel to 300

MR/ on D + 1 day, dosage was not increased materially.

The radiation Ievels upon the ship's arrival at the San Francisco Naval
Shipyard are given in Table D-6_ After returning ¢o port_, YAG-39 was granted an
operational clearance following a spot decontamination. Operational clearance
indicates that . 431 norual operations, repairs and npain¥enance can be carried out
without radiological hazard, provided the applicable precautions for handling

contaminated materials are observed. This %s the clearance required Xor the

nornal operation of active ships.  Final clearance, on the other hand, is the

D-21



APPENDIX D
WEIGWAM RADIOLOGICAL ENVIRONMENT
(Continned)

The )M/V Horizon also made mulltiple traverses of the contaminated water.
Approaching the northeast perimeter of the area. using navigational and radiac
equipnent fo guide her, the Horizon first encountered radioactivity at D + 90
mEnutes at a 35-meter depth and approximateXy 6,000 yards from surface zevo. This
distant intrusive RIayer appavently had moved along the bottom of the upper mixed
Iayer at 1 1/2 knots. After this finding. t¢the approach to the detonaftion point

was continued with increased care, but no further subaerged activity was found.

Water with 1.5 R/h surface activity was encountered at H + 173 minutes.
Just north of this point, a deep cast was t€aken, and po radicactivity was
encounterved to 700 meters. This unexpected result actually was due to the
coincident unanticipated shift of ocean surface currents at this time, but as this
shift was +then unmknown, It mnisled the party info believing that no deep

radioactivity  existed.

At H-bhour the shock caused a minor breakage in a pipeline on the
Horzzon, iIncapacitating hexr at this critical time, and because she was npwind of
the contaminated area, she was sef down info it by the wind. This resulted in
sowe fTechnical contamination fthat necessitated what would otherwise have been
npnecessary precautions in all further work. When power was finally restored, the

Horizon sailed out of the area a mile or twoe and was washed down and repaired-

The Horizon., T-boat, and Xatexr the M/V Baird re-eatered the area of

smface activity as ¥ts intensity Dbecame Rower. Surveys of, and casts through,
this activily were €taken on 14 €to 17, 19 to 20, and 21 to 22 Mav. The Horkzon's
principal task was to discover and measure the deep contamnination.- This search

was greatly iEmpeded by the aforementioned unanticipated shift in shear.*  Thus,

*Whereas earlier stodies of the area had indicated that the surface water always
moved south or southeast relative fo the deeper waters, It was later found that
this condition had reversed approximately at shot tine.
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APPENDIX D
WIGKAM  RADIOLOGECAL  ENVIRONMENT
(Continued)

Table D-5. Maximum t€hickoness of surface
laver activity (Reference 7).%*
Maximum Depth
Time Surface of Penetration
b+ neters
9.9 hours Hor¥zon sonde 32
12.0 hours Horizon sonde 80
25.1 hours T-boat sonde 110
46.7 hours Horizom sonde 67
120 hours Horiron sonde 80
168 Thours Horizon horizontal »100 <164
269 hours Horizon sonde 128
216  heurs Baird sonde 380

The First evidence of submerged activity just below the top of the
thermocline was detected by H + 12 hours, but the principal bedies of contaminated
water were not found for several days. Laminae of activity were found unevenky
distributed in the wafer to all depths up to 500 meters (1,640 feef). In general,
thin Ianinae were found to be adjacent to regions of high stability. The thin
Iawinae were thought €o have been formed in the stable regions as a result of
Iewer turbulence and higher shear (Reference 7). Figure D-5 illustrafes the

conplexity of phenomena below the thermockine.

Figures D-6 through D-12 show the fracks of YAG-39 and YACG-40 which were

known to have made multiple fraverses of the contaninated water patch.

*A series of shallow lapinae of varying thickness.
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APPENDIX D
WIGWAM RADIOLOGICAL ENVIRONMENT
(Continued)

in the surface Iaver of water, Che reduction in the maximum radiation is

approximately Rg,, = 130 t*2 where Rmax s in MR/h and € ds dn days
The data basis for this equation is presented #n Table D-4 adapted from Reference

7. The reduction in surface activity was a consequence of lateral and vertical
mixing as well as radioactive decay. Theve were indications that wnixing had slowed
by D + 10 days, possibly because more of the activity reached the stable structure
at the thermocline. The thickness of the surface Iayer of confamination was quite
variable. In places, mixing had extended to the thermockine by H + 25 hours. The
maximun depth to which the surface layer had penetrated at various ftimes is shown

in Table D-§5 (Reference 7).

fabke D-i.  Haximum sucface 1ntenstty (Keferemce 7).

Time Source -

u’ ilﬂfh
27 minutes Arreraft 3.5x1 00
33 minutes Asreraft 1.3x103

130 m aotes Arreraft R.0c3nd

173 winutes Harizon deck £.0xi0?
5.2 hours Arreraft 3.2xi02
2 hours Horizon deck 1.Rxing
9.9 hours Horyzor sonde T
20 hours Hovizon deck exisd
24 hours Arerafe 1.3x10d
251 howrs l-boat sonde 4.05103
28.5 hours I-boat sonde ¢, 8x15
28.3 hours T~boat sonde 43230
38.0 howrs Horizon sonde 12510
44 hours Argrafe T.axpd
46.7 uours Forizor sonde ¢.0x13
52.5 how's T-boat mode 1.ox1!

168 hours Arrtraft 7.0

171 hours 1-boat sonde 15.¢

198 Lours Aireraft 2.0

113 howss Herszon sonde :.&xw}

119.8 houss Horizon sonde S.ix1Ds

1215 howrs Horizon sonde L

225.2 howrs Hoirrzen 5.0

163 powrs Korszon deck 1.6

169 hours Horizon sonde Lo

208 howrs Horizon sonde 5.0

228 hours Baird sonde 4.6

“ARroraft  results,  reduced to 3 feet. gbove wator, have arbitrarily  been
msit plied by 2 and over-the-side measurements on deck lave been amltipied by 4
to rougily reduce these measurements to the in s3iy measurements of the probe.
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APPENDIX D
WIGWAM RADEOLOGICAL ENVIRGMMENT
(Continued)

s
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Figure D-3. Estimated radiation iIntensity of the contaminated

water patch.  Pass A-3, Swvey No. | (See Table -2

of the eocean resulfed in a relatively low-level radiclogical bkazard abeve the water

surface within a few hours.

Table D-3. 4Area of surface activity.

Time (D+) Source Area
(5q. mi.)
0.5 hoar Aircraft 5.5
1 day Afrcraft 13.1
1.7 days Alveraft 15,0
2.7 days Aircraft 5.4
4 days Aireraft 80.3*
5.5 days Hexizon 53.2
7.5 davs Horizon 18%.0

*This result was not heavily welghted. The Ylow maximuw intepsity wmeasured at that
tine (see Table D-4) wmakes the available data questionable.



Table D-2. Primcipal aerial survey results.”
(radiation Infensity at 3-ft. altitude)

SURVEY 1 {NR-82] SURVEY 2 {NR-92]
LENGTH LENGTH
STARTING AVERAGE, MAXIMUM, OF PASS  AVERAGE, MAXIMUM, OF PASS
PASS vE, hel mR/h mR/A FAILES mR/h mR/h MILES
Al 023 32,100 48,200 2.5 24,000 70,000 2.5
A-2 0 45 23,200 48,200 24 15,000 67,200 30
A-3 055 12,700 24.700 2.2 5,800 31,400 25
61 139 2,600 4,400 240 2,050 3,810 22
B2 1 51 750 2,500 17 3.530
5.3 1587 1,400 3,190 22 1,260 . 2,580 2.2
¢l 178 1,300 2,500 24 1,156 2,200 2.5
c2 1.87 . 275 1,570 11
¢3 188 400 840 17 EET
- 216 460 1.060 28
E.2 4.81 79 154 16
E-6 5.09 238 338 24
E-8 521 172 258 2.2 224 314 2.3
£-10 5 34 217 297 23
£3 487 &0 1% 2.8
E4 497 1.1 5.0 2.7 PROBABLY  FALLOUT
£-5 502 14 45 2.5
F-2 5 48 108 178 17 188 283 17
Fed 5 57 104 129 10
F.8 5 87 112 162 27
Fe8 5 87 98 151 14
G 15.47 36 66 2.5
G2 1852 24 65 3.5 42 a5 3.6
G.13 20 47 7 128 28 ag 102 36
G-l 4 20.57 47 98 33
K0 25 22 a5 12 38 15 44 41
H-3 25 53 16 49 44
H-7 25 87 35 72 53
H-8 26 03 50 92 34 19 40 35
-0 44 45 g2 16 31
t-3 44 85 28 48 36
6 45 17 37 7.0 29
15 45 49 36 14 35
141 45 67 20 41 32
1442 45 78 18 38 32
S5 45 83 44 T8 314
J2 45 97 38 7.0 35
J6 46.31 3.8 70 5.8
J7 45 38 27 48 30
38 45.46 25 44 16
Jf 2 46 81 22 4.4 59

*DATA FROM ONLY THREE PASSES FER SERIES ARE INCLUDED, PASSES ARE THOSE THAT HAVE
THE LARGEST “AVERAGE INTENSITY" DURING THE SERIES

1"i'HE'I"IME AFTER DETONATION AT WHICH THE RADIATON FIELD WAS INTERCEPTED
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to measure the fallout from VWIGWAN were iHmpeded becanse of sinking of the floating
platforus on which some dinstrumentation was placed, and because of the failure of
additional instrunentation. Conseguently, Iiftle Iate fallout data were obtained.
Although it Is possible that airborpe activity and fallout could have contributed
to the contamination of personnel and equipnent, as well as added to the water
contamination, estimates in Reference 6 indicate that the radioactivity of the
water due to Fallout was a factor of 100 or more Mess than that due to the

divect 1y contamivated water area.
D4 WATER CONTAMINATION  (References 6 and 7).

A detailed description of the water contamination 1is provided by
References 6 and 7 which estimate the total water-borne contanination to be 85
megacuries* at H + 120 hours, with 72 percent below the thermocXine (>100m) and 28

percent im and above the 60 to 100 nefer thermocline.

Figure D-3 from Reference 6 shows an example of the radiation intensity
3 feet above the wafter surface for a single pass over the contaminated water
patech.  This contour was produced by aerial survey no. 1, pass A-3, for which data
are included in Table D-2. The data in Table D-2 exhibit¢ the combined diffusion
and radioactive decay, which iis plotted in Figure D-4. The areas of the surface
activity contomrs shown in Table D-3, was obtained from aircraft and Scripps
Institution of Oceanography ships during the period D + 5 €0 D + 8 days. The
maxinum intensity of the radiation fliekd 3 feet above the water surface is shown

in Table D-4. These fHgmres and tables indicate that radiocactive contamination

*The total activity of 35 megacuries at H + 120 hours is In poor agreement with
the 63 megacuries obtained firom the 27 megacuries H + 240 hour estimate (French
1955) using the t-1.2 decay model. This iIs iIn part attributable to the
difficulty #u cemverting mR/h readings to cnries and in integrating over a complex
three-dimensional volume_
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TabXe D-1- Classes of active particles.

A Discrete, Irregular and opaqgue 41.4% by weight
B Irregular opague aggregates 8.2%
¢ Distributed areas, opagque to trans- 27.5%

parent, diffuse boundaries
b Oceanographic organisms, octagonal 20.5%
transparent, sonetimes with inclusions

E Organic t¢hreads (40-200 mnicrons Iong) 02.4%

Based on the categorization of particle types in Table D-I, plots are shown of the
gross sirze distribution of all particles and the octagoenal organismns in Figures
D-1 and D-2, respectively. The color of the particles ranged from yeElow through

orange, and red to black-

A spectrochenical analysis of the airborne material, irrespective of
activity., was made after most of the sal€ was removed. This analysis indicated
the presence of very stroug Iines of iron and silicon, as well as strong Iines of
calcium, chronium, npagnesium, sodiup, and €in. Smallerr amounts of silver.,
alnminun, boron, barium, copper, manganese, nickel, lead, strontium, titanivm, and
zinc vwere also observed. It was thought that the large amount of silicon observed
in the akrborne material was derived primarily from the concrete in the zero barge

Y€-473 (Reference 35).
D-3 FALLOUT (Reference 5).

As Fndicated in the previous section, ounly one percent of the bomb activity
was airborne and hence had the potential to be fallout*. Efforts by Project 2.7

*This value for the fallkout is En sharp contrast to muclear alr and surface
bursts, iIn which almost alk of the radioactive debris could become airborne and

contribute €o ITecal fallout.
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The complex fluiEd dypnamics produced by WIGHAM resullted in three sources
of radiological contamination which are discussed separately in the following
sections of this Appendix. Section D-Z describes the airborne activity:; Section
D-3_. discusses the residual falkout; while Section D-4 describes vwater
contanination. These descriptions are followed by Section D-5 which explains the
radiological envivonwent on the ships, particularly YAG-39 and  YAG-40.
Radiological instrumentafion for the YAGS and survey airvcraft are described in

Appentix E.
B-2 AIRBORNE  ACTIVETY  (Reference 5)-

Alrborne activity was nmeasured in Project 2.7 aboard the YAG-39,
approximately 5 miles downwind from surface zero, by a gamua detector system. At
H + 13 minutes., a measurement of 400 R/h was recorded. At H + 21 miEnutes the

radiation level fell ¥o 140 R/h.

Based on a wind velocity of 18 Lknots, the dowanwind cloud Xength was
estimated to be 11,000 feet. Given that the cloud rose to the inversion Mayer at
3,400 feet, and that the turbulent crosswind dispersion equalled the dowawind
dispersion., the active cloud velume was computed as 3.3 X 1011 cubic feet. IF
this velumne was combined with an a¥r sample colllected during the high activifty
period, #t was calculated that, at H + 10 days, cloud material activity totalled
0.25 megacuries. An empirical  extrapolation nsing the t-1.2 decay lLaw
a¥so predicted that the total activity produced by the device would equal roughly
27 megacuries at  + 10 days. Thus the cloud was assumed €o contain a maximum of

one percent of the total activiety.

The physical qualities of the a&rborme samples., as characterized by both

shape and physical form, are shown in Table D-1.

(¥
1
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APPENDEX D
WIGWAM RADIOLOGICAL ENVIRONMENT

B-X INTRODUCTION.

A major goal of Operation WIGWAM was to determiine the radjological
conditions resulting from a noclear detonation iIn a  deep-water extended
enviromnent distant from all Iand surfaces. The need for this type of shot is
indicated by the following history. In 1954, Shot BRAVQO of Operation CASTLE. a
surface shot, showed the extent to which a nuclear detonation on or slkightly above
a land or water surface could centaninate the environment. Another data point.
Shot BAKER of Operation CROSSROADS. a shallow underwater shot. showed the
conftamination caused when a Rarge amount of bottom material inferacted with the
explosion. In both of these, much of the cortamination resulted from inferaction

with so0il or sea botton.

Because the ranges of prompt neatrens and gamma rays are of the order of
a meter or less in water, the preompt neutrons and gamma rays dEd pot directly act
as a radiiological exposme source to personnel during WIGWAM. Indirectly.
however, prompt neutrons acted as a potential cause of radiation exposure by

activating aubient paterials in the water (e.g.., sodiur and chlerine).

During the first three seconds after detonation, the radioactive debris
were primacily contained within an initial bubble formed by the Inferaction of

thermal energy with the water (Reference 1).

Then, beginning at approximately I + 10 seconds, these gaseous products
began to reach the water surface, forming spikes and plumes reaching maximum
heights of 900 to 1.450 feet and emerging from an area roughly 3,100 feet in
diameter. As the plumes fell back info the water, a large cloud of mist was
formed.  This was the Dbase surge, at H + 90 seconds, which had a radius of 4,600
feet and a maximum height of 1.900 feet.  The visible surge persisted to H + 4
minutes. At H + 13 minutes, a foam ring appeaved with a 10,400-foot diameter.
The area within this ring probably approximated the extent of 1he contaminated

water.
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(Continued)

Thus., t¢he use and Enterpretation of these values in radiation work
require prudent judgment. I possible. exposure to radiation should be kept to a
minimum and well below the recommended value. Yet., in the case of particularly
valuable benefit to be gained (such as the saving of another’'s 1ife), a responsible
Individual may well decide that an added risk ¥s justified, and therefore increase

his exposure beyoud the standard.

This concludes the discussion of radiation safety standavds. In 1955, at
the time of Operation WIGWAM. fhe permissible EeveXk was IS e per vear (see Table
C-1)- This equals 0.3 rem per week or 3.9 rem for a 13-week period. The AEC
accepted this Xevel and Instracted #Ifs Test Manager to implement it for all
participants in the ftests. The specific actions and procedures that were taken are
the subjects of Chapter 2.
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(Continued)

It 3s important to understand the nmeaning and significance of these
recommended Jlevels. which were not based or a comprehensive scientific
understanding of the carcinogenic effects of radiation. Such an understaucﬁng did
not exist then and does not exist now. If §it did, sftandards could have been
extracted directly fiom scientific facts_ What has occurred thus far. however,
was that a representative body of informed professionals in medical and relevant
scientific areas, such as the XCRP and the XNCRP, provided guldance. These boidies
reviewed the scientific evidenoce and then arrived at a recommended value. This
was accomplished by somelbow balancing the risks due to the Iack of complete
knowledge against benefits €to be gained. These rvrecommended values have been
called by various names through the years. such as "tolerance dose," "maximum
peruissible exposure,” anmd, at present, "radiation profection guide.” They are by
no means absolute standards in the sense that adherence to them gnarantees zero

risk or vickation of then guarantees harmful effects.

Table C-¥ shows how the maximum peruissible levels have been reduced
through the years. It woulld be wrong to think that the reductions are based on
positive evidence that a previous level was too high. Rather. a statement by the

NCRP*  explains how the changes come about:

The changes in the accumulated MPD {(maximum pernissible dose) are
net the result of positive evidence of damage due fo use of the
earlier pernissible dose Mevels, but rather are based on the
desire to Dbring the MPD into accord with frends in scientific
opinion; it 1is recognized fthat there are still many uncertainties
in the available data and information. Consideration has been
given also to the probability of a large future increase in
radiation uses.

*"Maximun Permissible Radiation Exposures to Man," Supp 1. Math. Bur.  Std. (US)
Handbook 359 {1958), quoted in Reference 18.
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Table C-I1.

Reconmended Values

0.1 ervthema dose/
(1R /wk for 200 kY

0.1 R/day or 0.5
0.3 rem/wk
5 rew/y

3  rem/quarter

(& = roentgen)

Table (-2,

Recommended Values

0.03 rem/wk

9.5 rew/y

§ rew/30 vy
25 mrem/y

5 mrem/y

(Continued)

Recommended 1levels of permissible exposure to
donkzing rad¥ation -~ for radiation workers.

Conments

1925: Recommended by A Mutscheller and
52 Riy R- M. Sievant

1934: Recommended by IXICRP and used worlkd-

wide untik 1950 '

36 Ry 1934: Recommended by NCRP

IS rem/y 1949: Recommended hg NCRP
1950z  Recommended by IXCRP for total body
exposure

5 rem/y 1956: Recommended by JICRP
1957:  Recommended v 'MCRP for fotal body
eXp osure

5 vem/y ERVA Manual, Chapter 0524

Recommended Mevels of permissible exposure to
lonizing radiation =~ for nembers of the public.

Conments
1.5 rew/y 1952: Suggested by NCRP for any body organ
6.5 rew/y 1958: Sngsested by XNCRP
1959: Suggested by ICRP for gonads or totalk
body

0.17 rem/y 1958: Suggested by ICRP for gonads or totalk
hody

0.025 rew/y 1977: Suggested by EPA for any body organ
except  thyroid*

0.005 rew/y 1974: Suggested by ERDA for persons Riving
near a nuclear power plantt

*EPA = Environmental Protection Agency. See EPA, "Rules and Regulations," Federal

Register, Jannary 13,

1977 (Reference 17).

tERDA, now the Department of Epergy, DOE. Thiis s the present radiation profec-
tion guide of the XNuclear Regulatory Cosmission-
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and, on the other, are Xow enough to constitute an exceedingly small risk of cancer
inductiion or ofher hmmful effects, The task of defining safe radiation standards
has been carried out by several international and national organizations, primarvily
the Internationa)l Commission on Radiological Protection (ICRP). which was Formed in
1928_ and in the United States., the National Council on Radiation Protection
(NCRP), which was comstituted in 1929 (Reference 15). In a general way. the
activities of these bodies consist of reviewing the results of the extensive
investigations iIn the medicaX area and in radiological physics. assessing these
' results, and arriving af a counsensus on a standard- A short summary of the levels
reconmended For permissible exposure to ionizing radiation is given in Table C-1
(Reference 15). The values in this table are for radiation workers. For nembers
of the general public, considerably lower values are recommended. which are shown
in Table (-2 (Reference 16).

The levels of permissible exposure for radiation workers shown in Table
C-E apply to whole Dbody exposure. Usually such exposure arises from external
somrces of radiation. But exposure to iInternal sources of radiation, such as
radioactive material ¥nhaled ox  ingested accidentally. iIs also possible.
Specifying peruniissible levels for internal exposure #s more complex than for
external exposure. Thiis is because the activity inhaled or ingested may lodge In
different organs of the body, depending on its chemical composition. In addition,
the activity may be retained in the body for varying periods of fime. and the dose
delivered depends on the type of activity (alpha. beta. gamma) that is involved.
Thus, while Xevels for external exposure can in practice be confrokled by
contiolling time spent in measured external radiation fields. Ievels for internal
exposure are controlled by specifying maximum permissible concentrations (QMPC) of
various radioactive Xsotopes in air, water, and ¥Food that can be inhaled or

ingested®.

*MPCs are specified in | CRP Publications No. 2 (1959) and 6 (1962) Pergamon
Press, Xew York.
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Except for the following brief remarks. a description of these researches is not
given. For a description of the relation of radiation and cancey, the reader is
referred to text books on the subject (e.g.. Reference 15 and the references

contained  therein).

Extensive experimenfation with animals has demonstrated the reality of
cancer induction by radiation. With humans. experimentation is not possible.
However, many observations of human experience with radiation have been reported.
At one extreme, anyone living on the earth is subject to a natural background of
radiation which has existed through the ages. This background radiation is due to
cosmic rays from outer space and to the radioactivifty of naturalky occurving
Isotopes (mainly potassium-40, uranium-238, and thorium-232) in the terrestrial
environment. On the average, a person receives a dose of zabout 100 millirem (=0.]
rem) per year from natural sources. IncIusion of other sources such as medical
exposure results ¥n an es€imate of 180 mrem/year average annual whole-body dose in
the United States. This dose can vary by a factor of two or more, depending on
location, altitude, and the nature of the ferrain- It has yvet to be established
whether this Row background dose ryate is harmfull, or whether, iIn fact, it is
beneficial to man. Further, since the discovery of X-rays, medical use of
radiation for diagnostic purposes has added to the radiclogical dose which the
average person receives (d.e., chest X-rays and other man-made sources). It is
estimated (Reference 15) (hat these man-made sources amount to a dose rate of about

80 willivem per vear; thus, the nan-made contribution nearly equals the natural.

At the other extrenme. there have been reported incidents (Reference 15)
where individuals have been accidentally exposed to very 1arge doses - over a
thousand rads. Such Xarge doses are lethal, survival times being only a few hours

or days affer the event.
It is believed that Dbetween these two extremes, radiclogical exposure
Xevels can be deFfined which, on the one hand, are higher than the natural

background and thus permiit the use of man-made sources for the benefi€ of mankind,
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traversed. (This 1is why these radiations are referred +to as Vionizineg

radiations.™)

The quantity usually measured iIs the exposure, or exposure rate. The
instruments are called radiacnefers or dosineters. They measure the electric
current produced by the ITonization and are graduated to indicate exposure rate
directly on the dial (as the amount of mR/h, Ffor example). Dosimeters integrate

the current amd iIndicate exposure rather than exposure rate.

Speczal films have been developed €o measure exposure. These are worn by
personiel in a special holder. After use. the film iis developed and the degree of
darkeping is measured. This iIndicates the exposure by means of a cakibration curve
reading directly in roentgens. Fillms and special lolders have been developed to

measure X-rays, beta rays, and nentroms.

The activity and the dose are not neasured directly buf€ are usually

deduced from the exposure measurements.
c-5 RADIOLOGICAL  SAFETY  STANDARDS.

The damaging effects of radiation on human tissue were observed almost
coincidentally with the discovery of radioactivity and of X.rays in the 1late 1800's.
Becquerel, fthe discoverer of radioactivity in uraniuvm. for example; noticed an
erythena on his chest as a result of carrving a small radium-bearing sample in his
vest pockef. Madame Curie developed radiation burns on ber hands fiom handliag a
small tnbe of radium. These effel‘.ts were reported in 1901 (Reference 14). Since
that t€ime, an increasinsEy extensive body of research has been and confinues to be
devoted to the Investigation o¥ the biological effects of radiation. Among the
purposes of these research efforts are the elucidation of the 1ole of radiation

both asa causative and as a therapeutic agent in many forms of cancer in humans.
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The usefulness of the Introduction of the rem as a unit of biological
dose was certainly efficacious in the radiation research field as long as it was
used in if€s proper context in comparing biological effects. The extension of the
use of the term into general use (where neither the fime dependence of the
biological end point effect is known for either the baseline X- or gamma radiation
or the oradiation being compaved, nor is the energy deposifion spectirun Tor either
radiation  known), does nothing but compound the error. Thus. the path from cause
to effect is firaught with uncertainties introduced through the translation of a

physical measurement to the concept of biological dose.

Even the most mneticulous Iaboratory determinations of radiation cause and
effect show nide variations in comparative studies. For instance, RBE values may
vary by a factor of at least ten using the same ftwo compared radiations at exactly
the same dose rate depending on the mammal being studied and/or the biological end

point selected.

In summary. and for purposes of vradiological safety, radiation
environments are characterized by fthe following three quantities:

0 Activity of its sources = measured in curies

o Exposure - measured in roentgens

o Dose - neasured in rads or renms

Techniques and instruments have been developed €o measure the quantities
discussed above.  These techniques and Instruments depend on the fact that the
radiations deposit energy in their passage through matfer. Essentially all epergy
deposition takes place throngh the process of Ionization, that iIs, the removal or

tearing off of the ounter wost electrons From the atoms composing the matter
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cause and eXfect, not only in Dbiological materinls, but in any naterial. Simnce it
could be postulated that the effect of a radiation was probably propertional to the
amount of energy deposited in the irradiated object, the unit roemtgen-equivalent
physicak (rep) was introduced. It was based on the known Fact that the energy
absorpticn in one gram of air Irradiated by one roentgen of X- or gamma rays ks 83
ergs-  Thus, one vep wns defined as the dose of auy radiatien that deposits 33 ergs
in one cubic centineter of tissue. Other physical units of dose were proposed and
were used by various Envestigators., buf the rep proved to be the mos¢ popular in
the biclogical regime. Alfhough based on the energy absorbed in gne gram of air
exposed to ionizing radiation, the rep is not equal to the emergy absorbed per gram
or tissue exposed fto fonizing radiation-- Tissue absorption depends on tissue
conposition, type of radiation, and the energy of fthe radiation. For instance, one
R dose of gamma rays will resulf in the deposition of 93 ergs per gram of soff
tissue and for corpuscullaxr radiation, fthe dose is 1.1 rep-  Since this phenonenon
involves no time of delivery Factor, the physical dose term., 1 rep, does not take

info account any response that is time dependent.

Another factor considered in establishing units of dose was that the
effect could not be solely dependent on the tfotal energy absorbed; instead. it was
probably alsc dependent on the rate of deliivery of the energy and the distribution
of the energy deposition iIn the tissue under cons¥deration. Therefore, a new unit
of frue biological dose was introduced: the roentgen equivaleat man C(mammal) or
ref. This was defined as that quantity of any type of ¥onizing radiation which.
when absorbed in a human body (or a manmal’s body), produces an effect equivalent
to the absorption of one roentgen of X-radiation or gamma radiation at epergies in
excess of approximately 50 KeY, This unit is practical because it removes the
uncertainties of the effect of radiatior energy deposition and the time rate of
energy deposition (if the rates are the same for both radiations). Instead, it
uses an observable biological end point response. Thus. rem is alloted to physical
dose (rep) by the equivalence rem = (RBE) rep- RBE may be called the relative
bioclogical effectiveness. The rem can be defined as either rem = rad X RBE or

rem = vad X (QF + DF) where QF = a quality factor aad DF = a distribution factor.
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mumber of particles or rays traversing a small vo¥ume per unit time Xocated #in the

vicipity of the source. The source establishes a radiation field around it.

The exposuare rate is defined as the strength or infensity of this
radiation Ffickd at the specified location. Yt is measured in a unit known as the
roentgen*, and is used for leta and gamma radiations. The idntensity of a radiatien
field of beta or gamma radiation Xs thus snid fo be so mamy roentgens per secend or

other unit of fine. For alpha particles or neutrons. a different measure is offten

used. A measure ks taken of the number of particles crossing a unit area per unit
time at the specified location. This is called the ¥lux. The exposure rate is

then sakd to be so many roentgens per unit €ime (for beta and gamma radiation). o

so many particles per unit area per unif tine (For peufrons and alpha radiation).

If a piece of matfer is placed In a radiation field. the radiation
fraverses it and deposits energy Dby the process of ionizatioun. (Jonization
consists of tearing off ome or more electrons of the atoms which compese the amafter
traversed.) The amount of energy deposited per upit mass of matter is callled the
absorbed dose, or simplkv dose. It Es measured in units called rads; one rad is the
absorption of 100 ergs of emergy per gram of matter.  An exposure to one roentgen

of gamma rays will, as noted, depeskt about 1 rad of dose iIm hunan tissue.

As radiation sources become more mumerous and with the development of the
controlled fission process leading to weapons., reactors. and radioactive isotope

production, the uwnils of dose commonly used become totally inadequate In equating

*After W. Roentgen, discoverer of X-rays. A technical definition of the reentgen
is:  "that quantity of X- or gamma vadiation such that the associated corpuscular
eeission per 0.001293 grams of air, dry, 0° C, 760 mm of Hg., produces in air, Ions
carrying one electrostatic unit of quantity of electricity of either sign."
{Reference 13)
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The source of radiation causes certain levels of radiation to exist in
the space around it. A sufficient amount of exposure to this radiation iIs known to
have biolegical effects. Since some of these effects are known to be harmful to
humans, it Eis necessary (o control an individual¥™s exposmre En any activity
invelving proximity to radiocactive sources. Before discussing the potentially
harmful effects fTurther, it Is necessary to define the quantities involved and the

units used in measuring these quantities.
c-4 INTS AND  QUANTITIES 1IN RADYOLOGICAL SAFETY.

The thiece important guantities or concepts iIn radiological safety arve
activity, exposure, and dose. These are technical fterms and are defined below. For
the sake of charity in this report we have used the basic units (e.g.. roenfgen anid
rep) which were in common use xnt the time of Operation WIGWAM. rather than
converting them to the presently used vad er rem units. {The conversion would not
change quantities by more than 12 to 15 percent siace 1 vep = .88 rads.)  After
the definifions, their use is illustrated in a simple example typicaX¥ of the

Rad-Safe operations at UWIGWAM.

The activity of a source is ﬂ;e number of nuclear disintegrations
gccurring per unit time. It is measured in curies.® one cuvie (symbol CI) Dbeing
the disintegration of 3.7 x 1010 puckei per second. At the time of its
definition, the curie was believed fo be the disintegration rate of one gram of

radinm.

Each disintegration produces one or nmore types of radiation (alpha, beta,

neutren, gamma) whick travel away from tfhe source. Thus. there wilk be a certain

*After Marie Curie, the discoverer of radiun-



APPENDIX (€
CONCEPTS OF RADICACTIVITY AND RADEATION PROTECTION
(Continued)

Once the plume of water and spray falls back into the water, a large
doughnut-shaped cloud, moving rapidly outward from fthe colhun, develops. This is
called the base surge. The importance of the base surge lies in the fact That it
is Jikely to be highly radioactive because of the fission (and other) residues
present, either at Its Inception or dropped Into it fiom the radioactive cloud.
The length of time the base surge remains radicactive depends upon the emergy vield
of the explosion, the lLurst depth, and the nearsmess of the sea bottom to the point
of burst_

In Shot WIGHAM, the f£first deep-water puclear detonation, the bubble that
was created with the 30 KT deteonation (2,000 feet below the surface of the Pacific
Ocean) continued to pulsate and rise for three complete cycles: then enough steanm
condensed €0 make addEtional pulsations unlikely. During fthe pulsaticen and upward
notion of the bubble. the water surrounding the bubble acquired cousiderable
momentum amd eventually broke through the surface with a velocity which was
estinated at 200 miles per lhour. This created a 1arge spray dome fthat turned inte

a plume and formed the Dbase surge.

Thus., the sources for the radiological env iromuents of Operation VWIGHAM

were the following:

o Ailrborne activity
o Residual Fallout

0 Water contamination - Because the ranges of prompt reutrons and
gamma rays are a meter or Ress im water, there was no prompt
radiation exposure %o personnel during WIGKVAM. Indirectly,
however, prompt peutrons acted as a potential cause of
vadiation exposure by activating ambient materials in the water
(e.g., sodiun  and chloyine).
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heating of the Dlody of water. Depending upon the depth of the explosion, some of
the thermal and nuclear radiations will escape, but the iIntemsities will geperally
be less than for an air burst. However., the radiation emitted after the TFirst
ninute iIs of considerable significance since large quantities of water in the

vicinity of the explosion will be confapinated with radioactive fission products_

Certain characteristic phenomena are associated with an underwater
nuclear  explesion, but the details vary with the energy yield of the weapon., the
distance bhelow the surface at which the detonation occurs, and the depth and area
of the body aof water. A brief description of these phenomena Tfollows. For a more

complete description see Reference 120

In an underwater explosion. the hot gas bubble produced a few seconds
after detonation initiates a shock wave. The intersection of the shock wave with
the water surface produces the effect of an expanding rving of darkened water
called a "sRick."  Following closely behind the dark region ¥s a white circular
patch known as the "crack"., most Iikely caused by reflection of the water shock

wave at the surface.

Inmediately following the appearance of the crack, and prior to the
formation of the condensation or "Wilson" cXoud, a columa of broken water and
spray, called the "spray dome," is thrown up over the point of burst. The total
time of rise and the maximum height depend upon its depth below the surface.
If the depth of burst Is not too great., the hot gas bubble remains essentially
intact wtil it rises to the swrface of the water. Part of the shock wave passes
through the surface into the air., where due to the high humidity, a condensation
cloud is Formed. As the pressure of the bubble is released. water rushes Ento the
cavity and iIs thrown up as a hollow cylinder of spray called the "plume." The
radioactive contents of the bubble are vented through this hollow column and nay

Tform a cauliflower-shaped cloud at the tep.

c-7
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ekther positively or negativeRy charged electrons with small
mass but high Linetic energy- Beta rays have a Jlonger range
than alpha rays. They can penetrate to a depth of a centimeter
in human body gissue. Beta radiation is emitted copiocusky by
the fission products of a nuclear weapon and by solar radiation
products interacting with onr environpemt- Beta particles
produce ionization iIn matter.

¢ Neutron Radiation = Nentrons are uncharged nnclear particles
produced in natural solar processes and emitted iIn nuclear
fusion and fission reactions. Neutron radiation produces
ionization in its passage through matter. Neutrons emitted by
exploding nuclear weapons have long ranges. Once released, the
neutrons fravel several hundred yards in air and penetrate a
few feet in seil.

0 Gamma Radiation « Gamma radiation is comprised of electro-
magnetic waves, not particles. It ionizes matter and is very
penetrating. In this vrespect, it is very similar to neutron
radiation. Gamma radiation is emitted by the nuclear weapon
and Ly the fTissionr products in Tallout.

c-3 RADEOLOGICAL EXVIRONMENTIS IN UNDERWATER XNUCLEAR TESTS.

A nominal mnclear fiEssion weapon has an explosive yvield equivalent to 20
kilotons of TNI. This corresponds to the consumption. via fission, of about 1.1
kilograms of uranivw or plutoniun, depending on which isotope is used. It results
in the production of somewhat less than 1.1 kifograms of fission products. (The
difference In mass Is what has Dbeen converted infoe the energy of the explosion

according to Einstein's eguation, E = mcz.)

In a subsurface burst, most of the shock energy of the explosion appears
as underwafer shock, but a certain proportion, which is kess the greater the depth
oF the burst. escapes and produces air blast. Muach of the thermal radiation and

the initial nuclear radiation wilIl be absorbed within a short distance of the

explosion. The energy of the absorbed radiaticns will merely contribute to the

C-6
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The aspect of fission vhich leads to radiological hazards Is the
production of two Fission fragments forr each fFission event. The fission preducts,
or fragments, are highly radicactive. They decay fo stable isotopes by emitting
beta particles and gasma radiation. There are about 40 different ways in which a
muclens can split in fission.  Most of the resulting 80 types of fragments are
radioactive and decay through about three steps before reaching a stable muckeus.
Half-Iives can vary firom a few tenths or hundredths of 2 second o many hundreds
or even thousands of vyears. Some 200 different radicactive isotopes of 36 light

elerents, from zinc to terbiuwm, Llave been identified among the fission products.

Fusion reactions, on the other hand, do not proeduce the copious amounts
of radioactive products that fission reactions do. The fFfusion reaction has been
operating most efficiently irn our sun for willions of years and the products of
this reaction have been radiating our ewnvircament fFor nillemnia. Naturally
radioactive materials are present alk over the surface of the earth and contribute

to the background Ilevels which are found everywhere iIn varving degrees.

This brief sketch of nuclear physics is concluded by listing the types

of nuclear ionizing radintions and giving some of their properties. Once

established in the eavironment, these ionizing radiations arve the agents
responsible for radioclogical lhazards.
o AXpha Radiation - -Alpha radiation consists of nuclear partickes

(helium nuclei) which have very short ranges in natter; e.g..
they will nof pepetrate human skis, or a piece of paper. These

particles are enitted by heavy isofopes such as wranium and
plutonium. Alpha particles are vrelatively massive, are

electrically charged, and have large amounts of Lkinetic energy.
They deposit energy in the wmatter they traverse by ilonization.

0 Beta Radiation - As is the case with alpha radiation., beta
radiation Is parficle (electron) radiation. These can be

C-5
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Two more topics fFirom nuclear physics must€ be briefly mentioned before
explaining the origin of the radicRogical hazayds of nuclear weapons. The first
topic is the nuclear vreaction known as fission. In this reaction, a neatron enters

a heavy nucleus and the resulting excitation causes the nucleus to split into two

more or less eqnal fragments; that is. tfo fission. In addition to ¢the two nuclear
fragments_. two or fthree nentrons amnd gamma rays are also emitted. The FKission
process occurs in only a fFew heavy #sotopes. The predominant isotopes are

uranium-235, an isofope occurring aaturally in urapium ores, and plutoniom-239_. a

man-nade  Xsotope produced from granium-238 in nuclear reactors.*

The significant feature of the fission process is the production of more
neutrons.  Under suiitable conditions., the prodaction of more neutrons induces more
Tissions and mwore neutrons, efc., in a continuing sequence of successive
generations known as the nuclgar chain reaction. This is what makes Fission
nuclear weapens possible. For further details on the chain reaction, see Reference

11.

The second topic from nuclear physics is the nuclear reaction known as
Tusion. If a mnixture of certain Hight isotopes are combined at wvery high
temperatures and pressures, the nuclei fuse together. Fxanples of this are
deuteriun (heavy hydrogen) and €ritium. The products of Ffusion are isotopes of
heXlium and hydrogen. high-speed neutrons and energy. The iIntense femperatures
(tens of nillions of degrees) and pressures (thousands of atmospheres) required for
the fusion reaction ave usually provided by the Ffission reaction. The resulting
weapons, callled thermonuclear weapons, ufilize both ¢he fission and Fusion

reactions.

“AX1 the eBements bevond 92 (uraniom). the so-called transuranics. are man-made
and all arve radieactive.

c-4
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one of its neutrons into a proton and emitting an electron. Ir this instance, the
electron s called a beta particle or a beta ray to differentiate it from the
orbital electrons. It flies away from the atom with relatively high energy. The
beta particle leaves behind a nucleus with an atomic number of 2, one neutron, and
an atomic weight of 3 (Z + N = A). The outcome is helium 3. a stable isotope of

helinn.

Most of the naturally occurring elements have several stable isotopes-
At the heavy end of the series of the 9.2 elements, it has been found that beyond
bismuth (Z = 83) there are no stable isotopes; all are nafurally radioactive.
Pranium (L = 92) occurs naturally - nainly as the radioactive isotope with an
atomic weilght of 238. The reason uraniun -238 s observed at all is that the
half-Life is very long. Its half-1ife of four and one half billion years, is
comparable to the age of the earth. Uranium-238 decays by emitting an alpha
particle.  The alpha particle is a closely bound group of fFfour nucleon$, 2 protoms,
and 2 neufrons. It is, therefore. a helium nucleus. Inasmuch as both Z and N have
been reduced by twe, there is left behind a nucleus of a different element called
thorinm.  This ftype of radioactive decay is called alpha decay and it ds typical of

the heavy elements.

Thus far., two fypes of muclear radiatifon have been discussed: alpha
radiation firom alpha decay, and beta radiation from beta decay. In addition,
there is a third type called gamma radiation. Many radioactive nuclei emit
radiation known as gamma rays. Alpha and beta radiations are particles and their
emission results in the transformation of the decaying element into another
element.  Gamma radiation is in the form of electromagnetic energy sinikarr to radie
waves, X-rays, and Right waves. Gamma radiation is one way a nucleus can radiate
energy without transforming into another type of nuclens. [However, ¢aiMa radiation

usually Xs enitted during nuclear framsforwmations along with beta particles.

c-3
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electrons move around this cole. Hydrogen, eXement 1 and the 11Xghtest of the
naturally occwrring elements, has one proton as its nucleus and one electron
vevolves around it. Like all atoms., this atom as a whole is electrically neufral.
If a neutron s added fo the hydrogen nuclens., the outcome Is am afton of deuteriun,
or "heavy Tydrogen-" Denterium s an "isotope" of hydrogen; that is, ifts nucleus
has the same aumber of protons as the nucleus of hydrogen, but a different number
of neutrons. By adding more protons and neufrons to the nucleus and more eXecfroms
in orbits, heavier and heavier atoms are built. Eventually, ¢he Last naturally
occurring element (wranium. element 92) is reached. It has a nucleus of 91 protoms
and 146 neutrons, and 92 electrons circulatirng in a cloud of orbits around the
nuckens. In effect, the resulting array of differvent kinds of atoms is a concise

picture of all the different elements. It has several interesting properties.

The number of protons in the nucleus is called the atomic number (symbol
Z)y of that pocleus or element. The pumber of protons, Z, plus the number of
neutrons., N, is called the atomic weight® (symbol A). Thus Z + N = A_ The number
of elements corresponds to the number of different valunes ¥or Z; that is, fthe
series 1. 2, 3, - - ., 92_. Feor a particular value of Z only one or a few values
of N give stable nucleii that occur in nature. Thus, for Z = 1 (one proton.
hydrogen), onRky twe values of N (mo neutfren or only one neutron) arve naturally
stable. Thus, another combination, Z = 1 and N = 2, is not naturally stable. It
is a form of hvdrogen called tritium which is unstable; that #s, it is radioactive.

This weans that it gradually decays Chalf-Life about 12.5 yearsf) by converting

*Also referred to as the number of nucleons.

tThe half-life of » given radicactive isotope Is the time in which the activify
of the isotope is reduced by one half.
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C-1 INTRODUCTION.

This appendix reviews the basic facts about naclear radioactivity and
radiation, and their production by nuclear weapons. In addition, it notes the
biological effects of these radiations and outlines briefly the development of
radiation safety criteriia which have been set up to protect humans fTiom the
hazards of radiation. Thus, this appendix serves as an introduction tfo Chapter 2,
which describes the specific radiological safety (Rad-Safe) activities,
procedures, safety criteria, etc., that were implemented in Operation WIGWAM fFor

the protection of all participants.
c-2 TYPES OF RADIATION.

It is well known that all matter X¥n its great variety of forms is
composed of various proportions of a rvelatively small numnber of  basic
constituents lknown as fthe elements_™ The smallest part of an elemént that can

exist vwhile retaining the characteristics of that element is called an atom.

In the simplest model, all atoms ave composed of combinations of ouly
three types of elementary particles:  the proton, the weutron, and the electron.
The proten amdl neutron are about the same mass, which is some 2,000 fimes greafer
than the nmass of the electron. The profon has a positive unit electricak charge.
the electron a negative unit electrical charge, and the neutfron, as its name
implies, is electrically neutral. The protoms and upeutrons, collectively referred
to as the nucleons, make up what is called the nucleus of the atom. The nucleus is

the small central core vwhere most of the mass of the atomn is concentrated. The

*For more detail than the brief summary given here. see any text on elementary
nuclear physics such as Reference 11.
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WIGWAM SHIPS. ATR UNITS AND STAFF ELEMENTS

(Continued)
Number of
Participants
Surface  Support  Unpit
USS MOCTOBI (ATE-105) Fleet (Ocean Tug 49
USS CEANTICLEER (ASR-7) Submarine Rescue Ship 96
YFNB-13.  SQUAW-13. YFNB-Large Covered Lighter Cnmanned
USS HITCHXTX {ATF-103) Fieet Ocean Tug 76
USS BOLSTER (ARS-38) Submarine Rescue Ship 91
YFNB-12. SQUAW-12_. YF\B-see above Unmanned
USS TAWASA (ATF-92) FReet Ocean Tug 73
YC-473 (Open Lighter, Weapons Barge) LUnaanned
USS CREE (ATF-84) Fleeft Ocean Tug 68
USS RECLAIMER (ARS-42) Submarine Rescue Ship 78
YFNB-29. SQUAW 29_ YFNB-see above Unmanped
USS FT. MARION (LSD-22) Landing Ship, Dock 279
USS COMSTOCK (LSD-19) Landing Ship. Dock 241
USS MARION COUNTY (LST-9753 Landing Ship, Tank 100
USS MORGAN COUNTY (LST-1048) Landing Ship. Tank 96
USS BUTTERNUT {AN-9} Net Laying Ship 42

25-LCM's Landing Craf€, Mechankzed
4-¥LCH's Landing Craft. Mechankzed

Land-Based Air  Support

FASRON-110 (P4Y Aircraft)

137¢h Mapping

4901 Air Base Wing (ISAF) (C-54 Adrceraft)

Staff

Elements

Commander Destrover Squadron 13 and Staff

Commander Tug Squadrom ONE and Staff

*Does

not incInde personnel in Table X-1.

B-2

aud  Charting Squadren (TUSAF) (RB-50 Aircraft)

230 (total)

3]

Included xn sur-
face patrol unit
Included in sur-

face support unit

OVERALL  TOTAL*

6,097
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WEGHWAM SHIPS. AIR UNYTS AND STAFF ELEMENTS

B-1

Number  of
Participants
Flagship Unit
USS ME. MCRINLEY (AGC-7) Auwplibious Force Flagship 552
[SS C(TURTESS (AV-4) Seaplane Teuder 573
1,125
Scientific  Unit
USS GEORGE EASTMAN (YAG-39) Converted Liberty Ship 48
U8S GRANVILLE S. HALL (YAG-40) Converted Liberty Ship 48
USS MOLALA (ATF-106) Fleet Ocean Tug 76
M/V Horizon (Converted ATF) Ocean Tug (Scripps) 18
MV Spencer F. Baird (Scripps) 16
M/V  Paolina-T (Converted ATA} Auxiliary Ocean Tug (Scripps) §
MY T-Boat  (Scripps) 10
221
Surface Patrol Tnit
USS BLUE (DD-744) Destrover 266
USS ALFRED 4. CUNNINGHAM (DD-752) Destrover 268
USS FRSNK E. EVANS (DD-754) Destroyer 269
USS MCKEAN (DDR-784) Radar Picket Destrover 56
IS8 WALKEE (DD-723) Destroyer 261
[SS  OQ'BRIEN (DD-725) Destroyer 285
[SS HARRY E. HUBBARD (DD-748) Destroyer 258
USS ERNEST G. SMALL (DDR-838) Radaxr Picket Destroyer 265
2,128
Carrier Air Support Unit
U8S WRIGHT (CVi-49) Small Adrcraft Carvier 974
Air Units: HMR-362 (Marine HRS-3 Helidcopters) 49
VS-21 (AF-25 Adrcraft) 16
VC-35 (AD-5N Adrcraft) 18
1,067
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APPENDIX A

28 Janunary 1978

MEMORANDUM FOR THE DIRECTOR, DEFENSE NUCLEAR AGENCY

SUBJECT: Dol Persomnel Participation in Atwospheric Nuckear Weapons Testing

The Defense Nuclear Agency is designated as the Dol executive agency fFor alk
natters pertaining to the participation of [00 personnel in the atwospheric

nuclear weapons test progran.

As the executive agency. vyou are responsible for accomplishiang the followikng
specific fasks and forr any others that may develop:

—-Develop a history of every atmospheric nuclear event that involved DoD
personnel

~Jdentify the radiation monitoring control policies. procedures. and
requirements that were in effect

—Assemnble a censns of persomnel st each event. Identify ¢their location,
movenents, protection, and radiation dose exposure

-~Make this information available for scientific review and appraisal

—~Handle public affairs matters in cooperatiion with the office of the
Assistant Secretary of Defense (Public Affairs)

--Handle Copgressional Affairs matters 1in coordination with the Office of
the Assistant to the Secretary of Defense for Legislative Affairs

For matters pertaining to t€his assigument you are authorized to:
—Conduct direct 1liaison with other government departwents and agencies

--Task the Military Departwents and other elements and components of the

bob

Please provide this office progress reports on a moathly or more frequent basis.

Assistant Secretary of Defense
Manpower, Reseirve Affairs and Logistics A-3
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5-4 REPORTED PERSONNEL PARTICIPATION AT WIGRAM-

Participation of Dol military and civilian personnel in Operation WEGHAY
is summarized ia Table 5-3. The Iisting of persomnel by assigned unit contains
the names of persons as reflected by records originally maintained by XNRDL.

5-5 SOMMARTES OF PERSONNEL EXPGSURE  DATA.

Appropriate statistical summaries of the WIGWAM census personnel

exposure {ata are bheing published ir a supplemental volume.

Table 35-3_ WIGVAM  participants.

TASK NUAIBER OF
LNIT FUNCTION PERSONNEL
7.3.6  FLAGSHIP Conmand and Control; Visitors/Observers 1,171
7.3.1 SCIENTIFIC Weapon  preparation, detonaticn, effects 622

neasurenent; environnental  surveys;
radiological safety.
7.3.2 CARRFER AIR  Adr search and rescue; antisubmarine 1,067
SUPPFORT patrel; control of air space iun oper-
ational area; sampling. survey, heli-

copter RHift, as required.

7.3.3 SURFACE Surface search and vrescue; escort duty; 2,128
PATROL antisubmarine  patrols.

7.3.4 SURFACE Transport, towing; wire Trecovery; 1,539
SUPPORT rigging and salvage; small boat poolk

7.3.3 LAXD BASED Afr patrel; photography, sample 17

ATR  SUPPORT collection; surveys.

TOTAL* 6,544

*Tncludes 447 participants associated with various agencies (Table l-]) plus 6.097

participants operating the ships as listed in Appendix B.



SOURCE
NRDL
REECO

Public

IDENTIFICATION

DATA

GSA  Repositories

VA

DASYAC

Armed

Other

~Personnel Records (Separated)

-Medical Records (Separated)

Services

—Morning Reports, Diaries. Muster

Rolls,-Deck Logs
~Orders
-Discharge Records
-Personnel Records (dctive duty)
-Medical Records (Active duty)
~Administrative Service
-Weapons Test Reports, Rosters

~Reserve Affairs

Sources

-Internal ZRevenue Service
-Federal Bureau of Investigation

-Deparfment of Energy

A

X

X

X

Table 5-2. Data Sources in NIPR Roster of 000 Participants.

DOSE  DATA

X

X



The sources described above provide information of general applicability
to the Dol participants in Operation VIGWAM. In addition, the Armed Services have

specific  sources, applicable to their particular branch:

0 JlMorming reports, unit diaries., muster rolls. and daily
ships® deck Togs. Those sources provide Identification
data on personnel assigned to participating units., absent
from ftheir home unit. oxr in transient status for the
purpose of participating in a muclear weapons test.

0 Official ftravel or reassignment orders provide Tuther

identification information relative tp transient ovr
assigned personnel participating in the nuclear weapons
tests.

0 Discharge records are maintained by all services and aid &n
identification.

¢ Milditary personnel records for individuals still on active
duty provide Information relative fto those individuals®
assignments €o participating units o1 attendance in
transient status at the nuclear weapons test.

0 Medical records for active duty personnel provide exposure
or dose information in Some cases.

0 Each service also has Adjutant General personnel concerned
not only with the administration of the services but alsc
with the maintenance of records and the preservation of
unit Lhistories for wunits throughout fthat service.

0 After actien reports, securifty rosters, and vehicle loading
rosters related to  the military exercises pravide
identification #Enforpation on participants.

¢ The Services reserve personnel activities provide both
identification information on participants, who may still
be carried on active or inactive reserve roles, and

exposure or dose Information from medical records of those
individuals.

Table 52 sunmarizes NTPR data sources which relate to the identifica-

tion of persomnel and the determination of dose.
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personnel separated from the Services. These records are required to substantinte
an Eindividual®s eligibility for medical or dental care., as wekl as any disability
compensation claims and other authorized veteran Dbenefits. The VA gets its fRles
Tfrom the NPRC in St. Louis and only retains an individual's File while a case is
under consideration. However, fthe VA does maintain a master couputer file, BIRLS,

which c¢an provide information or cases previously considered.
6. Dol Nuclear Information and Analysis Center-

DASIAC (formerly Defense Atomic Support Information and Analysis Center)
provided Information relative to identification of individuals and military units
by #dentifying and reviewing a large body of reports available or listed in a

bibliographic data Dase.

7. Official Reports.

Some personnel ddentification and exposure Anformation s contained in
the following official veports written relative to Operation WIGHAM.

0 Scientific Director®s Sunmary Report provides some
generalized information on the number of participants., but
no specific data relative to exposure

o Commander., Test Group 7.3, "Operation PIan 1-53" provided
operation data and some generalized exposure data but no
dekineation of exposure by individual.

o The XRDL Rad-Safe Report provides some exposure information
but no Endividual Identification of exposure data. The
source includes ocean conteurs, residunl radiation
measurements. and some non-specific identification data.

o Weapon Test reports (WT's) provide detailed information
about the radiological hazayvds te personnel on beard ships
traversing a zone of water contaminated by a subsurface
nuclear detonation. The iinformaticen was developed through
consideration of the size. shape, location., and radiation
characteristics of the confaminated areas as a function of
tine. The reports include some exposure data, but€ provide
nre  specific Xdentification Enformation.-

o The AFSWP Operational report provides summaries which

highlight AFSWP participation. Some exposure data are
incladed but no specific identification iInformation is
available.



sumuarized compufer ¥apes which arve indexed for vrefrieval, or REECe bhas

incorporated NRDL's dose records into the master file.
3. General Public.

Infornation from the general public contributed to the identification of
participants. Starting in February 1978, the public was invifed, via repeated
media announcements, €o call in by foll-free telephone to the Defense Nuclear
Agency describing their participation in nmuclear tests. Over 40,000 responses
have been received. The public has provided XdentifXcation information but not

exposure data.
4, The Genmeral Services AdmiEnistration.

Medical records and personnel 1ecords maintained in storage by GSA have
been used as a source for identification of individuals and for dose anformation.
GSA operates the National Personnel Records Center (NPRC). located in St. Lenis,
Missouri, which is the main repository for medical and persomnel records of
individuals separated  from the Armed Services. The determination of exposure and
dose information from, Army medical records was hampered by the Fact that. in July
1973, a fire at NPRC destroyed some I3 fo 17 willion records - about 80 percent of
the medical records for Armf personnel discharged between 1 November 1912 and 31
December 1959, and For Army Air Corps/Air Force personnel discharged between 31
December 1947 and 31 December 1963. The GSA also operates records storage
Tacilities which provided sone  operational data, principally supporting
Identification information with onky Rimited dose information. A few of these

repositories are listed Delow:
o Laguna Niguel, Califorpia
¢ San Bruno. California
o Suitkand. Marvland.

5. The Veteran's Administration.

The VA is a source of some exposure or dese information, in that ¥t

.maintains on Eile copies or originals of pedical and/or personnel records for



¢ Bioassay - This record indicates sources of radiation exposure other
than external. If bioassay studies were conducted, the sources were
reflected in wurine or blcod analysis and Fall into generic or
specific  categories.

ILf bioassay data existed for a participant., a bIoassay vecord was

created.

Each participant Is represented by all available data. Thus, Tepre-
sentation begins with series summary data and is followed by eveant, exposure, and
bicassay data, if any. If an individual participated in more than one series,
there are indicators directing the researcher to a new series record-  Individuals
who participated somefime during a series, but who could not be Identified with a
specific event o1 for whom an event exposure could not be determined, have =

series record . without any associated event record.
5-3 DATA  SOURCES-

Basically, the XNTPR Roster of Dol Participants paintains information

which pertains to:

¢ Identification data

o Exposure data.

To develop this Roster. the Seirvices obfained Xnformation from a number of

sources.  Primary sources of data input foklow:

1. Naval Radiological Defense Laboratory.

MRDL was Xocated in San Franciscoe. JRDL processed and stored f£ilm badge
records, and was a principal source of dosimetry data. When NRDL was disesta-
blished in 1969, records vwere sent to the GSA yepository in San Brune, California.

2. Reynolds Electrical and Engineering Company-

REECo inm Las Vegas wmaintains a master file of dosimetry data for the

Department of Energy. Most of these data ave either on microfilm. or on yearly
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accommodate  specific  circumstances. The major categories of the elements can be

generalky described as follows:

o Ydentification data which Include a couplete spelling of surname.,
first and niddle names when known, date of birth, room for fwo social
security numbexrs in the case of conflicting numbers which cannot be
resolved., and room for up fto four service serial numbers in event of
change in status, efc.

o Participation data whick centain information on the idndividual's
service or other affiliations, unit and rank at the €Ime of test
series, evenft, and a key to denote participation in more than one
series. (Those individuals participating In more than one serkes
have a complete record for each of the series.)

o Radiation data which contain the radiation exposure received along
with information regarding the period of exposure, and any biocassay
data including commenfs and narrative data as well as various assay
resulfs. Radiation dose iIncludes gamma, beta, fast neutron. and
thermal nentron dose information. (See Appendix C for radiation
type, description., apd the units of wmeasurement.)

o Source data which describe In code the sources of information for
each data element appearing in the above thiee categories of the
record.. In the case of radiation data. these codes also include a
notation to indicate exposures which are estimated or calcullated
rather than neasured by filn badge. etc. These sources are described
in Section 5-3.

Using the data eXenents described above, the structure of the Roster
incorporates the following four methods of data ovganization which have been

erganizet according to the expected condition of data available.

¢ Series - The series record tape reflects accumulated radiation data
covering the individual's entire involvement in that series.

¢ Shot « The shot record reflects the radiation data when i€ was
possible to determine an iIndividual®s participation in a shot and to
associate a discrete exposure to that shot.

o Exposure Reading = The exposure reading record reflected the most
discrete  expesure information available by research. In some cases,
the reading may contain a series summary as veported by REECO while
other records may reflect individual badge readings. The sum of
individually recorded exposures should equal the exposure reported in
the summary recerd for the series; it may not, however, if all
individual expesures have not been vrecorded.



Table

5-1. NIPR Roster Data Elements*

NTPR ROSTER DATA ELEMENTS*

IDENTIFICATION DATA

LAST NAME

FIRST NAME

MIDDLE NAME

SOCIAL SECURITY NOQ.(S)
DATE OF BIRTH
SERVICE SERIAL NO.(S}

PARTICIPATION BDATA

SERIES

EVENT

SERVICE {OR OTHER AFFILIATION)
RANK

UNIT

MULTIPLE SERIES DESIGNATION

RADIATION DATA

DATE OF ARRIVAL AT TEST SITE

DATE OF DEPARTURE FROM TEST SITE
GAMMA EXPOSURE

BETA EXPOSURE

FAST NEUTRON EXPOSURE

THERMAL NEUTRON EXPOSURE

B | DASSAY DATA

NARRATIVE

SOURCE DATA
FOR EACH DATA ELEMENT

"These siements wyifl be Included as avaitable.
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CHAPTER 3
PERSONNEL DATA BASE

5-X INTRODUCTION.

The Director of the Defense Nuclear Agency (DNA) was tasked in an
Assistant Secretary of Defense memorandum dated 28 Japuary 1978 fo compile a

ceasus of individuals who participated in atmospheric nucllear weapons tests

between 1945-1962 and their correspondiag exposures. Specifically. one of the
tasks was to “assemble a census of persomnel . . . identify their location,
movements, protection, uand radiation dose exposure." (Appendix A)

Radiological safety and activities are diiscussed Dy unit in Chapters 2
and 3, respectively. A separate volume, the Operation WIGHAM Roster of Dol
Participants. contains information on Individuals and may be released onky under
the provisions of the Privacy Act. This chapter discusses the format of the
Naclear Test Personnel Review (NIPR) Roster of Dol Participants and describes Dboth

the sources of information and the wethodology used during data collection.
5-2 DESCRIPTION OF NTPR ROSTER OF DoD PARTICIPANTS.

The NIPR Roster of DoD Participants iis designed to meet the needs of
¥ndividual participants, the scientific community. DoD, and other Govermment
organizations. Corrections or changes to the Roster are maintained by DNA
Headquarters. The Roster contains, to the extent obfainable, a census of
participants and their associated radiation exposure data which have heen verified
by the military department or agency responsible for that participation. The data

may be periodically extended as new information is discovered.

The personnel identification elements and radiation exposure elements of
the Roster, developed i)y numerous Government organizations affer extensive review,
are indicated in Table 5-1. In order to provide a thorough. coherent effort.
provision was made for many data elements. Ehough not all elements were assured an

input. Some data elements are self-explanatory., buft others are necessary to
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The estinated maxinum value of inhaled activity is:
Max Actiivity = B x Atx C= .025uli
vwhere B = breathing rate of standard nman
= 8.3 x 10% emd/hr (ref B)

At =1 hr (ref 12)
C=3x 10‘8;1Ci/cm3 (ref 4)

wpBB* 1131 0 g7 [1Ci/body

This #s a factor of 100 higher ¢han conld have been received. Then
Factors such as retention are considered, 3t can be seen that the inhalation

hazard was below the MPBB.

*MPBE = Maximum Perwissible Body Burden, per ICRP recommendations.



4-6. INTERNAL INHALATION RADIATION DOSES.

Because ofX the Rad-Safe organization and proftective systems, the
probability of the participants receiving an iInternal radiation exposure was
Iinited €o two instances. These Instances occurred in the downwind direction on

the YAG-40 and the M/V Horizon.

From Reference 4 it appears that the maximum Xevel ofF beta and gamma
airborne contapination recorded,  3x108 microcuries per cubic  centimetfer
(uCi/cmB), was measured by the YAG-40 Detween H and H + 1 hour and at roughly
the same time the Horizom recorded a value of 2x10-8 pCi/cm3.

Because WIGWAM was a deep underwater shot, the activity was extremely
fractionated and ifs dowanwind distribution was limifed to the base smrge. It was
estimated that most of the activity remained in the water patch and only a suall
amount of activity was entrained in the base surge. This amount of activity was
composed mainky of the gaseons fission products of which iodine is the most
abundant eXement and I131 is one radioisotope- Therefore, to Dbe conserva-
tive in our estimate of inhalation hazard. the Maximum Permissible Concentration
QiPOY of 1131 for inhalation willl be used in the calculations. The MPC air
ror 1131 pased on  continuous occupational exposure Is  Ax190-9 Fi/mE.¥
Otherr factors for consideration are the maximum R-hour cloud passage over (stay
timej the ships in the base surge (Reference 12) and the degree of protection
afforded the participants. In the case of the YAG-40. all participants were in a
shielded compartment with a ffiltered air supply. Therefore, the inhalation
concentration activity would have been considerably below the maximum reported
value of 3x10'8pci /cm3 because of filter efficiency. and even at this value,
the knbaled activity would have been, at most. comparable to the allowable daily

3-hour occupational exposure.

* Reference ERDA MC 0324.



CONTINENTAL TESTING
(1945-1962)

5%

] 1% 0.2%
Zero [ 1-3 3-5 over 5
EXPOSURE RANGE (R)

§4%
WIGWAM

5%

no exposures over 425 R
Zero o-1

EXPOSURE RANGE (R}

Figure 4-2. Exposure distribution, Contisentak Testing, {945-1962}
compared to ‘W]G4AM.

These few statistical comparisons graphically Illustrate that WIGWAM exposures
were considerably below those experienced elsewhere in the testing program-  The
average exposure for the 362 WIGWAM indiEviduals with non-zero exposures was 0.120

R, which is about the average annual exposure to naturally occurring background

radiation din the Unifted States.



The information presented in Figures 4-1 and 4-2 compares WIGWAM exposures with
participant exposures at all oceanic testing sites (1946-1962) and all tests in
the continental U.S. (1945-1962).

CCEANIC TESTING
(19468-~1962)

13%
4% 1%

Zerd o~1 =3 3=5 over
EXPOSURE RANGE (R}

G4%

WIGWAM

£%

no exposures over 425 B
Zero

EXPOSURE RANGE (R}

Fiqure 4-1. TExposure 415¢rbution, Oceanic Testing [1625-3367)

comoared fo §]GHAM,
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radiological survey fell wupon M/V Horizen. Results of these activities are shown
in Appendix D. Navy craft in the Dboat pool and the t€owing and salvage task
element alsc entered radioactive water to recover experiuentation and to salvage

portions of the test array.

4-5 STATISTICAL  DESCREPTION OF RADIOLOGICAL  EXPOSURES.

Research and records Indicate that all WIGWAM participants were issued
fxX¥m badges and those whose activities might bring them into radiation exposure
areas vwore additional "daily" Dadges. Approximately 3.4 percent of the badge data
were not recovered, principally because of damaged or lost film badges. Exposures
less than G.I100R* were considered to be zere because the TIGHAM Rad-Safe Team used
this as a detection threshold to allow for the uncertainties involved in measure-
ments of exposure by photographic film under field conditions. Table 4-1 displays
the exposure distribution of the combined WIGWAM participants and also partici-
pants on selected ships of infterest: YAG-39_, YAG-40. M/V Horizon., Boat Pool,
ships from the towing and salvage task element, and the USS WRIGHT (Rad-Safe
section). The Horizon listing iIncludes operating persconnel and SI0O personnel
participating is experimentation. Exposures for all personael at WIGWAM are

sunmarized %y category iIn Appendix J.

TABLE 2«1 WIGHAM [aposures

Exposure Category (K)

Sazber  of Doswpetry e

Badaes Unavarlzhie Exposure L10%- 165 L V315,385 415
AIE_WIRRAM 6.732 ) §.141 3% 18 i3 if
14539 49 32 . it * ‘
YAG- 13 2 o 4 : 2 ¢
WY Herizon/Sin 8 18 18 b N N L
boar  Fool BEH] 1% 15t k4 ! # 3
155 CHANZACLEERCAKS-T) 96 t 15 50 0 q
IS5 TARASAQATF-92) 3 # 33 i N # ¢
4SS BNLSTER{ANS.3R) 4 il & i i [} 0
1S5 SRIGHT{{V1-49) 64 ] 839 i€ § W W

* The data 11 this chapter are extracted from records of the Snval Radiclegice] Defense
Laboratory, MHDL (mow 2 gysestablished Deilind.  inese records are emoswe data
and  therefore nre expressed in  roemtgen {R). Yo express these data as dose, the
rediation-pnit relation discussed 1n Appendix C tust be used.

t The bighest exposure was preceived by o member of the av1ation suppolt provided by
NS, San Dhego



4-4.2 Dovwnwind TUnits.
Some few ships involved with experimental pregrams did have opportunity
for small exposures subsequent fo the detonation, either from downwind falklout or

from contaminated seawater.

4-4.2.1 Ships Exposed to Downwind Fallout.

The ships Tlocated dovwnwind, as shown in Figure 1-5, were the YAG-39 and
YAG-40. These converted Iiberty shiips were orviginally to be remotely controlled.
However,, at WIGKAM, well-shielded contrel rooms were provided for the crews.
These ships were exposed to the airborne radiological environment as described in
Appendix D, WIGWAM RadioRogical Environment. At H-hour the operating crews and
project personnel were assembled on the Flight deck. After the surface phenomena
were observed, and before the arrival of the Iallout, all personnel moved to the
shielded control rooms. Automatic, remotely controlled decontamination systenms
reduced deck contamination to acceptable levels before selected personnel resumed
duties en deck. A detailed description of VAG-39 and VYAG-40 activities, including
their fracks through the contaminated water areas, are found iIn Appendix D.  Due
to damage to its boilkel system from the immediate shock wave, the YAG-39 remained
outside the contaminated area from approximately H + 45 minutes until H + 5 3/4
hours. Because of the shielding afforded operating personnel in the Secondary
Confrok Room and because of the Rad-Safe procedares employved, the dosage received
by personnel on YAG-39 and YAG-40 during the entive operation was very low
(Reference 6).

4-4.2.2 Ships Exposed +fo Contaminated Seawater.

In order to track and measure fthe pool of contaminated water, some ships
were operated in the area during a 10-day period after detonation. It can be seen
from the ships' tracks in Appendix D that YAG-39 traversed the contawinated avrea
on both D-Day and D+1 whille YAG-40 traversed the contaminnted area fiom D-Day to
0+3;  however, the principal tracking vessels were from Scripps Institution of
Gceanography: M/V Hoerizon, M/V Baird, and T-Boat. Baird was principally sampling

organisms and T-Boat had only a limited capabillity. Therefore, the burden for the



CHAPTER 4
PERSONNEL EXPOSURES AT WIGWAM

4-1 INTRODUCTION.

The preceding chapters describe the participants, operations, and
radiological safety activities at Operation WIGVAM. This chapter will., First of
all, identify the principal wnits which had opportunity — and those that did not
have the opportunity — for exposure to jonizing radiation. This chapter will

also evaluate the extent to which these units were exposed.
42 BEFORE THE DETONATION.

Prior to the detonaticn of the npuclear device, nro joint task force
personnel were exposed to ionizing vadiation. The area selected for the test was
located away from previous test areas iIn the Pacific Ocean, and there was no
opportanity forr predetopation exposure. By contrast, testing at the Nevada Test
Site. Enewetak and Bikini generally involved test preparation activity requiring

some proximity to old and decaved contaminated areas.
4-3 AT DETONATION TIME.

At detopation time, 2lX units were deployed as shown in Figure 1-5. The
entire task force was heading north. into the wind. The closest ships were 5
niles from the pniﬁt of detonation. Due to the depth of the detonatXon point and
the short ranges of prompt neutrons and gamma rays in water (on the order of a

meter or less) there was no prompt vadiation exposure to personcel during WIGNAM.
4-4 AFTER THE DETONATION.
4-4.1 Upwind  Units.

Most ships were upwind of the detonation and remained there during the

post-detonation phase.  These ships had no epportunity for expesure %o Ionizing

radiation.

4-1
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The system worked well in all functioms. A1l users reported 100 percent

recepfion of time signnls.

No recovery operations were reguired in this program.

3-3.3 Program V] - Photographic Services for Operation WIGTAN (Reference 9)

This  program provided  photographic support for  the Operation.
Activities inciuded filning subject matter of  operational, docunentary,
hiistorical, and technical or scientific interest. Films and scripts were

prepared, as required, by the various groups which used the program.

3-3.4 Program VII - Radiological Support Flement (References 2 and 3)

Thiis program is described in the plamning documents for WEGWAM as being
the transit of the surface zero area shortly after shot time with suitably
equipped, vemotely conérolled survey ships. These ships were intended to mneasure
the contamination as to amount and extent at the eamrliest times.  The plans for
remote contrel of the ships were pot used. Instead, the ships (the YAGs
39 and 40) were equipped with well-shielded contrel rooms For the crew. The
operations of these manned YAGS are described ism Appendix D. The requisite

contamination data were obtained in these YAG operations.

3-3.5 Program VIII - Oceanographic Support Element (References 2 and 3)

Program VII's purpose was to conduct oceanographic investigations prior
to, daring. and subsequent to Operatiion WIGWAM. In the planning phases ofF
Operation WIGHAM, {four possible sites were Investigated prior te selection of the
area about 3500 miles sonthwest of San Diego. Aspects of this area which made if
favorable for a deep underwater shoft were mainly that ocean currents were such
that contaminated water would travel thousands of miles Dbefore tfouching a
shoreline, the fish population was too sparse to be coumercially interesting., and

shipping was sparse.

After the shot, swveillance of contaminated water and study of sea Xife

continued. This work is reported as part of Program Il (see Section 3-2.2).
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Radiological Defense Laboratory (NRDL) investigated radiochemical and physicalk
chemical properties of products of a deep underwater anclear explosion. (Project
2.3), the potential radiological hazard to persomnel (Project 2.4), and fallout

and  airborne activifty (Project 2.7).
3-2.3 Progran [11 « Target Response.

This program exanined the effects of the shock wave on submerged ftargets
and on dinstrument barges. The David Taylor Model Basin (DDMB) was responsible for
the mnajority of target response projects. DB experiments were designed fo study
the RZethal range of WIGWAM ¢argets (Project 3.1}, hull response and shock motion
(Project 3.2, Parts 1 and 2}, vibration characteristics of certain items on
various targets and Instrument barges (Project 3.3}, the rvesponse of submerged
targets (Project 3.4), and the depth, trim, heading. and flooding of WIGWAM
targets (Project 3.6). An NRL project (Project 3.2_.1) measured the shock motion
of target barges. The Long Beach Naval Shipvard (ILBNS) designed and built the
WIGWAM targets (Project 3.8), and NEL supervised the modification and outfitting

of instrument barges (Project 3.9).

3-3 SUPPORT  PROJECTIS.
3-3.1 Program IV -~ Veapon Characteristics.

Program IV consisted of 5 projects: 4.1 through 4.5, In summary. the
objectives of Program IV were: to provide a bomb case and support suitable for

the interded underwater use; to procure, assemble, and arm the required weapon; to
make measurements of bomb yield by radiochemical and shock wave measurements; and,
finally, €0 measure air pressures caused by the underwater explosion at the
surface apd at altitudes of a few thousand feet. A description of each project is

included in Appendix I.

3-3.2 Program V « Timing and Firing ¢Reference R§)

Program V consisted of a single project which was to provide, install,
and operate a twining and Firving system for the weapon and for the various

scientific experinents.
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Projects

Project 3.8

Project 3.9

WIGHAM Technical Projects
(Continued)

Title Sponsor

Design and Comstruction of LBAS

BIGWAM  Targets

Modification and (ut- NEL
fitting of Isnstrument

Barges



WIGHAM  Technical Projects
(Continned)

Program III: Target Respouse

Projects Title Sponsor Section
Project 3.1 Lethal Range of WIGTAM IMB 3-2.3

Targets Based on Hull
Response and Applied

Pressure Measurenents

Project 3.2 HuER Response and Shock DTMB 3-2.3
(Part 1) Motion—-Background,
Instrumentation, and
Test Results
Project 3.2 Hull Response and Shock DTMB 3-2.3
Part 2) Motion--Discussion and
Analysis
Project 3.2.1 Shock Motion of YFXNB \RL 3-2.3
Targets
Project 3.3 Vibration Characteristics DTAB 3-2.3
of Certain Items on SQUAK-
29, YEFNB-29, and PAPOOSE C
Project 3.4 Respopse of SQUAW Targets DTMB 3-2.3
from High-Speed Motion
Pictures of Interior
Project 3.6 Depth, Trim, Heading, and DTMB 3-2.3

Flooding of WIGWAM Targets
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Projects

Project 2.6
(Part 1)

Project 2.6
(Paxrt 3

Project 2.7

Project 2.8
(Fart 1)

Project 2.8
(Part 2)

Project 1.9

WIGHAM Technical TProjects

(Continued)

Title Spensor

Mechan ism and Extent

of the Dispersion of
Fission Products by
Oceanographic Processes,
and Locating and Measuring
Surface and Underwater

Contamination

RadioXogical  Technigues
and Instrunents Used for
the Oceanographic Survey on

Operation  WIGHAM

Fallout and Airborne
Activity 1in Operation
VIGWAM, wiEth DNotes on
Surface Lffects

Subsurface Configuration

off the Array

Physical Oceanography of
the Test Area

Measurement of Secondary

Effects: VWater Uaves

LR ]
1
MR |

510

SIO

NRDL

SIO

SI0

S10

Section

3-2.2
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Projects

Project 2.1

| 8]
| )

Project

Project 2.3

Project 2.4

th

Project 2.

Project 2.6
(Part 1)

TIGHAM
(Continned)

Program I I. Radiological and

Title Spoasor
Collection of Early S10
Wafer Saumples for
Radiochenmical
Analysis and Yield
Determination
Radiochenical Analysis NRL

of VWIGWAM Debris
Radiochemical and Physical NRDL
Chewical Properties of

Products of a Deep Under-

water MNuclear Detonation
Determination of MNRDL
Radiological  EHazard

to Perssnnel

Effects of XNuclear S10
Explosion on Marine

Biology

Mechanism and Extent of SI0

the Early Dispersion of
Radioactive Products in

Water

3-4

Technical Projects

Oceanographic

Section
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Projects
Preject 1.1
Project 1.2
Project 1.2.1
Project 1.3
Project 1.4
Project 1.5
Project 1.6

Table 3-1. Operation WIGHAM

Program X: Free-Field

Title

Predictions of Underwater

Explosion  Phenomena
[nderwatey Free-Field
Pressures to Just Beyond

Target Locations

Free-Field  Pressures,

Station Zero

[nderwater Free-Field

Pressure Measurements

Bubble Phenomena

Photographic Measurenents

of Surface TPhenonena

Inderwater Optical

Measurements

Technical Projects.

Measurements

Sponsor

0L

NOL

NRL

NEL

NGL

NOL

0XR

Section

3-2.1

3-2.1



Dol programs were closely related through the overall Dol objective of fmproving
nuckear warfare capabilities- Table 3-1 Ilists the Operation WIGHAM Technical
Projects and the section of Chapter 3 im which the project is described. More
detailed summaries of them are provided in Appendix XI. The Support Projects are

briefly described in Section 3-3.
3-.2.1 Program I - Free-Field Measurements_

The free-fielkd measurement program investigated water shock wave and
surface pressure phenomena associated with a deep-water nuclear burst. The
program included projects conducted by the U.S. Naval Ordnaace Laborvatory (NOL)
examining underwater explosion phenomena (Project 1.1}, underwater Ffree-Field
pressures in the immediate target area (Project 1.2), phenomena associnted with
the explosion bubble (Project 1.4), and photographic measurements of surface
phenomena {(Project 1.5). The WNaval Research Laboratory (NRL). the Navy
Electronics Laboratory (NEL). and the Office of Naval Research (ONR) investigated
free-Field pressures at station zero (Project 1.2.1), underwater free-field
pressures (Project 1.3), and underwater optical  phenomena (Project 1.6},

respectively.
3-2.2 Program IXI ~ Radiclogical and Oceanegraphic.

Program I¥ studied the radicactive products of the nuclear burst, the
distribution and movement o¥ such products in wateyr and air, and determined the
hazards to personnel aboard vessels traversing the contaminated area. The Scripps
Institution of Oceanography (S¥0) made radiochenical analyvses and vield
determinations of early water samples (Project 2.1} , studied the effects of the
nuclear detonatiom on narine life (Project 2.5), the mechanism and extent of the
dispersion of radioactive products in water (Project 2.6, Parts 1 and 2), the
radiological techniques and instiruments used for the WIGWAM oceanographic survey
(Project 2.6, Part 3), the subsurface configuration of the array (Project 2.8,
Part 1), the physical oceanography of the test area (Project 2.8, Part 2}, and
water wave secondary effects (Project 2.9). The Naval Research Laboratory

conducted a radiochemical anakysis of WIGWAM debris ¢Project 2.2)_ The U.S. Naval
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CHAPTER 3
OPERATIONS

3-1 INTRODUCTION.

As was pointed ouft im Chapter 1, Task Tait 7.3.1 was responsible for the
scientific and support programs of Operation WIGWAM.  Programs I-III were the
technical projects. Programs IV-VII were the support projects necessary to

Prograws I[-III. The primary objectives of Programs I, II and I were:

o To determine the fatal range of a deeply detonated nuclear weapon for
a typical, well-designed, wodern submarine

o To determine the pressure-time field ian water and in air resulting
from such an explosion

0 To determine the safe range for a surface ship in the vicinity of
this detounation

0 To determine the fallout and contamination problems resulting fKrom
the explosion.

0 To determine the characteristics of any additional phenonena-

Thiis chapter presents a detailed scenario of personnel activities.
project by project, for eventual use in Identifying the activities of those DoD
personnel who way have Dbeen exposed to wvadiation. To this end, participation by
scientific persomnel is described for each DOD-sponsored project. There details
of personnel participation are limited, Xt is because the references are Iargely

technical reports which, by their unature, do noft describe such details.

3-2 TECHNICAL  PROJECTS.
The Chief of the Armed Forces Special Weapons Project planned an

integrated program of military effects tests, Dbased on continuing study of the

needs of the Armed Forces for data on the effects of nuclear weapons. All  these
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Figure 2-4. Distribution of daily filu badge doses, WIGHAM.
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The results of their analyses are described in the following quotation from

Reference 4.

"The dosages receiived were much lower than had been
anticipated doe %o the low levels of contamination which
occurred during the Operation.

Operational badge results Iadicated 350 positive gamma
exposures (100 mr or greater), average 132 mr and with a maxi-
mum of 425 mr [Figure 2-3 shows the distribution of opera-
tionak badge dosages]. Filn-data were read €o the nearest
scale upit om a densitometer and were then converted to dosage
values.

Daily badge results indicated 74 positive gamma exposures
(100 nr fgamma] or greater). averaging 159 mr and with a
maximun of 350 mr. [The distribution of daily badge dosages
is plotted in Figure 2-4.]

A total of 318 personnel wore one or more dailly L£ilm
badges in addition to their operational £ilm badges. A large
portion of these daily badges shoved zero Indicated exposure,
whereas 288 imdividuals who did not wear daily badges received
dosages on ftheir operationall badges_

No detailed study was made oX beta exposures. The
maximum  Endividual beta exposure indicated was of the order of
1,600 mrep. Badge-indicated befa-to-gamma raties range fronm
1:1t o 3:1, The low contamination experienced during the
operation precluded extensive beta exposures.”

References 1 and 4 s¢ate that Project 0.17 was eminently successful in
carrving out its mission for Operatiocn WIGHAM. Of the badges issued, only 362
received positive gamma exposures (100 mR or greater) and of those, the maximum

exposure was 423 MR, equal to about oune-ninth of the 3.9 R safe NLimit.

*This procedure provided a capability to measure dose wikth a resolution of + 40
mr, and a threshold of 100 mr.



Date :

From. Commanding Officer,
To: Commanding Officer, U.S. Naval Radiological Defense Laboratory

Sub;.  Roster of Ships Officers and Men and Radiological Dosages Received.

NAME Rank Dosage MR Jperztion
or h?::gie Received Dosagss
Lasl First M. Rate f in 1954

1954 and
Jperation
Dosages

Figure 2-2. TForm used to record WIGHAM and previous
radiological dosage record of personnel.

2-10




Rad-Safe personnel were withdrawn firom ¢he ship at H + 55
k"

2-4.4 Dose Control and Measurement by Film Badge.

A two-badge photodosimefry system was uased during Operation WIGWAM. One
badge, known as the operational badge, served as the legallly required record for
exposure during the enfire period of persomnel participation in Operation WIGHAM.
One operational badge was issued to each member of Task Group 7.3. The other
badge, the daily badge, was used for dosage confrol purpeses and was issued each
day %o all members of the Task Group who were epgaged in sample or equipment
recovery work, or who were otherwise likely to receive any radiation exposure.
Readings of daily badges from the previous day were available so that a decision
could be reached omn whether or not an Individual could receive any further

expose.

Rosters of all persoinel participating in Operation WIGWAM were prepared
on special ferms (Figure 2-2). These forms were used o record the exposures
received during Operation WIGRAM, and also carried infermation as to the radiation
dose an individual received during the previous calendar year, 1954. The Rad-Safe
section aboard the USS WRIGHT (CVL-49) supported apd coordinated the dosinetry
program. Copies of these forms, containing the exposures of WIGNAM participants,
have been Rocated by the Navy NIPR tean.

The fHiIm wused was Dupont Fidlm packet 559_ whichk consisted of two
dosimetric fillms: epulsion Ne. 502 and emulsion No. 606, which provide

<

overlapping dose responses ensuring coverage between 0.1 and 600 R.

Operational badges were issued through the administration of each Task
Group ship unit on day D-2.  Daily badges were 1iIssued to those personnel involved
in post-shet operations.

2-5 OVERALL RESULTS OF WIGHAM RAD-SAFE PROGRAM.

After completing Operation WIGWAM. Task Group 0.17 anakyzed the

perscnnel exposure records from the two sets of badges. operational and daily.



"The smivey disclosed a general background in the engine
roon of 15 mr/hr as a result of contamination of the hall and
engine  cooling-water space. The engine cooling water
discharge Xine was contaminated to 120 mr/hr at contact, and
the main deck and topside spaces were contaminated firom 2,500
to 25,000 c/n* as a result of the ship’™s work iIn a
coptaminated water area.

A briefing on the activity levels present, clearance
Tevels desired, and decontaminafion methods was given to the
ships' crew by the Preject 0.17 representafive.

Ship decoptamination procedures were initiated by the
ship's crew, with the advice of Rad-Safe personnel, starting
with a salt-waterr washdown which resulted in a 60 percent
reduction in activity Revels. Hand scrubbing with fresh water
and detergent was quite effective in reducing the renaining
deck and horizontal surface contamnination fto Revels Iess than
100 c/m- Hose, canvas, and wood surfaces which remained
contaminated to levels of 1,000 to 20.000 c/m were segregated
for TFurther natural decay to safe levels.

An activity level of 4,000 c/m average in the iInterior
spaces was decontaminated to less than 1,000 c/m by nmeans of
fresh water and detergent.

By H + 31 hr the general background in the engine roon
had dropped to 4 ar/hr, and the cooling-water discharge Line
had drepped to 60 mr/hr at uear contact.

During the decontamination operations, a station for the
decontamination of persomnel was set up in the crew's head.
AIl  decontaminmation crews were processed throogh this sfation.
AXL personnel decontamiknation measures were effective except
Tor thyee stubborn cases of hand contamination., maximum Xevel
vemaining, 1,200 co/m.+

The ship's captain was advised of the radiological status
of the ship. operating precautions were recommended, and

*¢/m = counts per mimufe, normally abbreviated CPM. The relationship belween CPM
and mR/h depends upon the type of radiation and the energy of the radicactive
particle or photon.

TAs noted in Appendix F, the maximum permissible activity on the skin was 1,000

CPM- The hand contamination was slightly higher and allowed to

aaturally.

decay



On D-day and on subsequent days., aerial surveys showed the general
location and size of the contaminated water areax and the radiation leveks. These
smveys gave the recovery parties a general iddea of the Rocation of the

contaminated water.

The depth of detonation resulted in very Iittle airborne contamination
and, with the prevailing wind blowing away from the task force, only a few
experimental ships were exposed. Continuwous and spot air sampling was dene fiom
H-hour to H + 10 to monitor for possible fallout. No traces of fallout were

detected at the alr sanpling stations aboard the varfous Task Group support units.
2-4.3 Personnek JMovement Control.

Since contamination areas could pot be marked except on board ships.
Rad-Safe monitors accompanied work parties and continuously monitored their
activities. This activity is ilkustrated in a quotation fFrom Reference 4
concerniing the Rad-Safe operations on a vesscl, the USS CHANTICLEER (ASR-7). XIn
the quotation, the YFNB units mentioned were covered lighters used Xn the targer
array. One of these, YFNB-13. was positiopned at approxkmately 7.800 feet up the
towline from surface zero,. supporting the submerged test vessel, the SQUAW-13,

which simulated a submarine hull-

"Both continuous and spot air sanpling was done fTrom
H-froomr to H + 10 hr ¢o monitor for possible fallout. No
traces of fallout were detected at the air-sampling stations
abeard the various Task CGroup support units.

Following fthe Initial helicopter suivey which reported
negative readings on all YFAB units of the array. at H + 1 hr
the ASR-7 approached the YIFNB-13 and placed a working party
aboard. A Rad-Safe smrvey confiirmed the negative readings
obtained on the helicopter survey. The ASR-7 encountered an
area of contaminated water at about H + 16 hr, when readings
of 95 mrep/hy, including 75 mr/hr* of gamma radiation (20
mrep/hr beta plus 75 mrep/hr gamma), were obtained at a
distance of 6 £t from the water surface. At H t 23 ln the
ship returned to a clean area, and a complete ship wnonitoring
snrvey was uwade.

*The Defense Nuclear Agency now abbreviates mr/hr as aR/h (See "Standards for DNA
Scientific and Technical Reports™).
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material sumnarized below is the report 'Radiologicalk Safety for Operation
WIGWAM", Reference 4.

2-4.1 Rad-Safe Education and Training-

In preparation for Operation WIGWAM, Rad-Safe persongel were trained and
indoctrinated. Three courses of imstruction were given to selected groups of

persomnel as  follows:

0 Comrse I =- A 4d-week course for f€raining of civikian
shipyard personnel as Rad-Safe monitors

0 Course XX - & 3 1/2-day course fFfor indoctrination of
scientific personnel iIn  Rad-Safe principles.

0 Course XXX =~ A S-day course to Endectrinate personael
from Navy support ships in Rad-Safe principles.

Descriptions of the naterial covered in these courses, taken from Reference 4, are

given in Appendix .

In addition to this trafising, a 182-page training wanual.” "Radiation

and Contamination Control.," was prepared and distributed €o personnel.

2-4.2 Contamination Contyol.

The nature of the recovery operations was such that if was not feasible
to establish radiation exclusion areas by a prior general monitoring of the area.
A zone system of contamination control was used in cases where practicable. Vhere
a portion of a deck area oFf a ship was contaminated., boundaries were set up
surrounding the location and controls established over personusel and equipment
entering and leaving the area. General contamination control measures included
tagging or wmarking with hazard warning signs., on-the-spot decontamination. or

inmediate disposal of contaminated materials.

* This manual lhas pot vet been Rocated.
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The Task Group Commander assigned basic responsibility for Project 0.17 to the
U.S. ANaval Radiological Defense Laboratory (NRDL). whose Health Physics Division
conducted the project. Since personnel requirements for the project far exceeded
those availab¥e a€ NRDL_, mikitary and civilian support was requested and

obtained from fthe Armed Services and firom the AEC.*

A Rad-Safe seclCion was established aboard the USS WRIGHT (CVL-49) to
support the operation. Various substations were set up on other ships
to provide direct support Ffor the scientific equipment.

The organization of Project 0.17 personnel is shown in Figure 2-L.
There were four main groups:

o Rad-Safe training

0 Personpel protection

0 Instrumentation

o Dosimetry-

The Personnel Protection Group was further subdivided inte three units
that performed Rad-S5afe services for several operating units of the Task Group:

o The main Rad-Safe Center for general support

o Rad-Safe services for Programs X and III

o Rad-Safe for Program II.

2-4 RAD-SAFE  PROCEDURES AND  OPERATIONS.

This section outlines how the essential on-site Rad-Safe functions were
conducted: persongel  education, identification of confapination sources, control
of personnel movements, and exposure control by Fkm badge- The source for the

*A roster of the personnel in Project 0.17, taken from Reference 4, is contained
in the separate IList of participants.

t'u
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of 100 below the AEC allowable concentrations. The small amount of airborne
radicactive material associated with WIGWAM. and prevailing wind divections away

from 3San Diego, make It questionable that this increase was due to WIGRAMN.

[
|
>

2 RADIATION  SAFETY STANDARDS.

The safety criteria for WIGWAM were se€ by Task Group 7.3 following
guidance frem the AEC. These criteria are reproduced in full in Appendix F. The
basic Iimit for radiation exposure was that whole body dose was not to exceed 3.9
roentgen (R) for the duration oXf the operation. This was based on the
then-accepted (1949-1956) value of 15R per yvear or (.3R per week. (It was assumed
that WIGNAM participants conld receive the dose corresponding to one guarfer yvear,
i.e., 13 ﬁ‘eeks-) Associated with this overall dose were specific Maximom
Permissible Linits (MPLs) for the parts of the body, clothing and personal
effects, food, water, air, equipuent, and materials. Given this Iist of MPLs, the
Rad-Safe function can be most simply described as monitoving the epvironment and
each person for the quantities specified by the varions MPLS and using the

readings to control personnel activifies so as to not exceed the standards.

]

-3 ORGANEZATION.

The Conmander, Task Group 7.3, was vespousible for Radiological Safety,
which was adpinistered through command channels- The Rad-Safe organization,
designated as Project 0.17, was set up to protect personnel from whatever actual

radiological hazards wmight occur. The mission for this project was defined as
the fTollowing:

0 Effective training of personnel

o Protection of personnel and equipument

o Evaluation of the effectiveness of Rad-Safe Craining and
radizc equipment .

*See Appendix G where Amnnex G of the Operation Plan, Commander, Task Group 7.3,
No. 1-55. is reproduced in full. Apnex G described the Rad-Safe Plan.
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2-1.1 Rad-Safe On-Site Plams.

The general plan for Rad-Safe operatiions consisted of four nain
elenents. Tarst, an education and frai¥ning program was Amplemented to inform all
participants of potential radiclogical hazavds and of the wmeans availablle to
aveid them. Second, all somrces of contamination were f€o be identified and
clearly marked so that they would be easily recogonizable. Access fo them was to
be controlled by physical means such as exclasion zones on ships, monitors, efc.
As part of this Iatter activity., routine surve&s of ships were to be made to
easure that the partikcipants could 3Identify all  iaadverfent somces of
contanination. Third, all personnel movements in recovery operatikons were to be
wonitered and controlled as tTo their proxinity to, and time spent in, contaninated
water areas. RadioRogical instrumentation forr ships  expected to enter
contaminated areas iIs shown in Appendix E. Fourth, the dose received by each
participant was controlled and measured by a twe-badge photodosinetry system. The
details of how all these tasks were organized and performed, as well as the

reported overall vesults of the Rad-Sa¥e programs., are the concerns of this

chapter.
2-1.2 Rad-Safe Off-Site Plans.

In addition to the Rad-Safe program for the participants in Operation
WIGWAM, a Rad-Safe program was Implemented forr off-site areas. This off-site

progran cousisted first of selecting a suitable site iu the ocean. The site
selected ensured that due to the pattern of the water currents. waters which might
be contaminated had to ¢travel thousands of miles before reaching a shoreline., and
that the f*ish population was too sparse to be commercially Interesting.
Oceanographic and sea-life surveys after the shot showed that contanination levels
in the water became insignificant in a few days. No effects were found on sea
Tife. Monitoring of fash canperies Tound no evidence of fish contaminated by
FWIGWAM.  Imasnuch as the responsibility Xor area meaitoring felk within the scope
of Project 0.17, prepavations were made to neasure Iallout activities in the
coastal areas of California. Existing fallont measurement stations were used in
San Francisco and Los Angeles. A fallout monitoring station was established in
San Diego and operated from 1 May ¢to 15 June 1955 During 18-25 May, pesitive

veadings were obtained at the San Diego site. However., these were still a factor

w
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CHAPTER 2
RADIOLOGECAL SAFETY AT OPERATION TWIGHWAM.

INTRODUCTEON.

-
1
o

Thiis chapter describes the Radiological Safety (Rad-Safe) operations
carried out at WIGHAM. Tor a complete understanding of this chapter,. the reader
should be familiar with the concepts dnvolved in protecting personnel firom the
hazards of ionizing radiation. For readers not thus Tawiliar, Appendizx C provides
brief descripticns of the relevant concepts iIn nuclear radiation, radiclogical

exposure and dose, vadioRogical safety guides, ete.

Thiis chapter describes the Rad-Safe programs For Operation WIGWAM as a
whole. Details of personnel activities for specific projects that might have led
to exposure are given in Chapter 3, if such defails are available in the reference

materials.

Shot WIGWAM was the first deep underwafer nuclear burst; therefore, the
post-shot rvadiological environment was not fully koown i advance. It was known
that fhe prompt nuclear radiation would no€ constitute a hazard fo personnel,
since the radiation would be completely absorbed in the seawater far below the
surface. However, the gas bubble formed by the burst was expected to reach the
surface in several secoads. and if would spread entrained weapon debris and other
radioactive material on surface waters and in the atmosphere. As a result, the
contaminated surface waters and fallout could pose pofential hazards ¢o personnel
conducting post-shot operations in the vicinity of surface zero. Chapter 3
describes one of the main vesearch programs in Operation WEGWAM. Program II, which
was devoted exclusively fto this subject: the study of local contamination and
fallout accompanying a deep water burst, and their significance to naval

’operatious- These studias.and their results are further described in Appendix D,
"WIGHAM  Radiological Ewviromment.” Most of the material that follows on WEGWAM

Rad-Safe is taken fronx Refereince 4.

t
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Figwre M1-5. Ship stations at H-hour, Operation WIGHAM.
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aroundi ¥¢ In the patfern shown In Fignre E-5. No vessel was closer than 30,000

feet (5 nautical niles) to t1he zero barge. The tow tug served as a refereace for

positioning of all ships. Stationkeeping tolerances were + 2° in bearing and +

200 yayvds iz range.

Finally, all personnel were accounted for and were on ships clear of the
test array. The ships were on station, as shown in Figure 1-5. A few seconds
before 1300 hours. Pacific Daylight Time., on 14 May 1955, with this entire
configuration of ships and the test arvray holding north into the wind, the first

deep-water mnuclear weapons test En history was detonated.
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1-6 SETTING.

The exact location of the shot was chosen after careful smrveys and
deliberation. At Dol request, Scripps Institution of Oceanograpbhy conducted a
thorough survey of various Iocations in the Pacific, the Carvibbean, and the
Aflantic. The site had to be deep enough €o contain the detonation, vet away from
undersea or sea bottom perturbations such as sea mounts. ridges. islands., etc-
Migratory fishing areas were to Dle avoided. The site selected was fo have Iairly
well-known currents and thermal gradients, a predominance of good weather. and
isolation from shipping lanes. The avea selected. approximately 500 miles SW of
San Diego. California, was judged to best fulfill the requirements. Figure 1-1

shows the location for the test.

The scenario for the actual test was as FTollows: A fIeet ocean tug
(ATF), om a fixed course, towed a 30,000 foot-long cable slowlly on the surface at
a speed such as to maintain the configuration of fest objects saspended from the
cable. Attached to the far end of the cable was the zero barge (YC-473., an open
Tighter) containing the nuclear device. This nuclear device was lowered to a
2000-foot depth several hours prior to detonation. At various points along
the cable, a variety of instrument vessels, targets. instrmuents, and sampling
stations were attached. Some were attached directly on the tow or device
suspension cable, some were hanging in the sea on auxiliary lLines attached to fthe
tow cable. and some were suspended by ballloons anchored to the tow cable. The
submerged special submarine targets (SQUAWS) were supported by pontoons. The
configuration of the test array as planned and as actually assembled for the test
is shown in Figure 1-4. (The difference hetween tThe €wo narrays shows the effects
of unfavorable weather and seas encountered during the passage fo the test sife

and during the maneuvers that were 1required to assemble the 5-mije array.)

Assenbly of the test arvay itself began on 12 May 1935, and was
completed on the morning of 14 May. Af this time, the Task Force vessels assumed
the following configuration. The tug towing the test array moved into the wind
slowly (0.5 knots) on a course due north (000°T}. The zero barge followed,
streaning out to the south at the end of a 30,000 foot cable. The Task Force

vessels., moving on the same course as the zero barge, were arrayed

1-11



Table XI-X. WIGKAM  participants.”

*Scientific Task Unit personnel only, does not iwnclude ships’

Appendix B).

1-10

Estimnted

No. of

Participants
Office of XNaval Researchk (Project 1.6) ONR 17
Sandia Corporation (AEC Contractor) sc (AEC) 23
Los Alamos Scientific Laboratory (AEC Contractoer) LASL {(AEC) H

University of California Research Laboratory

(AEC  Contractoer) UCRL (AEC) 3
Armour Research Fouadation (AEC Contractor) ARF (AXO) §
Edgerton, Germeshausen and Grier (AEC Contractor) EGAG (AECY 13
David Taylor )odeR Basin DIMB 11
Leng Beach XNaval Shipyard LBNS 27
Lookout Mountain Laboratory LML 14
~Norfolk Naval Shipyard (Project 0.06) NNS 1
T.5. Navy FElectronics Laboratory NEL 126
(8. Navy Ordnance Laboratory NOL k3|
C.8. Naval Ovdaance Test Station NOTS 4
E.8. Naval Radiclogical Defense Laboratory NRBL 54
T.S- XNaval Research Laboratery NRL 11
Scripps Institution of COceanography SI1G 41
Woods Hole Oceanographic Institution (Project 0.13) WHO1 3
Oak Ridge National Laboratory ORNL 3
Official Visitors and Miscellaneous Observers 51
447

crews (shown in



the ships (predoninantly Navy) In each task element. These ships arce further
represented in Appendix B.  ANL the ships shown in IE 7.3.1.8 were those of the
Scripps Institution of Oceanography (SIO)

The Scientific Task Unit, TC 7.3.1. perfermed the weapon ftest activities
during Operation WIGWAM_ This TC not only fired the device., but alsc did
the experimentation mecessary to neet the objectives 1isted in Section 1-3 of this
Chapter. The eight Task Elements shown under the Scienfific Task Unit (Figure
1-3) represent cight separate programns which arve described further in Chapter 3

and Appendix [ (Reference 3):
¢ Program [, Free-Field Measurenents
o Program II, RadioXogkcal and Oceanographic Measurements
o Program III, Target Response
o Program IV, Weapon Characteristics
o Program V, Timing and Firing
¢ Progran VI, Photography
o Program VI, RadioRogical Support

o Program VII, Oceanographic Support.

Although each Task Unit was principally staffed with Navak personnel.
the ScientiFic Task Unit (IU 7.3.1) was conprised of many civilian enployees KEronm
both militaxry amd cE3vilian Maborntories. These personnel were specialists iIn one
or more of fthe many ftecbnical areas invokved in the {peration- The  participating

laboratories are included in Table 1-1.

In addition to the Task Units shown in Figore 1-3, TG 7.3 had =a
Radiological Safety (Rad-Safe) Group. Project 0.17, which provided Rad-Safe
support Fer TG 7.3 during Operation WIGHAM. This group, composed of 46 personnel
(38 civilian, 8 USN nmilitary), is discussed further iIn Chapter 2 om Radiological

Safety.

1-9



g-1

COMIMANDER"
TASK GROUF 73

1

{or the enilre TG7.3,

“Dastroyer Sguadsion

RV PAOLINA-T

T BOAT

Figure 1-3.

Organfzation of Task Gronp 7.3.

i i
FU730 TUT31 (CA-FF{LIJQlég-Z AR TUT33 TU 7.3.4
7 SURFA
{FLAGSHI®) {SCIENTIFIC) SUPPORT) {SURFACE PATROL)| |[(SURFACE SUPPORT)
] ]
MT McKINLEY {AGE-7) IGHT {(CVL-48) TE7.3.41
CURTISS {AV 4) 7 HRS-3 _| TRANSPORT
& AF-28 FT MARION (LSD-22}
3 AD-8N COMSTQCK {LSD 19} b
TE731 1 TE1.3.15 DES RON 13 TE 7.3.4.2 All
FREE-FIELD TIMING AND BLUE (m}———— WIRE et
: FIRING - ]
MEASUREMENTS CUNNINGHAM  (DD-7521 gi?;i’s
EVANS (I(JD~?54} -
TE732.172 TET316 McKEAN {DDR-784) —
g WALKE ({DD-723) TE 7.3.4.3
RADIOLOGICAL & 3.4,
OCEANOGRAPHIC PHOTOGRAPHY COBRIEN (DD-728} TOWING AND SA| YAGE
HUBBARD {DD-748} -
SMALL {DD-838) CREE (ATF-84)
TET 317 MOCTOBI (ATF-105) L
TE7313 RADIOLOGICAL HITCHITI (ATF-103)
TARGET RESPONSE |m| [ oo TAWASA (ATF-82)
SUPFORT TE7.3.4.4 RECLAIMER {ARS-42} '
YAG-20,. YAG-40 BOAT POOL | { BOLSTER [ARS-38) -
TE7314 MOLALA {ATF-106} 25 LCM CHANTICLEER (ASR-7}
WEAPON 4 X-LCM BUTTERNUT {ANS}
CHARACTERISTICS TE 7318
OCEANOGRAPHIC
* SUPPORT
Includes Project 0.17, which L RNMN
t
provided Rad—Sate support Riv BAIRD



A

CHAIRMAN | | CHAIRMAN S—— JOINT LS
ATOMIC-ENERGY MILITARY LIAISON "
COMMISSION [ COMMITTEE CHIEFS OF STARF -OPERATION
(- | e LIAISGR
: ‘.’ i i 1 1 --- AEC POL
MANAGER -
SANTA FE ' | CHIEF OF STAFF GHIEF OF CHIEF OF sTAFF | ONCPAC=COM
OPERATIONS NAVAL OPERATIONS US AR FORCE
OFFICE = U.S. ARMY (EXECUTIVE AGENT) -
T | [
P b e e B ]
i i COMMANDER
' CHIEF IDINT
o AFSWP [T 1 Task FoRce CINCPAC
1o - SEVEN
b |
I h 1
| COMIMANDER.
e mmmemcm—mmesammmmman—— 4 TASK GROUP 7.2 ,
I g - il 3 1 1
TASK UNIT 730 TASK UNIT 7.31 T(‘gi';g;"é'g 2}3#%2 TASK UNIT 7.3.3 TASKUNIT 7.3 4 ]—
{FLAGSHIP} (SCIENTIFIC] SUPPGRTI (SURFACE PATROL) {SURFACE SUPPORT) L

Figure 1-2. Jomt Task Force Orsanization Ffor
Operation WIGWAM.



1-5 ORGANIZATION.

Operation WIGWAM was administered jointly by the AEC and the DoD. The
organization for fthis particular event, however, differed from the organization of
many Formenr nuclear tests in that the DoD--and not the AEC--played the major role
of command and execution. The AEC provided the nuclear device, the specialized
personnel to fire the device. experimentation to measure outputs. and other

services as required.

ALE nuclear Tfesting in the Pacific was conducted by a joint task
organization, Joint Task Force Seven (JTF7)- Figure N-2Z depicts the command
relationships for the JoiInt Task Force Organization as they existed for Operation
TIGTAM. The Do) line of command extended from the Joint Chiefs of Staff and
Seivice Chief, to the Commander, JIF7 (CJTF7). The Commander of the Navy element,
Task Group 7.3 (CIG 7.3) , was given authority fo execute Operation WIGWAM within
the guidelines established by the AEC.

The Commander ¥n Chief., Pacific (CINCPAC). provided all wmovement.,
control, and logistics support, as well as general security of the WIGWAM test
area for the Task Force. The Chief of the Armmed Forces Special Weapons Project
CAFSETP) was responsible for the technical dirvecfion of the weapons® effects tests,

which were of primary concern to the Armed Forces at atomic tests.

The AEC had two major concerns at Operation WIGWAM: control possible
radiation hazards to off-test-site populations., and to ensure the safety,

security, and reliable detomation of fthe nuclear device.

The detailed plan for Operation WIGHWAM (Reference 2) was published by
Task Group 7.3 on 25 March 1955. This plan outlipned the respoasibilities and

relationships for the Dol and the AEC, as shown in Figure 1-2.

The Task Tnits (TU) formed to provide the separate functions of the Task
Group are also portrayed in Figmre E-2. A more detailed des-cripﬁon of the Task
Unit Organization is shown in Figmre 1-3., Orvganization of Task Group 7.3.  Vhere
appropriate, each Task Unit was divided into Task Elements (JE). Figure 1-3 lists

1-6



charge to destroy subumerged enemy submarines without endangering Itself? Specific
aaswers to these guestions were needed in order to plar possible naval use of

these weapons.
13 PURPOSE OF OPERATION WIGWAM.
Operation WEGHWAM was a single shot auclear weapons fest€ carried out at

1300 PDT on 14 May 1955 at 126° 16" W and 28" 44* N about 500 umiles SW of San
Diego, Cakifornia. (See Figure 1-1.) Operation WIGWAM iEncluded the following

ohjectives:
o To determine the fatal range of a deeply detonated nuclear
weapon for a typical vwell-designed, modern submarine
¢ To determine the pressure-fime fIeld in water and iIn air
resulting firom suck an explosion
¢ To determine the safe range for a surface ship iIn the
vicinity of fthis defonation
o To determine the Fallout and contanination problens
resulting from the explosion
o To determine the characteristics of any additional
phenomena which may occur as a result of the explosion.
1-4 AUTHORITY .

The dnitial studies and planning for a deep underwater shoft were
conducted over several years prior to Operation WIGWAM. Planning culminated on 8
December 1954 in a joint AEC/Dol request to the President seeking approval to
expend the fTissionab¥e material in the device to be tested during Operation
WIGWAM.  Presidential approvak was granted on 9 December 1954 (Reference 1). The
AEC and Dol jointlly passed the authority to conduct the exercise throngh
organizational channels to a joint task group, which s discussed below Xn

detail.
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Tow-level donizing radiation. The Final NTPR report
will be principakly personnel-oriented (although it
will contain appropriate background information on
the shot ifself), and I plan to make it available to
CDC and other organizations to coaduct Tollow-up
studies.”

In additior to iits use as ap iastrument in scientific research., this
report may also serve individual veterans, various govermnment agencies. and the
public as a historical account of QOperation WIGHWAM. As such, it can be used as an
unclassified reference by anyvone who wishes to lemrn more about that nuclear test.

This volume Is as complete as Xf can be nmade through an extensive research effort.

1-2 HISTORICAEL  BACKGROUND.

Throughout the years 1945-1962, the United States conducted nine nuclear
weapons tests series in oceanic areas- Bikini and Enewetak Atolls, Johnston
Island, and Christmas TIsland are well-known sites of such tfests. During 1955, the
first deep underwater nuclear weapons test, Operation WIGWAM. was conducted in an
area of the Pacific Ocean situated approximately 500 niles southwest of Sam Diego,
California. Figure 1-1 shows the approximate area of the fest point and a diagran

of the array of ships assembled for the test.

Prior to WIGRAM. nuclear weapons had Dbeen tesfed in the atmosphere.
on the surface of the earth or water, or at a shallow underwater depth. A great
deal of Inferest had developed, particullarly within the U.S. Navy, in detonating
a weapon at a sufficient depth to contain aX¥l the fnitial energy of the nuclear

explosion in the water, to investigate deep nnderwater effects.

The Navy was interested in learning how such a deep underwater shot
would affect naval forces. The two Reading questions were: (1) what are the
characteristics and Iethal ranges of the resulting underwater shock wave, and (2)
what are the effects of the radioactivity. following the explosion. on naval

tactical  operatiens?  For example, could a surface vessel use a nuclear depth



In a memo to the Director of DNA_, the Assistant Secretary of Defease”
listed some of the tasks necessary to implement the NIPR program.* Based on

this memo, DNA has f€aken +the fFfollowing responsibilities.

o DPevelop a history of every atmospheric nucRear event that
invelved (oD personnel

o ldeptify the radiation monitoring control policies, proce-—
dures, and requirements that were #n effect for [oD
personnel

o Assemble a census of D0l personnel at each event/series

0 Determine a measured or estimated exposure for each JoD
participant  identified.-

To fulfill the first twe tasks. the DNA plans to produce reports of two
fypes: series reports which will, describe an entive series of nuclear test shots;
and shot reports which will be devoted to ome or a few especially interesting
shots in a series. This volume is organized as 5 series report.  However, since
there was onlly one auclear defonation in the operation, this repert also serves as
a shot report. The Iast two tasks require the developuent of a data base, which
Es described in Chapter 5. This is bedng published in a companionr velume.  The
two products will be complementary, with the reports providing backgromnd

infermation for the statistical analysis of the data base.

This dual effort is described more fully in a Xetter written by the
Director of DNA:S

"Currently, X visualize the final product of the NIPR
effort to Dbe a series of velumes covering all atmospheric
nuclear fests. ARthough many yeports and documents
addressing these tests have already been written. they
were orieated variocusly to fest description., to the
performance of the nuclear device Itself, fo nuclear
effects on material, to troop maneuvers, etc. Few, if
any, of these reports were concerned primarily with
exposures of participating individuals to the effects of

*For Manpower, Reserve Affairs, and Logistics.
TThis memo is veprinted in sppendix A.

8This letter was addressed to the CDC and fo fhe Natiomak Acadeny of Sciences.



CEAPTER 1
INTRODUCTION

1-1 PURPOSE OF THIS REPORT.

The discussions in this report are specifically designed to describe the
participation of Departmnent of DeFense (D0D) persomnel in the underwvater nuclear
weapous test WIGWAM., the onky shot in the WEGVAM series. These discussions are
arranged  din the following manner. The historical background provides the
underIying factors vwhich established the need for comducting €he test. Personnel
involvement, Wwith respect to organizational position o1 sponsoring agency, is
described in the section on the organization of Operation WIGWAM.  The Radiation
Safety chapfter focuses on both the organization and the procedures used to Rimit
personnel exposure to Ionizing radiation throughout the operation. The various
activities of the participating agencies which may have exposed personnel to
ion¥zing radiation are delineated ian the Operations chapter. The Personnel
Exposures chapter 3Identifies the units which had ¢he opportunify for exposures at
WIGRAM and those which did not. This chapter also evaluates the extent to which
the umits vwere exposed. The Personnel Dafta Base chapter describes how personnel
identification and exposure information are collected for Enclusion in a

separately publiished 1list of noclear weapons ftests participants.

The 3iuterest ir DoD persomnnel involvement at nuclear weapons tests began
in 1977, when the Center for Disease Conmfrol (CDC) identified a possible leukenmia
cluster amoag [0D participants in a nuclear weapons test conducted by the Atonmic
Energy Commission (AEC) at the XNevada Test Site durimg 1957. In response to this
discovery, the (o)) initiated the Nuclear Test Personnel Review (WIPR) program,

with the Defense Nuclear Agency (DNA) acting as the executive sagency.

1-1
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have been lost or destroyed over the years. Other records have been transferred
from one repository to another. and accounts of the transfer of documents are not

always available.

The documents available provided the information necessary to complete
this volume.

—
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The National Academy of Science {NAS} and the CDC will then analyze this
information to determine if there is a higher-than-nermal incidence of disease
among the test participants. and. if so, If it might be related to exposure te

low-level ionizing radiation.

This report on Operation WIGWAM is based on the military and technical
documents associated with that atmospheric nuclear weapon test. It provides a
public record of the activities and associated exposure risks of DOD personnel for

use i ongoing public health research and policy analysis.

Many of the documents pertaining specifically to DOD involvement during
WIGWAM were found in the Modern Military Branch of the National Archives. the
Defense Nuclear Agency Technical Library. and Air Force Weapons Laboratory
Technical  Library. Frequently . the Surviving historical documentation of
activities conducted during Operation WIGWAM addresses test specifications and
technical informatien rather than the personnel data critical to the study
undertaken by the Departinent of Delense. Moreover, instances have arisen in which
available historical documentation has revealed inconsistencies in  vital factual
data. These inconsistencies in data usually occur berween two or more documents.
but occasionally appear within the same document. Efforts have been made to
resolve these data inconsistencies wherever possible. or to otherwise bring them

to the attention of the reader.

Gathering data for this volume presented a variety of challenges. Teams
of historians , health physicists. radiation specialists. and information analysts
canvessed document repositories known to contain material on atmospheric nuclear
weapons tests conducted at sites in the United States and in the Atlantic and
Pacific Oceans. The teams examined classified and unclassified documents
containing information on DOD participation in Operation WIGWAM., Many different
military  and civilian organizations were involved in developing and storing
records related to Operation WIGWAM. FEach branch of the Armed Services and each

civilian organization had its own system of recording information. Some records

14



PREFACE

From 1945 to 1962, approximately 2 3 5 air, surface. underground., and
underwater nuclear weapons test were executed under the auspices of the Atomic
Energy Commission (AEC), now incorporated within the Department of Energy (DOE)
and the Department of Defense (DOD). The primary puposes of these tests were to
verify the principles of nuclear weapons design and to determine the effects of
nuclear weapons onn both military and civilian targets. In all. an estimated
220,000 Department of Defense participants. both military and civilian, were pre-

sent at the fests.

In 1977. the Center for Disease Contrel {CDC)* identified a possible
leukemia cluster among DOD participants i a muclear test (SMOKY) conducted in
1957 at the Nevada Test Site. As a result of this discovery and renewed concern
over the health effects of low-level ionizing radiation, the Department of Defense
began a study which provided data to both the CDC and the Veterans Administration
(VA) on potential exposures to lonizing radiation among the military and civilian
personnel who participated in the atmospheric testing 13 to 30 years eariier. DOD

study effort was extended to:

o Identify DOD personnel who had taken part in the atmos-
pheric nuclear weapons tests.

o Develop a history of each atmospheric nuclear event involv-
ing DOD personnel.

o Identify the radiation monitoring control policies. pro-
cedures and requirements which were in effect.

o Determine the extent of the participants’ exposure to ioniz-
ing radiation.

=]

Provide public disclosure of information concerning partici-
pation by DOD personnel in the atmospheric nuclear weapons
tests,

*The Center for Disease Conirol is part of the U.S. Department of Health and
Human Services (formerly the U.S. Department of Health, Education and Weifare).

13



AEC Test Series:

Test Name:

Date/Time:

Yield:

Depth of Buarst:

AXC  Objectives:

Dol Objectives:

Veather:

Military Units:

Number of DoD Participants:

Radiation FExposure

History:

SYNOPSIS OF WIGHAM

WIGWAM

WIGHAM

1300 Hrs PDT, 14 May 1955

30KT

2000 f¢. bepeath surface. Pacific Ocean

Weapon Development, ocutput  measurements

Determine 1efhal distances ¥Ffor nuclear effects vs.
submerged submarine hulls. Evaluate tactics for
delivery of wnuclear weapons against deep-submerged
subparines.

Wind firom porth about 18 knots., 7/8 cloud cover
with ceiling below 35000 f£t.

Joint Task Group 7-3, 30 ships including target
array and ships from Scripps Institution of
Oceanography.

Personnel listings from ships and  agencies
invelved tfotal 6,544 participants.  Appreximately
200 were non-Dol, therefore it is estimated that
6,344 DoD personnel were present.

ANl personnel were on ships Rocated at least 5
miles from the surface point above the detonation
(surface zerec). AIl prompt radiation was absorbed
by sea wafer. BubbRe reached surface with some
aitborne  contamination. About O1% eof participants
received no 1radiation exposure. Highest radiation
exposure for any individual: 0.425 R.



WIGWAM EXPOSURES

Exposures expressed in
roentgen (R)

Total Dosimetry
Issued Unavaillablie

Zero L100- 200~ L 215-
EXposure B85  ..280 . 385 425

Badges 6,732 228 6,141 329 18 13 1*
% in each 100% 3.4% 51.2% 4.5% 0.3% 0.2% 9.01%
group

*The highest exposure was received by & member (an &lr sampler
pilot) of the aviation support provided through Naval Air Station,
San Diego.

The average exposure for the 362 WIGWAM individuals with non-zero
exposures was 0.129%9 R, which is about the average annual exposure to
naturally occurring kackground radiation in the United States.

Data compiled at the time of the test indicated that operational
badges showed 350 positive recorded gamma exposures with a maximum
reading of 0.425 R. This earlier compilation indicated that the
average exposure for these 350 badges was 0(.132 R. Although the
results of the itwoe data reviews differ slightly, they both confirm
that more than 90 percent of all doses at WIGWAM were zero and that
recorded exposures at WIGWAM ranged from 0.100 R to 0.425 R.

The two vessels (YAG-3% and YAG-4C) staticoned downwind of ths deto-
nation point were subjected to contamination by water droplets of
the base surge. None of the YAG personnel received significant ex-
posures. Both of these vessels had been specially configured and
shielded for the purpose of crossing contaminated areas although
only YAG-39 had a seawater washdown system. The deck surface radia-
ticn reading on YAG-3G reached levels in excess of 400 R/hr about 17

minutes after the detonation. The washdown system that had been in-
stalied to decontaminate the surfaces reduced this level to 0.040 R
per hour 30 minutes after the detonation. Recorded shipboard levels
were less aboard YAG-40. Both of these vessels had 48 assigned per-
sonnel. However, at the time of detonation only about 12 crew-
members and project personnel were aboard each YAG. Six crewmembers
aboard YAG-39 and one ¢'rewmember aboard YAG-40 received recorded ex-
posures other than zero. In each instance, recorded £ilm badge
readings for crewmembers did not excead 0.130 R. One unidentified,

non-crewmember aboard YAG-40 received an exposure of 0.200 K.



back into the water, a large cloud of mist was formed. This was the
base surge which at H + 90 seconds, had a radius of 4,600 feet and a
maximum height of 1,900 feet. The wvisible surge persisted to H + 4
minutes. At H + 13 minutes, a foam ring appeared with a 10,400 foot
diameter. The area within this ring probably approximated the ex-
tent of the contaminated water. While the surface water initially
showed significant contamination levels, the water dispersed and ra-
diation decayed rapidly, so that by May 18 the maximum radiation
reading found over an 80 square mile area was on the order of one
milliroentgen per hour (mR/hr} at 3 feet above the surface. Con-
taminated water was found at several depths during the weeks follow-
ing the test and tended to be in layers a few feet thick.

Radiation Safety Procedures

Radiological safety was a paramount consideration of the operation
and overall was the responsibility of the US Naval Radiological De-
fense Laboratory (NRDL). Radiation Safety (Rad-safe) procedures in- -
cluded measures to minimize exposures to personnel, to measure and
evaluate radiological hazards and contaminated areas, to control ex-
posures to personnel and the spread of radioactive contamination
from samples, equipment and other materials, and the documentation
of levels of exposure and contamination. For the duration of the
operation, an exposure [imitation of 3.9 roentgen (R) was set. In
addition, levels were specifically established for radioactive con-
tamination of clothing and personal equipment, food, water, air,
ships’ surfaces, equipment and materials.

An important part of the Rad-safe procedures was the personnel dosi-
metry program. Nearly all individuals involved in the operation
were issued a film badge to measure any exposure received during the
operation. Personnel whose duties were such that exposure to radia-
tion was possible (such as sampling water, recovering equipment or
instruments) were i1ssued additional film badges on a dai y basis.
One of the vessels. the USS WRIGHT, contained a film processing cen-
ter where badges were read and personnel exposures were recorded.
Over the period of the operation, approximately 10,000 film badges
were issued. There included operational, daily, calibration, and
scientific project badging.

Personnel Exposures

The rad-safe procedures established for the operation were highly
effective in Keeping personnel exposures to a mmimum. The follow~
ing table summarizes the recorded personnel radiation exposures at
W’IG\V AM based upon a 1979 review of dosimetry:

10



Fact dna
Defense Nuclear Agency
PublicAtfarsOffice
e e Washington, D G 20305

Operation WIGHWAM

Operation WIGWAM was a deep underwater nuclear test conducted as
part of the 1945-19%982 United States series of atmospheric nuclear
tests. It toock place in May 1955 in the Pacifiic Ocean approzimately
500 miles southwest of San Diego, California, under the joint ad-
ministration ©f the Atomic Energy Commission and the Department of
Defense (DeD). The purpose of the operestion was to determine the
radiation and pressure phenomenology associated with nuclear dsto-
nations at great depths and to ascertain the effects such explosicns
would have on submerged and surface vessels. Approximately 6544
personnel and 30 ships took part in this coperation under the Com-
“mander, Joint Task Force Seven.

Test Array

A single, 30-kiloton nuclear device was suspended by cable from =
towed unmanned barge to a depth of 2000 feet in water that was 16,000
feet deep. Located at varying distances along the approximately
six-mile (30,000 feet) long towline bhetween this barge and the fleet
tug, USS TAWASA (ATF-92), were a variety of pressure-measuring in-
struments, unmanned and specially prepared submerged submarinelike
hulls (called sguaws) as well as instrumented and also unmanned sur-
face beats. The ships and personnel conducting the test were posi-
ticned five miles upwind from the surface detonatiocn peoint with ths
exception of USS GEORGE EASTMAN (YAG-39) and USS GRANVILLE S. HALL

(YAG-40). These two extensively reconfigured ships, equipped with
special radiological shielding, were staticned five miles downwind
of the surface detonation point. With all the ships at their

assigned stations and all personnel accounted for, the device was
detonated at 1:00 P.M. Pacific Daylight Time on May 14, 1955.

Radiation Contamination

WIGKAM resulted 3in three sources of radiclogical contamination:
airborne activity, residual fallout and water contamination. During
the first three seconds after the detonation, the radiocactive debris
was primarily contained within an initial bubble formed by the in-
teraction of thermal energy with the water. Then, beginning at ap-
proximately H + 10 seconds (ten seconds after the detonation) these
gaseous products began to reach the water surface, forming spikes
and plumes reaching maximum heights of 900 to 1,450 feet and emerg-
ing from an area rvoughly 3,100 feet in diameter. As the plumes fell
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Table E-Z. Detector range and response (Reference 6).

Respense in sec*

Field, R/L Am Bm Cm Dm Em
0.001 3.600
0.002 1,800
0.005 720
0.010 360 3.600
0.020 180 1,800
0.036 100 1.000
0.050 72 720
0.100 34 360 3.600
0.200 18 180 1,800
0.360 10 100 1.000
0.500 7.2 72 720
1.00 36 360 3.600
2.00 18 180 1,800
3.60 [0 100 1.000
5.00 7.2 72 720
10.0 36 360 3.600
20.0 18 180 1.800
36.0 10 100 1.000
50.0 7.2 72 728
100 36 360
200 18 180
360 i0 100
500 7.2 72
1.000 3
2.000 18
3.600 16
5.000 7.2

Note: Am, Bm, Cm, Dm, and Em are designations for continmious gamma recorders,
each set for different ranges as shown sbove.

*"Response in seconds" is the time lapse between each recorder pulse mark om a
continuous roll of data paper.
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APPENDIX E
RADYOLOGICAL INSTRUMENTATION
(Continued)

E-2 AERTAL SURVEY (Reference 6).

The gamma detector used iIn the aerial surveys enployed both gamua
radiation sensitive plastic phosphors and photonultiplier tubes. The total range
was divided into four scales with ranges from 0.005 to 1.0 mR/h, 0.1 to 100 mR/h,
0.01 to 10 R/h, and 1.0 to 1000 R/h, respectively. The results of the survey
flights were extrapolated fo an altitude of 3 feef as shown in Figure E-K. It is
suggested in Reference 6 that the radiation intensities reported for the 3—foot
altitude on D-Day, Tor the survey flights at 500 Feet, nmay have been too high by
approximately 50 percent. The subsequent readings made from the 200-foot altitude

may then be 235 percent tos large.

E-3 PROJECT 2.6 (Reference 7).

Praject 2.6, fFielded by the Scripps Iastitution of Oceanography, used
the ship Horkzon as a platform for séudies op the dispersion of radioactive
material in the ocean. Deep drogues. samplers, and Geiger counfers in sondes
provided much of the experimental material and data pertaining fo the radickogical
contamination of the ocean for the Project. Gamma spectra anpalyses were conducted

on the Bajird (also a Scripps ship) using a scintillation counter.
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APPENDIX F
MAXIAY  PERMISSIBLE LIMITS (MPLS)
(Extract from Reference 4 pp. 63, 64)

I.  Maximum Permissible Exposures (MPES} for Personnel

Radiafien Exposure

Gamma, R Beta. 1rep
Whole Body 3.9 10
Hands and Feet 20 20
2. Maxioum Permissible Concentrations (MPCs)

a. MP{s for personnel

Skin contamination: fixed be¥a-gamma, 1,060 c/m*

(max)

Airborne acfivity: respiratory devices are required
if the airborne fhssion-product concenfration is in

excess of the following:+

Concentration

Days After (beta-ganma %, Total Peruissible
Detonation pe/cc of air Period of FExposure

0.1 2.7 1 1073 | day

1 1.7 x 10-7 | day

2 12 x 107 | day

4 - 99 x 10°8 | day

79 x 1078 | day
14 te 28 1.0 x 10-8 2 weeks

*e/m o= (PN

Yerom the proposed revision of Rad-Safe vegulations, NavMed P-1325,
(October 1954,

8pesec = pCijemd



APPENDIX F
MAXNOMOM PERMESSYBLE LIMITS (MPLs)
(Extract firom Reference 4 pp. 63, 64)
(Continued)

Exposure €o airborne alpha contauination sha¥l not exceed 10-11

c/ce* of air.

3. Food apd drisking water: food and water contamination
with fission-product material %n excess of the following value shall not

be consumed.-

Contanination Maximum
¢(beta-gamma), Permissible
Days Following c/cc of water Period of
Detonation or c/g of foed Ingestion
0.1 7 x 10-% 1 day
1 1.8 x 10-3 1 day
2 2.1 x 10-3 1 day
4 9.2 x 104 1 day
7 4.7 x 10-4 1 day
14 to 28 1.0 x 104 1 week

Food and water should not be ingested If alpha contamination is present

in excess of 1077 c/g or c/cc.

b. MPCs for clothing
Personal
General clothing, 1,000 <«/m fixed beta-gamma

Shoes, 35,000 c/m fixed bDbeta-gamma

Rad-Safe  clothing
Re-issue
Coveralls, etc., 5,000 c/m fixed beta-gamma
GRoves, shoes, etc., 25 mrep/hr, 50,006 c/m fixed
beta-gamma
Controlled use
Coveralls, 50,000 co/m
Gloves, shoes, 25 mrep/hr

*ejcc = Ci/em3
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APPENDIX F
MAXIMOM  PERMISSIBLE LEMITS (MPLs)
(Extract from Reference 4 pp. 63, 64)
(Continned)

MPCs for equipment

Final clearance (ue further Rad-Safe control)

Fised Deta—gamma, 5,000 c/u

Operation cRearance (Rad-Safe Control continues)
Fixed beta-gamma, 350,000 c/u
Removable Dbeta, 35,000 ¢/m/f12 sq. in.

Sample shipments (packaging 1requirenents)

Radiation Ievel (exterior of container), f r/hr

Removable contamination, 3500 c/m/1Z2 sq. in.
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APPENDIX G
RADIOLOGICAL  SAFETY PLAN
(These extracts from the Task Group 7.3 Operafion
Plarn 1-55 describe the plan adopted for Rad-Safe.)
Extract from Amnex G, TG 7.3 Operation PIan I-55

I. General

a- Radiological safety of task group mikitary and civilian personnel is
a command responsibility and radiological safefy acfivities will be performed

through npormal command channels.

b. Radiological Safety (Rad-Safe) operations is a general ternm which
denotes the means Dby which a unit atftempts €o prevent the occurrence of hazards fo
personneX and equipment vesulting from the spread of radicactive material.  Tith
this end in view It includes such measures as training, organization and
distribution of certain personnell ; development of techniques and procedures for
use of radiological detection  eguipment; protection o1 removal oF exposed

personnel; and decontawination of personnel, structures and equipment.

¢. Following the defonation there will be areas of surface vadiclogical

contamination and, possibly, limited areas of aerial radiclogical confamination.

2. Mission

The purpose of the radiological safety organization is to provide:

H Protection of personnel and equipnert
b. Effective training of personnel
C. Evaluation of the effectiveness of radiological safety

training and radiac equipment
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APPENDIX G
RADEQOLOGICAL  SAFETY  PLAN
(Continued)

3. Phases

To carry out ®€s mission., the rvadiological safety operations of Task

Group 7.3 during Opevation WIGWAM are divided ints fhree phases:

4. Preshot phase
b.  Shot phase
¢. Rollup phase

4. Preshot Phase General Requiremeats

a- The preshot phase wilk be utilized by all subordinate comnands in:

1) Developing operational efficiency to carry out all phases
of Rad-Safe through training.

2> Filling of operation equipment allowances.
3) Maintenance and calibration of radiac equipment

4) Establishment of personnel  decontamination  facilities
b. Deve loping operational efficiency.

1) Rad-Safe training of certain individuals.

2) Rad-Safe training of crews.
This training wilE be accomplished in conformance with
applicable instructions from adeinistrative coumanders.

c. \Maintenance and calibration of radiac equipnent.

Each ship will require its entire allowance of radiac equipment in good

operating condition. Units of Task Group 7.3 are responsible for the maintenance
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APPENDIX G
RADIOLOGICAL  SAFETY PLAN
{Continued)

of their own radiac equipment. For calibration and repairs beyond the capacity of
ship's force, assistance can be obtained from the Radiac Repair Facility., San
Diego (corner Vesta and Main Streets, telephone Belmont 2-6911. Ext. 1118) when
in port and fiom the Task Group Rad-Safe Project Officer on board the USS WRIGHT
(CVL-49) at other tiwes. Failure report cards and equipmeant history cards shall
be used with all pradiac iInstruments. [Each unit shall depart for the forward area
with not less than 100 % spare batteries for radiac instruments. These Dbatteries

shonld be ordered as early as practicable, as some are in short supply.
d. Persomnel  Decontamination  Facilities

Decontamination stations as described im MIP 50-1, NavPers 10886, and
applicable ¥nstructions from administrative commanders shalX be in operating
condiftion on each ship to permit showering and monitoring exposed personnel.
Fabrication of these facilities is considered to be within the capability of

ship’s force.

Shot Phase General Regquirenents

hn
&

a. If ships of the task growp are contaminated by personnel or materiak

coming on board, every effort shall be made to Nlocalize the coptamination.

< Standard decontamination procedures as outlined ia NWIP 506-1, Nav Pers 10886 and

Appendix [I of this anmex shkall be used to remove contamination.
b. Decontamination of personnel and disposal of confaninated material

shall be as provided in Pacific Fleet Instructions., NWIP 50-1. NavPers 10886, and

Appendix D-II ¢to this anmnex.
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APPENDIX G
RADIOLOGICAL  SAFETY PLAN
(Continued)
6. Rollup Phase General Requirements

a. All subordinate commands in TG 7.3 shall make the following reports
by Rletter to CIG 7.3 and mail these reports In the first port entered after the
operation, not Tatey than 3 working days after entering port.

1) Instances of contamination of either personnel or
equipnent covering the following: time after shot when fIrst
noticed, intensity, type of radioactivity encounfered, estimated
inktinl time of contanination, methods of decontamination.
effectiveness thereof, and final disposition of contaninated

Ftems.

2} Radiac equipnent performance, adequacy of spares, etc.
Such reperts shoulld include operational difficulties in use of

equiipnent and an estimate of the adequacy of personnel training
methods.

k) That all radiac imstruments borrowed from the Rad-Safe

Project Officer have been refurned, or exception, if any.
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APPENDIX G
(Extracts from Appendix I to Annex G, TG 7.3
Operation Plan 1-55)
RADIOLOGECAL  SAFETY  REGULATIONS

1. General

The Maximum Permissible FExposures (MPES) and Maximum Permissible
Concentrations (MPCS) as stated herein are applicable to a field experimental test
of a nuclear device iIn peacetime wherein numbers of personnel engaged in these
tests have been previously exposed or may be continuously expdsed to potential
radiation hazards. The regulations sef forth herein are considered Yo be
reasonable and safe. They are designed to minimize personnel exposures with due
regard to the Emportance of the test and the cost aspects of operational delay
occasioned by excessive radiollegical precautions. Special instances may arise
such as in the case of air-sea rescue, or in the case of a tactical situation., in
which operations will be carried out wifthout regard to the MPES and MP(s
prescribed herein. For such emergency or tactical operations the criteria
prescribed below for tactical situations wilkl be used as a guide. Film badges
will be carried and Rad-Safe monitors will accompany such operations to determine
the extent of the actual radiation hazard experienced in order that appropriate

medical action nay be iInitikated.

b

N VMaximum Permissible  Exposure

a-  The MPE for persomnel involved in this operation is 3.9 roentgens
(gamma onlyy. This exposure may be acquired at any tine during the operation, and
may be acquired without regard to the individual®s past radiatiorn history unless

there has been previous over-exposure requiring continuing compensation.

b. A special MPE of 20 roentgens (gamma only) is authorized for the
duration of the operation for persounel engaged in collection and handling of
critical water samples necessary for yield determination. These personnel will
number approximately ten, and wikl be designated by CIG 7.3 prior to the

opervational  period.

G-5



capy

APPENDIX G
RADIOLOGICAL  SAFETY  REGULATEONS
(Continued)
C. Beta radiation exposure ¥to the hands should pot exceed 30.0 rep for

the operational period.
d. The MPES are subject to revision by waiver from the Task Group
Commander in individually designated cases when circumstances indicate a need and

justification therefor.

e. ARl exposure to fillm badges woirn on the body torso wikl be regarded

as total boedy drradiation.

3. Maxinum Permissible Concentrations [MPCs)

Maximm Permiissible Concentrations {MP(S) are not to be confused with
MPE's (see paragraph 2 above) or with Final and Operational Clearances (see
paragraph 5 below). MP{s listed herein are to Dbe regarded only as adviscory Ximits
for control under average conditions, and may be exceeded by a task unif commander
when #un his opinjon this action is justified. Task unit commanders must use their
judguent to "get the job done" apnd alse stay within the MPE specified in Paragraph
2a above. Contamination shoulld be reduced and maintained as Jow as practicable

consistent with “gefting the job done.”

#. Persompel and clothing MPLs are as folYows:

1) Contawination on the skin should be removed by
thorough scrubbing until skin readings are as Jlow as
practicable. In general, it is not considered profitable fto

abrade the skin or scalp iIn an attempt to reduce stubborn
contamination below 1 mr/hr (gamnma only). In cases where
skin  contamination cannot be  readily reduced to 1 mr/hr
( gammas only) by bathing, the ship's Rad-Safe Officer should
be contacted for guidance.

G-6



Hiig §

APPENDIX. G
RADTOLOGICAL  SAFETY - REGULATIONS
{Continued)
2) Contanination on underclothing and body equipuent

such as the internal surface of respirators should be reduced
as JYow as practicable, and to a value Yower thar 2 mr/ hr

(gampa ouly).

k3] Contamination on outer clothing should be reduced
as low as practicable, and to a wvalue IXower than 7 mr/hr

(gamna  only).
b.  Ship, Boat and Adrcraft MPCs

1) It is desired to point out that the employment of
the ships and units in TG 7.3, imsofar as radiological safety
is concerned, is npot considered routine usage  within the
purview of NavMed P-1325 . "RadioRogical Safety Regulations."
For WIGWAM., naval personmel are operating under regulations
sef forth by the Task Group Commander as approved by fhe

Chief of XNaval Operatioms.

2) Ships., beats, and aixrcrakt operating in or gvey
waters pear  the  shot  point after shot time mMaYy  Dbeceme
contaminated. Moniters shall be aboard all such craft

operating after shot time., elther as passengers or members of

the crew, until such time as radiological restrictions are
lifted.
3) Task unit commanders shall take necessary action to

ensure that perscanel of ships. boats, and aircraft are not
over-exposed to radiation and that ships. boats, and afrcraft
are not contaminated excessively.- The criterion is that,
except in emergencies or Eacticak operations, no personne}
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APPENDIX G
RADIOLOGICAL  SAFETY  REGULATIONS
(Continued)

shall be over-exposed as defined by Paragraph 2 above, and no
ship, boat or ailrcraft shaIl be contaminated to the degree
that persomnel aboard them receive more than 0.3 roentgens

{ganma only) per week affer the operational period.

4) For ships. boats, and aircra¥t operating in or over
contaminated waters, reasonable aXlowances shalk be made to
differentiate Dbetween the rvrelative confribution to the total

flux fron Fixed contapnination and t€that due €o "'shine" fron

confaminated waters.

%) Alpha contamination is not expected to be a prob-

Iem. If it is_, special 1iustructions will be promulgated.

6) Contamination on ships., beats, and alrcraft shall
be vredaced as uuch as practicable, and except In unusual
cases to a value RIower than 7 mr/hr (gamma onky). A surface
is mnot decontapinated sufficiently when +€we square inches of
fiiter paper 1rubbed Nightly over twelve square inches of the
contaminated surface and then held one-half d#nch from the
open window of an AN/PDR-27 type 1instrument read more than
0.5 mr/hr above Dbackground. Advice can be obtained from the
staff of CIG 7.3.

) When a ship or boat s iin contaminated water for an
appreciable periocd of time, some of the contanination becomes
attached €o the hull and interior of the salt—water systems-
There is only a very slight probability that this problen
will be serious on any ship except the YAG. This t€ype of
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APPENDIX G
RADIOLOGECAL  SAFETY  REGULATIONS
{Continued)

confanination entails no ipoternal, beta, or alpha bazard to
people aboard, but only an external gamma hazard. In gener—
al, decontamination of this ftype of contamination will not be
practicable or npecessary during Operation WIGNAM. This fype
of contamination can Dbe ninimized by keeping vessels in con-
taninated water only as Borg as necessary for fthe accomplish-
ment of their missions. After the detonation. each ship
other than the VYAG'S shalll be monitored for radioactivity
every 4 hours, or oftener if considered advisable by the com-
manding officer, until Reaving the vicinity of the detona-
tion, with special attention %o evaporatoers and condensers.
Commanding oXf%cers shall notify (TG 7.3 promptly of any
cases where if appears that contanination of ¢his type may
result in exposure of persennel to more than 1 roentgen dur-
ing the operation. Estimates of exposure should be realkis-
tic; for example, 3if an engineering space has an intensity of
50 mr/hr one finch from a condenser, and 2 mr/hr at a place 10
feet fFrom the condenser where a man stands watch 8 hours per
day, the estimated exposure of this man is 2 x 8 = 16 mr/day
and not 50 x 8 = 400 mr/day.

Tactical  Situations®

In tactical situations the O0TC must nake the decision regarding

exposures, and the MPIs described above do not apply- As mAlitay

personnel are normally subject fo only random exposure. health hazards are a

* NTPR Note:

This paragraph applies not to normal WEGWAM operatiomns but to

"tactical” (nuclear war) operations and "emergency' (rescue) operations (such as
crash in  highly confapinated water).

helicopter
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RADIOLOGECAL  SAFETY  REGULATIONS
(Continued)
migimom. Current Department of Deferse information on  exposure to gamma radiation

in factical siktnations i&s indicated below:

&. Uniform acute (inmediate) exposure of 50 roentgens tTo a group of

Armed Forces persoanel will not affect their efficiency as a fFighting unif.

b. Uniform acute exposwe of 100 roeafgens wikl produce occasional
nausea and vomi€ing iAn Xndividuals, but not fo an extent that will render Armed
Forces personnel Ineffective as Tighting units. Personnel  receiving acute
radiation exposure of 100 or more roentgens should be given a period of rest and

individual evaluation as soonm as  possible.

niforn acute exposure of approximately 130 roentgens or greater
can be expected to render Airmed Forces personnel ineffective as troops within a
few Iiours through a substantial incidence of nausea., vomiting., weakness and
prostration. Yortality produced by an acute exposure of 150 roentgens will be

very lTow and eventual recovery of physical fitness may be expected.

d- Operational commanders shoulld, therefore_, assume that Ef substan-
tial numbetrs of their men receive acute radiation exposures substantially above
100 roentgens there Is a grave risk that their commands will rapidly become Inef-

fective as a fighting unit.

e. Tnternal hazards following a  contawminating anderwater explosion may
be avolded If ordinary sanitary precauftions are taken, such as washing the face
and hands Dbefore eating. Only under unusaal circumstances will there be internal

hazard from residoal contawination.

f. The afrcraft confroller in a tactical situation shall make every
effort to keep planes clear of aerial contamination fo the maximum extent allowed

by the tactical situation.
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(Continued)

th
¥

Final and Operational Clearance

At the conclusion of the operation, final clearances will be granted by
the Task CGroup Comwander. or by commanding officers if so ordered, to those ships,
boats, and planes showing no poinft of contamination greater than 15 mr/da_y (beta
aml gamma) and no detectable alpha. Other craft will be granted operationzl
ckearances by the Task Creoup Cowmander, or by commanding officers if so ordered.
An operational clearance implies that contamination exists and that special

procedures as necessatry are imstituted om board ship.

6. Duties of Monitors

Rad-5afe monitors assigned during recovery operations shall act &n an
advisory capacity fo keep the persons in charge of recovery operations informed of
radiation intensities aft all times._ The persons iIn charge shall accept this
advice and act accordimgly. It is the responsibility of the person in charge to
adhere to the Iimits established in these regulations. The Rad-Sa¥e wmonitor shall

1imit his activities fo monitoring and will not engage in actual recovery

operations.
7- Film Badges

a. Film badges shall be worn by all personnel. A film badge shall be
issued to eack individual €o be worn during the entire operation. Each of these

badges will be processed at the conclusion of the operation te give the official
integrated radiation dosage for the legal-medical vrecords. In addition, personnel
expected to receive signifkcant radiation will be issued additional film badges ¢o
be processed on a dakly basis so that Jwmediate checks can be made on the rate of

dosage accumulation and the possibikity of over-exposures minimized.
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RADIOLOGICAL  SAFETY  REGULATIOGNS
(Continued)

b. ALR persomnel shall be cantioned to wear ftheir film badges at all
times, to avoid Yosing then, and to avold ruining them by Raundering or other

methods.

c. Additional £fillm badges, dosimeters and protective cHRothing
(coveralls, hooties., caps, gloves, etc.) as deemed necessary shall be issuned to
personnel expected to receive significant radiation and/or contamination by
apprepriate task group Rad-Safe supply sectiens. AIl personnek dosage film badges
shall be procured fiom and returned to representatives of the laboratory om board
the WRIGHT where all processing and recording will be accomplished- No other

personne} dosage film badges shall be used during this operation.

d. Detailed instructions for issue and retwin of fillm badges wilk be

promulgated separately.

8. Exposure  Records

The Rad-Safe Project Officer will maiatain standard type film badge
records of radiation exposures., for all task group personnel. Records will

indicate full name., rank or rvate, serial or scrvice number, EF appRicable,

organization, home station or laboratery., date of exposure, and remarks such as
1initations on assigowent because of exposure. Tpon cempletion of the operation.

disposition of these records will be as follows:

a. A consolidated list of exposures listing nilifary personnel (and
civilian personnel under military control) by full name, rank or rate., serial or
service number (if applicable), organization, home station o1° laboratory and
exposure in milliroentgens together with exposed film badges and contrel Film
badges will be forwarded to the Chief, AFSTP.
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RADIOLOGICAL  SAFETY  REGULATIONS
(Continued)

b. A consolidated list of personpel and exposures will be forwarded fto

the Director, Division of Biology and Medicine, AEC-

C. Individual vrecords of XNavy npilitary and civilian personnel will be
forwarded to their unit of assigument for inclusion in the individual's health
record Qledical History Sheets and NavMed H-8). Military personnel who have re-
cedved an average of more than 0.3 voentgen (gamma only) per week since 1 January
1955 will be advised that they should not be exposed to Further puclear radiation
until sufficient time has elapsed to Dbring their average radiation dose subsequent
to 1 January 1955 down to 0.3 roentgen (gamma onky) per week. Civilian personnel
in this category will be informed that Huiftations on further radiation exposure
wilE be as determined by the laboratory or agency having administrative jurisdic-

tion over such personnel.

d. Upon completicn of the above, Letter reports from the Rad-Safke
Project Officer will be submitfed through channels t€to ¢he Chief, Bureau of
Medicine and Surgery, and the Dirvector, Division of Biclogy and Medicine, AEC,
indicating. 1in general, fthe actfion faken to dispose of individual dose records.,
cormenrfs on  over-exposures, and any pertinent remarks considered of interest to

the above offices.

5. Analysis of Driaking Water for Radiocactivify

It has been found in a previous operation that distillled water fion
evaporators is uncontaninated even though the evaporators Decome coutamigated fo a
level of 20 mr/hr one inch from the evaporators. The explanation is that
contamination does nof distill with fhe water, but part of it goes overboard with
the Dbrine and the remafinder becones atfached to the scale and condenser.
Nevertheless, any commanding officer may at his discretion send samples of
drinking water fo the Rad-Safe Project Officer on board the USS WRIGHT for an
analysis for radioactivity.
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APPENDIN G
DECONTAMINATION PROCEDURES
(Extracts Ffrom Appendix II to Amnnex. G.
IG 7.3 Cperation Plan 1-55)

1. General

Radiocactive contamination will probably at some t(Eme during Operation
WEGWAM render an esseptiial area or piece of equipnent temporarily unusable. In
such a situation, fthe vreduction of suck radicactive contamination may be mandatory
to successful accomplishment of the operation. Decontamination of uniits and
personnel shall be accomplished on the site to reduce the hazard fo operatiocnal
Ievels. It skoukd be remembered that radioactive fission products decay as time
passes, the moest rapid decay taking place within the ffRrst few hours after

detonation. To compute dosages. see "Radiological Defense," Volk. Il pp 223-229.

2. Reagents

In most of the decontamination operations which migh€ be required of

Task Group 7.3, uacontawinated fresh or salt water spraved under pressure shall be

used for gross decontamination- Ordinarily, salt water shoulld mot be wused on
aircraft. Other reagents vwhich are used where water is inappropriate or
inadequate are: soaps, detergents, standard cleaner USN (-152 or 147, 5-10%

sodium citrate solution of USAF cleaning compound Spec. 20015 (gunk), kerosene and
soap powders. Cleaners with an oill carrier are especially suitable for aircraft

decontamination.

3. General Aircraft Decontamivation Procedures

a. If it has been determined through monitoring that decontamination is
necessary, aircraft will be decontaminated at a shore fFacility or omn board the

WRIGHT, as circumstances indicate.
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APPENDIX G
DECONTAMIDATION PROCEDURES
(Continued)

1) Decontamination operaticons on board a carvier

(general criteria).

In decontaninating afrcraft on beard a carrier,

the following Tfacfors should be stressed:

a) Area should be wekl isolated from

personnel 1iving spaces, ventilator intakes, etc.

b} A clear watershed to the sea should be
provided, if practicable, to prevent contamination

of the vessel.

¢) Alr circulation.
2) Decontamination operations aboard a carrier
(specific)
a) Decontamination persoanel shall be in
decontamination snits.  Decontamination suits shall

ordinarilv include the Tollowiug:

NOMENCLATURE STOCK  NO.

Coveralls 637-G-2570 (or eguivalent)

Gloves 637-G-2295

Overshoes, Rubber N-1 U37-0-59150

Cap, Marine Utility 73-C-59100 through 59104 (or
equivalent)

This decoptamination suit provides protection from contamination, and, for
avoiding heat prostration, is wuch more satisfactory thas a waterproof suif. The
Marive utility cap is preferred to the Navy utility cap N-1, Dbecause more adequate

head coverage is provided.
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APPENDIX €
DECONTAMINATION PROCEDURES
(Continued)

b) Decontamination personnel shall Dbe restricted to the immediate
area surrounding the contaminated afrcraft.  Support personpel are in the Yclean”

backoround area to'manipulate equipnent fo the decontamination fean.

c) The deconftamination area should be clearly marked and roped
off in some namner.

d) Every effort shall be made to prevent the contamination of the
ship in fthe decontanination area.

e) Provisions should be made for disposal of contaminated items

in the decontamination area (GI cans may be used for small objects).

f) AXL material Xeaving the decontanination area shalll be
monitered.

g} Decontapination operations shalk Dbe interrupted intermittently
for nonitoring of akrcraft to determine effectiiveness- VWork periods should be

calculated after intensity levels are measured.

h) Decontamination operations should continue until the Ievel of
intensity drops below 7 mr/hr (gamma oniy)- If this level cannot be readily
atfained using the methods Endicated herein, the Rad-Safe Officer TG 7.3 should be

contacted for Anstructions.
i) Where metal parts are contaminated and there is danger of

damaging adjacent items of porouws material., such as fabric., scrubbing with

cleaning solution 1Is effective.
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APPENDIXY G
DECONTAMENATION PROCEDURES
(Continued)

J) If initial contamination s driven into paint, apply a
solution containing 5 pounds ¥Eve. 5 pounds boiler compound. 1 pound starch and 10
gallons of water and scrub with wire brush or scrape to remove all} paint.  Apply
cleaning solution and {Ilush thoroughly with water.  RENONITOR.

4. General Ship Decontamination Procedures

a. Spraying of the topside with nonradiocactiive water following an
upavokdable exposure of ship to radicactive fallout will probably minimize the
necessity for further decontampination. The interior of the ship is preserved in
its ‘clean" stafus by setting of the appropriate damage control condition of
readiness to seal the ship's envelope.

b. Should the above method fail to  prevent contamination,
decontamination suits shall be wern to protect the damage control parties who wust
work em the contaninated sections of the ship-. In the unse of water after the ship
has been exposed to confamination, special techniques are required fo control the
contaminating spray resulting fiom hosing operations. If possible, the hosing of
an object should be carried on From the upwind side so that the spray will net
drift back on the operators. The most satisFactory operating position is firom 15
to 20 feet Trom the surface. On vertical surfaces. the water should be directed
fo strike the smface at an angle of 30 to 45 degrees. The complication of a
brisk wind partially offset Dby using a wind-break. For hosing down Ilarge
contaminated areas., a decontamination rate of approximately 4 square feet of
surface area per minute should be used. Special attention must be given to the
drainage from these operations to allevw direct flow to disposal points over the
side.

c. Hosing is not the complete answer to decountamination; scrubbing
techniques may have to be used.
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DECONTAMENATION PROCEDURES

(Continued)

d- Yooden surfaces, iAF contaminated, can be decontaminated as outlined

below ander General Boat Deconfamination FProcedures.

5. General  Boat Decontamination Procedures

a. XX the boat exterior, i.e.., painted swface, is contaminated from
passage through contaminated water, hosing down and scrubbing if necessary should
be sufficient fo reduce any confanpination to well below prescribed tolerances. If
boat Is water-borne., drairage firom hosing down should present no problem-
Dispersal of radioactive products in the sea is anticipated to be sufficient to
prevent recontamination of other boats. If interior of boat 3s contaminated,
hosing down and pumping out over the side should suffice. However, repeated use
of this method can concentrate sone centamination iin the bilge pump system which
is not desirable, and this pump should be especially nonitored.

b. Contamination c¢an be dnfroduced intoe Dboarts Dby contaminated
passengers, radioactive “fallout," o1 seepage of contaminated water into bilges-
It is considered most likely that any major contamInation in the boats will come
fronm contamination on passengers and equipment brought on board.  Unpainted woed
wikl not be as readily decontaminable as described above. Any contamination
should be relatively Right. If relatively Right and too resistent to normal
hosing down. scrnbbing and scraping., a coating of shellac, varnish or paint will
usually effectively shield out alpha and beta radiation and seal it in until
radioactive decay completes the process of removal of any health hazard. It is
planned that all boat decontamEnation will be done #n an open sea area vwhere water
disposal from JYow order of contanination and drainage IS no problem.

6. General Personnel Decontauination Procedures

a. At the completion of decontamination operations on shipboard.,
personnel concerned should be monitored on the spot—then shed outer (protective)
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DECONTAMENATION PROCEDURES
{Continued)

clothing. gloves, booties., efc., disposing of same iInto covered contaipers.
Personnel then are monitored and if necessary sent to 2 personnel decontamination

center. (See Appendix I of this Amnex, Paragraph 3a.)

b.  Personnel upon comppletion of their duties in a contaminated area
wilk be requived to utilize the facilities within a 'change house” and, iF
necessary, those within the decontamination head. They should be organized and

operated &n such a way that the following is insured:

1) Monitoring of suspected contaminated personnel at "change house™

ENTRANCE.

2} Advising each person as to degree of comtanination and spots more
highly confaninated than others, paving special attention to soles of shoes, hauds

and hair.

)} Instruction of incoming personnel contaminated cXothing should be
disposed.- This cXothing nay require Iaundering or. as a result of decay of
radioactive contamivation, it may De possible o re-use it after a period of tiue

without laundering.

4) Monitoring of personnel with and without clothing when clothing is

contaminated.

5) Collection of dosimefers worn by persons entfering decontamination
centers.

6) Shower facilities vhere persomnel will scrub thoroughly with

particular attention o hair and hands when contaminated.
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DECONTAMINATION PROCEDURES
(Centinued)

i) Second moniforing after shower and release of personnel If skin

count is FEess than 1 mr/hr (gamma only). Washing should continue as necessary

subject to the provisions of Paragraph 3a{l)of Appendix X fo this Annex.

7. Disposition of Contaminated [lems

Contaminated items which are Impossible or impractical to decontaminate
may be surveyved or Lkept in a space, such as a veid, where they will not be
hazardous to personnel until natural radioactive decay renders them harmless.

Advice on disposition of contaminated Etems may be obtained from (TG 7.3.
Contaminated Etems which will fIoat sha¥l not be thrown overboard except by

pernission of CIG 7.3,
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APPENDIX G
RADTOLOGICAL SURVEY., AIR DROP AND SAMPLE RET{RN PLAN
(Extracts from Appendix Il ¢o Amnmex G, TG 7-3
Operation Plan X-55)

1. General
i. RadioXogical/Temperature Swmivey and Afir Drop Missions are
independent missions. HBowever,  Tbecause of time and alrcraft availkability

corsiderations these missions will be consolidated and conducted Dby AD-5N aircraft

of Carrier JAir Suppert Tnit 7.3.2.

b. These wmissions are ¢o be coaducted eon D-Day subsequent to H-hour, as
contained in air schedules. Appendix X fo this annex. Two atrcrafit will be on
station to execute these missions. FEach afrcraft will have a duplicating nission

should the other plane fail to execute ifs assignment.
2 Control

a. AD-3N and AF-25 aircraft will veport to LAZARUS on the TATC
(Tactical Alr Traffic Contrel) Net (339.4 JCS) for control_ Be prepared to
operate on TAD (Tactical Afr Direction) Nefs as contained in Comwunications and

Electronics Plan. Amnex C. TAD #] - 236.2 MCS., TAD #2 = 349.0 MCS.

3. Radioclogical/Temperature Survey

3. This mission s to be conducted subsequent to H-Howr and is for the
purpose of deternining and forecasting the radiological and hydrographic
conditions in the test area. Instruments capable of detecting and measuring the
radiological condiftions (aerial swmivey and bolomefer gear). and two techmnicians
and one observer to observe and interpret these iInstruments will be placed aboard

each smvey plane. Survey missions are planped for daylight hours only.
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RADIOLOGECAL STRVEY. AIR DROP
AND SAMPLE RETURN PLAN
(Continned)

b. Survey afrcraft No. 1 and No. 2 will take position 045" upwiand on
the starboard side of the ZFRO BARGE at a distance of 5 miles and an altitude of
1,500 Teet (or below the overcast), and be prepared to commence rap-in at H+b
winutes or when the radiological situation pernits. The time specified for the
initiak run-in {H*5 min.) may be delayed; however., the fnifial run—in point and

fRight pattern for drops will remain constant.

c-. The initial xun will be approximately parallel fo the array towards
the SHOT ZONE to a point at which a starboard turn will pernit the frack fo cross
the arrvay one thousand (1,000) feet upwind of the SHOT ZONE at 2 minutes affer
start of run-in. This preliminary survey rum wi 11 be conducted at an alktitude of
1.500 feet untill past the SHOT ZONE area at which tine altitude willl be decreased
o 500 feet In preparafion for dropping runs. Survey plane No. 1 wilk be the Read
plane throughout drop and survey missions, and survey plane No. 2 will follow at a
distance of 2,000 yards. Upon completion of the preliiminary survey run, survey
planes will execufe two (possibly three) runs for the dropping of water sanmple
collectors and radiac anstruments-

d. Upon completion of the drop runs, a survey pattern wikl be
initiated. This pattern will be largely determined by the size of the water area
10 be covered; the larger the area the more detaklled a pattern can be flown.
Should the arvea remain small. the pattern will consist of runs across the SHOT
ZONE.  Pattern determinations will Dbe made on the basis of information received by
pragran  directors. In the event that it becones necessary fTor smvey planes to
delay or suspend operafions and maIn€ain an orbit about a reference position, this
point wEEl be the initial run-in point (subsequent to H-Hour this wilk be off port
bow of the MI MCKINLEY (AGC-T)-
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RADIOLOGICAL SURVEY, AIR DROP
AND SAAMPLE RETERN PLAN
(Continued)

¢ Survey mission on D-Day will be scheduled from H+60 minutes to H+3
hours, and H+4 hours to H+6 hours. or as daylight hours permit. Survey missions
subsequent to D-Day will be tentatively planned as a one-plane 2-hour Fflight in
the early moyning and a one-plane, 2-hour f1Rlight &n the later afterncon.

4. Air Drops

#.  Survey plane No. 1 will drop five USQ-1 ftelemeters firom an altitude
of 500 feet during the first run through the SHOT ZONE_ Survey plane No- 2 will
drop ten water sample collectors from an altitade of 500 feet during the first rua
through the SHOT ZONE.

l. During the second run fhrough the SHOT ZONE, Survey Plane No. 1
will drop ften water sample collectors and Survey Plame No. 2 will drop five USQ-1

teleneters.

c- Tpon completion of the second run, both survey plane No. 1 and
survey plane No. 2 willl have two water sample collectors and five radiac USQ-1
instvuments  remaining. These may Dbe dropped on a third ran, either Immediately

following the second run or vwhen considered necessary by CIG 7.3.

d. It is desired that the first drop be conducted perpendicular to the
tow array through the center of the SHOT ZONE and to give a coverage of 30 percent
on each side of the ZONE which is estimated to be 1.000 feet in diameter. The
second drop wikk be nade parallel to the array through the center of the ZONE with
the same coverage desired. Runs parallel to the array will maintain a 200-vard
separation firom the array units until aft of balloons at which time a turn Ento
the SHOT ZONE may be made.
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RADIOLOGECAL SURVEY, AIR DROP
AND  SAMPLE  RETURN  PLAN
(Continued)

g. Survey plane No. 1 will Indicate IFF mode 1. and survey plane No. 2
will indicate IFF wode 2 throughout the survey and drop mission.  Ratdar  trackisg
will be used on these afrcraft to obtain detailed fAight path/time AnLormation

which will be utilized for scientific conputations.
f. See Tab A « Maneuvering Plan for Drop amnd Survey Afrcraft.

b, Sample Return

x.  AF-25 €ype aircraft based aboard USS WRIGHT will be utiliized to
return radieactive samples from the carrier to NAS, North Island. At North 1Island
the samples willl then be readied for further shipment and €transferred to Military
Afr Transport Service QUIATS) afrcraft for delivery to fnterested RKaboratories.
The necessity for early sauple delivery requires efficient and accourate

coordination on the part of fhe afrcraft units concerned.

b. Sample refurn missions will commence as soon as possible on 0+] Day
subsequent to recovery and processing of water samples. Estimated requirements
indicate tha¥ two planes will return 1o North Island on [+l Day and two planes
wikl return on D+2 Day. Subsequent return missions may be scheduled if necessary.
Ne scheduled night carrier operations are confemplated, however. night landings at
NAS North Island are to be expected.

¢. In the event NAS North Island goes below safe weather miEnimuns for
carrier alrcraft, sample refurn aircraft can expect to be senft to NAS Miramar as
alternative number one or NAS EX Centro as alteraate number two. AF and AD type
pilots are to be advised of this posskbility and be sufficiently prepared for this
situation. MATS afivcraft awaiting samples for delivery to the interior wilk be
avare of weather complications and will be prepared t¢o effect rendezvons with
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(Continued)

carrier sanple delivery planes at alternate base one o1 two as specified.
7.3.5 (\P-2) will coordinate this sample transfer rendezvous as Becessary.
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DESCRIPTEON OF RAD-SAFE COURSES (Extract from

GoPY

APPENDIR H

Reference 4)

Brochure of Course Material,
Course I (Four Veeks)

DAY TITLE HOURS DESCRIPTION
] Registration and l Discussion of rules and regulations;
Adpinistration clearance checli; course materials are
issued; student aid is given to those
who need it
1 Introduction to the i Glossary of terms dEatroduced; various
Effects of XNuclear types of Dursts are discussed as well
Weapons as an overview of effects;
orientation is directed to the
student®s possible participation in
a field operation
1 Blast Effects of 3 This class provides an overview of
Nuclear Radiation muckear blasts and (he blast-effect-
according to the type of
burst ({such as damage to structures,
ships, materials); preblems of
scaling and damage criteria are
considered
1 Review of Basic Math } The fundamentals of basic
mathematics, requisite to the course
are reviewed
2 Biast Effects; 2 The problems pertaining to blast
and Damage Criteria scaling and damage criteria are
discussed and solutions are evolved
by actual calculations
2 Thermak Radiation 2 The clIass discusses the effects of
Effects of MNuclear heat on ships. structures, and
Explosions; "Fireball material; a comparisen is made
Phenomena' between thermal and tfotal hazard of
nuclear detonation
2 An Introduction to ] This fFilm-Xecture discusses the basic
Nuclear Radiation structure of the aton and its
relation to anclear radiation
2 Review of Basic i Second session reviewing the
Math fundanenfals of basic wmathematics
3 Examination. Di¥scussion } An  examination or blast and thermal

and Critique

effects, Tollewed by a discussion

of the exam material
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APPENDIX 1

RAD-SAFE  COURSES

Brochure of Course Material,
Course 1 (Four Veeks)
(Continued)
DAY TITLE HOTRS DESCRIPTION

3 Introductionn to
Nuclear Radiation, 11

3 Nuckear  Radiation
Effects I and I

3 Nuclear Radiation,
Scaling of Effects,
I and |1

K Fission Products and

theiv Decay

4 Detection of Radiation
4 Basic Instruments

4 Dosage Devices

4 Introduction to

Lab  Exercises
"Introduciion to
Radiac Instruments"

[I%]

L)

H-2

The 2ud introductory lecfure om the
elementary structare of the atom and
on nuclear radiation so that the
student has a gemeral idea of nuclear
weapons and radiac Enstruments and a
basic understanding of the need for
radiological  safety

The types and physical character-
istics of nuclear radiations are
discussed relative to  their
importance to types of nuclear
detonations

The problems invelved ¥n scaling
and  shielding of nucllear radiation
are presented and solution are
evolved by calculation

The problems concerning fthe decay of
fission prodocts are presented as
well as a discussion on fission-
product  monitoring

Students are introduced to the use of
radiacs and are shown the applicaiion
of radiation characteristics to such
detecting radiation defection methods
as dionization and scintillation

The basic radiac Instruments and
general operating principles are
presented along with basic instrument
theory and simple concepts of
electronic detection circuits

The student dis shown film and chawber
dosineters used for vrecording
radiation doses, and how to use and
care for them

Students are shown Iaboratory
procedures; a file on radiac
instruments is shown
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DESCRIPTION OF RAD-SAFE COURSES
Brochure of Course Material,
Course I (Four Teeks)

(Continued)
DAY TITLE HOURS DESCRIPTION
4 Individuak Naval 1 A discussion and demonstration of the
Radiac Instruments; operation calibration and formulas,
Calibration of maintenance sind Rimitations of the
Tnstrumesnts radiation measuring instruments used
by the XNavy for roufine and/or
special  operations  (AN/PDR-TIB.
AN/PDR-27 €. and AN/PDR-184)
4 Calibration of an 2 Students learn the use of an
XYorn Chanber ionization type radiac by taking
readings with and calibrating an
AN/PDR-TIB. Students are shown how
to determine operational characteris-
tics through the weans of calibration
curves
3 Examination. 1 The exam idncludes nmaterdial studied
Discussion and on nuclear radiation effects such as
Critique initial gamma scaling, attepuation,
and shielding, followed by a critique
of the exam
5 Fission Product 1 A discuession on the problems involved
Decay and Dosage in the decay of fission products, and
on the needs and possible wayvs of
interpreting estimated dosage is
held
5 Problems iIn Fission 1 The student is asked to solve
Product Decay and fission-product decay and desage
Dosage problems using availabXe information
5 Measurements  and 2 A discussicn of the need for radio-

Evaluation of
Radiolegical Hazards.
I and [ "Radiological
Survey’

logical survey, types of survey,
marking of areas and equipment,
control operations, as well tech-
niques used in naking an evaluation
of a radiological hazard is held,
highlighted by a filn
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DESCRIPTION OF RAD-SAFE COURSES
Brochure of Course Material,

Course I (Fourr VWeeks)

(Continued)
DAY TITLE HOURS ) DESCRIPTION
5 Arep  lonitoring 1 Students practice the procedures
Survey to be used in operational conditions,
as a skEnulated survey fakes place on-
board a model vessel; survey readings
are taken using radiiacs, and reports
are then sent to coafrol centers for
evaluation
6 Exam, Discussion 1 This exam covers materiak on Fission
and Critique products, decay and dosage
6 Problens of Dosage 3 Dosage amd stay-time problems for
Calculation, Decsny. residual contaminatien from nauclear
and Stay Time Re: weapons are calculated by graphical
FP  Contamination means
6 Contamination The scurces, iImplications and hazards
of radiological contagination, as
well as definition of temms., are
covered
6 Shielding This Iaboratory practical exercise

-2

dealls with the materials used {for
shielding radiation and the factors
in shielding problems

Decontamination I and 2 This filp-Recture discusses the

I1i: "Industrial fundamental principles eof de-
Decontamination of contaminating radioactive  surfaces;
Ships" procedures used in removal; compares

the efficiency of various techniques
Yor routinze and emergency
decontamination; and operational and
final clearances

Medical Aspects of 2 Radiological hazards from a medical
Nuclear Weapons: standpoint are presented as well as
RadioRogical  Hazards the Dbiological effects of 3ionization,
"Effects of Radiation radiation swuptons and sickness,

on the Body” followed by a fraining #fHiln

(1)

Thumd Rules Practical rules to apply while
working with radieactivity are

discussed
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DESCRIPTION OF RAD-SAFE COURSES
Brochure of Conrse Material,
Conrse I (Four Veeks)
(Continuned)

TITLE HOURS

DESCRIPTION

Thumbk  Rule 1
Applications

Exam, Discussion 1
and Critique

Monitoring Survey, 3
Affoat

Monitoring  Survey 3
Ashore

Interrelation of 1
Effects (Classified
Film)

Radiological Recovery 3
1. I, and III

A group discussion om how to apply
"rules of f€humb” to radiological
situations. Enphasis is placed on
the constant appkication of
radiological safety principles for
personnel  protection

This exam covers material presented
the previous two class days

The student, using radiac

instruments, t€takes part in a field
exercise aboard the TSS BRBUTTERNTT., a
fulk-size model of a naval vessel.

In this exercise a sipulated
contaminating event is staged and the
monifor evaluates hazards, using
monitoring procedures, and recomnends
Rad-Safe procedures to higher
authority based on survey

This fiekd exercise stages a simnla-
ted contandnating event on land.
Using radiac equipnent, the wmonitor
identifies and marks contaminated
areas; evaluates radiolegical

hazards to personnel; and ferus
moritoring reports and isointensity
line charts

This discussion correlates the
interrelation of thermal, blast. and
radiation effTects as they apply to
different tvpes of nuclear
detonations

The aspects of radiclogical recovery,
following a contapinating event, are
covered, as well as the nost

effective measures necessary to
return a land area or ship to use.
The ‘"Radiolegical Recovery Manual" is
referenced
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DESCRIPTION OF RAD-SAFE COURSES
Brochure of Course Materkal,
Course I (Four Weeks)

{Continued)
DAY TETLE HOURS DESCRIPTION
0 San Francisco 3 In this practical exercise. the
Problen student is asked to estimate blast,
thermal, and ouclear radiation
damages and dangers produced by two
nuclear detonations in San Francisco.
The student plots the extent of
radicactive contamination, gamma
fluxes, and personnel doses, using
available information
10 Examination, | This examinaftion includes all
Discussion and material covered in the previous
Critique two dayvs of the course
10 The Harbor Aftack | Classified
10 Thermonunclear 1 Classified
Reactions
16 Individual Survival 1 This filn-lecture demonstrates
in a Nuclear Attack methods of survival and freedon
"Survival Under from hazard during a nuclear weapon
Atomic Aftack" attack
10 Field Operations 1 A classified Ffilm on a recent Arnmed
(Operation Ivy) Forces field operation at the site of
a nuclear detonation is shown to
further orient the student to field
operations.
10 Review and A review and discussion of the first
Discussion twe weeks' material; all Fuportant
points are highlighted and any
necessary additional information is
added
il Mieteorology: ''Weather 1 Metecrological data showing the

In Operation
Sandstone"

H-6

effect of weather on field conditions
and its consequent effect on hazard
magnifudes are discussed
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Brochure of Course Material,
Course I (Four Veeks)
(Continued)

TITLE HOTRS DESCRIPTION

11

11

11

11

This class examines the nature of
radioactive fallout in detail;
chemical and physical factors
iufluencing the nature of resultant
contamination on board naval vessels
are discussed; fthe wvariety and
magnitude of contanination problems
as a result of fallout are
enunerated, 1in addition to
operational and industrial
implications

The Shio Contamination 1
CompXex: Fallout and
Fallout Problems

Visual aids serve the momitor in his
further orientation to the conditions
of operaftions in the field. Films
portraying security, hazards,
mission, magnitudes, and radiological
safety are shown

“Operation TIvy"
"Operation Doorstep"

EvaRuation, This discussion augments <the material

Delineation, and presented during fthe fist twe weeks

Control} of Radio- and includes the principles of hazard

active  Contamination detection, evalnation, and control of
radioactive contaminated areas;
step-by-step-procedures for setfing
up and/or recognizing hazard
controls; warning tags ard signs; MPE
and stay-tiwe calculations

L

Operation of a
Geiger Counter
{Count-rate meter);
Geonetry Factor in
Counting

H-7

In the laboratery., the student Rearns
how to operate a count-rate meter and
to take measurements with it; the
applications of the count-rate mneter
for wipe saupling analysis, Jlow-Revel
contamination_survey, and continuous
backeround monitoring in the field
are explained; a laboratory exercise
stressing the importance of the
geomefry factor in faking radiation
measurements is  held
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APPENDIX H

DESCRIPTION

Brochure of Course
Course 1 (Four

{Continued)

TITLE HOURS

OF RAD-SAFE COURSES

Material,
Neeks)

DESCRIPTION

12

13

13

Change House Exercise; 4
Personnel  Moniforing
Instrumentations

Personnel Decontamination
Technigques

Radiological
Facilities

Safety 3

Radicactive Waste 1
Disposal  Problems
for Field Operations

Area Swivey and
Monitoring  Techniques;
Aerial Survey

E-8

A change house exerciise provides
training in the use of protective
clothing, dress-out and undress
personnel  procedures, principles of
personnel decontamination, and the
instrumentation used for personnel
monitoring are presented

A tour, showing the foHlowing types
of facilities for radiological safety
is taken at NRDL; isotepe storage,
shielding, liquid waste disposal
tapks and equiprent, decontanination
facilities, radiation sonrces, safety
controls and interlocks., hand and
foot counters, emergency decontanina-
tion showers, a typical chauge house,
and waste disposal storage and
handling

The problems associafed with disposal
of radiocactive wastes, particularly
for field operatious, are considered;
the Dbasis of the decision for
decontapination, storage, or
as waste 1s presented;
of handling, packaging, storage,
movement, records, legak factors,
monitoring, and proper 1labeliag are
also considered

disposal
the probleus

Previous mnatferial en the various
techniques for oarea survey, as
condifioned by ftypes of radiatien
being measured and fypes of surface
or material, #&s vreviewed; the
techniques for gamma survey,
low-flying aircraft, are also
presenfed; Cutie Pie and side-window
G-M tube iInsfruments are discussed

using
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i

DESCRIPTION OF RAD-SAFE COURSES

Brochure of Course

Material,

Cowrse I (Four Weeks)

(Continued)

TITLE HOURS

DESCRIZTION

13

13

13

14

Concepts of Radiation 1
Dosimetry

Alr and Vater
SappRing., and
Analysis

Recording and H
Documentation of

Radiation

Measurenents

Safe Handling of 1
Radioactive
Material

"Industrial Radiologi- 1
cal Decontamination of
Ships., Contauiuated

Ships Handling";
Decontamination eof
Radioactive Surfaces

H-9

The basic concepts used in wmeasuring
an  integrated dose of radiation
received by personnel are introduced;
use of flm badges, use and reading
of dosimeters, and safe handling of
filn supplies are demonstrated

The techniques of obtaining and
analyzing samples of air and water
for fthe defermination of
contamination are evolved; a
demonstration of counting methods is
wade using an electronic scaler;
analysis is then made by calcnlation
of the results of counting

The methods for recording the various
tyvpes of radiation neasurements arve
covered as well as forms used.
transmittal of records and
information, legal records, and BuMed
requirements

By applying the principkes of
radiological safety, the student
learns standard techniques and work
practices for the handling of
radicactive material, including use
of sources, comtaminated objects, =and
radioactive materials in the
laboratory; uremote handling tools and
the factors of ftime and distance are
also discussed iIn relation to safe
hand¥ing

The uwaterial presented during the
first two weeks 1Is now augmented by
further matexrial on decontamination;
this sectior vrefers specifically to
ships and includes removal
techniques, evaluation, tolerances,
and clearances as applied to field
operations
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APPENDIX H
DESCRIPTION OF RAD-SAFE COURSES
Brochure of Course Material,
Course 1 (Four Weeks)

{Continued)
DAY TITLE HOTRS DESCRIPTION
14 Techniques For Sample 3 The techniques and iInstruments used
Counting, Air for counting radicactive samples,
Sampling  Techniques preparation of sauples for counting,

scaler operation, use of standards,
and background problems are explained
and demonstrated; an air sampke is
taken by the student, and the sample
is then counted with a scaler

14 Decontapination of 3 Students are civen a dewonstration
Surfaces, Vipe showing decontamination fechniques on
Sampling Techniques suchk commonly used shipboard

materials as paint, clean and rusty
steel, wood, and glass; the stodent
engages in a Craining exercise in the
techniques of sanpling for the
presence of vemovable radioactive
confauination by wipe sanpling; the
pregress of a decontamination
procedure s checked Dby fthe use of
wipe samples fo deternine the extent
of removal

15 Study, Review and 2 The class instructor will hold a
Critique of Course review and discussion of highlights
Material in the material covered during the

course’s thiyd week; a film detailing
a field operation will be shown

15 Shipboard Training 2 The group will study and discuss the
Manual "Shipboard Training Manual,"” and

suggestions will be made for ifs
application and use in carryving over
to other personnel the principles of
radiological safety in the
organizations where they are
regularly  assigned

15 Monitoring  Survey 1 A training exercise &s held using
(localized radiacs, determining the location and
contanination) extent of localized countanination

Yevels; the monitering and marking of
areas and the evaluation of persounel
hazards are stressed

H-10
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DESCRIPTEON OF RAD-SAFE COURSES

Brochuyre of Course Materialk,
Course I (Four Weeks)
(Centinned)
DAY TITLE HOURS DESCRIPTION
15 Survey  Evaluation I Evaluation of the above survey is
made by the group by discussion and
critigee; {he monitoring reporfs are
evaluated, and conclusions fer action
or recommendation to others are made;
assembly and chaxrting of data are
diiscussed
16 Ixamination 1 This exam will cover basic principles
in the course material covered during
third week
16 Discussion 3 The exam given in the previous period
and Critique will be discussed by the group, and a
critigune will be held on the
naterialk
16 Absorption of Beta 2 Two laboratery exercises, showing
Radiation; the student the relative range and
Absorption of penctrating power of beta and gamma
Gamma  Radiation radiations, are given; data are
collected and graphs of half—value
Iavers are mnade
16 "Radiological Survey"; 1 Farther visual aids on the subjects
"Radioactive of monitoring and contampination are
ContamXnation" given, along with appropriate
commentary by the Xastructor
17 Monitoring Survey Further training in the use of
radiacs and in survey techniques is
given; parficularr attention is paid
toe correction of weak points
discovered in previous exercises;
isointensity 1lines, dosage problenms.
stav-tine calcnlations, and thumb
rules are considered
17 Discussion and 3 The monitoring survey &5 evaluated by

Critique; “Practice
of Rad-Safety"

I-11

the group, as was done on day 15 for
a previous survey; discussion of any
Turther weak points takes place; a
film on principles iIs shown and
discussed by the group
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DESCRIPTION OF RAD-SAFE (OURSES

Brochure of Course JMaterialk,
Course I (Four Weeks)

{Continued)
DAY TYTLE HOURS DESCRIPTION
18 Monitoring  on USS 4 A second session on popitorina 1is
BUTTERNUT held aboard the BUTTERNTT: further

ftraining is held op shipboard survey

18 Survey  Evaluafion 2 An evaluation of the above survey is
made by group discussion and
critique

18 YAtomic Bomb Test, J Supplementary visual aids are

Bikini" ‘"Principles of presented by fthe instructor on under-

RadioXogical  Safety, water nuclearr weapon detomation and

Part V" on radiological safety gprinciples,
fokllowed by comment

19 Scattering of Beta A Iaboratory exercise demonstrates

Radiation the characteristics of beta
scattering and Iits effect on
beta-radiation neasurements

18 Instrument Tests The common causes of iInstrument

"Trouble  Shooting" failure are iInvestigated, and
corrective measures are giveng
symptons  Identifving  possible
troubles are lYisted., and simple
adjustments +€hat npay be nade in the
field to keep radiacs operating are
presented

18 Monitoriag of Equip- 3 A practical exercise dewonstrates the

ment and Personnel instruments amd Cechniques used for
monitoring equipment and personnel,
followed by a discussion and
critique

21 FinaX  Examiination 1 This exam will cover all material
presented in the course

20 Summary of Training 1 The course will be summarized by the

Course Training Officer

20 Orientation 1 Confidential

(on {Operation X)

H-12
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DESCRIPTION OF RAD-SAFE COURSES
Brochure of Course Material,
Course I (Four Weeks)

(Continued)
DAY TITLE HOURS DESCRIPTION
20 Assignment to Project 1 Assigmment to project duties is nade
Buties by the fXeld-operation Rad-Safe
officer
20 Return of Course i AI1 materials loamed and signed for
Materials: Student by students are returnped; graduation
Aid; Graduation session is held; administrative
matters on check-out are handled
20 Check—out

H-13
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GORY

. APPENDIX H
DESCRIPTION OF RAD-SAFE COURSES

Materiak,

Course II (Three and one-half days)

TITLE

HOURS

DESCRIPTION

DAY

Registration and
Aduinistration

Introduction

"Survival Under

Atonic

Attack";

"Effects of Atonmic

Boaib

Explosions"

Nomenclature of the
Radiation Sciences
and of Bomb
Phenonenology

]

The Clmmcteris_.tic_ts of 1
Radiation, Ionization

and

Contamination

H-14

Class roster 1is assembled; school
rukes and vregulations are discussed,
secarity of classified information is
discussed;  adninistrative matters
pertaiping to course enrollment are
iandled; student aid is given those
in need of "it

The scope of the sources is discussed
by the Training Offfcer; orieantation
is directed to fthe student's possible
participation in a Feld operations

an  introductieon to the principles of
radiological safety is provided

Films and coamentary oufline the wost
effective neasures to be taken by
personmel In the event of a npuclear
detonation; blast, heat, and
radiation effects are considered

Terms used in dealing with
radioactivity are defined;
definitions of Donb "language" and
field-operation  terminology  are
given; this will serve as an
introduction (o the presentation, in
the next Yecture, of the basic
physics of nuclear structure

Students are presented with a review
of the basic physics of the nuclear
structure; discussion #s held on the
fundanental concepts of radiation,
interaction of radiation with matter,
the meaning of radioactive
contamination, and definitions of
isofopes and half Fife and decay:
this is to provide the student wiklh
encugh  theory and physics terminology
to give him a generak comcept of how
nuclear weapons amnd radiac
instruments operate, and a basic
understanding of ¢he Importance of
radiologicalk  safety



GORY

APPENDIX H
DESCRTPTION OF RAD-SAFE COURSES
Brochure of Course Material,
Course II (Three and one-half davs)

(Continued)

DAY TITLE HOURS DESCRIPTION

' "Self-Preservation ! Effective counternmeasures used to
under Afemic Aftack, reduce the possibility of biological
Pt. 1"; ™ledical damage, the effects of rad¥ation on
Aspects of XNuclear personnel, aud protective weasures
Radiation" are discussed
Hazards  Associated ] Blast and fhermal hazards are freated
with MNuclear Weapons briefly; radiation hazards and and
Associated Field biological effects are stressed;
Operations introduction fo the fypes and extent

of destruction asscciated with
miclear blast will dismiss any
misconceptions concerning the unique
type of energy we are dealing with
during field operations

2 “"Radiac Imstruments" I t'se of rvadiac instruments for
(filn):; Introduction monitoring #s presented aleng with
to the Use of Radiation enongh basic instrument theory to
Measurement Instrunments provide the student with an under-
and  Demanstration standing of the mechanics of
(lecture) operation followed by a demnonstration

of alk radiacs shown &n the 3Im and
referred to in the lecture

i Why Efforts arve The reasons for expending efforts for
Expended for Rad- Rad-Safe are given, and the basic
iological Safety principles of Rad-Safe are
(lecture); "Radielogi- intreduced; Task Group saflety and
cal Safety (Operation effectiveness are stressed; a film
Crossreads)”  (filn) showing Rad-Safe wneasures on a field

operation is preseufed, along with
commentary om important points

yi Use of Radiacs for This includes actual participation #En
Field VWork an exercise introducing radiasc

instrunents: the operation, care, and
use of portable radiacs, ion
chambers, G-M countfers, scintillation
counters, and count-rate meters used
for field work are denonstrated and
discussed; their applications for
area survey, equiprent survey, and
personpel menitoring ave
demonstrated

H-15
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DESCRIPTION OF RAD-SAFE (OURSES
Brochure of Course Material,
Course II (Three and one-half days)
(Continned)

DAY TITLE HOURS DESCRIPTION
2 Radiation Exposure I The basic concepts of maxiuum
Tolerance Levels for pernissible exposures and
Field Operations, corcentrations are given, as well as
MPE's and MPC's reasons for setting them at certain

Tevels for routine and special use;
discussion is held on total dose and
dose rates allowed; BuMed

reguivements and ftask force needs are
integrated; the uses of dosineters
and saapling equipuent for dose
deterninations received by persomnel
are  mentioned

2 Safe Handling of ! The principles of radiological safety
Radioactive Materials are Turther amplified lere giving

conskderation to mefhods of handling
(both removable activity and sealed
sources); shielding, distance, and
stay-time factors; handling of tools
and eqnipment; relat¥ve hazards of
isotopes and radiations; warning tags
and safegnards; shipping procedures
apd their rules and regulations

2 Evaluation., Controk Consideration is given to the
and Delineation of principles of hazard detection,
Radioactive Con- evaluation, and contrel and a
tamination correlation is drawn with the

principles of radiological safety
previously  discussed;  step-by-step
procedures for sefting up and/or
recognizing hazard controls are
also discussed; the uses of warring
tags and signs are given, =and
represenfative samples used by the
Navy and fhe AEC are displaved; MPE
and safe stav-time calculations are
given and discussed

H-16
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DESCRIPTION OF RAD-SAFE COURSES
Brochure of Course Material.
Course IYI (Three and one-half days)

(Continued)

DAY TITLE BOURS DESCRIPTION

2 Introduction to the i The student is introduced to the
Principles of basic concepts of radiation
Radiation  Dosimetiy; dosimetry imcluding pocket
BuMed Requirements, dosimeters, film dosimeters,
Task Group Xeeds, instruments used to charge and read
Personnel  Exposure pocket dosimeters, and densifometers;
Records using his knowledge of basic physics

of radiation, he begins to understand
how each one operates; the
requirements of BuMed for radiation
exposure for various types of
operations are given, integrating
Task Group needs with these
requirements; the dmportance of
accurafte personnel exposure vecords
(and how they are made) is stressed

3 Biological Effects i The student 1earns of the mnedical
of Radiation aspects affendant to nuclear

detonations and the specific ftypes of
radiation; consideration is given to
the effect of radiation on the Dhuman
body, the dese that will cause death,
sickness, or have no effect at all:
RBE of radiations: tissue Honization;
radiosensitivity; total dose vs. time
received; external and internal
effects; medical synptoms and
treatment; biochemiical reactions;
maximum permissible dose (basis for);
Fission-product effects

3 Personnel Monitoring 3 The principles of mnonitoring the body
and  Iostrumentation and clothing for the presence of
and Field Exercise radioactive contacination are

discussed, as well as the instruments
and use of protective clothing; the
student then participates in an
actual change house procedure,
perforning dress-out and undress,
persounel nonitoring, and the
standard washing and skin
decontamination procedure; the
principles of personnel
decontaninntion are demomstrated

H-17
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DESCRIPTION OF RAD-SAFE COURSES
Brochure of Course Material,
Course II (Three and one-half days)

(Continued)

TITLE HOURS

DESCRIPTION

"Operation Iwvy"; I
Operation  Doorstep”

Discussion of BuMed 1
Radkological  Safety
Regulations

Interaction Between the 1

Scientific Group and
the Rad-Safe (roup
of Operation X

H-18

Films of recest f¥eld operations are
shovn to orient the student to field
copdifions and his possible
participation in Rad-Safe
responsibilifies

Once the student has knowledge of the
basic radiclogical salety principles.
ke is ready to discuss his
understanding of how they may be
applied during operaticns involving
the use of radicactive materials; a
perusal is made of pertinent parts of
NavMed P-1325, the Radiological
Safety Regulations for the U.S.

Navy; a health physicist will JXead an
informal group discussion to
interpret application of Naval
regulations as they apply to the use
of radioactive materials &n relation
to anticipated operational functions;
distinction between routine and
special  eperations, as well as
attendant differences 1in routines.
values, etc., will be stressed

Orientation for participation in a
possible Field operation from the
viewpoiat of interaction and
cooperation between the Scientific
Group and the Rad-Safe Group of
Operation X Es presenfed; wavs to
attain this objecfive are suggested
and diiscussed; the parallel
philosophies of accompRishment of
mission and consistent good practice
of radiological safely are stressed
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APPENDIX H
BESCRIPTIGN OF RAD-SAFE COURSES
Brochure of Course JMaterial,
Course I (Three and one-half days)

(Continued)
DAY TITLE HOURS DESCRIPTION
4 Purpose amd TUse of ! The purpose and use of the manual by
the Project 0.17 preject personnel will be discussed
Operational Manunal givine special consideration to the

possible ways in whichk this docunent
will help fhe Scientific Group
accouplish their mission, and at the
same f(ime, effect the maximun degree
of radiclogical safety; presentation
will be nade of Rad-Safe operating
basis and organization, the role of
Rad-Safe group in a Task OGroup
organization, and #&ts Iiaison with
other Task Group elements

4 Review and Dis- A recapitulation of all course work
cussion of Course is held; the highlights of course
Werk naterial will be reviewed along with

-any additional information suggested
by the students and/or iInstructors;
this is the time fo bring up and iron
out any weak points of information on
any part of the course

4 Summary of Course A summary of fthe indoctrination
course will be given by the Rad-Safe
Training Officer; all Iuwportant
points will be enphasized; the
principles of radiclogical safety and
‘their practical application to the
successful  accouplishment of a
missior invelving contaminating
events, will De stressed

H-19
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DESCREIPTION OF RAD-SATE COURSES

of Course

It

Material.

Course IHI (Five Davs)

DAY TITLE HOURS DESCRIPTION
] Resistration and i Class roster is assembled: rules and
Adninistration regulations of the school'ave

Orientation (on
Operation X)

Introduction to the
Structure of Matter;
“Basic Phyvsics of an
Atopic  Bomb"

Comparison of HE and
Nuclear Explosions

Nuclear Radiation

and Radiation Units,
Ion¥zation

Rea

H-20

discussed; security of classified
information s discussed;
admEnistrative matters pertaining to
course enrollment are handled;
student aid is given to those who
need it

The scepe of the course 1s discussed
by the Tyraining Officer; orientation
is directed ¢o the student's possible
participation In a field operation;
an introduction to the principles of
radiologiical safety is given

The basic structure of atpms is
introduced; the parts or building
blocks of atoms are presented, and
the groundwork for am understanding
of radiation, weapons, and
instruments is Naid down

This class compares ordimary HE
weapons with nauclear weapons;
considerabke time is devoted to the
various types of bursts and their
impEkEcations; the session 1is
concInded with a glossary of terms

The fundamentals of nuclear radiation
and its units as well as a discussion
of donizatien are presented; an
introduction te fhe meaning of
radioactivity iIs given
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DESCRIPTION OF RAD-SATE COURSES
Brochure of Course JMaterial,
Course [II (Five Days)

(Continued)
DAY TITLE HOURS DESCRTPTION
I Dosineters ] The devices used to uweasure radiation
dose are presented; a brief
explanation iIs given of their use and
procedures for their iIntelligent care
are  demonstrated
2 Medicnl Aspects of 3 Lectures and films om fthe medical
Nuclear VWeapons; aspects of nuclear weapoms are
"Medical Effects of presented in XIavman's terms: the
Atomic Bemb; Medical effects of radiation om persornel are
Aspects of Nuclear given; material is divided into the

T

[

Radiation"

Imtroductien #o
Instroments, "An
Intreduction to

classical parts of Dblast, thermak,
and nuclear radiation; the first two
are treated briefly and coordiaated
with HE weapons and the various types
of nuclear bursts; emphasis is placed
upon effects of radiation on fthe
body considered Tfrom both the
internal and external aspects;
technical terms are used sparingly
and explaised thoroughly

Radiac 2 The need for radiac Instruments and
the methods for using them are
discussed; principles of the various

Radiaftion  Detection tipes of radiac field instrunents are

Instroments"

presented, fTollowed by a film on
instroments

Iastrument  Trouble 1 The common causes of instrunent

Shooting

Calibration of
Instruments

failure and corrective measures, as
well as symptoms that identify
possible troubles, are listed; simple
adjustuwents that may be wade im the
field to keep radiacs operating are
presented

T

Radiac instruments are handled by the
student for the first tiwe; using
radioactive sources, instruments are
used to take readings and are
calibrated against known sources

H-21
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DESCRIPTION OF RAD-SAFE COURSES
Brochure of Course Material,
Course III (Five Days)
(Continued)

TITLE HOURS DESCRIFTION

Personnel 4 Now that the student has a basic

Contamination and knowledge of radieactivity and

Decontamination contamination, Le receives a
practical exercise in the procedures
involving the contamination and
decontamination of persennel; change
house procedure is discussed, the
technigues of personnel
decoptamination are preseated and
standard ruoles are given for this
sitnation; protective clothisg used
in contaminated areas 3Is discussed
and demonstrated; the importance of
persenne}  monitoring is stfressed

Area  Survey By actual participation in an
exercise using radiac dinstruments, an
area swivey is conducted, and
practical use ks nmade of areas and
objects; G-M aud Romization tType
radiacs are used =and discussed (also,
their care and field application are
discussed)

Measurement and : Using the student's kuovwledge of
Evaluation of radiological safety as background, a
Radioclogical discussion iIs leld on techpiques for
Hazards neasurenent and evaluation of
radiological hazards; this iacludes
the application of side-window G-M
radiacs, Cutie Pies, air samnplers,
and wipe sampling; principles of
radiclogifal safety and application,
concepts of MPE, and the implications
or radioactive fallout are presented

Area  Contamination, 3 The events following a contaminating

Decontamination evenrt and the application of the
principles of radiological safety by
personnel are presented; further
discussion on Rad-Safe applications,
MPE, and fallout #s held; basic
ameasures for the eflfective Initial
decontamination of an area are
described

K-22
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DESCRIPTION OF RAD-SAFE COURSES
Brochure of Course Material,
Course [l (Five Days)

(Continued)

HOURS

DESCRIPTION

by

Shipboard Monitoring
(USS  BUTTERNUT)

Self-protection;
"Self-preservation
in an Atomic Bomb
Attack”

Sell-protection,
Mask Dridll and
Exercise

Personnel Monitoring
Examination

Final

Critique

4

1

H-23

Students experience actual
monitoring conditions Dby
participating i¥n a 4-heur exercise
which provides training in the
shipboard use of instruments; a
discussion is held on the evaluation

of the hazard data collected

shipboard

Lecture, film, and cemmentary outline
the most effective neasures to be
taken by personnel in the event of a
muclear blast; the principles and
applications of good Rad-Safe
practices are stressed, and emphasis
is placed on the Fact that these
weasures are effective

A practical exercise takes situdents
through 2 change station amd into a
gas chamber with use of a protective
mask

The principles of moniforing the body
for the presence of radiocactive
contamination are discussed, as well
as the nse of profective clothing and
instruments

A final
previous course

examination, covering all
work, dis given

A group discussion and critique on
the exawination and €¢he entire course
led by the Training Officer is held;
ap  opporfunity is given for 2
recapitulation of all course work;

the highlights of course information
will be reviewed, and any additional
inforpation needed will be added;

this is fhe time to bring up and irem
out any weak points of information on
any part of the course
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DESCRIPTION (OF RAD-SAFE COURSES
Brochure of Course )Material,
Course III (Five Days)

(Continued)
DAY TITLE HOURS DESCRIPTION
3 Turn in Equipuent | ARE nmaterials Yoaned and signed for
on  lLean; Graduation: by students are returned; graduation
Check-out session is leld; adainistrative

matters on check-out are handled
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DESCREPTION OF RAD-SAFE COURSES
Brechute of Course Material,
Course [II-A (Iwo Days)

DAY TTLE DESCRIPTION
| Registration and Class roster is assenmbled and
Administration administrative matters pertaining fto

Orientation

Comparison of HE
and Atomic Explosions

Radiation and
Units,
Movie,

Nuclear
Radiation
Tonization,
MA-T004

Introduction of Radiac
Instrunents; Movie. Jntro-
duction to Radiation
Detection Instruments,,
AMA-7630 A

mechanics of the course are handled
The scope of the course is outlined
by the Training Officer; orientation
will be directed fto the student's
possible participation in a fiekd

operations introduction to the
prizciples of radiological safety is
given

HE weapons are compared to nuclear
weapons; considerable tine is devoted
to the various ¥ypes of bursts and
their implications; a glossary of
terms is included

The fundamentals of nuclear radiation
and its unifts and a discussion of
jon ¥zation are presented; students
are provided with an iInfroductiorn to
radioactivity

instruments 1is
demonstrated as well as the pethods
of using them: principles of the
various types of radiac field
Instruments are fouched upon such as
operational use, calibrations, and
simple care; a Film on instruments is
included with the lecture naterial:
various types of field instranents
will be wmade available for the
student to use

The need for
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|

DESCRIPTION OF RAD-SAFE COURSES

Brochure

TITLE

ef Course Materials,

Course III-A (Two Days)
(Continued)

DESCRIPTION

Measurement  and

Evaluation of

Radiation Hazards

Dosimetry

Avea  Survey

Medkcal Aspects of
Nuckear Weapons

H-26

A discussion is held on technigues
for measurement and evaluation Tof
rvadiological hazards Including the
application of side-window G-M
radiacs, Cutie Pies, afr samplers,
and wipe sanplers; principles of
radiological safety and application,
concepts of MPE, and the Implications
of radioactive fallout are presented;
sinple insfructions and

denonstrations of imstrument
calibrations are also i¥ncluded

The devices used ¢€o neasure radiation
dose nare presented; a brief
explanation is given on how to use
and take care of them; the various
tvpes are displayed and demonstrated

By actual participation in an
exercise using radia¢ instruments, au
area survey is conducfed and

practical use is made of areas and
ohjects; G-M and Fonization type
radiacs are used and discussed (also,
their care and fIeld application are
presented)

Lectures and a film on the medical
aspects of auclear weapons are
presented in Xayman's terms; the
effects of yradiation on personnel are
given; material is divided into the
classical parts of blast, theimal,
and nuclear radiation; 1the Ffarst two
are freated briefly and coordinated
with the HE weapons and the various
types of nuclear bDursts;

amplification of information on
radiclogical safety application, MPE,
and fallout is made; emphasis is
placed upon effects of radiation on
the body, considered from both the
intexnal and external aspects;
technical terms are used spavingly
and explained thoroughly
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DESCRIPTION OF RAD-SAFE COURSES
Brochure of Course Material,
Course IXXI-A (Two Days)

(Continued)
DAY IITLE HOLRS DESCRIPTION
2 Personnel Using hiis basic knowledge of
Contamination and radioactivity and contamination, the
Decontanination student receives a practical exercise

in the procedures involving
contapinatior and decontaminationr of
personnel; change louse procedures
are discussed; the techniques of
personrel decontamination are
presented, and standard rules are
given; the protective clothing used
in contapinated areas and the
inportance of personnel monitoring
are stressed

3

Area  Contamination The pattern of events following a
and  Decontamination contaminating event and the
' application of the principles of

radiological safety are presented;
basic weasures for the effective
initia} decontaminafion of an area
are discussed; a practical exercise
involving participation of the
students will be conducted

(353

Self—protection, Tiln Additional infeormation  rvegarding

NM-9116 change station procedures,
fundamental principles of
radiological safety as applied to
actions in the Tield., and basic "do's
and don*t's" are outlined

-~

Critique ‘ The Training OFfficer leads =a

discussion and critique en the entire
course; an opportunity is given for a
recapifulation of all course works
the highlights of course information
will be rveviewed, this is the time to
bring up and iron out awy weak points
of information ow any part of fthe
course
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APPENDIX I
OPERATIONS PROJECTS
TECHNICAL  PROJECTS.
PROGRAM I = FREE-FIELD MEASTREMENTS.

Project 1.1 Predictions of [nderwater Fxplosion Phenomena {(Reference 19).

The objective of Project 1.1, fielded by the U_S. Naval Ordanance
Laboratory, was to determine the principal undervater explosion phenomena from the
detonation of an atomic device, at a depth of 2000 feet in deep (15,000-foot)

water, iIn order fo:

o Increase the knowledge of such phenomena

0 Enable the proper location of the targetfs and instrumentation
during the operation

o Furtherr develop methods T¥or predicting underwater explosion
phenomena for other yields and firing geometries.

This was a survey of varicus calculations that gave predictions that
were used to hellp determine the experimental configuration. Comparisons of the

predictions were made to the actual neasurements.

Project 12 TUndeiwater Free-Field Pressures to Just Beyond Target Locatioans

(Reference 20).

The U.5. Naval Ordnance Laboratory fielded Project 1.2_ The purpose of
this project was to measure underwater pressures in the region from a range of
approximately 1500 feet to 12,000 feet from surface zero. En addition.
measuremnents were to be made from depths of 25 to 2000 feet, including the region

where large, scaled models of subwarines were Rocated as targets.

I-1



APPENDEX X
OPERATIONS  PROJECTS
(Continued)

Recovery commenced on the night of D-day with the withdrawal of the two
NOL gage sirings on the YFNB-13 (approximately 3000 feet fiom surface zero). The
remaining YFNB strings were recovered duriing the merning of D + 1. It was not
until the afternoon of D + 1 that recovery work was begun en the equipment which
had been attached to the towline. The search was done by two helicopter surveys,
with €wo helicopters for each survey, and bv the TUSS TAWASA (ATF-92). By evening,
the Y¥atter had recovered the O-1 buoy, both spar gage lines and two of the
balE-crusher-gage bnoys From which the gate strings had been lost. The 0-2 buoy

was recovered the next day, and two of the ball-crusher—gage Rines and buoys were

REYET Seel.

Project 1.2.1 Free-Fiekd Pressures, Station Zero (Reference 21).

The objective of this project by the Naval Research Laboratory was fo
measure the characteristics of the shock wave in water fiom close-in to 2_.500
feet. Figure I-1 shows the physical arrangement of the weapon array which

concerns Project 1.2.1. Af station zero, 30 gages were assembled in a bundRe as
shown in Figure I-I.

Project 1.3 TUnderwater T[Free-Field Pressure l)easurements (Reference 22).

The Navy Electronics Laboratory fielded Project 1.3. The objective of
this project was to deternine free-fXeld pressures as a function ofX time. depth,
and range at distances greater than 5000 feeft firom a deep underwater atomic bomb
burst. and to study the influence of vefiraction conditions and surface and bottom
reflections on these pressures.  Free-field pressure measurements were nmade from
the barges YENB-12, YFNB-13, YFNB-29 and the LCM at horizontal ranges of 5505,
7943, 10,923 and 10923 ft, respectivelv. The pressure-time gages were located at
a depth of 20, 40, 60, 100, 150, 250, 400, 600, 800. and 1000 feet.
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APPENDEX X
OPERATIONS  PROJECTS
(Coutinued)

Project 1.4 Bubble Phenomena {Reference 23).

The First objective of this project fielded by the U_S. Naval Ordnance
Laboratory was to measure the energy of the radiak [Mow of water associated with
the explosion bubble by a determination of the maximum water displacement and to
measure the period and maxinum radius of the bubble. The second objective was to
determine the degiree of similarifty between the bubble effects f£firom a high

explosive and an atomic explosion.
At the YFNB-12_, a fouled winch could not he cleared due to bad weathey.
At YFNB-13 rough seas caused damage which prohibited the Lowering of the

instruments. Ne useful data were obtained.

Project 1.5 Photographic Measurements of Surface Phenomena (Reference 24).

This T.S. Naval Ordnance Laboratory project was established to determine
the characteristics of the visible surface phenomena of a deep underwater nuclear
burst.

By means of ftimed photography., the skicks. spray domes. plumes, base

surge, and residual cloud were studied. See Figures I-3 and I-4.

Project 1.6 Underwater Optical Measurements (Reference 25).

The Office of Naval Research measmred the time duratior and magnitude of
the underwster Xight pulse in order to:
o Document the history of the underwater fireball

0 Attempt to utilize the data obtained ¥For calculating the yield
of the weapon
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APPENDIX T
OPERATIONS  PROJECIS
{Continued)

o Estimate the usefulness of this technique for determining the
vield of future detonations

o Atfempt. by working back from the Xntensify aad duration data,

to calcullate the temperatures of the shock wave (a close-in
condition).

On D + 1 at 1000, PDT. the project officer boarded the YFNE-12 and
recovered the magnetic tape record. Damage inside fthe transportainer was fairEy
extensive. No useful records were obtained from fthis project.

PROGRAM II » RADIOLOGICAL AND OCEANOGRAPHIC.

Project 2.1 {(ollection of Early Water Samples for Radiochemical Analysis and Vield

Determination (Reference 26).

The objectives of Project 2.1, fielded by the Scripps Institution of

Oceanography, vwere to:

0 Supply other agencies with seawater samples [Grom the surface
and just below fthe thermocRkine (490 feet) taken as early as
possible  post-shot

o Make an airborne water-surface tenperatulre suivey En
conjunction with an airborne radiological survey by Project 2.4
to make an early forecast of hydrodynamic and radiologicak
condifions

o Establish a floating range of drogue buoys across the shot
site

o Cooperate with Scripps Institution of Oceapography surface

vessels in a long-term (3 to 4 days) survey of the distribution
of radioactivity in the water.
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APPENDIX X
OPERATEONS  PROJECTS
(Continued)

Two survey aircraft flew in formation a prearranged pattern during the

first 40 minutes post-shot, as shown in Figure I-5.

The following observations of the shot pheaomenology were noted from
menory, on the morning of D + 4, by the Project 2.1 observer in the ADS-N survey
aircraft NR-92 (affer It was found that the plane's wire vrecorder had failed to
function during the infitial survey fLight). They are included due to the Mack of

photographic documentation for +this period.
Visual impressions ef the shot:

H-20 mEnutes. Weather 50 percent clear. Clonds cumulostratus.
elevation 1800 to 2000 feet. YVery large clearing over array 10 minutes prior to
shot, Dbut shot site in shadow at shot time. Flew east across array at H-10
minutes (just north of YO). Noted large kink in tow aftr of YFNB-29.  Could see
(four ships) and #ow clearly. A¥so could see the YAGS to the south. Could not

see the moored skiffs.
H-hour. Pushed stopwatch and elapsed-time clock on radio UHF tone.
. First visible sign was the spray dome 150 feet by 1 mille, with 3 visible shock

fronts traveling over water. No evidence of the shock was felt in the afrcraft.

H + 4.2 seconds. Cone-shaped plume rising fo 600 feet and falling back.

Timed with a stopwatch.

H + 12 seconds. Large burst, fountaipn-shaped and sympetvical, 1508 feet
high and 1500 feeft in diameter.

I-9
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(Continued)

H + 30 secomnds. Bulk of water had fallen back, Reaving clouds of miist
which bYew -off downwind. Surface trace consisted of perfect ring of pale-yellow
foam 10 yards wide and 1-1/2 nilles in diameter with relatively clean slick surface
inside, speckled with a spider web of foam filaments aligned wifth ¢he wind.  Most
of the debris was collected in the foam ring by approximately 10 o'clock. The
green dyve originally aboard the YC was about equally divided into two patches near
the east and west extreme within the ring. The inpression was that of a very

strong convergence at the ring edge with a divergence at the center.

H + 4 minutes. Al1R visible airborne material gone. CRouds cXosed In

solidly over shot site.

I + 13 minutes. Approached fiom east to west on pass A-0 going exactly
over the north edge of ring on a ftangeat course. Tow rope was cirmnpled np as Far
as YNFB-13, with three MN-boats upside down. Foam ring still intact and expanding.
Debris at west edge includes about fen or twelve 50-gallon drums. several orange
or yellow towing fleats, and twe rubber drums. A pair of SQUAYW pontoons floating

3 miles east of floating surface zero.

H + 20 minutes, A-] pass. Ring dntact, though ragged in south extreme.
Dropped 11 samples (six shallow) at ]-second intervals., starting at 3 o'clock at

the ring edge going east, speed 150 lmots and altitude 500 feet.

g + 27 minutes, A-2 pass. ALl samples dropped on A-R pass have drifted

out to ring edge. Dye is wmoving east with respect fto ring.
H + 33 pinntes, A-3 pass. Saw YAG-40 steam rorth, distance twe miles

from ring. YAG-39 not moving. Survey 1 dropped 11 samples well distributed

across foam ring.
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(Continved)

H + 40 to H + 535 winutes.— Orbited., awaiting permiission for Balker
series.  Ring has now expanded, crumpling array northward uantill YFNBs 12 and 13
lie close together and wire joining them streams out in a bight to the east.
YAG-40 has altered course to east, cutting off only a small sector of the ring at
about 5 o'clock. Only one drogue float is visible In her wake. M/V Horizon is
still 5 milles away at 2 o"clock. Feam ring Is now showing wide gaps and has
become  sinuous. Radioactivity is still associated with the two green dye spots

vhich are now decidedly upnind of 'the foan ring.

H + 55 minutes €o H + 2 hours. Carried out B and € series suiveys at an
altitude of 300 feet and a speed of 150 knots. 4 helicopter has surveyed the
array, and now M-boats ave approaching the YENBs.  Ring has Eargely disappeared.
but dye remains. M/V Horizon is now closer (estimated distance, 2 miles). YAG-40

going back across area from southeast to northwest.

H + 2-1/2 hours. End of first survey flights.

Project 1.2 Radiochemical Analysis of WIGWAM Debrdis (Referemce 27).

Project 2.2 was Fiellded by the Naval Research Laboratory. The cbjective
of this project was to deternine the effect of high pressures and the confining
environment of a deep underwater explosion of an atomic device on such factors
as yield, efficiency. induced activities, fission-yield ratios, fractionation.

etc.

The shot WIGHAM uwnderwater detonation caused no unexpected effects on
the relative fission yields of the various isoftopes or on other elements in its

environment.
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{Continued)

Project 2.3 Radiochemical and Phvsical Chemical Properties of Products of a Deep

{nderwater XNuclearr Detonation (Reference 28).

The U.S. Naval RadiologicaXk Defense Laboratory attempted to make the
following determinations from samples of surface water., deep water, and airborne

material:

o Total beta and ganma activity and distribution of radioactiv-
ity

o Radiochemical coumposition and gross beta-ray decay rates

o Valence state of selected radionuckides.

Radiation contours are shown for B + 0.33 hours, H + 1.4 hours, H + 20.4

hours and H + 26 hours in Figure I-6.

Project 2.4 Determination of Radiological Hazard to Persomnel (Reference 6)-

The objective of Project 2.4, fielded by the U.S. Naval Radiological
Defense  Laboratory., was to obtain information pertinent fo the determination of
the radiological hazard to personnel on board ships traversing a zone of water

contaminated by a subsurface atouic weapon bwurst.

The objectives were attained by wmeans of the following measurements:

o The size, shape, location and radiation characteristics of the
radioactivitv—contaninated area as a fTunction of tine

o The gamma-radiation intensity at specific stations throughout a
ship. during and subsequent to ftraverses through the area

0 The extent of residual contamination on the hull and exposed
surfaces of the ships, the performance of the washdown system,
and the effectiveness of various contanination counter-
Measures.

I-13
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The principal ships used to support this project were the YAG-39,
YAG-40, and ATF-106. A Navy TACRON unit, vwhich was located on AGC-7, provided the

necessary vradar control for the survey aircraft.

Sections D-4 and D-5 of Appendix D of this report discuss the data
obtained firom this project. The radiological situations actually encountered by
YAG-39 and YAG-40 cannoft be considered factically serious unless similar
situations were to be encountered frequently. The extrapolated situation at early
times may be of tactical significance. The radiological situation changed

extremely rapidly, and the hazard decreased accordingly.

Project 2.5 Effects of XNuclear Explosioen on Marine Biolegy (Reference 29).

The Scripps Institution of Oceanography fielded Project 2_5_ The

objectives of this project were teo:

o Conduct studies of the distribution of marine organisms iIn orvr
near the proposed area to provide information which would make
possible the selection of a test site such that the hazaxd to
the fisheries would be minimal

o Conduct Eaboratory studies on the uptake of fission products by
fish and ofher marine organisms ia order to have nore Lkioowledge
of fthe ingestion of such products fNom seawater amd thelr
refention and excretion by the organisms

o Participate in field studies following the test fo investigate

the Ingestion of resulting fission products by marine
organisns.
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It was shown that, except in the portions of the area inmediately
adjacent to the coast, the region is Iow in phytoplankton, zooplankton., forage
fish, and Yarge pelagic fish. The north-western part of the region of study, in

the vicinity of 123°H, 28°N, was particularly barren.

Long-line <fishing in the vicinity of the test site, imnediately pre- and
post-test confiirmed the absence of a significant number of tuma or other Rarge

pelagic commercial fish in fhe area at the fime of the test.

Studies of ingestion. retention. excrefion. and sites of deposition of
sr30 in a representatiave pelagic food fish, the Pacific mackerel (Pneumato-
phorus diegg), were undertaken by feeding it with this Isotope and studying the
total activity and ifs distribution in various organs after various periods of
time (up to 235 days). It was found that 95 percent of the activity was excrefed

in 24 hours but that the remaining 5 percent remained fixed in the body for the

duration of the experiment.

Project 2_6 (Part 1) Mechamnism and Extent of the Early Dispersion of Radioactive

Products in Water {(Reference 7).

The Scripps Institution of Oceanography fielded Project 2.6 This
project measured the radioactivity and femperature of the seawater firom three
oceanographic vessels and several aXrcrafc. The circulation of the water at

various depths was determined by dregues referrved to woored instrument stations.

Measurements of the radicactivity at the surface and the surface water

tenperature were obtained by the survey aircraft.
The aircraft surveys were particularly valuable in the deternination of:
(1} surface activity at early tines, and (2) the area of the radioactive surface

1aver.
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Section D-4, Appendix D of this report confazins the resulfs of this

project.

Project 2.6 (Part 2) Mechanism and Extent of the Dispersion of Fission Products

by Oceanographic Processes and Locating and Measuring Surface and Undervwater

Radioactive Contamination (Reference 30).

Three weeks after the detonation, the ship 3M/V Bakrd, under the auspices
of the Scripps Iastitution of Oceanography. surveyed the water mass contaminated

by the WIGKAM event; it was Iarger and less active than anticipated.

Project 2.6 (Part 3» Radiological Techniques and ITostruments Used for the

Oceanographic Survey eon (Operation WIGHAM (Reference 31).

This report by fhe Scripps Instiftution of Oceanography gives a briefl
description of the instiruments and measuring techniques used in survey ing the

water Enflmnenced by the Shot WIGWAM detenation.

Project 2.7 Falkllout and Adrborne Activity in Operation WIGWAM., with notes on
Surface Effects (Reference 3).

The U.S. Naval Radiological Defense Laboratory fielded Project 2.7. The
principal objective of this project was to gather and correlate infermation
bearing on the fillout from Operation WIGWAM.  Secondary objectives inclunded (1)

zervo-point  dosage measurement and (2) dye-marking of surface zero.

FaXlout—collecting and gamma-recording equipnent was placed aboard the
YAG-39 and YAG-40. Then fallout stations were situated on two converted LCM's and
the YFAB-12 which were in tow with the shot barge. Ten floats containing
instrurents for ascertaining zero-point dosage were placed aboard the shot barge

te be released at H = I ninutes.
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The WIGWAM test showed that iIf deep underwater bursts are employed in
wartime situations, it Es possible for significant doses to be received from
airborne activity by exposed personnel directly downwind of surface zero and
within a few miles of if. Risk of this exposure from airborne activity exists
enly during passage of the base surge or fallout cloud.  Such risk can be reduced
tactically by any of several measures (e_g.. by keeping ship/aircraft off the
downwind axis, by keepiog personnel oFf topside areas, by buttoning up

ship/aircraft, by moving units farther downwind, etcl)

Likewise, the WIGHWAM test showed that if deep underwater bursts are
employed in war€time sifuations, 1If iIs possible for significant doses to be
received from contaminated water near surface zero. Risk of this exposure
decreases rapidky with tine. For example, Figure I-6 shows that 20 minutes after
the detonation there were small patterns (less than a nile in diameter) with
exposure rates of 60 R/k, while 20 hours af€ter the defonation the highest exposure
rate was a very smalll area of 0.123 R/h. See also Appendix D. These visks can be
reduced t€actically simply by aveidaince of these small areas immediately affer the

detonation-

Project 2.8 (Part 1) Subsurface Configuration of the Array (Reference 32).

in January 1955, four months before the WIGWAM shot, towing frials were
conducted by the Scripps Institution of Oceanography off San CRemente Iskand,
CaXifornia, (o verify the applicability of calcalating the underwater profile of 2
suspeaded  instrumentation sirimg. As a rvesult of these frials, towing speeds were
suggested betveen the Iimits defined by the scientific agencies as well as by

consideration of seamanship.
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Project 2.8 (@Part 2) Physical Oceanography of the Test Area (Reference 33).

The Scripps Institution of Oceanograplhy fielded Project 2.8, Part 2.
The objectives of this project were to assist in the selection of a test site, to
provide inforuation for predictions of  phenomenology., and o document:

environmental Enformatior concerning Operation  WIGWAM.

Oceanographic and experimental fishing cruiises were made during 1954
over a Iarge open sea arvea southwest of San Diego., California. to select the site
for the Operation WIGWAM.

Results of post-shot surveys concluded that:

o Contaminated waters noved westward firom the test sifte at an
average speed of about 0.1 knot (away firom shore and fishing
grounds)

o Dispersion of radioactivity at a given Revel was relatively
slow during the Ffirst 10 days, but current shear augmented it€s
spreading

¢ Depth of radioactivity neasured at various times after the
event appeared intimately associated with stability or vertical
density gradient in the water

0 At zero hour the array and most ships oX the fask force were
over relatively fEaf sea bottowm, but a ridge 06.75 mile high
existed about 5 wiles south of surface zervo.  The low current
speeds and movement of water away from land and ocean Fishing
grounds at the test area were desirable conditions.

Project 2.9 Measurement of Secondary Effects: Water Waves (Reference 34).

Project 2.9 was fielded by the Scripps Institution of Ccearography. It

had ¢€hree objectives:
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o To assist in obtaining data about the post-shof subunergence
and distribution of radioactivity

o To measure and study the resultan€t water waves, and

o To place moored surface buoys near surface zero for
pavigational aids

The project developed and used iInstrumentation and techniques that
permitted the horizontal search and survey of radicactivity at depths of 500 feet

and speeds up to 6 knots.

Project instrumentation for water-wave measurement was inoperative at
shot time, and subsurface pressure-time measurenents were pot obtained.
Photographic data have yielded sufficient surface elevation—time data for a study

of the resulfant water waves.

Surface moorimgs as navigational aids were positioned near surface zero.
A sufficient number were successful to relate post-shot activities with

geographical surface Zzero.

Program ITX - TARGET  RESPONSE

Project 3.1 lethal Range of WIGWAM Targets Based on Hull Response and Applied

Pressure Measurements (Reference 35).

A major objective of the Operation WIGWAY was to defermnine the lethal
ange for an atomdic depth charge against a typical submnarine target. This
knowledge was of military fEmportance as a guide to proper tactics ¥n using the
weapon against enemy submarines and also in protecting the United States ships

against such atfack.
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Under Project 3.1. measwrements were made by the David Tayvior Model
Basin of the respoanse of the pressure hulls of three submarine targets fo the
attack. Primariky the neasurements were intended as one basis for Rethal-range
estinates. For this purpose it was planned fhat the measurenments would suppiement
(1) a detailed examination of #the damage after the test and (2) high-speed
photographs of the damage taken during the ftest. In addiftion. the plam was that
the measwrements would verify. or perhaps elaborate. the theoretical concepts of
the damage mechanism which had been formulated previously. Some knevwledge of this
danage mechanism was necessary in order to extrapolkate any single measurement of

the Iethal range to other targefs ox other conditions of atfack.

The external pressures applied to the three SQUAW targets (see
Figure XI-7) in Operation WIGWAM were measured with pressure gages., and the

deformations of the hull were neasured with strain and displacement gages.

The results ifndicate that SQUAN-12 was destroyed. probably within 10
msec. The hull of SQUAW-13 was severeky damaged and was mnear coklapse but it did
not rupture. The ITethal range of a SQUAT target was estimated for €he Shot WIGHAM
test conditions and a general formula proposed which gave conditions for a lethal

attack by an atomic depth charge against a fulk-scale subwarine.

Project 3.2 (Parts 1 and 2) Hull Response and Shock Motion--Background, ITastrumen-—

tation, and Test Resplts—-Discussion and Analysis (References 36 and 37).

The David Tavler lModel Basin fielded Project 3.2. The objectives of
this project were to provide instrumentation and make measurements on SQUAW and

YENBs necessary to  determiine:
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o The rigid body motion of the hull as a function of time

0 The motion of the hull at representative Rocatiions as a
function of tine

o The motion of simullated items of ship's heavy machinery as
a furctien of ftine

Shock spectyra at representative locations on the vessels

Q

o Analyze and Interpret the results obtained.

One hundred ferty velocity nefers, 12 acceleroneters, 132 shock-spectrun
records, and 72 mechanical displacement gages were installed on three SQUAWs and
three YrNBs (see Figure I-8) for the neasurement of hull response and sheck

motions-

Project 3.2_.1 Shock Motion of YFNB Targets (Reference 38).

Reed gages were placed by fthe U.S. Naval Research Laboratory on fthe YENB
targets to measure the severity of shock wmotions. These data were expected to be
hefpful in working out a prediction of the shock damage to surface ships caused by

a deep atomic explosion.

Project 3.3 Vibration Characteristics of Certain Ytems on SQUAW-29, YFNB-20, and
PAPOOSE € (Reference 39).

The objective of this project, fielded by the David Tavior Model Basin,
was fto cobtain the vibration characteristics of the SQUAW, YINB, and PAPOOSE C ¢(a
1/5.33-scale model of the SQUATN) targets.
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These tests were conducted in 1954 in preparation for the Operation

WIGWAM.

Project 3.4 Response to SQUAW Targets from High-Speed Motion Pictures of Enterior
¢Reference 40).

Project 3.4 was fielded Ly the David TayvRor Model Basin- The objective
of this project was to obtain high-speed motion pictures of critical portions of
the hull and the simnulated equipnent in the test compartments of each SQUAW

target.

Film records were recovered from SQUAW-29. The SQUAW-12 cameras and
fiim sank with the ship immediately after the explosion. The camera and £film from
SQUAN-13 were lost whem SQUAW-I3 sank during tow from the test area to the salvage

area.

Project 3.6 Depth, Trim, Heading and Flooding of WIGNAM Targets (Reference 41).

The David Taylor Model Basin fielded Project 3.6. The objective of this
proeject was to defermine at zero time, the angles of 10l and pitch. the heading,

and the occurrence of flooding iIn all of the SQUAW farget compartments.

Project 3.8 Design and Construction of WIGNAM Targets (Reference 42).

Three simplified submersible submarine-type hullls were designed and
constructed by the Long Beach Naval Shipyard.  AIl three were nearly identicalk-
These vessels were required to be towed on the surface, then f¢ be submerged to a

250-foot depth., to De fowed submerged, and then te Dbe raised to the surface.

The raising and lowerimg of each SQUAW was done by means of compressed
alir supplied from a YFNB that also served as the igstrument barge fTor the

recording devices installed on the SQUAWS by the David Tayler Model Basin-
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Each SQUAW, when submerged, was supported by a group of eight 80-ton

salvage pontoons, as shown in Figure I-9.

Towing was From the YFNB. Twe tow wires were directed fiom winches on

the stern of the YFNB--ome o0 a towing pad at the forward end of the SQUAW and the
other passing over the SQUAW ¢€o the pontoons.

Yu addition to the five salvage hoses leading from the SQUAWs to the
VENBs, there were three instrumentation cables. The distance fiom the nose of a
SQtAY toe a YFNB was 600 feet.

Project 3.9 Modification and Outfitting of Tostrumentation Barges (QReference 43).

This project. fielded by the Navy Electronics Laboratory. was
nonexperimental in nature and was primarily intended €o support the scientific
effort planned for the barge Iocations iIn the array- Main objectives of the

project were:

o To modify and equ ip three YFNB barges (see TFigure I-i0) ‘as sSur-
face control stations for the three submersible targets
(8QUAWS) constructed under Project 3.8.

o To provide facilities aboard the three YFNBs to support the re-
mote recording instrumentation associated with these submarine
targets under Program Il (primarilly the responsibility of the
David Taylor Model Basin).

o Te support the #nstrumentation of other scientific projects
concerned with experimental work in the vicinity at the barge
Yocations.-
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SUPPORT  PROJECTS.

PROGRAM XV -  WEAPON  CHARACTERISTICS.

Project 4.1 - Weapor Placement at Operation WIGNAM (Reference 44).

The purposes of this project were to specify the type of barge to
support the weapon. and %o provide the bomb case, electrical system, and bomb

handling equipeent.
The zero barge was fowed to the site and final arming preparations were
conmenced at H-9 hours., amd completed at [I-3 hours with submergence of the unit

to the 2,000-foot depth. There were no recovery operations.

Project 4.2 Veapons Assembly (Reference 45).

The objective was to procure, assemble and sim the required weapon in
the watertight case provided by Project 4.1 and to supervise its placement at a
depth of 2,000 feet.

The weapon detonated as planeed. There were no recovery operations.

Project 4.3 - Radicchemical Determination of Yield

This project aftempted to determine the fission yvield of the weapon by

radicchemical anafyses of water samples.
The results gave a yield of 32 + 1 KIT. No recovery operations were

involved since the required water samples were provided by another project

(Project 2.1).
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Project 4.4 = Close-iin Time of Arrival of Underwafer Shock Wave (Reference 46).

In this project., the objective was to determiine several hydrodyaamiic
variables of the shock wave from measurements of time oF arrivak at close-in

distances where the shock was sufficiently strong to be supersonic.

The measurenents were successful and agreed well with theory. With the
knowledge of the hydrodynamic variables, ¥t was possible to deduce a yiekd of the
weapon.  Thiis was 31.7 + 1.2 KI.

No  recovery operations were required.

Project 4.5 = Alr Pressures from o DBeep Underwater Burst (Reference 47).

This project was to iInvestigate pressures in the air produced by a deep
nnderwater burst. Because of €he bad weather, only a small portion of the desired

data was obtained.
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NAVY ENLISTED CLASSTFICATIONS TABLES

Tabke J-E. Dosage distribution for airborne ymts,

2-c

UNIT/ORGANIZATION TOTAL NUMBER ZERO DOSAGE CATEGORY (mR)
PERSONNEL DOSEMETRY DOSE

INAVATLABLE NOMBER 100 130 165 200 240 280 KTE] 12
ARR UNIT PERSONNEL
1. +ve-35 18 g 16 0 4 0 n ] j b 1
2. MG 36/HMR 362 19 3 37 5 2 0 0 0 : 1 0
Lo OHE- 3 2 2 0 3 1] g ] 0 il ]
4. YP-46 l 0 g 0 1 0 0 ] ¢ 0 0
A, VC-61 2 0 1 d 1 1] [ i] 0 0 V]
6.  Vp-2 142 1 131 ? ? 0 0 ] 1 ] y
7.  USAF 15 4] 1 5 9 0 0 0 0 0 a
8. Vi-J 2 0 0 1 1 0 0 a 0 0 0
9. ys-21 26 8 17 1 g 1] 0 0 ¢ 0 a
SUBTOTAL 260 14 203 16 19 0 0 0 3 1 1
PERCENT 100% 5.4 78.1 7.3 7.3 0 0 0 1.1 0.4 0
AIR PASSENGERS
10. VP-2 33 | 31 0 9 0 0 | 6 5 0
PERCENT 160 3.0 63.6 o ¢ 0 ] | 18.2  15.2 0
TOTAL 293 15 224 19 19 0 0 ] 4 & 1
PERCENT 100 i1 75.5 6.5 §.3 0 b i 31 2.0 0
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{Continued)

Table J-2. Dosage distributien for techmical personmel.

[NTT/0RGANIZATION TOTAL NRABER ZERD DOSAGE CATEGORY {mR)
PERSONXEL DOSTMETRY DOSES
UNAVAILABLE 109 130 165 200 149 180 313
i. Lockout MTN Lab 14 0 12 i 0 a 0 [ 0 i
(3]
2. Oak Ridge ¥at Lab 3 0 0 . i 0 ] L]
(AEC)
3. NRDL (Fiun) 54 1 43 3 0 2 0 ] i a
4. Sceripps Inst. of 41 . 17 Z 8 4 Y 1 ) 1
Oceanagraphy (Navy)
5. XNEL (Ravy) 126 3 ilo 11 0 1 0 8 0
6. Hydrograplic 1 0 0 0 1 0 ] 0 0 0
Office (Qavy)
Bu Ships (Ravy) 6 0 : ] i 0 0 ! 0 0
Shiprards (avy) 27 0 20 3 i 0 0 0 a 0
9.  NOL (Navyv) 3} 1 26 4 0 0 0 9 a 0
TOTAL 303 12 244 14 I* & 1 1 4
PERCENT 100 4.0 80.5 4.6 56 2.0 0.3 0.3 0.3 1.3
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{Cont1nuad)

Table J.3. Dosage distribution for shipboard persoonel.

ZERO DOSAGE CATEGORY (mR)
SHIP/UNIT TOTAL DOSIMETRY DOSES
ABOARD UNAVATLABLE MBER 100 130 165 200 249 280 318 35
1. WV Horizen (SI0) 18 4 0 8 § @ I ] 0 t 0
2. [SS CHANTICLEER (4RS-T7) %6 0 is 34 K 7 I i ! 0 0
3. USS TAWASA (ATF-92) 73 0 35 26 10 a i 0 0 Q
4. ©US8S BOLSTER (ARS-38) Ll q GRS 2 2 8 ; i 0 0 t]
3. Amphibious Base 230 Ia 181 23 1 0 0 & i 0 G
Coronada (Boat Pool)
6. USS GEQ EASTMAN 4§ ! 1 2 4 0 0 ] 0 0 0
(YAG-39) :
7. TSS FRANK E. EVANS 269 27 241 } ¢ 0 0 o 0 0 0
(DD-754)
a. LSS WRIGHT (CVL-49) 974 45 839 25 9 2 0 ! 0 0 9
9. M/V Spencer ¥, Baird 16 0 13 I ¢ & ] o 0 0 L
(510}
10. ¥SS ALFRED A. 268 12 252 3 ¢ i} 0 9 0 0
CONNINGHAM  (DD-752)
11. USS CURTESS (AV-4) 573 17 551 4 | 8 0 o g 0 it
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APPENDIN ]
NAVY ENLISTED CLASSEFICATEONS TABLES

(Contigued)
Table J-3. Dosage distribution for shipboard personnel.
ZERQ DOSAGE CATEGORY (mR}
SHIP/UNET TOTAL DOSIMETRY DOSES
ABOARD UHAVAILABLE  NUMBER 100 130 165 00 240 280  31S
12. US8 MCREAN (PDR-784) 236 3 248 3 1 ) I ¢ 0 0
i3. US§ MCRKINLEY (AGC-T) 552 9 338 4 1 0 0 (I 6 0
14. TS5 MOCTOBE (ATF-165) 69 ) 67 2 0 8 0 0 0 0
15. TS§S GRANVILLE HALL 43 ¢ 47 0 1 & 0 0 0 ]
(Y46-40)
16. USS HITCEITI (ATF-103) 76 B s 1 0 f 0 i 0 !
TOTAL 3,867 137 3,204 164 76 9 5 | f 0
PERCENT 108 3.7 89.3% 4.8 2.1 2 o .03 .03 0
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(Contivued)
Table J-4. [Dosage distribution for miscellapeous units.

ZERG DOSAGE CATEGORY (mR} M

TOTAL DOSTMETRY DOSES a
UNIT/ORGANIZATION PERSONNEL  UNAVAILABLE NUMBER 100 130 165 200 240 180 315
1. NS Pearl Harbor | ¢ 0 0 b 0 o H i
1. FAW-1 Okinawa I ¢ 0 ¢ i ] 0 0 0 0
3. FAS-110 2 ¢ ! 0 I 0 ] ] 6 0
4. TUGRON-1 17 il 15 2 0 0 0 ¢ 0 0
TOTAL n il 16 3 2 6 0 0 0 0
PERCENT 100 | 76.2 14.3 9.5 0 0 ] ¢ 0



RATING GROTP
AVIATION

Apprentice
Boatswains
Machinists
Edectrician
Storekeeper
Electronicsman
Alrman
Electronics Tech

=f=i=p =] =)

AVIATION  TOTAL
% OF ENLISTED EXPOSURES

DECK CREWS
CHBOSN Chief Boatswain
BM  Boatswain

SN Seaman
57 Seaman Apprenfice

DECK  TOTAL

% OF EXLISTED EXPOSIRES
FIREMEN

FN Fireman

FA Fircman Apprentice

FIREMEN TOTAL

% OF ENLISIED [EXPOSURES

ENGINE  SPACES

CHMACH Chief Machinist
MN  Machinist
MR Machinist Repalrman
EN Engineman
BT Boilernman

ENGINE  TOTAL
% OF ENLISTED EXPGSURES

Table J¥-5.

(Total Enlisted Exposure-237)

APPENDIXJY
NAVY ENLISTED CLASSIFICATIONS TABLES
{Continued)

Dose {mR} vs Job Category.

TOTAL 100 130 165 200 240 280
l ; 0 0 0
i 1 0 0 0 0 ]
4 1 3 0 0: 0 0
1 1 1 ] 0 G 0
2 1 0 4] 0 0 4]
1 0 a
5 3 2 0 I 0 0
6 3 2 0 0 !
9 0 0 0 1
29 1%.6 3.8 0 0 0 0.4
TFOTAL 100 130 165 200 240 280
0
3 16 2 4 1 0 9
22 3 0 0
46 30 2 1 1 it
31 22 136 2 1] 0 0
102 68 23 7 3 1 a
43 29 10 3 1 0.4 G
TOTAL 100 130 163 200 240 280
] ]
29 28 ] g 0 0 0
33 25 3 it} v 0 0
14 10.5 3.4 0 0 0 0
TOTAL 100 130 165 200 240 280
3 3 0 ] 0 0 0
5 2 3 0 0 0 ]
g 4 5 0 ] 0 0
17 10 5 1 1 0 0
! 3] 1 0 ] a0 |
1 1
33 19 14 0.4 0.4 0 ]
13 8.0 50 0 0
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NAVY ENLISTED CLASSIFYCATIONS TABLES

Table J-5.

RATING  GROLP
ALL OTHERS

AG Aerographic

CA Construction Apprentice
CS ConmpEssary

DC Damage Confrolman

DN Dental

EM Electricianman

ET Electrician Technician
FT fire Controk Technicizn
HM Hospital Corps-

PH Photographer

(M Quartermaster

RD Radarman

S Steward

SK Storekeeper

50 Sonarman

TN Steward

TA Steward  Apprentice

YN Yeoman

CHGUN Chief OGunner

OTHERS TOTAL
% OF ENLISTED EXPOSURES

(Continued)

{Total Enlisted Exposure--237)

Dose (mR) vs Job Category-

TOTAL 100 130 165 200 240 280
1 i 0 0 0 0 0
1 4] 1 0 0 0 0
2 1 1 0 0 H 2
5 3 2 0 0 0 0
1 1 0 0 0 g 0

11 5 4 1 0 0 0
6 5 1 0 0 0 0
2 1 1 0 0 0 0
2 ] 1 4] 0 0 0
3 2 1 t] 0 0 0
2 0 P 0 0 0 ]
2 1 1 ] 3 o G
1 1 ¢ 0 ) 0 4]
1 1 0 0 0 | 0
i 1 Q 0 0 3 0
? 1 1 ] it 0 0
1 1 G 0 0 0 0
1 0 1 0 o 0 a
1 0 1 0 0 0 0

1
46 17 18 0.4 0 0 0
19 11.4 7.6 0 0 0
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List

(Continued)

Table J-6.

of TUnits/Organizations

Whose Personnel Received Zero Dose.

Tabl e J-6A. - Adr Support TUnifs.

UNITAORGANIZATION TOTAL  PERSONNEL NO. W/0 RECORDS*
VC-11 XNAS XNorth Island 1 mil ]
VR-3 NAS JMoffett Field 3 mil 0
TOTAL AIR SUPPORT PERSOGNNEL 4 mil 0 w/o records
Tabl e J-6B. Tecknical OQrganizations.
UNIT:ORGANIZATION TOTAL. PERSONNEL N0. W/0 RECORDS*
DTMB 11 civ 0
NAVORD Test Station 9 civ 5
Pasadena
NRL., Wash.. D.C. 11 civ 0
EGG., Las Vegas 9 civ i
EGG. Boston 4 ¢iv 1
Sandia Corp 23 civ 0
Armourr Research Foundation § civ ¢
TOTAL TECHNICAL PERSONNEL 75 civ 6 w/o records

* Included in the Total column.
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(Continued)

Table J-6.
List of TUnits/ Organization

Those Persounnel Received Zero Dose.

Table J-6C. = Ships.

¥/0 RECORDS*

UNIT TGTAL  PERSONAEL 0.
uss BLLUE {DD 744 266 il
USS ERNEST G SMALL (DD 838) 265 wil
USS HARRY E HUBBARD (DD748) 258 milk
USS O'BRIEN (DD 725) 285 mil
S8 VWALKE (ID 723) 261 mil
USS FORT MARION (LSD 22) 279 mil
USS COMSTOCK (LSD 19 241 mil
uss Cree (ATF 84) 68 mil
USS MOLALA (ATF 106) 76 mil
USS RECLAIMER (ARS 42) 78 nil
USS 18T 975 100 mik
USS IS8T 1048 96 mil
USS BUTTERNUT (AN-9) 42 wil
T-Boat (Scripps) ¥ ociv
M/V Paolina - T (Scripps) 10 eiv

TOTAL CREW 2315 wil + 15 civ = 2330

* TIncluded in the Tota} coluan.

J-10
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(Continued)

Table J-6.
List of Units/ Organization

Whose Personnel Received Zero Dose.

Table J-60. = Miscellaneous  Observer/Participant.

INIT/0RGANTZATION TOTAL  PERSONNEL N0- %/0 RECORDS*
SHIPYARDS
Charlestoy 2 civ 0
Pearl Harbor 2 civ 0
Portsmouth 2 civ 0
Puget Sound 1 civ 0
Naval Afr Stations/Naval Stations
NS Midway Isdand 2 wil 0
SWY PAC NAS North Island 1 mil i
NAVAL STAFF/0BSERVERS
CNG (0P 363) 1 mil 8]
COMFERSTFLT  STAFF 1 mil 0
COMSUBDIV 52 1 mil 0
COMTASKFORCESEVEN 1 mil g
BUMED 2 mil 0
BC ORD 1 mil 0
COMNAVAI R PAC 1 mil 0
USS HANCOCK (CVA 19 3 mil 0
USS BIRTON ISLAND  AGB-1) 1 mil g
USS PT CRIZ (VS 1I9) 2 mil 2
uss NORTON s6usp {AVM-1) 3 mil Y
CS0 Brookkyn NY 1 ciy 0
DSDS Wash., D.C. 1 mil g
NAV  Powder FactorY Iadian IHead 1 civ 0
NAV Biological Lab Oakland Suppky 1 mil 0
Depot
NAVGUN FAC D.C. 1 mil 0
DASD  (R&DH 1 civ 0
Fright Air Dev 1 civ 0
REC STAT NAVY #178 1 milk 0
ARMY  OBSERVERS
Dept of Army ! mil 0
Aberdeen Proving Grounds 1 il 4]
Army  Chenical Center 1 civ 5]

¥* TIncluded in the Total column.
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NAVY  ENLISTED CLASSIFICATIONS TABLES
(Continued)

Table J-6.
List of Units/ Organization
fhose Personnel Received Zero Dose.

TABLE J-61). « lMiscellaneous  Observer/Participant.

UNIT/ORGANIZATION TOTAL  PERSONNEL Xo. W/0 RECORDS*
AEC  ACTIVITIES
NY Operations Office 1 civ 0
Santa Fe Operations Office 1 civ 0
Wash-, D.C. Operations Office 2 civ 0
Los Alamos Scientific Lab 1 cEv 0
UC Rad Lab Livermore 3 civ 4§
OTHER RESEARCH ORG.
APL, 'miv.  of Wash. 1 civ 0
William Miller Inst. 1 civ 0
TOTAL MISC. OBSERVERS 26 nil + 23 civ ?
TOTAL ZERG DOSE TUNITS 2345 pik + 113 civ = 2458 68 w/o records

* Included in the Tetal colunmn.
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APPEADIX K

GLOSSARY
KE-X TERMS
Alpha particles (radiation): The emission of alpha particies (helium nuclei) by =a
nuckens.
AN/PDR radiac:  Army/Navy Portable Dose Rate radiac. The military specification

for a portable radiac meter.

Base snrge: A cloud which rolls outward firom the bottom of the column produced by

a subsurface explosion. For underwater bursts, the visible surge is,
in effect., a cloud of Niquid (water) droplets with the property of
flowing almost as IT I€ were a homogeneous Fluid- After the water
evaporates, an invisible base surge of small radioactive particles may
persist.

Beta particles (radiation): Small charged particles of very small mass emitted
spontanecusly firom the nuclei of certain radioactive elements
(isotopes). Most of the direct fission products emit pegative beta
particles. Radicactive  isotopes, which emit beta radiation, give ofX

particles moving at high velocity (about 170,000 uiles per second)
equal to electrons in mnass, but charged either positively (positross)
or negatively (negatrons).

BoRometer  gear: An Ianstrument that measures the energy of electromagnetic
rvadiation in certain wavelength regions by utilizing the change in
resistance of a thin conductor caused by the heating effect of the
radiation.

Condensation cloud (or Wilsom cloud): A mist or fog of minute water droplets
which +*emporarily sumrrounds the fireball following a  nuclear
detoration in a cowparatively huwid atuosphere. The expansion of the

air in the negative phase of the bIast wave from the explosion results
in a lowering of the ftemperature, so that condensation of water vapor,

present in the air. occurs and a cloud Forms. The cloud is soon
dispelled when the pressure returns to normal and the air warms up
again.

t~1.2 Decay Law: Describes the standard decay of mixed fission praducts. It
can be described as Ry = th'l-

Deep drogue: A sea ancher ~ a fumnel or cone-shaped device towed behind a vessels
in this case, one towed deep beneath the surface. A drag, usually a
canvas—-covered conical firame, floating behind a vessel to preveant
drifiting or to maintain a heading inte the wind.

Dosage contrel: Dose rate is the amount of radiation which an individual or
material receives per unit of time. Through the use of film badges,
the amount of radiation that an individual receives over a period of
fine can be measnred and therefore controlled and. when necessary.
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Dose:

Dosimeter:

Enewefalk:

Fallout:

Film badge:

Fireball:

Fixed Gamma

Gamma

l--hour:

LAYS

Inversion

APPENDIX K

GLOSSARY
{Continued)

persennel may be restricted From further participation in test
prograus.

A measure of the epergy absorbed iIn tissue by the action of fonizing
radiation on tissue. As nsed in rvadiation protectien, definitive
practice requires that the feim be used in such combining forms as
radiation dose, absorbed dose, whole body dose, and partial body dose.

A device which measures the exposure to rvadiation over a period of
tine.

4 Pacific test site. fornerly spelled Iniwetok.

The #£allout to the earth's smurface of particles contaminated with
radioactive paterial firom a radioactive cloud. The term iIs also
applied in a colllective sense to the contaminafted particulate matter
itself. The early (or Xocal) fallout is defined., sownewhat arbi-
trarily, as those particles which xeach the earth within 24 homrs
after a nuclear explosion. The delayed oy worldwide) Fallout
consists of the smaller particles vwhich ascend iJnte the upper
troposphere and into the stratosphere and arve carried by the winds to
all parts of the earth- The delaved FfaRkRout is bronght to earth,
mainly by rain and snow, over extended periods ranging ¥rom months to
Years..

A compact packet, worn on the person, containing film emnlsions which,
with appropriate screening, development, and evaluation, indicate the
dose of Xonizing vradiation fto which the wearer was exposed.

A lumXnous sphere of hot gases which foims a few microseconds after a
nuclear explosion as the result of the surrounding medium absorbing
energy  emitted by fthe weapoen.

Intensity-Time Recorders (GIIR): PermanentEy mounted electronic
systens employing fonkzation chambers to provide continous data of
gamma intensity vs. time (so named to distinguish them Krom the
poréable radiac instruments).

(radiation): Electromagnetic rad¥ations originating In atomic nuclex
and accompanying many nuckear reactions. Gamma vays are generated
fron processes within the nucleus, such as Sfissioning., decaying
precesses, and interaction with particles.

The time of day (e-g-. 5:30 a.m.) at which a device Es detomated.

Layer: Strata of the atwmosphere where an iaversion of the normal

temperature gradient take place; the air increases in teumperature with
increasing altitude.
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Yonization: A process by vwhich a neotral atom or molecule Joses or gains
clectrons, thereby acquiring a net charge and becoming an Ion; may be
caused by Hoendzing radiation such as alpha, befa, and gamma.

Ionizing radiation: Particles ovr phiotons that have sufFficient energy to produce
jonization directly in their passage through a substance. Particles
that are capable of atomic #nteractions in vwhich sufficient energy is
released fto produce fonization.

Kingpost-location: At the approximate Xocation oFf the foremast on the YAGS.

Laninae: Thin plates, sheets., or. as nsed in this report. a description of the
various submerged lavers of seawater.

Neutron-induced activity: Radioactivity induced in an element due to absorption
of npeutrons. Neutvon-induced radioactivity is usually found near the
surface ground zero or surface zero of a nuclear air burst.

Nuclear depth charge: A prejectile, using nuclear energy for its explosive
charge. to be detonated wunderwater against supbmarine or other
underwater targets.

Overpressure: The pressure in excess of the normal, atmospheric vakue usually
associated with passage of a shock front.

Photomultiplier tube: A phofotube wirth one or more dynodes bhetween its
photocathode and the output electrode; the electron stream from the
photocathode is reflected off each dynode in turn, with secondary
epission adding electrons to the stream at each reflection (also known
as electrop-nultiplier phototube; photoelectric electron-multiplier
tube; photorulItipker).

Phume (o1 columnd: A hollow cylinder of water and spray fthrown up fiom an
mudervater burst of a nuclear weapon, through which the hot. high-

pressure gases TYoirmed in the explosion are vented to the atwosphere.

Prompt  radiation: Radiation enitted within a few tenths ofF a microsecond by a
nuclear burst. It consists of gamma rays and fission neuntrons.

Rad-Safe (radiclogical safety): By means of these operations. a unit attempts to
prevent the occurrence of hazards to personnel and eguipment resulting
from #Honizing radiation of all forms.

Reagents: Any substance used in a chemical reaction to detect, neasure, exanine,
or produce other substances.

Roll-up phase: Activities associated with bringing an operation to a conclusion.

Sample assav: A physical determination of the coumponents of a sample.
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Scintillation counter: 4 device iIn which the sciotillations (E.e., Llight flashes)
produced %n a floorescent material by an Jonizing radikation are
detected and counted by a nultiplier phototube and associated
circuits. (Also krown as scintillation detector; scintillometer.)

Shear: As used in this report, describes a deformation of a solid body in
which a plane in the body is displaced. parallel to itself, relative
to parallel planes in the body:; quantitatively, i€ is displacement of
any plane relative to a second plane., divided by the perpendicular
distance Dbetween planes.

Shine: Reflecting o1 scattering oXf radiation up from the surface of the
water or air.

Ship skin: The outer hull of a vessel_

Skick: The #race of an advancing shock seen on a calm water surface as a
circle of dark water rapidly increasing in diameter.

Sonde: An electronic sensor tovwed behind a vessel.

Spectyrochepical analysis:  The chemical analyvsis of a wixture of substances, or of
a complex substance, by a study of spectra.

Spray dome: The mound of water spray €hrovn up when a shock wave from an
underwvater nuclear bwrst  reaches the surface.

SQUAW= Specially designed and coustructed submarine targets.

Surface zero: The poin€ on the Xand or ocean surface (as distinguished from
ground zero) vertically below or above the centey of the burst of a
nuclear weapon.

Telemeter: The complete measuring. €ransmitting. and receiving apparatus for
indicating or recording the value of a quantity at a distance.

Test array (Target array):  For WIGWAM, It comsisted of a fleet ocean tug, on a
fixed course, towing a 30,000-foof cable on the surface with the zero
barge, containing the nuclear device, attached at the other end. The
nuclear device was suspended on a 2,000-foot cable below the zero
barge. A wvariety of instrunent vessels, targets, instruments. and
sampling stations were attached at wvarious points aleng Dboth cables.

Thermockine: A temperature gradient (particularly in a body of water), especially
one making a sharp change. A layer of water in a thermally stratified
Aake or other body of water separating an upper, warmer, Lighter.
oxygen-rich zone from a IXower, colder. heavier, oxygen-poor zone.
Specifically, a stratum ian which €emperature declines at Xeast one
degree ceptigiade with each metferr increase in depth.
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(Continued)
USNRDL RBI-12 Beta Probes: Instrunents used to measure beta-radiation Entensity
near contaminated sarfaces. These instruments were nodified +to
provide an extra "hi-10" jyange switch and overall physical

strengthening of the instrument.
Zero barge: (YC 473, an open Righter) A barge to which apn underwater nuclear

device 1is attached. The device hangs from a cable suspended beuneath
the barge.

K-2  ACRONYMS

AD: Tspe of aircraft (attack, propeller-driven, manafactured by Douglas)

AEC: Atonic Energy Comnission

AF: Type of aircraft (Navy) C(anti-submarine warfare. propeller-driven,
manufactured by  Grumman)

AFSHP: Armed Forces Special Weapons Project

AGC: Amphibfous Force FRagship

: Armour Research Foundation

ARS: Salvage Craft., Tender

ASR-7: Attack Air Squadron

AlF: Fleet Ocean Tug

AN: Net-Laying Ship

AN/PDR: Army/Navy/Portable Detector Radiac

AV: Seaplane Tender

BEIR: Biclogical Effects of Yonizing Radiation
BIRLS: Beneficiary Identification Records Locator Subsysten
CnC: Center for Disease Contrel

CINCPAC: Commander in Chief, Pacific

CyL: Swall Aircraft Carrier

cow: (losed Window



APPENDIX K

GLOSSARY
(Continued)

DASTAC: Dol Nuclear Information and Analysis Center (formerly the Defense
Atogic  Suppoxt Infornation apd Apalysis Center)

DDz Destroyer

DDRz Radar Picket Destroyer

DNA: Defense Nuclear Agency

Dol Department of Defense

DTMB: David Tavior Model Basin

EG&G: Edgerton, Germeshausen, and Grier
HE: High ExpRosive

HRS: Helicopter Recovery Squadron
JCS: Joint Chiefs of Staff

JTF7: Joint Task Force Seven

KT: Kiloton

LASL: Los Alamgs Scientific Laboratory
LBNS: Long Beach Naval Shipyard

LOM: Landing Craft, Mechanized

LML: Lookout Menatain Laborvatory
LSD: Landing Ship, Dock

LST: Landing Ship. Tank

MATS: Mikitary Air Transport Systenm
MPBB: Maximum Permiissible Body Burden
MPC: Maximum  Permissible  Concentration
MPD: Maximum Permissible Dose

MPE: Maximum Permissible Exposure
MPL: Maximum Permissible Limit



APPENDIN. K

GLOSSARY
{Continued)
NAS: National Academy of Scilences
NAS: Naval Adr Station
NEL: .8. XNaval Electronics Laboratory
NOL: C.S. XNaval Orduoance Laberatory
NOSC - Naval Ocean Systems Center
NOTS: U.S. Naval Ordnance Test Station
XPRC: National Personnel Records Center
NRDL: U.5. XNaval [Radiclogical Defense Laboratory
NRL: T.8. XNaval Research Laboratory
NTPR: Nuclear Test Personnel Review
NIS: Nevada Test Site
0TC: Officer in Tactical Command
ov: Open Window
PDT: Pacific Daylight Time
RB: Rubber Boat
RBE: Relative Biological [Effectiveness
§C: Sandia  Corporation
Si0: Scripps Institution of Oceanography
TAD: Tactical Air Direction
TATC: Tactical Alr Traffic Control
TE: Task Llement
TG: Task Group
TU: Task Unit
XLOM: Landing Craft, Mechanized
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YAG:
YC:

YFAB:

APPENDIX K

GLOSSARY

{Continued)
Utility Ship (converted Liberty ship)
Utility Open Lighter (towed)

Instramented barge =« large covered lighter (non-self-propelked)

k-3 MEASUREMENTS

Ci/emd

c/g-
CPM

151

MCH

nEcron

rad

rem

curies per cubic centineter

counts per gram

counts per ninute

curie. A measure of the activifty (rate of disintegration or decay) of
a radigactive substance. One curie equals 3.7 by 1030 npuclear

disintegrations per second, or 2.2 by 101 per minute.

megaclurie = one million curies. A fission yield of 10 negatons
creates approximately 1 megacurie of stronfium-90.

unit of pressure equal to the pressure exerted by a c¢ollumn of mercury
ope micrometer high, having a density of 13.5951 grams per cubic
centineter, underr the standard acceleration of gravity.

nillivoentgen = 10~ 3R

microroentgen = 1070 R

gillircenfgen per hour

miTlircentgen/equivalent/physical per hour

picocuries per cubic centimeter

pounds per square inch

roentgen

unit of absorbed dose, 1 rad = absorption of 100 ergs of energy in one
oram of any wmedium.

roentgen/equivalent/man. A unit of dose whose biological effect is
equal to that of absorption of one roentgen of gamma radiation. The
rem can be defined as rem = rad X RBE or vem = rad X (QF X DF).



rep

APPENDIX K

GLOSSARY
(Continned)

roentgen/equivalent/physical_ A unit formerky used for similar
purposes as the rad, but defined for any tvpe of radiation in terns of
the energy absorbed in biological ftissuwe equivalent fo that which is
absorbed by one roemtgen of gamma radiation. (One rep has had various
definitions. ranging firom 84 ergs per cubic centimeter to 93 ergs per

gram of tissue.)

o
A=



K-10



10.

1.

13,

14,

15.

APPENDIX L
REFERENCES

Focke, A.B .. “Scientific Director's Summary Report, QOperation WIGWAM. " W T
1003 EX-1980. (AD No. 995030).*

“Operation Plan 1-55, Operation WIGWAM.,” CTG ‘7.3, 25 March 1955. Available
at NTIS (AD NO. 78579).%*

“Operational Concept. Operation WIGWAM. ' AFSWP, EX-1980. (AD No. 995022),.%

Baietti, A.L., et al.. “Radiological Safety for Operation WIGWAM, ! WT 1001,
US Naval Radiological Defense Laboratory. San Francisco, CA. January 19357.
Available at NTIS (AD No. 337571).%

French. F.A.. “Fallout and Airborme Acrtivity in Operation WIGWAM. with notes
on Surface Effects. Project 2.7.” WT 1017. Naval Radiological Defense
Laboratory. San Francisco, CA., May 1933, Available at NTIS (AD No.
617135} .%

Hawkins. M.B.. “Determination of Radiological Hazard to Personnel, Operation
WIGWAM. Project 2.4 WT 1012, Naval Radiological Defense Laboratory, San
Francisco, CA. May 1937. Available at NTIS (AD No. 465308).*

Isaacs, J.D.. “Mechanism and Extent of the Early Dispersion of Radioactive
Products in Water, " WT 1014, Scripps Institution of Oceanography. University
of California. La Jolla. CA. May 1935. Available at NTIS {AD No. 445669).%

Warchol. M.F. and D.O. Cochrane, “Operation WIGWAM ," WT 1036. Edgerton,
Germeshausen. & Grier. Inc.. Boston. MA and Las Vegas, NV. (AD No.
361831) .*

Albert. H., “Operation WIGWAM, * WT 1037. Lookout Mowuntain Laboratory. Los
Angeles, CA. (AD No. BS51719) .*

Barnett. M.H.. “The Biological Effects of Ionizing Radiation: An Overview. "
M.P.H. (from U.S5. Departmment of Health. Education and Welfare). October
1976, %%+

Evans, R.D.., The Atomic Nucleus, McGraw Hill Publishing Co., NY, 3 October
1955, Reprinted 1972 .***

Glasstone, 8. D ., The Effects of Nuclear Weapons, 3rd Edition, U.S. Department
of Defense and U.S. Department of Energy. 1977 .¥%*

Lapp. Ralplh E. and Howard L. Andrews. Nuclear Radiation Physics. 4th Edition,
Englewood CLiffs, NJ, 1972 .***

Becquerel. H. and P. Curie. Comp. Rend. 132, p. 1289, 1901.***

Morgan, K.Z.. Principles of Radiation Protection, R .E. Krieger Publishing
co.. NY, 1873,%**




16.

17.

18.

15.

[}
h

31

APPENDIX L
REFERENCES
{Continued)

Morgan, K.Z.. “Cancer and Low Level Ionizing Radiation.,” Bulletin of Atomic

Scientists, September 1978 .**

“Rules and Regulations, " Environmental Protection Agency. Federal Register,
13 January 1877.%*

“Maximun Permissible Radiation Exposures to Man, " Suppl. Math. Bur. Std. (US)
Handbook 59. 1958 .¥*

Snay. H.G., et al.. “Predictions of Underwater Explosion Phenomena, " WT 1004,
24 January 1957. Available at NTIS (AD No. 338338).%

Aranson. C.L, et al., "Underwater Free-Field Pressures to Just Beyond Target
Locations. " WT 1003, 27 May 1937. Available at NTIS (AD No. 338339).%

Cunningham, C .B., “Free-Field Pressures, Station Zero, " WT 1006. May 1955,
Available at NTIS (AD No. 339435).%

McMillian . T . . “Underwater Free-Field Pressure Measurements. " W t 1007. May
1955. Available at NTIS (AD No. 338544).*

Hamilton. G.R., et al. ,"Bubble Phenomena,” WT 1008. May 19533. (AD No.
338012) .*

Young. G.A.. et al.. *Photographic Measurements of Surface Phenomena, " WT
1009, May 1955. Available at NTIS {AD No. 351918).*

Thaler, W .J.. “Underwater Optical Measurements, " ITR 1086, May 1935. (AD/B
951591) .*

Van Dom. W.G.. “Collection of Early Water Samples for Radiochemical Analy-
sis and Yield Determination.” WT 1039, 27 March 1957. Available at NTIS (AD

No. 361921) .*

Lockhart, L. B.. Jr.. et al.., -Radiochemical Analysis of WIGWAM Debris. "W T
1010, EX-1980. (AD/BY51748) ,*

Ballow, N.E.. “Radiochemical and Physical Chemical Properties of Products of
a Deep Underwater Nuclear Detonation. " WT 1011, EX-1980. (AD/A 995018).%

Holmes. R.W.. et al.. “Effects of Nuclear Explosion on Marine Biology,” WT
1013, 31 May 19537, Available at NTIS {(AD Wo. $13617).*

Folsom, T.R., “Mechanism and Extent of the Dispersion of Fission Products by

Oceanographic Processes and Locating and Measwuring Surfaces and Underwater
Radioactive Contannnation,” WT 1015, 17 December 1936. Available at NTIS {AD
No. 463309) %

Folsom. T.R., “Radiological Technigues and Instruments Used for the
Oceanographic Survey on Operation WIGWAM, " WT 1016. 30 January 1938, Avail-

able at NTIS (AD No. 4602%70). %
1L-2



33.

34.

35.

37.

38.

39,

40.

4].

44,

45,

46.

47.

APPENDIXN L
REFERENCES
(Continued)

Horrer, P.L.. "Subswface Configuration of the Armray,” WT 1018, May I1955.
(AD No. 224418).%

Horrer. P.L.. "Physical Oceanography of the Test Area. " WT 1019, May 1955,
Available at NTIS (AD No. 611262).*

Kidd. L.W.. “Measwement of Secondary Effects: Water Waves,” WT 1020, 31
July 1959. Available at NTIS (AD No. 361917).%

Chertock, C., et al. “Lethal Range of WIGWAM Targets Based on Hull Response
and Applied Pressure Measurements, " WT 1021, 10 July 1957. (AD 361916).%

Rich. H.L.. et al., "Hull Response and Shock Motion--Background
Instumentation, and Test Results, " WT 1023, 15 April 1957, (AD 361915).*

Rich. H.L.. et al., "Hull Response and Shock Motion--Discussion and
Analysis. " WT 1024, 18 March 1957. (AD 338535).%

Blake. R.E.. "Shock Motion of YFNB Targets.” WT 1025, May 19353. (AD
338005} ¥

Paladine. A.R.. *Vibration Characteristics of Certain Items on SQUAW -29.
YENB-29 and PAPOOSE C. " WT 1026, May 1953.(AD 361914).*

Atchison. C.M., “Response of SQUAW Targets from High-Speed Motion Pictures of
Interior.,” WT 1027. May 1955, (AD 361813).%

Converse, R.E.. Jr.. “Depth. Trim, Heading. and Flooding of WIGWAM Targets.”
WT 1030, May 1953, (AD 361920) .*

Ross, W.J., "Design and Construction of WIGWAM Targets.” WT 1031. (AD No.
361912} .%

Shellabarger., J.N.. et al., “Modification and Outfitting of Instrumentation
Barges, " WT 1032, May 1955. (AD 465 310).*

Billmeyer, A.K.. “Operation WIGWAM ," WT 1033, U.5. Naval Ordnance Test
Station. Pasadena, CA. EX-1980. (AD/B951738).%

North. H.3., “Operation WIGWAM . " WT 1040, Sandia Corp.. Albuquerque. NM
EX-1980. {AD/B 931739) #

Porzel, F.B.. "Operation WIGWAM . " WT 1034, Armour Research Foundation.
{AD 361 919).%

Merritt. M.L.. “Operation WIGWAM.” WT 10335, Sandia Corp.. Albuquerque,
NM. (AD 338 541).%

1-3



AVAILABILITY INEFCRMATION

An availability statement has bzen included atthe end of the

reference citation for those readers who wish to read or obtain
copies of source documents. The following addresses are being
provided Ior that purpose.

Source decuments, bearing an availability statement of DBCOE CIC,
may be reviewed at the Ifollowing address:

Deparment of Energy

Coordination and Informsticn Center

(Operated by Reynolds Electrical and Engineering Co., Inc.)

ATTN: Mr. Richard V. HNutley

2753 5. Highland

P.0O. Box 14160 Phone; (702) 734-319
1%

4
Las Vegas, Nevada 89114 FIS: 96-3154

w

Source documents, bearing an avallability statement of NTIS, may
be purchased from the National Technical Information Service.

When ordering by mail w« phone, please include the NTIS number.
Naztional Technical Information Serivcee
5285 Port Rovyal Road Phone: (703)  487-4650
Springfield, Virginia Z2Z1el (5ales Office)

Additional ordering information or assistance may be obtained
by writing to the NTIS, Attention: Customer Service or calling
(703)  487-4660.

REFERENCES (CODES USED)
*available Irom NTIS: order number appears before the asterisk.
#*Available at DOE CIC.
**+&Not Availlable.

When a DASA WT document is followed by an EX, the latest version
has been cited as available from HNTIS.

L-4



BEPARTMENT OF DEFENSE

Armed  Forces
ATTA:

Stafl’  College
Libkrary

Assistant Secretary
ATTIN:

of Defense, Public

Defense  XNnckear
ATTS.  PAD
ATTY: ©C
ATIN: BA

5 ¢y ATTN: NTPR

25 ¢y ATTN: TITL

Agency

Defense Technical Information Conter
12 oy ATTN: DD

Field Command
Defesse XNuclear Agency
ATIN: FCLS
ATEN:  FCTAID
Interservice  Suclear  ‘eapons  School
ATIN. TTV
Naticnal  Tefense  Upiversity
ATTS: ICAF  Tech  Library

DEPARTMENT OF THE ARV

Army  Library

ATIN:  Mildtary Do Sac

Army Nuclear Test Porsonnel Review
ATIN:  DAAG-MR-5 TAGQ

C_5. Army Couter ol Milituary History

ATIN:  DAMH

T.5. Argy  Chemical School
ATIN: ATZIN-CU-CS
ATTN:  ATZN-CM-AL

T.5. Army Comd § General Staff College
ATTN: Library

T.5. Army Nuclear & Chemical Agency
ATIN: Library

U.5. Army War College
ATIN:  Library

DEPARTMENT (OF THE NAVY

Aviatior History Cnit

Department  of the Navy
ATTN: Library

Burenu of Medicine and Surgery

Department  of the Navy

ATTS: Asse for Med Surgery
Fagineering Duty Officer School
Departaent of the Navy

ATTX: Library

Affairs

Dist-l

DEPARTIENT GF THE XAVY  (Contivued)
James  Carson  Breckinridge  Liltrary
Pepartment of the Navy

ATTX: Labrary  Div

Marine Corps Nuclear Test Personnel Review

ATTN:  Code  MSEB-40
erchant  dlarine  Academy
ATTA: Dirvector of Libraries
N¥aval Aviation School {ommand
ATTX:  Library
Sava®  iHospitak Corps  Schaol
ATTN: Library
Xaval Ocean Systems Center
ATIN:  Library
Xaval Oceanographic Office
ATEN:  Code 025, Historian
Neval Postzradunte School
ATIN.  Code 1424, Library
Naval Research Laboratory
ATTN: Library
Xaval School
Xaval Censtruction Battalion Cenfer
ATIN:  Commanding (Hiicer
Naval School  of Health Sciences
ATIN:  Library
Xaval Sea Systems  Command
ATEN: Nucdear  Technology  Div
Xaval Serface  Geapons  Cenfer
ATTN:  Library
Saval Yar College

ATTX: Professor 8 Libraries
Xaval Veapons  Center
ATTN: Code 233, Teck Libramy
N¥aval Weaponrs Evaluation Facilify
ATIN: library
Savy  Dept Library
ATIN:  Liben
Navy Nuclear Power School
ATTN:  Library

Navy Nuckear Test Personnel Roview

T oy ATTX. % Loeffler
¥.8.  Naval Academy
Himitz Library
ATIN:  Documents & Reports Dept



DEPARTMENT OF THE NAVY  (Continued) DEPARTAMENT  OF THE AIR TORCE (Continued)

Office of the Judge Adv Gen Tactical Air Command

Department of the Navy Deoartwent of the Air TForce
ATTR:  Code 73 ATIN:  Historian

U.S. Marine Corps Cad & Staff College C.5. Afr Force Occupationak & Env Health Lab
ATIN: Library ATTN: NTPR

T.5. Merchan€ Mavine Academy DEPARTMENT  OF  ENERGY

ATIN: Liben
Departmeat of Enerey

¥ S. ¥aval Air Station Library ATTN. QM
Department of the Navy
ATIN:  Libravy Department of Energy
Nevada Operations Offace
DEPARTMENT OF TEE 3IR FORCE ATIN:  Health Physics J1v

2 ¢y ATIN. R. XNutley
Acadeny Library DFSELD
¥ S. Adr Force Academy Department of Emergy
ATTN:  Library Human Health % Assessments Division
ATTN: EV-31

Aerospace Defense Command

ATIN: Historian OTHER GOVERNMENT AGENCIES
Air Force L0TmMUniCations Service Centers for DHscase Contiol
ATTX. Historian U.5. Public Healkth Service

ATTN: G Caldwell
Air Force Institute of Technolopy
ATIN Library Central Entelligence Agency
ATIN: 0ffice of Medical Services
Air Force Logistics Command
ATTN: Historian Department of Health § Human S¥cs
ATIN: Office of General Counnsel
Air Force Nuckear Test Personnel Review

ATTN: HQ USAF/SGES Exec (fC of The President
Management E Budget Off Lib
Air Force School of lerospace Medicine ATEIR: Liben

ATIN. Strughoeld Library
Library of Coagress
A1r Force Systems Command ATTX: Library Service Division
ATTN. Histoerian ATIN: Science £ Technology Div
ATTN: Seriak § Govt Publication
AfRr Force Technical Applications Center
ATTN: Historian Xational Atonmic Musewn
ATIN: Historian
41r Force Weapons Laboratory

41r Force Systems Command Departsent of Commerce
ATIS.  Tech Library Xational Bureau of Standards
ATTN:  Librn
Adr Xational Guard
K ATIN: Historian Nationak Techonical Yoforantion Service
12 ov ATIN.  Customer Services

f+r Training Command
ATTN:  Historian Occupational Safety £ Health Adwmin
ATTN; €. Sright
A1 Undversity Library

Departuent of the A1r Force Office of flealth E DiEsabiliey {ASPIR}
ATTN: AUL-LSE ATTN: R- Copsland

Miksitary A1r Lift Command Ofc of Workers Compeasation Program
ATEIN: Historian Department of Labor

ATTN. E-. Larson
{omsander-in-Chief

Pacific A1r Forces U.5. Coasd Guard Academy Library
AITS:  Historian ATINT Libim

Stratepic Air Command U.5. House of Representatives

Department of the AIT Force ATTN: Commitice on Armed SVCS

ATIXN: NRI-STINFO Lxbrary
ATTN: Historian

Dist-2



OTHER  GOVERNMENT  AGENCIES  (Continued)

¥_.8. House of Representatives
Committee on Interstate & Foreign Coﬂmer‘ce
ATITS:  Subcommittee om Health & Envir

T_5. Military Academy
ATEN: Dirvector of Libraries

U.S.  Sensie
Committee on Armed Services
ATIS:  Commities on Veterans Affairs

U.5. Senate
ATTX: Commfittee on Veterans Affairs

Veterans Adninistration-R0O
Providence, RI
ATIN:  Direcfor

Veterans Adaninistration-R0O
Nootgomery, AL
ATIN: Dirvector

Veterans Adpinistration-R0
Juneau, AK
ATIN: Director

Veterans Adzdnistration-R0
Anchorage, AR
ATTS: Director

Veterans Administration-RO
Phoenix, AZ
ATTN: Director

Veterans Administraftion-RO
Littke BRock, AR
ATTN: Director

Vetorans  Administration-R0
Los Angeles, (A
ATIN: Director

Veterans Administration-R0
Sam Francisco, C3
ATIN: Director

Veterans Adeinistration-R0
Denver, (O
ATEN: Director

Yeterans Aduknistration-R0O
Hartford, (T
ATIN: Director

Veterans Adpinistration-Ro
W¥Ininglon, DE
ATTS: Director

Vetorans Adninds tration-C0

Washington, D. (.
ATTN:  Dept Veterans Benefit, Central Ofc
ATTS: Director
ATIN:  Board of Veferan Appeal

Vetorans Adwinistration-R6
St.  Petershurg, TFL
ATTN: Birector

Diste3

OTEER  GOVERNMENT  ACENCIES

(Continned)

Yeteraes Administration-Ro
Atlanta, G
ATIN: Director

Veterans  Adminisiration-RO
HonoXulu, HE
ATIN: Director

Veterans Adpinis tration-RO
Chicage, IL
ATiN:  Director

Veterans AdmEnis tration-Ro
Seattle, WA
ATIN: Director

Veterans Administration-RO
Indianapolis, 1Y
ATTN: Director

Veterans Adeinistration-RO
Des  Modnes, L3
ATTA: Director

Veterans Adniniseration-R0
Wichita, KS
ATTN:  Director

Veternns Administration-R0
Louisvilke, &Y
A1TN: Director

Yeterans Administration-RO
New  Orlrvans, &LA
ATTN: Director

Veterans Adeinistration-Ri
Togus, ME
ATIN:  Director

Veterans Adpinistration-R0
Baltimore, M0
ATIN: Directar

Veterans Adninistration-RO
Bosden, i
ATIN: Director

Veterans Administration-R0O
5t. Panl, M¥
ATTN: Director

Yeterans Administration-RD
Fackson, 18
ATIN: Director

Veterans Adsinistration-RO
Huntington, WV
ATTN:  Director

Voteritns Administratioy-RO
5¢. Louis, MO
ATTX: Director

Teterans Administration-R0
Ft. Harrison, MY
ATTN: Director



OTHER  GOVERNMENT  AGENCIES

Lloutinued)

Veterans Administostion-R0O
Ldnceln, XE
ATIN: Director

Veterans Administration-R0O
Reno, XV
ATTIN: Director

Veterans Adminkstration-Ro
Manchester, Rl
ATTN: Director

Veterans Administration-RoO
Newvark, N
ATEX: Director

Veterans Administration-RG
Milwaukee, U}
ATTN: Director

Veterans Administration-R0O
Albuguerque, NA
ATIN: Director

Vetrerans Administration-RO
Buffake, NY
ATIN: Director

Veterans AdmEnistration-RO
New York, AY
ATTN: Directar

Veterans Administration-Ro
Winston-Salem, NC
ATTN:  Director

Veterans Administratioz-RG
Farge, XD
ATTE: Director

Veterans Adminmistiration-R0O
Cloveland, Oit
ATTYX: Director

Veterans AdmEnistyratien-RO
Muskogee, OK
ATTX: Director

Veterans Administration-RoO
Porflend, OR
ATTX: Director

Veterans Administration-R0
Pittsburgh, Pi
ATTN: Direcfor

Yeterans Administration-RO
Philadelphia, PA
ATEIN: Director

Veterans Adaninistration-R0O
San Francisco, CA
ATIN:  Dhirecior

Veterans Admindstration-RO
San Juan, Puerto Rico
ATTN: Director

Dist-4

OTHER GOVERNMENT AGENCIES (Continued)

Veterans Administration-Ro
Columbka, SC
ATIN: Director

Veferans Administration-Ro
Sioux Falls, Sp
ATTN: Director

Veterans Administration-Ro
Houston, IX
ATTIN: Director

Veterans Adminkstration-Rf
Yace, TX
ATIN: Director

Veterans Administration-RO
Sakt Lake City, UT
ATTIN: Director

Veterans Adulnistraiton-RO
White River Junction, VT
ATIN: Director

Veterans Admlnistration-RO
Roamoke, VA
ATTN: Director

Veterans Administration-RO
Chevenne, WY
ATTN: Director

Veterans Adwministration-RO
San Diego, CA
ATIN: Director

Veterans Adwminisfration-RO
Boise, ID
ATTX: Director

Veterans Adninistration-RO
Detroit, M

ATTN: Director
YVeterans Administration-RO
Nashville, 1%

ATTX: Director

The White Honse
ATTX: Dontestic Policy Staf¥

DEPARTMENT OF ENERGY CONTRACTORS

Lawrence Livermore Natiomal Lab
ATIN: Tech Info Dept Library

Los Alamas Nationak Scientific Lub
ATTN: Library
ATIN: NS 108

Sandiia Natdonal Eab
ATIN: Y. Hereford
ATIX: Central Library

Reynolds ERectrical & Engr Co., Inc
ATTN: CIC
ATTN: V. Brady



OTHER

ddams  State  College
ATTN:  Libam

Akron PubXic Library
ATTN: Librn

Alabama State Dept of Archives &} History
ATTN: Salitary  Records  Div

University of Alsbaua
ATTN: Reference Dept, Dralier 3
ATIN:  Director of Libraries (Reg)

University of Akaska Library at Ancherage
ATIN:  DPir of Libraries

Cniversity of Alaska
ATTN: Librn

Albany Public Librasy
ATTN: Libre

Alexander City State Ji- College
ATTS: Lilm

Allegheny College
ATIN: Libre

Allen County Public Library
ATTN: Librn

Alftoona Area Public Library
ATTN: Libaz

American Statistics Index
Congressional  Info  Service, Inc
ATIN:  Cathy  Jarvey

Anaheim Public Llibrary
ATTN: Libzm

Caokkepe of Wooster
ATIS: Gov Docs

Angelo State University Library
any: Librn

Angeloe Icoboni Public Library
ATIN:  Librn

Anoka County Library
ATTS:  Lilam

Appalachian State University
ATIN:  Library {ocs

Arizons State Uniiversity Librasv
ATTN: Libmp

Upiversity of Arizona
ATTN: Dir of Lidraries (Reg)

Arkansas College Library
ATIN:  Library

Breoklyn College
ATTN: [oc Diw

Dist-5

OTHER  (Continped)

Arkansas Librarvy CORM
ATIN:  Liabrary

Arkansas  State  Tniversify
ATIN: Library

University of  Avkansas
ATTN:  Gov [locs Divw

Austin ColXege
ATTS: Librn

Atlanta  Puhlic  Library
ATIN:  Ivam  AMden Dept

itlanta Tniversity
ATTX: Librn

Auburn University Library at Monzomerv {R2g)

ATTH: Librn

C. %, Post Ctr Long Island Universify
ATTS:  Librn

Bangor Peblic Library
ATIN:  Librn

Bates  College Library
ATTN: Libyn

Baykor  Universify  Library
ATTY:  DoC§ Dept

Beloit  College  Libraries
ATTIN:  Serials  QOocs  Dept

Benidji State College
ATIN: Library

State  University  College
ATIN: Gov Docs

Akron University
ATTN:  Gov DoCS

Boston Public Library (Regd
ATTH= Docs pept

Bowdoir  Coklege
ATTS:  Liben

Bosling CGreen State University
ATIN:  Lib Gov [OCS Services

Bradley Imiversity
ATIN: Liban

Brandeis  University  Librapy
ATIN: DoCs Section

Brighaz  Yeung  University
ATEN:  Libam

Brigham Young Umiversity
ATry: Docs Collection

Brookhaven Xational Laboratory
ATTN: Tech  Library



OTHER_(Continued)

Broward County Library SyS
ATTN: Libra

Brown University
ATIN:  Libm

BuckneXIl University
ATIN:  Reference Depti

Buffako 3 Erdie Co PubXic Library
ATIN:  Librn

State University Library of California at Fresno
ATTN: Library

University Library of California at Los Angeles

ATTA: Pob Affairs Serv U.S. Docs
Cniversity of California at San Piego
ATIN: Docs Dept

State College Library of Califprnta ot Standislaus
ATENT Library

Californin State Polytechnic University Libraiy
ATTN: Librn

Californika State University at Northridge
ATTS:  Gav Doc

California State Library (Reg)
ATEN:  Libmn

California State University at Long Beach Library
ATEN: Libin

Califoraia State Universify
ATTN: Libm

Cakifornka State University
ATEN: Libro

Calaifornia Tniversity Library
ATTS:  Gov Pub Dept

Califernia University Library
ATTN: Libra

CaXiforn¥a University Library
ATTN: Gov Docs Dept

Cakifornia University Library
arts: Docs Sec

University of California
ATTN:  Gov [Docs Dept

Catvin College Library

ATTX: Librn
Kearney  State  College
ATTN:  Gov DoCS Dept

Cambrya County Libraxy SY§
ATTX:  Libmn

Carleton College Library
ATTSE: Lib1n

Dist-6

OTHER ¢Continued)

Carnegiie Library of Pittsburgh
ATIN: Librn

Carnegie Mellon University
ATEN: Dir of Libraries
Carson Regilonal Library
ATTS: Gov  Jubs  Tnit

Case Western Reserve University
ATTA: Libmm

Casper Coklege
©OAITN: Librn

of Central Florida
Library Docs Dept

University
ATTN:

Central Mickigan Upiversity
ATIN:  Library Jocs Sec

Central Montana State College
ATIN:  Gov [ocs

Central State University
ATTN:  Lib Docs Dept

Central Washington Unkversity
ar: Liw Docs Sec

Centrak Wyoming College Library
ATTN: Librn

Chazrleston
ATTN:

County Library
Libhin

Charlotte & MechXenburg County Public Library
ATIN: E. CLorrell

Enattanooga Hamilton Cousty, Bicentenmial Library
ATTH: Librn

Chesapeake Public Library System
ATTN:  Liban

Chicage Public Library
AITN: Gov Pubs Dept

State University of (hicago
ATIN: Libin

Chicago University Library

ATIN:  Dir of Libravies
ATIN:  Jocs Processing
Cincinpati Unkversity Library
ATIN: Librn
Citadel, Daniel Library
ATTS: Labrn

Claremont Colleges Libraries
ATTIN: DoC Collection

Clemson University
ATTN: Dir aof Libraries



OTHER (Continued) OTHER (Contipued)

(leveland  Public  Library Daxton & Montgomery City Public Library
AJ3s:  Docs CaXlection AJIN:  Librn
Cleveland State University Library University of Dayvton
ATIN: Limm ATIN:  Libm
Coe Library Decatur  Public  Library
ATIN:  Docs Dv ATIN:  Liaben
Colgate University Library Dekalby Community College 50 CPUS
ATIN:  Ref Lab ATIN:  Libim
Colorado  State  University  Libraries Delaware Pauw  University
ATIN: Librn ATT8:  Liban
Tniversity of Colerade Librarvies Tniversity of Delavare
ATTN: Dir of Libraries ATIN:  Libin
Columbia Tadiversity Libraxry Pelta College Library
ATT:  Does Sve Ctr ATTN:  Librn
Columbus & Franklin Cty Public Library Delta State Cniversity
ATIN:  Goen Rec Piv ATI¥:  Libm
Compton Liberary Denison  Tniversity  Library
ATIN:  Libm ATIN:  Libm
Connecticut State Library (Reg Deaver  Pubdiic  Librasy  (Reg)
ATTN: Librn ATIN:  Docs Div
University of  Comsecticut Dept of Library & Archives (Reg)
AFIX:  Gov't  of Comnecticut ATIX:  Librn
University of Conneccticut Detroit Public Library
ATIN: Bir of Libravies ATTN: Libin
CorneX} University Library Dickinson  College  Library
ATIN:  Libm ATIN: Libin
Coxpus Christi State University Library Dickinson State College
ATIN:  Libro ATIN:  Libm
Culver City Library ARabama Agricultnral Mechanical Unidversity § Coll
AFIN: Libmn AIIN Libia
Curry College Library hrake University
ATt Exbin ATIN:  Conles  Library
Un¥versity of Norilh Carofdina at Asheville Drew Todversity
ATIS:  Litam ATIN:  Liben
ballas County Public Librarv Duke  University
ATIN:  Librn ATIN:  Pub [0CS Dept
Dallas Public Libravy Doluth  Public  Library
ATIN:  Libm ATIN:  Docs Saec
Dalton Junior College Library East  Carolima  lniversity
ATTS:  Librn ATT¥:  Lib Do¢s Dept
Dartuouth College East  Cenfral Coiversity
ATIN:  Libra ATTS:  Libm
Davenport Public Library East [s] ip Public Library
ATTN: Lilmm ATIN:  Librn

Davidson Callepe
ATIN:  L7brn

Dist-7



East Orange Pubkic Library
ATIN: T.S. Gov't Depository

East Tennessee State University Sherrod Library

ATIN:  Docs Dept

East Texas State UnIversiey
ATTx: Library

Menmonth Couwnty Librsry Eastern Branch
ATTX: Libn

Eastern IRlinois University
ATTN: Librn

Eastern Kenftucky University
ATIN: Libra

Eastern Michigan University Librany
ATTH: Labrary

Eastern Montana Coldege Library
ATTIN:  [oCs Dept

Easiern New Mexico Uuiversity
ATTN:  Libra

Fastern Oregon College Lihrary
ATEN:  libin

Eastern Washington Uniiversity
Arts: Librn

E1 Paso Public Library
ATIN:  Docs & Genealogy Dept

Elko County Library
ATTR:  Librn

gimire College
* ATIN: Liben

Elon College Librayry
ATTN: Libim

Enoch Pratt Free Library
ATTN:  Docs (fc

Enory University
ATIN: Librn

Evansvillle § Vanderburgh C¢y Public Library
ATTN:  Lihm

Everett PubXic Libaary
ATIN: Libtm

Fairleigh Dickinson University
ATIN: Depository  Dept

FRordda A k M University
ATTH; Libim

Flovida Atlantic Uniiversity Library
ATTS: D1y of Pub Docs

Dist-8

OTHER {Continaed)

Florida Inostitute of Techunology
ATIN: Library

Florida International University Library
ATEN:  [Docs Sec

Florida State Library
ATIN:  Docs Sec

Florida State University
ATTN: LEbrn

Cniversity of Florida
ATTX: Dir of Library (Rey)
ATTX:  DOCS Dept

Fond Du Lac Public Library
ATTN: Librm

Ft Hays State University
Ft Hays Kunsas State Calllege
ATIN:  Librn

Ft Worth Pubkic Libiary
ATTS: 13hrm

Free Publiic Library of Eldzabeth
ATTX: Librn

Free Public Library
ATIN: Libran

freeport Public Library
ATTN: Libern

Fresno Cty Free Library
ATTN:  Libmn

Gadsden Public Library
ATEN: Libro

Garden Public Library
ATIN:  Librn

Gardner Webh Colleze
ATTY:  Docs Librawy

Gary Public Libravy
ATTH: Librm

Geauga Cty Public Library
ATTN: Librn

Geargetown University Library
ATIN:  Gov DOCS Room

Georgie Institute of Technolopy
ATTH: Librn

Georgia Southern College
ATTN: Librn

Georgia Southwestern College
ATTS: bir of Libraries

Georgia State University Library
ATTN: Librn



p_nTHER (Continued)

tnkversity of Georgia
ATIX:  Dir of lLibraries (Reg)

Glassboro  State  College
ATTN: Libn

Gleeson Library
AITN:  Librn

CraceXand College
ATTN: Librn

Grand Forks Public City-County Library
ATTR: Librn

Grand Rapids Public Library
ATIN:  Dir of Lib

Greenville  Comnty  Library
ATTN: Librn

Grinnell College Library
ATT¥:  Librn

Guan RIR Memorial University Library
ATTS: Fed Depository (0]

Toiversity of Guaan
AITA: Lin

Gustavus Adolphus CoXlege
ATING Librn

South Dakota University
ATIN: Libm

Hardin~-Simons University Library
ATIN: Librn

Hartford Public Librarvy
ATTN:  Libra

Harvard College Libyrary
ATIN:  Dir of Lid

Harvard Coklege Libirary
ATTS:  Serdals Rer piv

Tniversity of Hawaii Library
ATIN:  Gov Dogcs Coll

Hawaii State Library
ATIN:  Fed DOCS Unit

University of Hawaii a¢ Honoa
ATIN:  Dif of Libravies (Reg)

Tniversity of Hawaii
Hilo Cawpus Library
ATIN: Librn

Haydon Burns Library
ATEN:  Libra

Henaepin County Library
ATTN:  Gov Docs

Henry Ford Community College Library
AT¥N:  Libra

Dist-9

OTHER _ (Continued)

Herbert H. Lelbwman College
ATTN: Lib Docs Div

Hofstra University Library
ATTX: Docs Bept

Hollins Collene
ATTN: Librn

Hopkinsville Community College
ATIXz  Libre

%agner  College
ATTN: Libin

University of fonston  Library
ATEN:  Docs Diw

Houston Public Library
ATTX: Libmm

Talane University
MTN: Docs Dept

Hoyt Public Library
ATTN: Libmn

Howboldt  State College  Library
ATTN:  Docs Dept

Huntington  Park  Library
ATTN: Librn

Hutchinson Public Library
ATTEN: Libin

Idaho Public Library & Information Center

ATTN: Eibam

Idake State Library
ATIN: Librn

Idahe  State  Uadversity Libray
ATES:  Docs Dept

Uodversity of Idaho
ATEN:  Dir of Libraries (Reg)
ATIN: Docs Sec

Coiversify of 1Ilineds Libramv
sTEN:  Docs Sec

MMlivois State Library  (Reg)
ATEX:  Gov [o¢s Br

¥linois  Upiversity at  Urbapa-Champaipn
ATIS:  P. Waeson DOCS Lib

Ishois Valley Commnmity  College
ATIN:  Library

INinois State  University
ATTN: Librn

Indiana State Library  (Reg)
ATIN:  Serial Sec

Indiana  State  Iniversity
ATIN:  Dots Library



OTHER (Coutinued)

Indiana Universifty Library
ATTN: Jocs pept

Indianapolis Mairion County Public LiBravy
ATIN:  Social Scieace Div

Iowa State University Library
ATTN: Gov D0CS Dept

Iowa Cnfversity Library
ATINz  Gov [oCs Dept

Butler Uaoiversity
ATTN: Lxbin

isaac Delchdo College
ATTIN: Libru

James Madison University
ATTN: Librn

Jefferson County Public Library
Lakewnnd Regional Library
ATTN: Librn

Jersey City State College
ATI¥:  F. AL Irwiia Library Periodicals
Boc Sec

John Hopkins University
ATTN: [ocs Library

La Roche College
ATTA: Librn

Johnson Free Public Library
ATTN:  Liben

Kalamrzoo Public Library
ATIN: Librn

KRansas City Public Library
ATTX:  flocs Div

Kansas State Library
ATTN: Libra

Kansas State University Library
ATTNz Docs Depe

Taniversity ofF Kansas
ATTN:  Dir of Library Rep)

Coiversity of Texas
ATIN: Lyndon B. Johnson Schook of Public
Affairs Librarvy

Maine Maritime Academy
ATTN: Librn

University of Maine
ATIN: Librn

DiEst-10

QTHER (Continued)

Kent State University Liburary
AITX;  Docs Div

Kentucky Dept of Library § Archives
ANz Jocs Sec

University of Kentucky
ATTN:  Gov Pub Dept
ATTN: Dir of Lib (Reg)

Kenyon College Library
ATTN: Libin

Lake Forest College
ATTX:  Libam

Lake Sumter Cormunity College Library
ATIN:  Libim

Lakeland Public Library
ATTN: Libm

Lancaster Regional Libraxy
ATEN: Librn

Lawrence University
ATTN:  DoCs Dept

Brigham Young University
ATIN: Docs & Map Sec

Lewis Universify Librarvy
ATTN:  Libern

Library and Statutory Dist & sSve
2 ¢y ATTN: Librn

Earlham College
ATIN. Librn

Li¢tle Rock Public Library
ATIN: Librm

Lony Beach Public Library
ATIN: Libmn

Los Angeles Public Library
ATIN:  Seriaks Div U.S. focs

Louisiana State University
ATIN:  Gov DoC Dept
ATTN: Dir of Libraries (Reg)

Louisville Free Public Library
ATIN: Librn

Louisville University Library
ATIN: Libre



OTHER  (Continued) OTHER  (Continued)

Manchester  City  Library Michigan Tech  University
ATIN:  Librn ATTS:  1ib Docs Dept
Manksto  State College niversity  of  Michikgan :
ATTN:  Gov  Pubs ATTN:  Acg Ser Docs Unit
TUniversity of Maine af Famington MiddRebury  College  Library
ATEN: Dir of Libraries ATTN: Librn
Marathon Counfy Public Library Milkersville  State  (ollege
ATIN:  Lime ATTN: Librn
Principia College Sfate Taniversity of ¥New Tork
ATTIN: Librn ATTN:  Docs Librn
Uoiversity of Marviand Milwaukee PubXic Library
arry:  Mekeldin Liveasy Docs biv ATTN: Liben
University  of  VMarvland M¥ianeapolis Public  Library
ATTX: Libro ATTX:  Labrn
University of  lassachusetis Universify of Mivnesota
ATTN: Gov [ocs (Cell ATTN: Dir of Libraries (Reg)
Mau® Public Library Minot State College
Kahu¥ui  Branch ATEN:  Libre

ATTN: Librn
MissAssippX State University
Meleese State University ATTS:  Libim
ATTN: Litim
University of  Yississippi

Memphis & Shelby County PubXic Library & ATEN:  Dir of Libraries
I1nformaticn Center
ATTINz  Librm Missouri Cndversity at Xansas <City General
ATES:  Libmn
Memphis & Shelby County Public Library &
Information Center Cniversity of Missouri Library
ATTS: Oibre ATIN:  Gov [OCS
Memphis State University WET. Libraries
ATTX: Librn ATEN: L3brm
Mercer University AMobike Pubkic Library
ATIN: Librn ATEN:  Gov Jefo Div
Mesa County Public Library Midwestern UnEversity
ATTN: Lihrn ATEN: Libm
Miami Dade Community College Wostana State Library
ATIN:  Linn ATTN: Libm
Upiversity of Miami Library Montana State Uniiversity Library
ATIN: Gov  Pubs ATTN: Librn
Mitami PubXic Library University of Montupa
ATTN: Docs Dav ATEN: Dir of Libraries (Reg)
Miami University Library Hontebelle Library
ATIN:  Dogs Dept ATIN:  Libro
Coiversity of Santa Clara Morbead  State  College
atrs:  Docs Div ATTN: Library
Michigan State Library Mt Prospect Public Library
ATIN:  Libin ATTS:z fGov't Info Ctr
Miichigan State University Library Murray  State  University Library
ATIN:  Libpu ATIN: Lib

Dist-11



OTHER  (Coutinued)

Nassau Library Syvstem
ATIN:  Librn

Natrena County Public Library
ATTS: Libry

Nebraska Library Community
Nebraska Public Clearinghouse
ATIN:  Librn

University of Nebraska at Omaha
ATTN:  Univ Lib Docs

Nebraska Western ColRege Library
ATIX:  Likm

Uniiversity of Nebraska
ATTIN:  Dir of Libraries (Reg)

University of Nebraska Library
ATTX: Acquisitions Oept

University of Nevada Library
ATTN: Gov  Pubs Dept

University of Nevada at Las Vegas
ATIN: Dir ofF Libraries

New Hampshire University Library
ATTN: Librn

New Hanover County Public Libiary
ATTIN: Librn

Yow Mexico State Library
ATTX=z Libam

New Mexico State University
ATIX: Lib Docs Div

[niversity of New Mexico
ATTN: Dir of Libraries (Reg)

University of New Orkeans Library
ATTN: Gov [oCs Div

New Orleans Public Libwary
ATTX: Libin

New York PubXke Library
ATIN:  Liben

New York State Library
ATTN: Dacs Control Cultural £d Ctr

Stafe Cniversify of New Yark at Stopy Brook
ATTS:  Main Lib DoCs Se¢

State University of New York (0} Memorial Lib
at  Cortland
ATTN: Libra

State TUniversity of New York
Aty Lib Jocs Sec

North Texas State University Library
ATTN: Librn

OTHER (Contimued)

State University of New York
ATI¥: Libem

Xew York State University
ATx: [ocs Cer

State University of New York
ATIN: Docs 9ept

New York Universits Library
ATIN: Dpgs Dept

YNewark Free Library
ATTN: Libra

Newark PublZc Library
ATTN: Libmn

Niagara Falls Public Library
ATTN:  Lam

Nicholks Sfate University Library
ATTN:  Docs Div

¥ieves 3. Flores Memorial Library
ATTN: Librn

Norfolk Public Library
ATIN: R. Parker

North Carolina Agricultural & Tech State
University
ATTN:  Lihrn

University of North Carolina at Charlotte
ATTN:  Atkiss Lib DOC Dept

University Library of Nerth Carelina at Greensboro

ATTA: Libtn

Umiversity of North Carelina at Wilmington
ATIN:  Libra '

North Carolima Central University
ATTXN: Librn

North Carolins State University
ATIN:  Lihrm

Cniversity of North Carolina at Wiladingtan
ATTN: Libam

Coiversity of XNorth Carolima
ATIN:  BA S5 Diav Dous

North Dakota State University Lilirary
ATIN: Docs Librn

University of North Dakota
ATIN:  Librn

University of North Dakotn
ATIN: Dir of Libraries

Nortl Georgin College
ATTN: Librn



OTHER (Continned)

Noxrtheast Missouri State Univeristy
ATEN: Libro

Northeastern Oklahoma State University
ATTN: Librn

Northeastern Uniaversity
ATIX:  Dodae Library

Northern Arizoma Upiversity Library
ATEN:  Gov Docs Dept

Northern YIllinois Eniversity
ATTN: Liben

Northern Michigan University
ATTN: [ocs

Northern Montama College Liburary
ATIN:  Libmm

Northvestern  Michizan College
ATTX: Libin

Yortlhwvestern State Universidy
ATTX:  Libmm

Novthwestern State University Library
ATIN:  Labmm

Northwestern University Library
ATIN:  Gov Pubs  Dept

Norwalk Publiic Library
ATTN:  Libra

Novtheastern XXKinois University
ATIN:  Library

Tniversity of XNofre Dane
ativ: - Dot Cer

Onkland Compunity College
ATIN: Librn

Oakland PubXic Library
ATIN: Libin

Oberiin College Library
ATIRE:  Librn

Ccean County College
ATTX: Libin

Qhio State Library
ATTS: Libra

Ohtio State University
ATIN:  Lib Dogs biv

Oh%o University Library
ATIN: Docs Depr

OkRahowa City University Library
ATIN:  Ellao

OkRuhoma City Cniversity Library
ATIN: Librn

Di St-13

Qlgek  (Continuved)

Cklalomn  Deparfment of  Libraries
ATIN:  U_S. Gow Docs

Upiversity of OkLakoma
ATTN:  Dots Div

014 Pominion University
ATTS:  DOC Dept Univ Lib

Olivet College  Library
ATIN: Labin

Omalia Pubkic Library Clark Branch
ATTY:  Libm

Onondaga County Public Libarary
ATIN:  Gov [ocs Sec

Oregap State  Library
ATIN: Libmn

University of Oregon
ATTS:  Docs See

Quachita  Baptist  Cniversity
ATTX: Lityn

Pan AMErican University Library
ATEN:  Libm

Passaic  Publdic  Library
ATTX: Libin

Queens  Colllege
ATIN:  DOCS Dept

Pepnsy¥vanks  State  Library
ATIN:  Gov Pubs 58¢

Pennsyivania  State  Tniversidy
ATIN:  Lib Doc Sec

Cuiversity of Pennsylvama
ATIN: T of Libraries

University of Denver
ATTN: Penrose Library

Peoria Public Library

ATIN:  Business, Science § Tech Dept

Free Library  of  Philadelphin
ATTIA: Gov  Pubs Dept

Philipsburg  Free  Public  Library
ATIN:  Library

Phoenix  Public  Library
ATIN:  Ldbrn

Cniversity of Pittshurgh
ATIS:  Jocs office, (B

Plainfield Public  Library
ATTN: L1byn



QTHER {Continued)

Popular Creek Public Library District
ATIN:  Liben

Association of Pertland Library
ATTN: Librxn

Portland Public Library
ATTN:z Libn

Portland State University Library
ATTIN: Libin

Pratt Institote Library
ATIN:  Libm

Louysiana Tech University
ATTN:  Libra

Princeton University Library
ATIN: Docs Dy

Frovidence Colloge
ATIS:  Lbrn

Providence Public Library
ATTN: Librn

Peblic Library Cincimnati § Hemiiton County
ATIN: Librn

Public Library of Nashville and Davidson County

ATIN: Librn

University of Pserto Rico
4TIN:  Doc & Maps Roonm

Purdue University Library
ATIN:  Liabra

Quinebayg Valley Comiunity College
ATIN: Libim

Auburn University
ATIN: Microforms § D0CS Dept

Repid City Public Library
ATTA: Libre

Reading Public¢ Librairy
ATIN:  Librp

Reed College Library
ATTN:  Libmn

Augusta College
ATIN: Librn

Upiversity of Rhode Island Library
ATTN: Gov Pubs {fc

University of Rhode Island
ATTN: DAr of Libraries

R1ce University
ATTN: Dir of Libraries

Louisiana Collrge
ATIN: Librn

Dist-14

OTHER (Contingedy

Richland County Public Library
ATTN: Librn f

Riverside public Library
ATTN:  Libra

TuAversity of Rochester Library
ATTS:  Bocs Sec

iniversity of Rutgers Camden Library
ATIN:  Libra

State University of Rutgers
ATIN: Lilrn

Rutgers UniAversity .
ATIN:  Dir of Libraries e

Eutgers University Law Library
ATIN:  Fed Dots Dept

Sakem College Library
ATTN: Libro

Samford University
ATIN: Libim

San Antonio Public Library
ATIN:  Bus Science § Tech Dept

San Diege County Library
ATIN: C. Jones, Acquisitions

San Diege Public Library
ATTN: Librn

Saz Dieg0 State University Library
ATTN: Gov Pubs Dept

Sap Francisco Public Library
ATI¥:  Gov Docs Dept

San Froncisce  State  Collepe
ATIN: Gov Pubs CoTl

Sar Jose State College Library
ATTN: Docs Dept

sap [U1S Obiispoe City—County Librarv
ATTN:  Libin

Savannab Public & Effingham Liberty Regional
Library
ATIN:  Libm

Scottsbluff Public Library
ATTX: Librn

Scranton Public Libravy
ATIN: Libimn

Seattle Public Librarv
ATTX:  Ref Dogs Asst



OTHER (Continued)

Selby Public Library
ATIN:  Libmm

Shawace  Library  Systen
ATIN:  Likin

Shreve  ifemoriial  Library
ATTN:  Librn

Silas Bronson Poubiic Libracy
ATIN: Llbrn

Sioux L1y Public Library
ATIN: Libim

Skidmore Colllepe
ATTN: Librp

Skippery Rock State College Library

ATIN: Librn

South  Carelina  State Library
ATIN:  LIbhim

Taiversify of South Carolina
ATIN:z Librn

Iniversify of South Carolina
ATTN: Gov Docs

South Daketa Schooel of Mines § Technical Library
ATIN:  Libkmm

South  Daketa  State  Libeary
ATI®:  Fed (0CS Dept

Cniversity of Sowth Daketa

ATIN:  Docs Libkan

South Florida University Libravy

ATTX:  Libm

Southeast Missouri Stade University
ATTIN:z Librn

Southeas€ern Massachusetts University Library
ATIS: Docs Sec

tniversity of Southern Alabama

ATIX:  Libra

Southicrn California University Libravy
ATIN:  Docs Dept

Southern Connecticut State College

ATTN: Library

Southern 11118015 University
ATIN:  Librn

Southern Illinods University
ATIN: [ocs Ctr

Southern Methodist University
ATTS: Libin

Taiversity  of Southern  Mississippl
ATIN: Libray

Dist-15

OTHER (Coutinued)

Southern  Oregon  College
ATIN:  Library

Southern TUniversity in New Orleans
ATTS:  Libmm

Sguihesrn  Ufab  State Cellege Librasy
ATTN: Docs Dept

Southwest  issouri Stote  College
ATTN: Library

University of Soathwestern  Louisiana
ATIN:  Libm

Souihwestern Cniversity
ATTN: Librn

Spokane Poblic  Librarv
ATTN: Ref Dept

Springfield City  Library
ATIN: - Docs Sec

5t  Bomaventure Unmiversify
ATIN: Libin

5t  Johus River Junier Collepe
ATTN:  Liabrary

St Joseph Public Library
ATTX:  Libyn

5¢  Lawrence Universidy
ATIN: Libry

St Louis Public Library
ATTN: Librn

St Paul Public Library

AITN:  Libm
Stawford  Universidy  Library
ATTS:  Gov focs Dept

State Historical SgC Library
ATIN:  Docs Serials Sec

State Library of lassachusetts
ATTN: Librn

State Iniversity of XNew York
ATTN: Livre

Stetson Tniversity
ATTN: Librn

Tniversity of  Steabeaville

ATN: Librn

Stockton & San Joaquin Pablic Library
ATIN:  Libin

Stockton State College Library

ATIN: 11w
Albion  College
ATIN:  Gov 02CS Librn

Library

Libraries



OTHER _ (Continued

Superior Public Library
ATIN: Libre

Swarthnore College Library
ATIN: Ref” Qept

Syracnse University Library
atrx: Docs Div

Tacoma Public Library
ATTN:  Libim

Hikkshorongh County Public Library at Tampa

ATIN:  Libanm

Temple University
ATIN: Librn

Tennessee Technological University
ATTN:  Librm

University of Tennessee
ATTN: Dir of Libraries

College of Kdaho
ATTN: Libin

Texas A § M University Library
ATTN: Librn

University of Texas at Arlington
ATTX: Library Jocs

University of Texas at San Antonie
ATTN: Library

Texas Christian University
AN, labkam

Texas State Library
ATEN: U.5. Dogs Sec

Texas Tech University Library
ATTS:  Gov Dogs Dept

Texas University at Austin
st Decs Coll

University of Tolede Library
ATLN: L

Toledo Public Library
ATTN: Sacial Science Dept

Torrance Civic Center Library
ATTN:  Libin

Traverse City Public Library
ATTX: Librn

Trenton Free Public Library
ATTN: iibim

Trinity College Library
ATTN: Librn

Trinity University Library
At Docs Coll

Dist-16

JTHER (Continuedy

Tufts University Librarvy
ATTX:  Docs Dept

University of Tulsa
ATIS: Librn

TCLA Research Library
ATTX: Pub Affairs Svc/U.S. Docs

Tniformed Services University of the Health

Sciences
ATTN:  LRC Library

University Libraries
ATTN:  Dir of Lib

Upiversity of Maiue at (Qrenc
ATTN: Librn

Unaversity of Northern Towa
ATTN: Library

Upper Towa College
aTIN:  Docs Coll

Ttah State Tniversity
ATTN: Librn

Tpiversity of Utah
ATIN:z Special Collections

Caiversity of Utal
ATTN: Dir of Library

Ttica Public Library
ATIN:  Lilo

Valencia LEbrary
ATIN: Librn

Yalparaise University
ATIX: Librn

Vanderbilt University Library
ATIN:  Gov Docs Sec

University of Versont
ATTN: Dir of Libraries

Virginia Comnonwealth University
ATIN: Labrn

Virginia Military Institute
AITN: Librn

Virginia Polytechnic Enstitute Library
ATEN: Oocs  Dept

Virginin State Library
ATTS:  Serials Se¢

University of Virginia
ATIN: pub DiCS

Yolusia County Public Library
ATIN: Libro

.



OTHER {Cousinued}

Washington State Library
atmx: Docs Sec

Washington State Uniiversity
ATIN:  Lib Dacs Sec

Washington University Libraries
ATTS: Dir of Lib

University of ‘Sashingfon
ATTN:  Docs pav

Wayne State University Library
ATTN:  Libmm

Wavne State University Luw Library
ATINz  DoCs Depr

Weber State College Library
ATIN:  Libmn

Weskevan University
ATIN:  DoCs Labrn

West Chester State College
ATIN: Docs Dept

West Covinn Library
ATIN: Librn

Cniveristy of Vest Florida
ATTX: Libro

West Georgia College
ATEN:  Lamm

West Hills Comnunity College
ATTX: Library

West Texas State University
ATTY:  Library

West Virginia Coellege of CGrad Studies Library

ATTN: Libin

University of |Vest Virginia
ATTN: Dir of Lisravies (Regd

Westerly Public Library
ATTN: Librn

Western Carolina Umiversity
ATTS: Likm

Western I1linods University Library
ATTN:  Librn

Vestern Washington University
ATTX:  Libmn

Western Wyoming Communit y College Library
ATIN: Libim

Westmoreland City Community College
ATTN: Lemining Resourre Cir

Dist-17

QTHER (Continued)

Whitwan {ollege

ATTN: Libra

Wickita State Universxty Library
ATTN:  Libmm

Williams § Mary Cellege
ATIN:  DOCS Dept

Epporin Kausas State (ollege
ATIN:  Gov Docs Div

Wikiiam Codlege Library
ATIN:  Libw

Williamantic Public Library
ATTN: Lils

Tinthrop College
ATTN: focs Dept

University of Wisconsin at thitewater
ATIS:  Gov [ocs Lib

Tniversity of Wisconsie at Milwaukee
ATIN:  Lib Docs

Cpiversity of ‘iisconsin at Oslbkosl
ATTN:  Libem

University of iscensin  at  Plaftoville
Arrs: Doc Unit Lib

University of Wiscopsin at Sfevens Point
ATTS:  Does Sec

Upiversity of Visconsin
ATTN: Gov  Tubs Dept

University of Disconsin
ATEN:  Acquisitiopns Dept

Worecester PubLic Library
ATEX:  Libm

Wright State Uniiversity Library
ATEX:  Gov DOCS Librn

Wyoning State Libraiy
ATIN: Libim

Ceiversity of fyoming
ATIN:  Docs Daw

Yale Toiversity

ATIN: Dir of Libraries
Yeshiva University
ATTN: Liibro

Yuma City County Library
ATIN:  Libim

S1mon Schwob Mem Lib, Columbus (gl
ATTN: Libra



DEPARTAMENT OF DEFENSE CONTRACTORS

Advanced Research & Apphc:‘.tions Corp
ATTS: H. Lee

JAYCOR
ATTA: A.  XNelson i
16 cy ATIN:  Health & Eavircument DIV

JRE  Associates
1+ cy ATIN: L. Novotoey

Kaman Tempo
ATIN: DASIAC
ATINz E. AMartin

Kaman  Tempo
ATTN- E- Mil¥er

Dist-18

DEPARTMENT OF DEFENSE CONXTRACTORS (Continued)

Kaman  Teupo
ATIN: €. Jones

Hatignal Academy of Sciences
ATIN: . Robinette
ATIN:  Med FoXlow-up Agency
ATIN: Nat Mat Advisory Bd

Pacific-Sierra Research Coip
ATTN: - Brode

Science Aipplications, Inc
ATTN:  Tech Lib

R & D Assocrates
ATIN: P_ Haas









