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ABSTRACT 

An aerial radiological survey was conducted over elevcn atolls and two Islands within the northern Marshall Islands 
between September and November 1978. This survey was part of a comprehensive radiological survey, which 
Included extenSive terrestnal and manne sampling, lodetermlne pOSSible residual contamlnallon which might remain 
as a result of the Untied States nuclear lestlng program conducted at Bikini and Enewetak Atolls between 1946 and 
1958. A similar survey was conducted at Enewetak Atoll in 1972. 

The present survey covered those atolls known to have received direct fallout from Ihe Bravo evenl, conduc ted in 
March 1954 at Bikini Atoll . These Included Bikini, Rongelap, Rongenk. Ailinginae, Bikar. Taka. and Utirik Atolls. In 
addition. several atolls and Islands which might have been al Ihe fringes of the Bravo fallout were also surveyed. 
inCluding Uklep and Alluk Atolls, Jemo and MeJlI Islands, and Wotho Atoll. UJelang AIOII, whIch lies approximately 
200 km southwest o f Enewetak. was also surveyed. 

The aenal survey employed a large array 01 Nal (TI) detectors mounted ex ternally on a Navy SH-3G helicopter. 
Results were processed 10 obtain total terrestnal exposure rate values, as well as the Individual contributions and 
assOCiated sOil concentration values for m cs and tiOCo. Results are presented In the form of Island-averaged 
terrestnal exposure rate and sOil concentra tion values , as well as detailed radlallon contour maps. 

Is rand-averaged terrestrial exposure rates In Ihe range 01 30-50 pRlh were observed over parts 01 BIkini Atoll , 
Including Bikini Island, and over the northern part o f Rongelap Atoll. Levels over southern Rongelap and over 
Rongerik Atoll ranged from 4-7 pR/h. Levels were somewhat lower at Aillnglnae Atoll (approximately 2pA/h) and at 
Utlrtk Aloll (approlClma lely 0.7 pR /h) . The variations observed were conSistent with what might be expected from the 
fallout pattern of the Bravo event. Levels at Alluk . Llklep. Wotha and Ulelang Atolls and at Mejl l and Jemo Islands were 
conSIstent with m cs activity. due to worldWide fallout. observed within the United States and at other locations In the 
central PaCIfic These four atolls and the IwO Islands. therefore. do not appear to have received any significant direct 
contamInation from the Bravo event or the o ther tests conduc led at elklnl and Enewetak Atolls 

A detailed aerial photographic survey uSing a large format aerial mappIng camera was also conducted between July 
and September 1978 In order to obtain photographs for use In the radialion survey. These photographs were used as 
base maps for presenting the radial Ion con tour data and were used to generate photomosaics for each of the atolls 
surveyed. A special four-camera array was also employed to obtain photographs covertng several different optical 
wavelength regions of the electromagnetic spectrum. This multispectral Imagery can be used for a variety of 
purposes, including such things as a determination of the type and vlgorol vegetation on each Island, a determination 
of the percent cover of the vartous types of vegetallon , esllma tl on of water depth around each Island and a study of 
Island usage by the Inhabitants 
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1.0 INTROOUCTION 

Dunng the period from 1946 to 1958 the United States 
conducted a number of nuclear weapons related tests In 
the PaCifiC at Enewetak and Bikini Atolls . These atolls, 
which lie approximately 4000 km southwest of Honolulu, 
are part of the northern Marshall Is lands. Afler World War 
II a United Nallons trusteeship was established over a 
portion at the PacIfic that Included the MarshaUs. This 
trusteeship IS presently administered by the United 
States Government through the Department 01 the 
Interior (001), Office of the Trust Terntory of the Pacific 
Islands (TTPI). 

Forty-three tests were conducted at Enewetak and 23 at 
Bikini . Radioactive contamination from Ihese tests was 
generally confined to local areas wlth,n the two alolls . 
Because of the prevailing wmds In the northern 
Marshalls . radioactive clouds crealed by the tests were 
generally blown in a westerly direction over open ocean 

In March 1954 the second U.S. lest of a thermonuclear 
device was conducted at Bikini This test , code named 
Bravo. resulted In a Yield 01 approximately 15 megatons. 
The radioactive cloud from the test reached an altitude of 
30 km (100.000 leet) . where winds were blowing In an 
easterly direction The unexpected wind change In the 
upper atmosphere resulted In heavy radioactIVe lallout 
over the northern part of Bikini Atoll (including Bikini 
Island) and over parts of Rongelap, Rongerik, and 
Aihnglnae Atolls located to the east. Signilicant lallout 
occurred as far east as elkar and Ullnk AtoUs. 
approximately 500 km east of Bikini . This event was 
responsible for most of the contamination on Bikini 
Island and on atolls other than Bikini and Enewelak 
which occurred as a result of the U.S. PaCifiC nuclear 
testing program 

Since 1958 numerous radiol ogical surveys have been 
conducted In the northern Marshalls to assess the Impact 
01 the U.S nuclear testing program The most 
extensive survey was conducted al Enewetak Atoll In 
1972 6 In this survey. detailed terreslnal and manne 
sampling was combined With data obtained from an 
airborne gamma ray detector system to prOVide a 
comprehenSive assessment 01 the radiological 
condlltons throughout the atoll. A cleanup plan was 
developed for Enewetak based on the data obtained 
dunng thiS survey The actual c leanup occurred between 
1977 and 1979 '0 A rehabilitatIon program was Inillated 
while the cleanup was In progress. In Aprt l 1980 the 
Enewetak people officially returned to Enewetak Atoll. 
Altr'lOugh some restrictions on land use were 
recommended for the northern part 01 the atoll , where the 
testing ac tuall y took place. the southern hall was cert Ified 
for unrestricted use by the Enewetak people. 

A cleanup and rehabi l itat ion program was also started on 
Blkml Atoll In 1969. AlthOugh a partial resettlement 
occurred, studies performed between 1974 and 1977 
indicated that the reSIdual radialion levels on Bik ini 
Island were Sl ill too high to allow a sale permanent 
resettlemen t. In August 1978 Ihe Blkinlans who had 
rese tt led on Bik inI were returned to Klii Island. 

Since the 1954 Bravo event, penodlc routine medical 
sludleS have been performed at Rongelap and Utlflk 
Atolls Radlallon surveys have also been performed at 
these atolls, as well as at other alai Is In the northern 
Marshalls.L9 None 01 these radial Ion surveys, however, 
has been as complete or thorough as the 1972 Enewetak 
survey. The United Nations trust agreemen t is presen tly 
scheduled to end In 1981 . It was lelt that a complete and 
comprehenSIve radiOlogical survey was reqUIred, pnor to 
the termination olthe agreement . over those atolls known 
to have been, or suspected 01 haVing been, contaminated 
dUring the U.S. Pacillc testing program. Such a survey 
would be the baSIS 10f a radiation dose assessment of the 
Inhabitants 

The Department 01 the In lenol (001) receIved lundlng 
through an FY78 supplement 10 cover the logistical 
support costs lor the survey Logistical support was 
prOVided by the Department 01 Delense (DOD) through 
the Department 01 the Navy (DON) TechnIcal dtrectlon 
and support were prOVided by the Department 01 Energy 
(DOEI 

The Ileid porllon 01 the northern Marshall Islands survey 
was conducted In two separate phases The Itrst, which 
took place between July and September 1978. was a 
photographiC survey, detailed aertal photographS were 
obtained for most of the atolls and Islands Within the 
northern Marshalls. These photographs were used to 
support the second phase. the radlallon survey, which 
occurred between September and November 1978. ThIS 
survey covered all the atolls known to have been 
contaminated by the' Bravo fallout Blkln. Ii sell , 
Rongelap . Rongeflk . Allingtnae. Blkal. Uttrlk , and Taka 
Atolls In addit ion. severa l alolls and Islands which might 
have been at the frtnges of the fallou t pallern were also 
surveyed. includ ing Llk lep and Al luk Atolls. Jemo and 
MeJl1 Islands. and Wotho Atoll Ujelang Atoll, whIch lies 
approximately 200 km sou thwest of Enewetak. was also 
surveyed 

The radlallon survey was Similar In scope to that 
performed In 1972 at Enewetak A toll. An aerial 
radiological survey was combined With an extensive 
terrcstrta l and manne sampling program. The aeria l 
survey prOVided complete coverage of the terres tria l 
gamma ray activIty over all land masses Wi thin each atoll . 
These results were used to derive external dose 
assessments. In the terrestnal and man ne programs 

numerous soli and vegetation samples were obtained. as 
well as samples 01 water. manne lIfe. and other food 
sources These results we re used to detlve Internal dose 
assessments. 

The present report descrIbes the photographiC survey 
and the aenal radiological survey These surveys were 
performed by the U.S. Department o f Energy Remote 
Senstng Labora tory . which IS operated lor the DOE by 
EG&G. The results of the terrestnal and manne sampling 
programs. as well as the dose assessments dertved from 
the complete radiologIcal survey, are discussed In 

separate reports. II 

2.0 PHOTOGRAPHIC SURVEY 

2.1 Introduction 

Detailed aenal photography of the maJortty of the Islands 
In the northern Marshalls was obtaIned be tween mid-July 
and mid-September 1978 Photography was done at a 
vartety 01 sca les uSing several ddlerent optical 
wavelength regions 01 the electromagnetIc spectrum. Al l 
Islands were photographed In the atolls 01 Allinglnae. 
Alluk . Blkar. Bikini . Enewetak, Lae, Llklep. Rongelap. 
Rongenk , Taka, U,ae. Ujelang. Utlrtk, and Wo tho The 
IndiVidual Islands of Jemo and Melli were also 
phOtographed. 

The purpose 01 the photographIC survey was two-Iold . 
Ftrst, It was necessary to oblaln photographs for use as 
photo maps durtng the radlallon survey and as underlays 
lor the radiation data. Second, acqUiSition of detaIled 
optical spectral information was necessary lor further 
study. Photography lor both reQutrements was 
successfully completed In addition, oblique 
photographS were obtained of Ihe maJortty of the larger 
populated Islands 

The photographiC survey was accom),)llshed by seven 
EG&G techniCians uSing DOE/ EG&G photographiC 
equipment mounled In aU S Navy EC-121 aircraft An 
opera tIonal base was established at Kwalaleln Island In 
the Kwajaleln Atoll. Dally mISSIons were flown to the 
outlYIng alolls Irom Kwajaleln Midday landIngs were 
made only at Enewetak Island on the four missions !lown 
to that atoll 

Certain films were processed at Kwajaleln to venfy 
proper coverage and to produce photo maps lor use as 
navigational aids on succeeding photograph iC !l Ights. 
Fi lm procesSing was done by EG&G personnel uSing 
DOE/EG&G procesSing and pnn tlng equipmen t set up 
Within the base photographiC laboratory on KwaJaleln . 
The majority of the 111m records were senl for proceSSing 
to EG&G, las Vegas. 
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Twelve to fifteen U.S. Navy personnel supported the 
effort by providing flight personnel. Dynarectron. a 
con tractor to the U.S. NallY, provided aircraft 
maintenance support with a crew of eight to len. 
Additional support was provided by personnel from the 
the base photographic laboratory operated on 
Kwajatem by Kenlron. 

2.2 Photographic Instrumentallon and Methods 

2.2.1 Camera Systems 

Two photographic camera systems were used. 

1) A Wild RC-l0 aerial mapping camera that produces 
228mm x 228mm negatives provided ve ry detailed 
photographs of the islands for use by the radiation 
survey crew. 

2) A lour-camera system of Hasselblad EL-70 cameras 
aligned on parallel op tical paths recorded 
Information from different portions of the optical 
spectrum by u tiliz ing a different fitm and optica l 
filter combination In each camera. 

The two aenal camera systems were Installed in the 
botto m of the EC-121 aircraft prior to deployment to the 
Islands. Two optical windows were installed in the 
fuselage 01 the aircraft so that the camera systems, 
mounted Immediately above, would view directly out the 
bottom 01 the aircraft The camera systems were installed 
on adjustable mounts to permit manual leveling of the 
cameras. For the purpose of guiding the aircraft over the 
target , a navigatIon sight . which allowed the camera 
operator to view In a forward and downward direct ion, 
was Installed in the bottom of the fuselage. 

An addit ional opti cal Window was installed on the te ft Side 
of the aircraft forward o f the engines to allow oblique 
photography of the islands out of the side o f the aircraft. 
Hand-held Hasselblad EL-70 cameras were used for this 
photography. 

Figures 1 and 2 show the EC-121 aircraft and the camera 
mounting arrangement inside the aircraft. 

2.2.2 Film Types 

Different film types were used to suit specific missions. tn 
the RC-,O mapping cameras, Kodak type 2445Aerocolor 
negative him was used lor all missions. ThiS IS a COlor 
negative film designed speci fically for aenal mapping 
purposes, it is suitable for prin ting on posit ive l ilm or 
paper. large photographs having excellent color 
rendition and detail are printed from negatives of this 
lilm. 

Flgur. 1. U.S. NAVY EC- Ill AIRCRAFT USED FOR THE AERIAL PHOTOGRAPHIC MISSIONS. BOlh 86"al camera pom and 'he na"'/gal,on sight 
Wll fll mounled In ifill lus61agll forward 01 Ihe engines. 

The lour-camera system was configured With different 
film types depending on the mission requlfements. On 
the Ini tial missions the film and filler combinations were: 

Film T~~e Filter 

Camera 1 Kodak Vericolo r II Wratten 2-A 
Color Negative Film (Haze) 
5025 Type-S 

Camera 2 Kodak Aerochrome Wratten 12 
Inf rared Film (Yellow) 
Type 2443 CC 30B 

(Blue) 

Camera 3 Kodak Plus-X Film Wratten 12 
Type 2402 (Yellow) 

Camera 4 Kodak Plus-X Film Wratten 12 
Type 2402 (Yellow) 

Kodak Veri color film IS a color negative film with an 
In tegral color mask. ThiS film can be used to make color 
prints having excellent color rendi t ion and fidelity . 
Optical information over the region of 400nm to 700nm is 
recorded on this l ilm. 

Kodak Aerochrome Infrared Type 2443 is a " false color" 
transparency film which records optical Information 

between 400nm and 9OOnm. When used with cotor­
correcting filters this wavelength range is reduced to 
approximately 500nm to 9OOnm. The color produced on 
the fmal transparency is not the one that the film is 
sensitive to, thus the term " 'alse color". Green portions o f 
the spectrum produce a blue image; red portions produce 
a green image; and near-infrared portions produce a red 
image. The combination o f the three images into an 
integral transparency has specialized use in the detection 
and interpretation of vegetation and underwater areas. 
High quality color prints having the "false colors" o f the 
original transparency can be made by use of an 
internegative . 

Kodak Plus-X fi lm type 2402 Is a panchromatic film that 
produces black and white negatives which can be made 
into detai led black and white prints. When used in 
conjunction with a Wratten 12 yellow filler the resulting 
black and white negatives and prints will have a tonal 
rendition that closely resembles the tonal values seen by 
the human eye. The optical portion of the spect rum 
covered by this film and filler combina tion is 
approximately 500nm to 700nm. 

For the primary data collection system the liller on 
camera 3 was changed from a Wratten 12 (yellow) tilterto 
a Wratten 25 (red) filter. Th is film and filter combination 
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records the optical portion of the spectrum between 
600nm and 700nm. The conflgurallon 'orcamera 30n the 
primary miSSions was 

Camera 3 

Film Type 

Kodak Plus-X Film 
Type 2402 

Filter 

Wralten 25 
(Red) 

Camera 4 was also reconfigured for the pnmary data 
collection missions. Plus-X film was changed to Kodak 
Infrared film type 2424. A Wratten 89B (infrared) lilter was 
used in place of the Wrallen 12 (yellow) filter. This 
combination of film and filter results in a recording of 
only the near-Infrared portions of the s~ectrum between 
700nm and 900nm The configuration for camera 4 on the 
pnmary miSSions was 

Camera 4 

FIlm Type 

Kodak Infrared Film 
Type 2424 

Filler 

Wralten 89B 
(Infrared) 

On some miSSions the complement of films and filters 
used In the four-camera system was vaned to meet a 
specIfic requirement. Complete techmcal details of each 
of the 'Ilms used and the speci fic Wratten filter absorption 
curves can be found In Appendix A 

Kodak Vencolor II 5025 Type-S film w~s used for all 
oblique photography. 

2.2.3 Conduct of the MISSions 

Missions were flown to meet specific requirements. On 
the Initial missions photographs were laken which 
provided the following information: number of land areas 
In each alol', size and shape of each Island, and shape of 
the atoll and reef area. The imagery was processed and 
produced at the base laboratory In the form of a black and 
while uncontrolled mosaic of each atoll The mosaic 
made possible accurate flights 01 succeeding data 
missions. The Inillal missions were flown at 4.600 meters 
altitude The mltlal flights were fl own using 80% forward 

overlap. Each frame overlaps the preceedlng frame by 
80% In Ihe dlfecllon of the aircraft flight . 

Pnmary photo miSSions were of two types. In the firs t , 
large-format cameras were used to produce a precise. 
detailed photograph of each island or land mass. In the 
second. four 70mm-lormat cameras were used to provide 
photographs of each Island or land mass in four optical 
portions 01 the spectrum By comparing data from 
radiation survey IIlghts With the photographs deSCribed 
above. the SCientists were able to correlate radiation 
anomalies with terram features. The primary-data 
missions were flown at attitudes ranging between 300 
meters and 4,600 meters. The aircraft altitude on the 
primary-data missions was adjusted to image a single 
Island on a full frame. 

2.2.4 Operational ConSiderations 

The major determinants for mission planning were 
weather. tide. and sun angle II anyone factor was 

Flgur. lA. FOUR-CAMERA HASSELBLAD SYSTEM MOUNTED IN THE EC· '2' AIRCRAFT The 
cemera $y$l8m 1'1'8$ manually le".lIed and inllla/ed nlf. nall/gellon "ghl u$ed /0 guld. 
ll1e a"crall 0,,8r 1118 I.rgell$ '110wn lorwerd 0' Ille cemera $Y$lem 

Flgur.2B. RC· 10 CAMERA SYSTEM AND NAVIGA nON SIGHT MOUN TED IN THE EC·I2f AIRCRAFT The cemere was 
le".,'ed and mille led by lhe n."igal,on "ght opera/or 
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unsatisfactory, the miss ion was postponed, cancelled . or 
hailed. 

Weather 

Clear, cloud-free weather was a requirement lor all 
photography: photography was nol acceptable that had 
cloud shadows on the Imagery. In all cases th is 
requ irement was met. 

Tide 

Low tide was the optimum time for photography because 
maximum land area was then unco .... ered. However, It was 
not always possible to lake the photographs at low tide. 
Operational constraints made it impract ical to adhere 
strictly to thi s requirement. Nevertheless, the majority of 
missions were flown within plus or minus 3 hours o f low 
tide. 

light Wi nd ow 

When performing photography over water another major 
consideration was the lig ht window avail able for 
reflection- free photography. The opt imum light window 
was determined from information about the sun angle 
and the angular coverage o f the lens systems. 

2.3 Results 

Alt hough there are approximately 300 islands in the 
fourteen ato lls photographed. over 20,000 photographs 
were o btained. Many of the islands were photographed 
several times as a result o f multiple passes over the atolls. 

Photographs obtained during the initial missions. flown 
at high altitude, resul ted in uncontrolled mosaics (Figu re 
3). These were produced from one record from the four­
camera system. After assembly of the mosaic all land 
areas were ident ified by an alphanumeric Identifier. The 
primary-data missions were then flown from this mosaic. 

The RC-l0 camera , operated simultaneously with the 
four-camera system, produced the result shown in Figure 
4. 

The tYPi cal results from a primary data mission are shown 
in Figures 5 and 6. Figure 5 is a detailed AC-l0 
photograph o f Aerik Island in Aongelap Atoll taken at 900 
meters alt itude. Figure 6 shows a detailed four-camera 
record o f Plgowak Island in Utirik Atoll photographed 
from 1800 meters alti tude. 

Semi-controlled mosaics were made from Ihe RC-l0 
Imagery for each ato ll Ihat was photographed. These 
show accurately the Shape of the atoll and some 
underwater details o f the reef area of the atoll. These 
mosaics also show the proper relationship of the islands. 
An example IS shown In Figure 7 for Utirik Atoll . 

Append ix B is a tabulation o f the date, scale. and Iype o f 
coverage for each island in the fo urteen alolls and the two 
islands o f Meji t and Jemo. The photographs tabulated in 
Append ix B were selec ted uSing the fo llOWing 
crit eria: island centered In the frame, pro per film densi ty. 
minimum surface refl ec tions off water areas, lowest tide, 
and absence o f cloud shadows. This Append ix also Irsts 
the date on wh ich oblique coverage was obtained. 

2.4 Suggested Uses of the Imagery 

The imagery o f the islands is use ful for a variety 01 
purposes beyond those o f thiS project . The large format 
colo r photography can be used for viewing stereo Images 
o f the Islands. One use o f the stereo images is estimation 
o f the depth o f underwater areas surro unding the islands 
and the reef area between the Islands. The height of trees 
and vegetation ground cover can also be estimated . 

Figure 3. UNCONTROLLED MOSAIC OF RONGERII< A rOLL PREPARED FROM 70mm BLACI< AND WHl fE IMAGERY OB rA INED ON rHE 
INlflAL MISSIONS A lpha·numfJrlC indica tors ware asSigned 10 all land masses Ihal were ViSible on Ihe photographs. 
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Flgur.5. LOW AL TlTUDE Rc-ro PHOTOGRAPH OF AERIK ISLAND IN THE RONGELAP A TO LL TAKEN A T 900 METERS AL TlTUDE 
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A wealth of addit ional in formation IS contained in the 
lour-camera film records. The coverage can be used in a 
variety of analysis applications that are beyond the scope 
01 this report Much work has been done by NASA and 
other agencies to utilize multispectral Imagery 01 this 
type. Some of the more common applications are: 

1) Determination of the type and vigor 01 vegetat ion on 
each island. Actual tree counts can be made. 

2) Determination of the percent cover of the various 
vegetation types on each island. 

3) Definit ion of the water/land in terface for a particular 
tide period when each photo was taken. 

4) Esllmation of water depths along the shoreline of 
each Island. 

5) Estimation of the percentage 01 the Islands used for 
vanous activities by the Inhabitants. 

6) Categorization of the man-made structures and 
changes. 

To perform these analyses several methods can be used . 

1) A detailed study 01 a four-camera Image sel 
provides a wealth 01 information not obtainable 
from a single-camera aerial photograph. 

2) Use of optical-mechanical viewing aids, such as 
stereo viewers or zoom transfer scopes, enhances 
the viewer's ability to extract mformallon Irom the 
photographs. 

3) UtilizatlOn of specialized photographic printing 
techniques, such as high contrast or color 
enhancement, may provide information that is not 
visible through normal printing techniques. 

4) Computer analysis 01 the imagery Involves 
digllizallon of the Images followed by manipulation 
01 one or several 01 the images in the computer. This 
technique oilers the most powerful tool tor 
complete analysis. 

3.0 RADIATION SURVEY 

3.1 Logistics 

The radiation portion of the northern Marshall Islands 
survey was conducted between mid-September and mid­
November 1978. Logistical suppon for the survey was 
provided by the USNS WHEELING (Figure 8), a missile 
tracking ship operated by the Paci fic Missile Test Center 
(PMTC) based at Point Mugu, California. Two U.S. Navy 
SH-3G helicopters were deployed with the ship. One 

Figure 8. THE USNS WHEELING SUPPORT VESSEL FOR THE RADIA TlON SURVEY 

helicopter was used as a platform for the aerial 
radiological survey. The second helicopter was used to 
provide logistical support for all groups involved in the 
rad iation survey- primarily transportation of equipment 
and personnel between the ship and shore. Helicopter 
support was provided by the U.S. Navy HC-l Helicopter 
Squadron, San Diego, California . 

A tolal of eleven atolls and two islands were surveyed. 
They are listed in Table 1 along with the actual dates on 
which the aerial surveys were conducted. The total 
survey was split into three parts, with a crew change at 
Kwajalein Atoll after the completion of the Ailinginae 
survey and another after the completion of the Watha 
survey. 

3.2 Survey Equipment and Procedures 

The aerial survey was conducted with an array of forty 
12.7-cm diameter by 5.1-cm thick sodium iodide (Nal ) 

Table 1. Alolls and Islands Surveyed 

Location Survey Dates 

Series I Rongelap Atoll 18-24 September 1978 
Utirik Atoll 25-26 September 1978 
Taka Atoll 27 September 1978 
Bikar Atoll 30 September 1978 
Rongerik Atoll 2 October 1978 
Alinginae Atoll 5-6 October 1978 

Series II Likiep AtOll 12-17 October 1978 
Ailuk Atoll 19-22 October 1978 
Jemo Island 22 October 1978 
Meji! Island 24 October 1978 
Watha Atoll 27-28 October 1978 

Series III Ujelang Atoll 2-3 November 1978 
Bikini Atoll 5-10 November 1978 
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scintillation detectors mounted within two pods hung 
externally on the helicopter (Figure 9). Signals from the 
detectors were combined in four lQ-way summing 
amplifiers also located within the detector pods. Outputs 
from the lO-way summing amplifiers were combined in a 
4-way summing amplifier located within the helicopter. 
The output from this amplifier was routed through an 
analog-la-digital converter (ADC) into a 1024 channel 
multichannel analyzer. 

A specially designed data acquisition system. called the 
REDAR III (Radiation and Environmental Data 
Acquisition and Recorder). was used during the survey. 
This is a low power , lightweight system tha t can operate 
directly from the 24 V de power available within the 
helicopter. The system used was a third generation 
version of the system originally used in the 1972 
Enewetak aerial survey, This system is normally operated 
in a special compression mode that compresses the 1024 
channels o f data into 256 channels prior to storing on 
tape. The spectrum is divided into three groups. Data in 
the first group, consisting of the lirst 75 channels, are 
stored direclly . Data in the second group, the next 330 
channels, are summed in three channel increments, and 
the summed data are stored. Data in the third group. the 
next 612 channels, are summed in nine channel 
increments, and the summed data are stored. Data in the 
next five channels are stored in channel 254. Data in 
channel 1023, which records overflow counts, are stored 
in channel 255. Neither the original channel 1024 nor the 
compressed channel 256 is used. 

This compression scheme is especially useful wi th Nal 
detectors because o f their variation in resolution with 
energy. With the foregoing compression scheme and a 
full scale energy of 2-4 MeV, the photopeak widths are 
approximately the same within each group. Thus, it is 
possible to gain a factor o f four in the amount of data 
storage requ ired without compromising photopeak 
identi fication capability. 

The 256 channels of compressed spectral data are 
recorded every second. The REDAR system has two sets 
01 spectral memories , Each memory can accumulate lour 
individual spectra. The two memories are operated in a 
flip-flop mode, every four seconds, lor continuous data 
accumulation . White one memory is storing data, the 
o ther is being transferred to magnetiC tape . 

Two additional memories are used to store nonspectral 
data. They operate in the same flip-flop mode as the 
spectral memories. The nonspectral data generally 
include aircraft position, altitude. time o f day, and special 
labels to code individual flight lines, as well as other 
parameters that might be required, such as ou tside air 
temperature and pressure , 

DelecloT Podl 

Figure 9. A NAVY SH-3G HELICOPTER WITH GAMMA RADIA TlON DETECTOR PODS A TrACHED 

Both gamma ray spectral and nonspectral data are 
acquired every one second and recorded on 4-track 
cassette tapes every four seconds. The REDAR system 
has two tape recorders . Each tape can record 
approximately one hour of data. At the end of the tape, 
the system automatically switches to the second 
recorder. If the first tape has been replaced , the system 
will automatically switch back alter the second tape is 
full. Thus, long flights can be acco mplished with very 
little attention to the tape record ing system. 

A display is available for real-time examination o f the 
spectral data. The data can be displayed in either the 
linear or compressed mode. The data can be reset. added 
to, or subtracted from the display without affecting the 
reco rded information on tape. Th is real-time display was 
utilized during the flights to help verify the proper 
operation of the system. 

An energy calibration was performed prior to each ftight 
using 22Na and w Am calibration sources. The energy 
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gain could be adjusted with in the 100way summing 
amplifiers and the 4-way summing amplifier to normalize 
the ou tputlrom each detector. Maintaining power to the 
system on a 24-hour-a-day basIs helped reduce to a 
negligible level any gain shifts that might occur within a 
given lIight. The system gain was adjusted lor a full scale 
energy of 4 MeV dunng the Rongelap, Utirik, and Taka 
sUrYeys. To help solve some low energy nOise problems 
wh ich developed, the full scale energy was changed to 2 
MeV at eikar and remained that way for the rest of the 
sUrYey. This change had no effect on the final results 
since the highest gamma ray energy obserYed was the 1.3 
MeV peak from &OCo. 

POSlllon data were obtained uSing a microwave ranging 
system (MRS). This system employs two remote units 
placed some distance apart on the ground. A master unit 
IS carned aboard the alrcralt . The distance of the 
helicopter Irom each remote umt IS determined by 
measUring the average roundtnp time of travel for a 
pulsed microwave signal These distances, which are 
recorded once each second. together with the measured 
distance between the two remote unilS, allow the aircraft 
position to be determined relatIVe to any survey 
coord inate system . Because of line-of-slght 
reqUirements for the MRS It was necessary to relocate the 
remote units several times to completely sUrYey most of 
the atolls. 

Flight lines, spaced 46 m (150 feet) apart, were normally 
flown with the aid of a steering Indicator that utitized the 
position data supplied by the MRS. For parts of some 
atolls, flight lines were lIown by visual navigation uSing 
lines drawn on photographs ob tained during the 
photographic survey. ThiS procedure was followed for 
very small or very narrow Islands where the setup time 
required for the steering indicator could not be Jusllf,ed 
The MRS system could not be used on either Jemo or 
Mej ll Islands- Jemo because of its small size and Mejit 
primarily because of the presence of tall trees throughout 
the Island. Visual navigation was mandatory on these two 
islands 

Flight lines were flown at an altitude 01 38 m (125 feet ) 
with an approximate ground speed of 70 knots . Altitude 
data were obtained from a radar altimeter and recorded 
once each second. Using the on-board readout . It was 
possible to main ta in the survey altitude to within ±5 m. 

The atolls were surveyed In sections using the RC-lO 
photographs as base maps. Each section generally 
covered a distance of 3 to 6 km. A survey baseline was 
established between two pOints , generally located near 
each end, which were easily Identif iable from the 
hel icopter and also on the photograph. Flight lines 
parallel to the baseline were then flown USing the steering 

Ind ica tor. All land masses within a given secllOn could 
then be flown at the same lime, and the radial ion data 
could be processed to overlay a single photograph. This 
approach saved a lot of time, both in flying and in data 
processing. whIch would otherw ise have been required if 
each island wtlh,n an atoll had been surveyed 
individually 

Two complete data reduc tion systems were installed 
aboard the USNS WHEELING to support the aenal 
sUrYey. One system was primarily used to perform 
preflight and pos tfl ight checks to verify that all data were 
being properly recorded on tape. ThiS system was also 
used to transfer the data to 9-track magnetic tapes for 
long term storage. The second system was used to 
perform preliminary data processing white in the field. 
FInal data processing was perform ed in las Vegas after 
completIon of the survey 

3,3 Oala Processing Techniques 

Two distinct data processing technIques were employed 
in analYZing the aenal radiation data. The first Involved 
processing to obtain total terrestrial gamma ray count 
rate data, which were then converted to total terrestrial 
external exposu re rate values. The second involved 
processing the spectral data for speci fiC gamma ray 
photopeaks The resultant photopeak count rate data 
were then converted to speci fi c radionuclide 
concentrat ions In the soil and to external exposure rate 
values lor IndiVidual radionuclides. 

A tYPical gamma ray spectrum obtained With the aIrborne 
system consists of a te rrestnal component and a non­
terrestrtal componen t. The non-terrestria l component IS 
due to cosmiC ray contnbutlons and to small amounts of 
natural radioactivIty With in the aircraft itself. This 
component IS generally constant within a gillen location 
and can be obtained by flYing over water, well away from 
land. By subtracting this water background component 
from the total spectrum obtained over land, one obtains 
the net terrestria l component . 

Net terrestnal gross count data were obtained by 
summing all the coun ts between 50 keV and either 2 or 4 
MeV and subtracting a constan t obtained by summing 
the counts over the same energy range for a typ ical 
nearby water background. These resu lts were converted 
to external exposure rate values. In pR / h 
(micro roentgens per hour) at the 1 m level , using a 
conversion facto r of 2300 cps (counts per second) 
per pR/h. The denvalton of thiS converSion lactor IS 
discussed in Section 3.4. 

An examinat ion of spectral da ta obta ined during the 
aenal survey showed that the primary gamma ray 
emltling rad ionuc lides still remaining from the nuclear 
testing were IllCS and eoco, with 131CS generally 
dominating . Concentration values for these 
radlonuclldes, as well as thei r ind iVidual contribut ion to 
the ex ternal exposure rate, can be obtained from thelf 
respective net photopeak coun t rate data 

Procedures used to remove background contribu tions 
Within the I37CS or the GOCo photopeak window and the 
GOCo contributions in the I31CS photopeak window are 
based on the fact that the spectral Shape for any given 
Isotope or combination of Isotopes, as well as 
background and cosmic ray contributions, remains 
essentially constant over rather large va riations In 
In tensity. For this reason , the ratio between any two 
regions 01 the spectrum Will remain essentially constant. 

Figure 10shows a typical spectrum containing 131CS and 
60CO supenmposed on a background spectrum 
containing contrlbullons from naturally occurring 
uranIUm, tnonum, and potassium. as well as cosmic ray 
contributions. Four puls&-height wtndows are also 
shown. Wmdow 1 (from 60010 750 keV) IS centered on the 
131CS photopeak. Window 2 (from 750 to 1000 keV) 
defines a region between the I31CS and the GOCo 
photopeaks. Window 3 (from "00 to 1400 keV) spans 
both photopeaks from &OCo. Window 4, whi ch includes all 
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coun ts above 1400 keV, contams on ly con tnbutions from 
the background Four striPPing coeffi Cients are defined 
as follows 

" ~~n§ow d . for a normal background spectrum 
In ow 

# ~!n§ow ~ , for a normal background spect rum 
In ow 

y »;Ingow ~ , for a normal background spectrum 
In ow 

• Window 1 lor a pure roco spectrum 
Window 2 ' 

The 6Oeo phOlopeak count rale (C R) IS then given by 

CR(60CO) (Cts. In 3[- 'I [CIS In 4J . (1) 

where the second term represents the contnbutlon due to 
background gamma rays wlthtn the f>(JCo photopeak 
Window For mes, bo th the background contnbutlons 
and that due to Compton scatterE.d gamma rays from 
saCo must be removed trom the photo peak Window 
Thus, 

CR( 137CS) = ICts In 11 - [Contribullon In 1 due to 
normal background I - (ContributIon In 1 
due to SOCo] 

Usmg the coeffICients and wmdows defined above, thIs 
can be wntten as 

CR(131CS) [Cts. In 1] - n[Cts m 4J 
(2) 

-0 [(Cts In 2) -JJ (Cts In 4» 

In the third term, the background counts In Window 2 
must first be subtracted away. Tne remaining counts are 
due to saco gamma rays . They are then used to subtrac t 
away the soCo con tnbution Within the 13rcs photo peak 
Window. Equation (2) can be rewritten as 

CR( 13/Cs) - (Cts . In 11 -blCts In 2] 
(3) 

-[il-<'I JJJ(C ts. In 4J 

Equations (1) and (3) were used to obtain photopeak 
count rate data for 6OCO and 137Cs, respectively . Software 
routines were used to extract the window coun ts from the 
spec tral data on a second-by-second basis. The stripping 
coefficients 0' , (1, and y were obta ined from background 
spectra over water. To obtain the stnpping coeff icient li It 
was necessary to generate a pUfe 60CO spectrum, which 

was done uSing data obtained at Bikini Alo ll. Spectra 
were obtained over two areas containing approximately 
the same levels of 6OCO but qUite dIfferent levels o f m cs. 
After subtracllng the water background from each 
spectrum, a weighting facto r was apptled to one to 
normalize the counts In the 6OCO photopeak Window from 
both spectra. The normalized spectrum containing low 
137Cs was then subtracted from the spec trum containing 
high m cs. This led to a pure 131CS spectrum. Another 
area was located tha t con tained high levels of 6OCO and 
low levels of m cs. After subtracting the water 
background, a series o f weighted pure 131CS spec tra was 
subtracted unlll the I37CS photopeak disappeared. This 
procedure led to a pure 6OCO spectrum, from which li 
could be determined. The pure I37CS and saCo spect ra 
were also used In the denvation of the gross count 
converSion faclOr as d iscussed In Section 34 

Radiation data were processed uSing the above 
techniques and coordinated on a second-by-second 
baSIS With the position data obtained from the MRS. 
Results were processed In the form o f radiation con tours 
supenmposed on aenal photographs 

POSition da ta were scaled to a photograph uSIng several 
tie-down pomts located Within each survey area. The 
pOints chosen were prominent feat ures on the ground 
that could eaSI ly be seen from the helicopter and also 
readily IdentifIed on the photograph. A cross type 
pallern, centered on each reference pOint , was flown WIth 
the helicopter. These I light hnes were then processed 
and plotted so that the cen ter 01 each cross COinCided 
With the appropriate spot on the photograph. This 
prOVided the necessary scaling fac tor for procesSing the 
radl8tlon data to overlay the photograph 

The radiation data were processed In the lorm o f 
alphabeltc symbols that deSIgnated discrete count rate 
Intervals. An appropriate symbol was plo tted at the 
appropriate posillon for each one-second data pOint 
along a flight line. Contour lines were then drawn after all 
flight Imes had been processed. The lowest count rate 
in terval , designated an A level , was chosen to Inctude all 
the purely statistical lIuctuatlons around zero resulting 
from the background subtraction procedures. All water 
background areas are thus represented by an A level. The 
magnitude of the statlsllcal fluctuations determmes the 
mInimum detec tability for the aerial system. Thus, A 
levels over land represent terrestnallevels that are below 
the detection sensitivity o f the system. The count rate 
Intervals represented by the alphabet symbols were 
converted to exposure rate or concentration Intervals for 
the final data presentation. 

In addition to the radiation contours generated from the 
aerial radiati on data, an inventory routine was used to 

derIVe Island-averaged values for the larger Islands Within 
each atoll. This rou tine sums together the actual net 
coun ts for each one-second data point located Within a 
selec ted area (generally chosen to Include a single Island 
or several Islands lying close together). The Iota I net 
counts divided by the total pomts within the island(s) 
leads to an island-averaged count rate. This coun t rate 
can then be com'erted, as appropriate, to an island­
averaged exposure ra te or activity level . 

3.4 CONVERSION FACTORS 

Gamma ray count rate data obtained With the airborne 
detector system can be used directl y to determine 
relatIVe activity. It IS more useful , however, to conve rt this 
type of data 10 eqUivalent exposure rate values (at the 1 m 
level) or to specific radlonuc ltde concentratio n levels In 
the SOIL Details on the derivatIon 01 converSion lactors 
relallng photo peak count rate data to source actIvIty in 
the soil are presented In Appendix C. BaSIcally, the 
den vat Ion Involves a calculallon of the unscatlered 
gamma ray flux at some height above ground. for a given 
source dIstribution, combined With an experimental 
calibration 01 the detector response to a given flux . 

To calculate the converSion factors, It IS necessary to 
measure or make some assumptions about the source 
distnbution with depth In the SOi l. For fallout activity the 
dlstnbutlon atter a penod of time can be reasonably 
approximated by an exponential dlstnbutlon given by: 

s, ~ 'HZ ;::o, e 

where 

S? the ac tivI ty per unit volume at the surface 
(l::/sec ) and 
;;;;r-

(. the reciprocal of the relaxation length (cm I). 

(4) 

Figures 11 and 12 show the converSion factors for IJ1Cs 
and 60 CO , respectively, rela t ing the average 
concen tration In the top z em, S~, to the net photopeak 
count rate, Np , for a wide range o f depth distributions. 
Conversion factors are given for the 40-detector array at a 
survey altitude of 38 m. The effect of the depth 
distribution on the conversion lactor varies significantly 
depending on the depth over which the average is taken. 
For example. the conversion factor relating photopeak 
coun t rate to average activity in the top lDcm Is not nearly 
as senSItive to variations In the depth distribution as that 
for the 40 cm average. 
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In practice. the depth distribution can vary significantly 
from pOint-to-point and from island-to-island. To obtain 
the "best" conversion factors lor the aerial survey data, a 
tolal of 63 depth profiles for 131e s, obtained on six 
different islands at Aongelap Atoll during the terrestrial 
portion of the survey, were fit to an exponential 
d istribut ion. The range over wh ich the measured depth 
d ist ribut ion va ried IS shown in Table 2. These results were 
used to derive weighting lactors which were applied to 
the various depth distribut ions shown In Figure 11 to 
oblain a weighted average value for the appropriate 
conversion facto r. The results are summarized in Table 3 
for several di fferent depths of integration. Insufficient 
data existed to obtain similar depth distribution prof iles 
for &aCo. An assumption was made that the lIOCo depth 
d istribution wou ld be similar to that 01 mcs. Table 3 
contains we ighted average conversion factors for 6OCo 
based on th is assumption. These conversion factors 
assume the photopeak window inc ludes both 
photopeaks from 60CO. 

Concentration data given in Section 3.5 and in Appendix 
o are expressed in terms 01 the average concentration in 
the top 10 cm. Table 3 can be used to convert any of these 
data to average concentration over other depths. For 
example, it might be more useful lor uptake studies to 
know the average mes concentration within the top 25 
cm. Th is average can be obtained from the 10 em databy 
multiplying by 0.67, the ratio 01 the two appropriate 
conversion factors given in Table 3. 

Conversion factors relatmg net photopeak count rate 
data to exposure rate can be obtamed directly from the 
concen tration conversion factors uSing data given by 
Beck et al. 12 This reference provides tables fo r various 

Table 2. Relaxation Lengths Determined by 
FittIng Slxty·Three m es Depth Profiles 
to an Exponential Oepth Distribution· 

Relaxation Calculated 
Length , Number of Weigh ting 
1/ 0 (cm) Profiles Factor (0Ia) 

3 - 5 1 2 
5 - 7 4 6 
7 - 9 8 13 

9 . 11 9 14 
11 • 15 22 34 
15 - 20 3 5 

20 - 30 8 13 
> 30 8 13 

'Oata were obtalnea on Silt Islands at Rongelap Atoll dUring 
the teHestrial portion 0 \ the survey 

Table 3. Conversion Factor. '0' lHCS and 
" Co Relating Net Photopeak Count 
Rate Dala, N", to Average Concentra· 
tlon In the Top z em, S!,. Using a 
Weighted Average to Account '0' 
Observed Va riations In the 
Depth Distribution 

Averaging S' ( C I ) Conversion Factor N' .E!2!9 
Depth, Z pcps 

(em) 131CS I " Co 

5 8.2(10 ' ) 3.9(10 ' ) 
10 6.9(10" ) 3.3(10 ' ) 
15 5.9(10 ' ) 2.8(10 J) 

25 4.6(10 ' ) 2.2(10 ' ) 
40 3.5(10 ' ) 1.5(10 l ) 

radionuclides thai relate the external exposure rate atl m 
(in pR/h) to source act ivity In the soi l as a function of 
source depth distribution. A weighted average was again 
used to account for observed va riations In the depth 
distribution. The variation of the exposure rate 
conversion factors with depth distribution, however, is 
not nearly as great as that 01 the concentration 
conversion factors . Errors in exposure rate values due to 
uncertainly in depth are less than 5% even for the two 
ext remes obtained from the Rongelap profile data given 
in Table 2. The final data given in Section 3.5 and 
Appendix 0 are based on a conversion lactor of 3.9( 10 J) 
pRth per cps lor m es and 8. 1 (10 J) pR/h per cps for GOCo 
(assuming the photopeak window includes both 
phOtopeakS) . 

The photopeak exposure rate convers ion facto rs were 
used to derive the total gross count conversion factor in 
the following manner. A pure mcs and a pure fIOCo 
spectrum were derived from the aerial data at Bikini Atoll 
(as discussed previously). These spectra were used to 
obtain a ratio between the total counts and the 
photo peaks counts for each individual isotope. These 
ratios were then used to obtain a total count conversion 
lactor from the photopeak conversion factor for each 
isotope. A detailed invest igation 01 numerous spectra 
from Bikini . Rongelap, and Rongerik Atolls was made to 
determine an average value for the fraction of the total 
gross counts due to mcs and the fract ion due to &aCo. 
These values were then used as weighting lac lars 10 
derive the tota l gross count conversion factor. 

3.5 RESULTS 

The results of the aerial radiation survey are summarized 
in Figure 13. The data given represen t island· averaged 
terrestrial exposure rate leve ls lor selected islands within 

each of the atolls surveyed. Similar data are presented in 
more detail In Figures 14· 16 for BIkini , Rongelap, and 
Rongertk Atolls. These were the only atolls surveyed 
which showed any signi fican t va riation in radiation levels 
within the atoll. Leiter labels were used to designate 
discrete exposure rate in tervals. These were the same 
intervals chosen for producing the detailed rad iation 
con lour maps wh ich are presented in Appendix D. An A 
level (less than 0.07 pR/h) represents typical water 
background. Although B levels were observed in the 
detailed con tour maps, the lowesl Island-averaged 
values obtained were in the C level range (from 0.14 to 
0.30pR/h). Similar data are presented, for comparison, in 
Section 3.6.3 for the con tinental United States. 

In o rder to obta in the total external exposure rate , it is 
necessary to include cosmic ray con tributions. A value of 
3.3 pR/h has previously been assumed for this 
component lor atolls with in the northern Marshalls.5 

Al so shown as an insert in Figure 13 is the estimated 
fallout pa ttern from the March 1954 Bravo event 
conducted at Bikini Atoll. 13 The aerial rad iation survey 
results correlate ext remely well with the estimated lallout 
pattern. ThiS suppo rts the assumpt ion that most o f the 
residual terrestria l radioactivity on atolls due east 01 
Bikini resul ted from fallout from the Bravo evenl . 

Numerical values for the island·averaged terrestrial 
exposure rate are given in Table 4 for selected islands 
within each atoll . These values were obtained by 
numerically averaging the individual second-by·second 
data points obtained over a given island. For islands 
having a width less than approximately 300-400 meters, a 
correction factor was applied to account for the large· 
area averaging properties of the airborne system. Th is is 
discussed in more detail In Section 3.6. 1. Islands are 
identilied uSing the code numbers assigned during the 
photographic survey (see Appendix B) . Names given 
rellect the Marshallese spelling whenever available. 
Otherwi se , names given are those obtained Irom existing 
navigat ion charts . 

With the exception of Bik ini Atoll , where local nuclear 
testing look place. the aerial data showed that changes 
in the average radiation levels with in a given atoll 
occurred in a systematic manner. In fact, for most 01 the 
alolls surveyed. the island·averag ed values were 
essentially constant throughou t the atoll. Those islands 
specifically listed in Table 4 were selected to provide 
representative coverage for each of the atolls surveyed. 
Radiation levels on other islands can be inferred Irom 
those given in Table 4. 

The summary data presented in Figure 13 and in Table 4 
show that the highest levels measured during the aerial 
survey occurred over parts of Bikini Atoll and over the 
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northern part of Rongelap Atoll. levels decreased qUi te 
rapidly, by essentially a factor of ten, gOing from the 
northern part to the southern part of Rongelap. levels at 
Rongenk Atoll were Simi lar to those observed over the 
southern part of Rongelap. Somewhat lower levels were 
observed at Allmglnae Atoll Although the levels 
observed at Ullnk, Taka, and Blkar Atolls were 
approximately a factor of len lower than those In the 
southern part of Rongelap, and a factor of 50~ I 00 limes 
lower than those measured over norlllern Rongelap, they 
were StlU approximately two to three times higher than 
those observed over the remaining atolls . This IS 
consistent With the eSllmated fallout pattern from the 
Bravo event As shown In Figure 13, the remaining atolls 
and Islands covered dunng the radiAtion survey have 
essentially the same terrestrial radlallon levels The 
numencal data In Table 4, however. does Indicate slightly 
higher levels over Mellt Island and Ihe northern part 01 
Alluk Atoll These areas represent the limits at which 
direct fallout from the Bravo event can still be detected 
uSing the aerial radiatIOn survey data 1\ is Important to 
pOint out that although the levels observed at Me/It Island 
are slightly higher than Ihose observed for southern 
Ailuk , lIklep. Watha , and U/elang Atolls , the actual values 
Invofved are extremely low It would be difficult for most 
standard survey Instruments 10 measure this difference, 
or, for Ihat mailer. to distingUish between levels 
measured over land and those measured over water at 
any of Ihese locations. 

In addition to the lotal terrestnal exposure rale values. 
Table 4 also gives the individual Island·averaged 
contributions duc to mcs and I,(jCO for Rongelap. 
Rongcnk , and Bikini Alolls. Values lor IlICS are also 
presented lor Aillnginae Atoll These results were 
obtained Irom photopeak count rate data. as discussed In 
Section 33 levels were too low at the other atolls for 
procesSing the second·by·second radiation data In this 
manner Since the IndiVidual IJICS and 60CO 
contribu tions were obtained from thelf respective 
pholopeak count ra te data, and the total terrestrial 
exposure rate was obtained Independently from the tOlal 
spec trum count rate data, the sum of the two components 
should not necessanly be expected to equal the total. On 
the average, however, the sum of the two IndiVidual 
components does agree well With that obtained from the 
total gross counts . This supports prevIous data which 
Indicates that there IS little or no naturally occurnng 
terrestrial radioactivity wlthm these coral atolls. Detailed 
spectral analYSIS also confirmed tha t 1.1lCs and 6OCO were 
the only two gamma-emitting radlonuclldes eXisting Wi th 
su ll icien t activity 10 allow posl1tve Idenltllcatlon from the 
aerial survey data. It was necessary to obtain a summed 
spectrum over a large area of a given Island to perform 
this Iype of analYSIS lor most 01 the atolls surveyed The 
summed spectral data showed low levels 01 &VCo at 

Table 4. Is Ian d· Av e ra ged Terrestrial Exposure Rate and Concentration Valu es Deriv e d 
from the Aerial Survey Data 

Average Terrestrial Exposure Average Concentra tion 
Rate (JJR/h at 1 meter)" in Top 10 cm (pCI /g, 

wet Weight ) 
Tota l 

Island Island Gross IJ7CS " Co I l ocation Number Name Counts Component Component IJ7CS " Co 

Blkml 9- 1 Nam 32 21 9.0 37 3.7 
Atoll 9-2 Iroll' 12 6.8 5.2 12 2. 1 

9-3 Od rr k ' 4.4 1.6 3.6 2.8 1.5 
9-4 lomlilk' 40 21 20 37 8.1 
9-5 Aomen' 8.6 4.6 3.6 8.1 1.5 
9-6 Bikini 35 31 1.8 55 0.7 
B-l0 ROlkere ' 16 15 1. 4 27 06 
B-12 Eneu 2.7 23 0.2 41 0.1 
B·13 Aeroko, 'ol ' 05 

,. - - - -
B·15,16 Lele, Eneman' 6.4 1.3 2. 8 2.3 1.1 

B· 17 Enldrrk 79 42 2.1 7.4 0.9 
B·18 lukol ' 46 37 9.0 66 37 
B-19 Jelete ' 50 44 90 78 3.7 
B-2 1 Oroken' 16 11 5.0 20 2.0 

Rongelap F-l Naen 43 42 3.0 74 1.2 
Atoll F-5 YugUl · 39 38 2.8 67 1. 1 

F-7 lomurlal 33 32 2.2 57 0.9 
F-9 Lukuen' 29 28 1.7 50 0.7 

F- 13 Kabelle 14 14 0.9 25 0.4 
F-22 Gabelle 9.0 8.8 0.5 16 0.2 
F·25 Gogan ' ,. 13 0.6 23 0.2 
F-33 Entaetok 10 10 0.5 18 0.2 
F-38 Busch' 5.3 5.5 0.2 9.7 0.1 
F-42 Rongelap 4.5 4.5 0.2 8.0 0. 1 
F-43 Arbar · 4.1 3.7 0.3 6.5 0.1 
F·47 Tu fa ' 5.2 4.6 0.3 8.1 0.1 
F·4g Borukka' 7.2 6 8 0 4 12 0.2 

Rongerr k G-2 Laloback 5.8 6.0 0. 4 11 0.2 
Atoll G-5 Brgonaltam 6.5 6.6 0.4 12 0.2 

G-6 Ronge fl k 6.0 6.0 0.4 11 0.2 
G·l 1 Emwetak' 4.8 4.1 0.3 7.3 0. 1 
G· 12 Bock' 75 7.6 0.5 13 0.2 

Alhnglnae C-8 MaJokoryaan' 2.4 2.5 - 4.4 -
Atoll C· l 0 Knox 1.5 1.4 - 2.5 -

C- 15 Ucchuwanen ' 1.9 1.9 - 3 4 -
An 8001110nlll 3 3 ~RIh due to cosmic ray contributions muSI De aOded to ootilin Ihe tOlal exlernal exposure rote 
A da!l1lndiCale5 aCllylly Illvel, were 100 low TO allow processing for Ihe second·oy,sDCond photopeak count falO C!ala 

. Correction tactol applied to account tor small Island sile (see $echon 36.1 anC! Figure 20) 
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Table 4. I s l a nd - A ve r ag ed Terrestrial Exposure Rate and Concentratio n Va lue s Der ive d 
Irom the Aerial Survey Data (con tinued) 

Average Terrestnal Exposure Average ConcentratIon 
Rate !pRl h al 1 meter) " In Top 10 em (pel/ g, 

we t Weight) 
Total 

Island Island Gross 1J7CS " Co 
Location Number Name Coun ts Component Component ' 31CS "'Co 

Ailingmae C-t9 A.b,noun' 1.9 2.0 " 3.5 -
Atoll C-23 Enlbuk' 1.8 1.7 - 3.0 -

(continued) C-24 Magin . 1.8 20 - 3.5 -
C-27 Silo 1.5 1.4 - 2.5 -

Ulmk )-3 Pigowak' 0.75 - - ( 1.3) ' -
Ato ll )-6 Utlflk 0.73 - - (1 .3) -

I-B Aon 0.69 - - ( 1.2) -

e ,kar D-I Jaboerukku' 0.50 - - (0.88) -
Atoll D-4 Bikar ' 0.52 - - (0.92) -

Taka H-4 Taka 0.42 - - (0.74) -
Atoll 

Mepl 0.27 - - (0.48) -
Island 

Alluk A- I Kapen 0.25 - - (0.44) -
Atoll A-4 Enalelar 0.25 - - (0.44) -

A-7 Blgen 0.24 - - (0.42) -

A-20 Allel 0.22 - - (0.39) -
A-33 Bererjao 0.19 - - (0.34) -
A-51 Alluk 0.20 - - (0.35) -
A-53 Agulue 0.21 - - (0.37) -

Jemo 0.22 - - (0.38) -
Island 

Ukiep L- I Mato 0.21 - - (0.37) -
Atoll L-30 Jiebaru 0. 19 - - (0.34) -

L-37 Liklep 0. 19 - - (0.34) -
L-55 Kapenor 0.22 - - (0.39) -

Watha M- I Medyeron 0.20 - - (0.35) -
AtOll M-4 Watha 0. 19 - - (0.34) -

M- 17 Kabben 0.22 - - (0.39) -
Ujelang J- 17 Dalsu' 0.21 - - (0.37) -

Atoll J- 18 Ujelang 0.20 - - (0.35) -
J-22 Elmnlapp ' 0.22 - - (0.39) -
J-25 Kala' 0.21 - - (0.37) -

Values Qlvtm In parentheses were mterred Irom the to tal gross counl Oata 
• Correc1ion lac tor applie<1 10 ~ccouni lor sma ll Islano size (see Section 36. 1 and Figure 20) 

Ailinginae as well as 137CS, which had been observed in 
the single-second spectral data. Positive Identification of 
both Illes and 6OCO was obtained at Utink Atoll. Only 
m cs could be identlfted for the remaining atolls and 
Islands. Two tYPical summed spectra , obtained over 
Bikini and UJelang Islands, are shown In Figures 17 and 
18. These are net terrestrial spect ra obtained by 
subtrac ting a normalized water background spectrum to 
remove cosmiC and aircraft background components. 
Both m es and &aCo can be iden t ified In the Bikini 
spectrum, while only m cs can be seen In the Ujelang 
spectrum. These two spectra have been normalized to the 
same system live time, so the vert ical counts-per-channel 
scale serves as an indica tor o f the re lative act ivity on the 
two Islands. 

In add Ilion 10 the exposure rate data. illS also possible to 
obtain SOil concentration values from the photopeak 
count rate data as discussed In Section 3.4 and Appendix 
C. These values are also gIVen in Table 4 In terms o f the 
average concentration, in pCilg (wet weight), Wi thin the 
top 10 em. Average concentration wi thin other depth 
Intervals can be obtained by multiplYing by the 
appropnate rallo 01 the converSion lactors given In Table 
3. For example , the average m cs concentration Within 
the top 15cm can beoblalned by mul t iplYing the values in 
Table 4 by 0.86. MultiplYing by 0.67 gives the average 
concen tration in the top 25 em . Although SOil 
concen tration data cou ld not be obtained directly for 
some of the atolls surveyed due to the low levels 
Involved, It IS pOSSible to Infer these values by assuming 
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IJ1Cs IS Ihe only significan t contribu tor 10 the lola I 
ter reslrral exposure rale. For companson, concentration 
values obtained In Ihls manner are given In parentheses 
In Table 4 

3.6 DISCUSSION 

3.S.1 Comparison with Ground Data 

The primary dillerence between data obtamed with the 
airborne system and that obtained from ground 
measurements IS the difference in area covered In a 
single measurement Each one-second data pOint 
obtained with the airborne system covers an area several 
thousand limes as large as a measurement made at 1 
meter. such as a typical Ionization ch amber 
measurement, and several million limes as large as a 
typica l SOIl sample. For an Ideal unIform distrrbution 
ex tending over a large area, each type 01 measurement 
should. In principle, lead to the same results. In practice, 
however, II IS not unusual to lind some local vana l lon in 
radiatIOn levels from POint-to-point on the ground. even 
over rela tIvely constant areas The degree to whIch aenal 
data agrees or disagrees with ground data depends to a 
large extent on the magnitude and spatial exten t 01 local 
van at Ions which mIght eXist, combined wIth the number 
of ground measurements made within a gIven area In 
general . the more variable the radiation levels are within a 
given area, the larger the number of ground 
measurements requited to obtain a large-area average 
comparable to that obtamed with the airborne system 
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Local vanallons In radiation levels are a particular 
problem for Bikini Atoll , where nuclear testing took place. 
ThiS is illustrated in Figure 19, where the maximum levels 
observed over the atoll are shown Instead of the Island­
averaged values given In Table 4 and shown In Figure 14. 
Signi li cant variations can be seen from one part o f an 
Island to another for several of the Islands Within the atoll. 

The maximum levels shown In Figure 19 (and also In the 
detailed radiation con tours gIVen In AppendiX 0) may be 
lower. in some cases, than those actually measured on 
the ground. ThiS IS due to the large-area averaging 
property of the atrborne system high level activity 
con fined to a small area Will appear as a lower level of 
activity but spread out over a targer area. Although this IS 
nol a slgnlltcant factor when com put 109 area-averaged 
values over large areas, such as the Island-averaged data 
given in Table 4, It can Influence detailed pOlnt-by -pomt 
compansons between ground dala and aenal data 

The factors used to convert aenal data to ground level 
exposure ra te or SOil concentralion values assume an 
mflnlte source distribution In the hOrizontal plane. In 
practice, thiS Implies a source dlstnbutlon which IS large 
compared to the fleld-of-v lew of the alfborne system. 
ThiS cntefla was satlsfted In the present survey for Islands 
haVing a Width greater than approximately 400 meters. A 
" 'mite source" correction fac tor was reqUired for smaller 
Islands. Figure 20 gives a curve shOWing the appropriate 
correclton factor as a function 01 nominal Island Width. 
This curve was developed emptrlcally by comparing 
radiation levels Inferred from the aenal data for small 
Islands WIth those obtamed over nearby large Islands In 
areas where the average radiation levels appeared to be 
essentially constant . The emptrlcal results agreed qUite 
well With theoreti cal calculations o f finite source 
correc tion lac tors, I. Island-averaged data presented in 
Table 4 and In Figures 13-16 have had a finite source 
correc tion factor applied, whenever necessary The data 
presented in Figure 19. showing maximum levels 
observed at Bikini Atoll , and the detailed radiation 
contour data presented In AppendiX 0 have not been 
corrected lor thiS effect. Figure 20 can be used to obtain 
an approximate correction lactor , as reqUired . for these 
data 

Vegetation attenuation could also account for some 
difference between ground data and data inferred from 
aenal measurements. Expenments conduc ted at 
Enewetak , however, indicated that thiS IS not a Significant 
fac tor for m cs and 6OCo gamma ray energies. Even for 
the 60 keV gamma rays from w Am, brush attenuatio n led 
to only a 15% reduction in the unscattered gamma ray 
flux 10 Another Indication thai vegetation attenuation was 
not a Significant factor IS the good agreement between 
terrestnal exposure rale data obtained from the 
unscaltered gamma ray photopeak data and that 

obtained from the total count rale data, which Includes 
scattered gamma rays (see Table 4) . 

Tables 5 and 6 show some direct comparisons between 
the aerial survey data and ground measurements: SOil 
concentra tion data are compared In Table 5 and 
exposure rate data are compared In Table 6. Average 
IllCS activity in the top 10 cm and the top 25 cm are 
compared in Table 5 for several islands at Aongelap Atoll . 
The soil sample result s were based on preliminary 
analYSIS of profile samples obtamed dunng the terreslflal 
portion of the present survey. The concen tration values 
obta ined from the aerial data are expressed in Untts of 
per/g , wet weight, In Table 4. These values were 
converted to pCI/g. dry weight , by assuming an average 
soi l mOisture content 01 15%, In order to comparedirecUy 
With the SOil sample data The 25 cm average values were 
oblalned by multiplYing by the ratio of the appropriate 
converSion factors given In Table 3 (see Secllon 3.4). 
ConSidering the rather high degree of vanablltty 
o bserved In the soH sample data and the limited number 
o f samples obtained. the results shown In Table 5 agree 
reasonably well Because the aerial data are based on a 
weighted average of the depth dlstnbutlons observed 
(see Table 2). one might expect the 25 cm SOil sampte 
data. which also tends to average out variations In depth 
distribution, to agree better than the 10cm data. ThiS was 
Indeed found to be the case. 

The exposure rate data given m Table Swere obtained by 
Brookhaven National Laboratory (BNL) in 1976and 1977 
uSing an lonlzalton chamber. which measures total 
external exposure rate. In order 10 compare these results 
with the aenal data, II was necessary to add the cosmiC 
ray con tnbutlon (assumed to be 3.3 JJA/h) 10 the 
lerrestnal exposure rate data given In Table 4. Agam. 
co nSid e ring Ihe limited number of ground 
measurements, the agreemenl IS qUite good. 

Perhaps the most extensive senes of ground 
measurements taken on a single island in the northern 
Marshalls were made In 1975 al Bikint Island by the 
Lawrence livermore National Laboratory .!> A total 012500 
exposure rate measurements were made on a 30 m 
reclangular gnd over the entire surface of Bikml Island, 
The Istand-averaged terrestrial exposure rate ob tained 
lrom Ihese measurements was 36 pAth. This compares 
extremely well With the value of 35J,1AIh obtained from the 
aenal survey data. SOil samples taken during the same 
survey gave an average mcs activity in the top 15 cm o f 
41 pCi/g, and an average 6DCo activity in the lOp 15 cm of 
0.74 pei/g. These values also compare extremely well 
WIth the 15 cm average values obtained from the aerial 
survey data (47 pCI/g for mcs and 06 pCI/g for 6DCo). 
The 15 cm average values were obtained from the 10cm 
data given in Table 4 by multiplying by the appropnate 
ratio 01 the conversion lactors given In Table 3. 
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Table 5. Comparison Between Soli Sample Data and Aerial Dala Obtained al Rongelap Aloll 

Average 137CS Concentra lton (pCi tg. dry weight) 
Top 10 cm Top 25 cm 

Island SoIl Sample Data' AerIal Data" SoIl Sample Data' 

Naen 95 I 65 (6)1 85 53 .!. 29 (61 

Yugui 107 (1) 77 46 (1) 

Lomuital 47 ± 22 (4) 66 33 :! 14 (4) 

Kabelle 27 + 40 (5) 29 16 • 16 (5) 

Enlaetok 13 :!. 9 (5) 21 9.3 :t 6.0 (4) 

Rongelap 14 ' 8 (23) 9.2 7.7 .!: 4.9 (21) 

Arbar 17 ± 15 (9) 7.5 9.1 :± 9.1 (9) 

Borukka 27 ..!: 7 (3) 14 13 ' 3 (3) 

• Based 00 prolimlOary analysIs 01 p/olrle samples Oblalned dU/lngtho torrestrtal POnlon 01 tho present ,urve~" 
"Corrected to dry weIght b~ assulmng an aye/age SOd mOIsture content or IS' 
f Values given In parentheses replesolll the number 01 measurement locallons 

Aenal Data" 

57 

52 

44 

19 

14 

6.2 

5.0 

9.4 

'00 

3.6.2 Negative w Am Results 

Another rad,OIsotope of partIcular Itnportance for 
assessing the radIologIca l condItion of the atolls 
surveyed IS w Am. In additIon to ItS own direct 
importance. 2. IAm IS also used to tnfer l39.2'OPU 

concen tration based on ratIO data obtaIned from SOil 
sample analYSIS. These transuranlC elements are 01 
particular concern due to their long half-lIfe (460 years 
lor 241Am and 24,400 yea rs lor 2J9Pu, compared to 30 
years for m cs and 5 3 years 10 6OCO). ThIS IS the primary 
reason why the Enewetak radIologIcal cleanup was 
specifIcally direc ted at redUCIng the concentration levels 
of these transuranl c rad,onuclldes 

Special photopeak strtpplng procedures were applied to 
the aerial data In an effort to detect the possible presence 
of the 60 keV gamma rays Iro m W Arn The results were 
neg alive lor all 0 1 the atolls surveyed. Allhough the 
senSitivIty 01 the airborne system IS somewhat limited for 
detecllng W Am (varYing as a func tI on of the background 
due to other gamma ray emillers). the negaltve results 
can be used to establish an upper limit on the possible 
2~IAm contamination Figure 21 shows a cu rve givIng the 
minimum detectable acttvlty (MDA) 01 the aenal system 
for 2~IAm as a func ti on of the terrestnal exposure rate. 
ThIS curve can be used, together WIth the exposure rate 
data given tn Table 4, to estImate an upper Ilm,t on 2.IAm 
actiVi ty lor the atolls surveyed. The MDA values are given 
for the average aCl ivlty in the lop 3 cm 10 correspond with 
the depth established for the surface cleanup critena at 
Enewetak. 

3.6.3 Comparison With Other Locations 

In order to help put the results 01 the present survey In 
proper perspecttve . it IS uselulto compare these results 
With tYPical radIatIOn levels at other localtons. Figure 22 
shows tYPIcal terrestrial exposure rate values for the 
con tinental UnIted States 15 Exposure rate values are 
given uSIng the same Inter .... als used lor the summary data 
presented In Figures 13- 16 In order to allow for direct 
companson. II can be seen that typical U.S. terrestrial 
exposure rates are comparable with those observed over 
sou thern Rongelap and Rongenk Atolls. 

The total external exposure rate also Includes cosmic ray 
con tr ibutions . ThiS component vartes from 
approxImately 3.7 pRth at sea level In the UnIted States to 
7 pRth at an elevat ion of 7.000 feet . compared to 3.3pR/ h 
(estima ted) in the northern Marshalls . 

For most of the atolls surveyed. the terrestnal exposure 
rate levels are lower than those found In the United 
States. The pnmary difference. however. IS that the 
terrestnallevels In the Un, ted States are pnmanly due to 
naturally occurnng uranium, thonum. and potaSSium, 
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Table 6. Comparison Between Ion Chamber Data and Aerial Data lor Several Atolls in the 
Northern Marshall Islands 

Average Exposure Rate (J.JR/h at 1 m) 
Atoll Island Ion Chamber Dal a" I Aerial Data" 

Aong elap Naen 

Kabelle 

Entaetok 

Aongelap 

Aongenk Emwelak 

Ut irik Uti rik 

Aon 

Alluk 81gen 

Ailuk 

• Based on data given 10 Re'8lenett 8 
" Inctudes an assumed 3 3pRih cosmIc ray contribution 
t Valuos gIven III parentheses reprosent the number 01 measurement locahOIl$ 

white th e terrestrial activity found on the cora l alo lls o f 
the northern Marshall s is primarily due to m es from 
atmospheric fallout . ThiS becomes Important for internal 
dose assessments due 10 the possible uptake of 1l1Cs In 

the food cham, and liS possible presence In the dnnklng 
water. For th iS reason, It IS more useful to compare the 
I31CS results With I31CS activity at other locations. 

Typical 137CS activity in the contmental United States, 
due to worldwide fallout , ranges from 0.1 to 1.0 pCi/g. 
depending, to a large extent, on the average rainfall 
w ithin a given area. The average value is in the range o f 
0.2 to 0.4 pCi/g. Thus. the average 131CS activity found at 
Mej it Island and at Alluk , Liklep, Wotho and UjeJang 
Atolls is comparable with average 131CS levels in the 
United States. Although the levels at Utirik are slightly 
higher than the average worldwide fallout levels, they are 
still Within the ran ge found 10 some areas 01 the United 
States. 

Data are also available on I37CS activity found in other 
areas of the central Paci fic.16 Levels due to worldwide 
fallout were found to vary from 0. ' to 0.4 pCi /g (averaged 
over the top 10 cm) at Majuro, Ponape. Truk , Palau, and 

43 .t 19 ( ll)t 46 

22 ~ 7 (ll ) 17 

9.9 ± 2.7 (11) 13 

7.3 ± 1.5 (57) 7.8 

6.3 ± 1.7 (7) 8. 1 

4.1 + 0.3 (9) 40 

4.0 '± 0.3 (3) 4.0 

3.9 ± 0.3 (2) 3.5 

3.7 1. 0.1 (5) 3.5 

Guam. This again supports Ihe statement that 137Cs 
activity at Mejit Island and Ai luk , Likiep, Watha, and 
Ujelang Atolls are comparable to, and consistent with, 
worldwide fallout levels. 

Detai led dose assessment stud ies, based on the results of 
the presenl survey. are documented elsewhere. II 
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APPENDIX A. TECHNICAL INFORMATION: 
PHOTOGRAPHIC FILMS AND OPTICAL FILTERS 

The information conlalned In this Appendix IS from 
Eastman Kodak data and presents technical mformatlon 
on all film types used and transmittance data on all 
opllcal filters used. Additional mformation about the 
films can be obtained from the Eastman Kodak reference 
Ci ted . 

KODAK AEROCOLOR NEGATIVE FILM 
2445 (ESTAR BASE) 

KODAK AEROCOLOR Negative Film 2445 (Estar Base) is 
a high-speed, very fine grain. color-negative aerial film . 
This '11m has a wide exposure latitude and is Ipeelfleally 
dellgned lor proceiling to produce color negatlvel. 
Since thiS 111m does not have Integral color masking. 
direct Interprelatlon can be made tram the negative. 
Objects are reeorded in colo rs complementary to their 
natural colors. 

The 4-mil Estar Base is moisture resistant and provides 
gOOd fleXibility . extremely gOOd dimenSional stability, 
and very high resistance to tear. KODAK AEROCOLOR 
Negative Film 2445 has an abras ion-reSistant emulsion, 
an antlhalallon undercoat, and a tast-drying backing. 

The hardened emulSion provides sharpness and permits 
high-temperature, rapid processing in roller-transport 
processors such as the KODAK AT Color Processor, 
Model 1411C-M (mOdified) , and the KODAK 
EKTACHROME AT Processor, Model 1811 (modified), 
uSing the KODAK AERO- NEG Color Process. This 
process conSists of chemicals selected from Process EA-
5 and Process C-22. 

This film can be processed in rewind-processing 
equipment such as the Gordon /Morse M-l0 Developing 
Outfit with Process E-4 chemicals (modified) , although 
this is not a primary processing recommendation. 

APPLICATIONS 

KODAK AEROCOLOR Negative Film 2445 (Estar Base) is 
for general use in low-to medium-altitude aerial-mapping 
and aerial·reconnalssance photography. 

It IS SUited for geologIcal , pollution, archaeological, crop, 
and forestry studies ; traffic control; city planning; 
railway , highway . and hydraulic engineering ; 
oceanography; and remote sensing, as well as other 
areas where photogrammetry is used. 

SENSITIVITY 

This Is a multilayer co lor-negative film balanced tor 
daylight exposure. 
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KODAK AEROCHROME INFRARED FILM 
2443 (ESTAR BASE) 

KODAK AEROCHROME Infrared Films 2443 and 3443 
(Estar Base and Estar Thin Base) have the same "Ialse· 
cotor" reversal emulsion. The polyester base provides 
flexibility, dimenSional stability, and high reSistance to 
lear. The photographIc properties 01 these two films are 
virtually identical; the physical properties diflerdue to the 
differences in base th icknesses and backings. These 
films are designed for aerial photography and are use ful 
for camouflage detection, agricultural and forestry work , 
and remote-sensing applications where Infrared 
discrimination is required . 

False·color films differ from ordinary color films in that 
the three layers are senSitive to green, red, and infrared 
radi ation Instead of the usual blue, green, and red used 
for normal rendition of the visible spectrum. With these 
films, a yellow filter such as the KODAK WRATTEN Filter, 
No. 12. should be used over the camera lens to absorb the 
blue radiation to which all three layers are sens itive. 
When the him IS processed as recommended, a yellow· 
positive image is formed in the green·sensitive layer, a 
magenta·positive image is formed in the red·sensit ive 
layer, and a cyan·posltlve Image IS formed m the Infrared· 
sensitive layer. The colo rs blue, green, and red appear in 
the fmal transparency, but with false rendition ; the blue 
has resulted from green exposure: green, from red 
exposure and red , from Infrared exposure 

These films can be processed m EA·5 chemica ls in 
modern, con tinuous-processing machines, such as the 
fOllowmg rolleHransport processor . KODAK RT Color 
Processo r , Model 1411C (modified) : KODAK 
EKTACHROME AT Processor, Model 1411 (modllted) 
and Model 1411A (modified) : KODAK EKTACHROME 
AT Processor , M odel 1811. or the KODAK 
EKTACHROME RT Processo r; Model lBll (mOdified). 

APPLICATIONS 

Infrared-sensitive color films were originally designed for 
detecting camouflage by aerial photography. Objects 
that were painted green to simulate the color of foliage 
often had different infrared rellectlon characteristics and 
then could be detected with films of these types . A more 
recent and general use of these films IS In agricultural and 
forest-survey work . In these applications, diseased 
foliage can often be identified and distinguished from 
healthy foliage by interpretation of the infrared 
reflectance of the fOliage as recorded on the films. These 
films are also used 10 distinguish between deciduous and 
evergreen trees and, to some extent, to distinguish 
between different varieties of deciduous trees. 
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More and more use of infrared-senSitive films is being 
made In remote-sensing appllcaltons where in frared 
discrimination can be helpful. 

Note: Thermal photography cannot be done wIth 
mfrared senSl l lve films . These films are not thermal or 
heat delectors. They are senSitive only to the near­
Infrared spectral region, up to about 900 nanometers. 
Thermal recordmg usually Involves obtammg a vIsible 
display of longer wavelength radIation. such as on a 
cathode-ray tube, and then photographmg these 
thermographic displays by conventional means usmg 
standard blacK-and-white and color films . 

INTERPRETATION OF RESULTS 

Forest Survey : A knowledge of the Infrared reflectivity of 
the various subjects photographed IS helpful In 
in terpreting results Although there IS a Similarity in visual 
color between deciduous and evergreen trees, healthy 
deciduous trees have a much higher Infrared reflectivity 
than healthy evergreens As a result , there are distinct 
dltrerences between the colors of these trees as recorded 
by these Illms Generally In spring and summer, healthy 
deciduous trees photograph magenta or red , and healthy 
evergreens photograph bluish purple. Dead or dying 
deciduous leaves or evergreen needles usually 
photograph as bright green because such leaves or 
needles have lost their infrared reflectivity. The leaves of 
deciduous trees, which turn red or yellow in autumn, Slill 
retain some of their Infrared reflectivity . Consequently, 
red leaves photograph yellow. and yellow leaves 
photograph white. 

Camouflage Detection: These films are effective when 
used to photograph objec ts paInted to Imitate loll age. 
Such paints have Infrared reflectan ce charactensllCS 
qUite different than those 01 true foliage . In the resulting 
color transparency, the areas 01 natural deciduous 
lOll age Will be magenta o r red , and the painted objec ts 
Will be purple or blue Camoullaged areas are most easily 
detected by comparing a pIcture made on one 01 these 
films wIth a normal color picture of the same objec ts 
made on KODAK AEROCHROME MS Film 2448 (Estar 
Base) . 

For luther Information on the interpretation of inlrared­
color photographs. see Applied Infrared Photography. 
Kodak Publication No M-28. 

SENSITIVITY 

SenSItive to ultrav!olet radlallon , the vIsIble region 01 the 
spectrum, and In the Infrared to apprQ)(lmately 900 nm, 

2 

~ 
~ 1 

" ~ 

0 

0 

0 

KODAK AEROCHROME Inlrared Film 2443 
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(ESTAR Thin Base) 

Hote: CflllCal us ... 01 ,_ TWO 11m •• nould OIIlerllllne Ina aetual Mn5llomelrlC ellilaciell.llea 01 tnelf 
partICUlar Daten 01 h!m Il~ US'"II 1".,,_" 1p.e,IIIl..,ltctln,quft r". ~""'ng cond,l'Mlllo< lnes.I,lm.ol'la.,. 
I" ,IIKI 01'1 Ih." sen.II01TW1,.iI; ,~"' 

Spectral Sen.ltlvlty Curve. - Procell EA-5 

.1 A ~ 
_LJ.~.J~. 

I) 
v "'0_'. \ , 

fOtmmg fOtmlng 

" 
U,. l."., 

' -. I 

,,~ 

~~ 

z 
w 
~ 

~O 

9 

, 

~ ,-
1 

',M 

-~ 
f,,"'''"g 

l oy .. 

<00 --." ---500 ---
"" ---600 ---650 ---700 ---7" 800 - -650 

WAVELENGTH(nm) 
S&""I'Y'I~ = Rec'III'OCII 01 Inl tUllO'"'' (I.gs.em" 'i'Q"ued 10 p.oduce • dens,lV 01 1 a 1110 •• 0 mtn 
Mflas" •• meoll w if. CQr'Il,ned 10 ilia 4(1().. 10 \lIX).nanometer 'eg'OI'1 

Spectral Dye Density CurvEt. - Procell EA-5 
; 
0.._\ P<oc •• u.!s cn.-c ... 

> 

" ~ 
~. 
a .. 
~ 

bO 
~ 

) 

; 

, o 
250 

/"" -"' -~ tJ'ff\ V lC'M l/.:- ",. 

"" 
~ ~ V ~ 

---300 ---3" ._-
'00 4,so 500 550 ---600 -650 700 

WAVELENGTH(nm) 
Spec".' (!eMil'" 01 dy .. ~,ald'ng In £Qu,v.',"1 Naul'.' Dan.,ly ~ENDI 01 1 a w,ln 0 SOOO v .. , .... ,,,g 
,1I"m"'."1 Measu"m",,, ....... cor!lned 10 In, . (1().. 10 7(1()..nlnomellf rag,on 

900 

,~ 

~~ 

'G. 
750 

Characterl. tlc Curve. - Process EA-5 Modulatlon-Transler Curve - Procell EA-5 

F"O:\ ~J32 
E.._",. o."'e'" '"'ougn I O(oo,,~ , 2 B 

_ ... TlEH h ... N<> 12 ., 

o 

go ....... 

,"",,_nl.' .. . 
0 ' ,y~oeaI ... ooueo 

(!001)._ """. 1·~ MCONI 
~ u.·,00.~. 

(ll'O"F F .. OI~! o.no._..,. 5111 ... ... r_. . .~ 
G "'_ ,--

"> 
" ~ 

2.0 Z 
w 
a 

16 ~ 

" 12 ~ 
a 

8 

I,o.! '::": i do • 
10 00 10 

RELATIVE LOG EXPOSURE 

.sa 
)00 

7 ) 

l5' ) 
w 
~30 

~20 
w 
~ 

"-

,~ ,.., 

1'\ 

\ 
~ ... _ , l_, ... 121150 O(J . Cot""'l1 Jr- f"'_~_~·O(OOM 

WllA.TlEN r .l. NO '2 , 
"'- u.·S 00......,.,. 1 ; 00. 

2 3 5 1 10 20 30 50 10 100 200 
SPATIAL FREQUENCY (cycleSlmm) 

Malenal on 1hls page © Eastman Kodak Company, 1916, 

A-3 



A-4 

KODAK PLUS-X AEROG RAPHIC FILM 
2402 (ESTAR BASE) 

KODAK PLUS-X AEROGAAPHIC Film 2402 (Estar Base) 
is a medium-grain, panchromatic. negative camera film 
tha i has medium speed, medium-high con t rast, and 
extended red sensitivi ty for the reduction o f haze effects. 
The thin emulsion, coated on 4-mil Estar Base (for 
flexibili ty, tear resis tance, and dimensional stability), is 
highly hardended for high-temperature. rapid processing 
In modern con tinuous-processing machines. 

Thi s fil m can be processed in automatic processors such 
as the KODAK VERSAMAT Film Processor, Model l 1C­
M, with KODAK VERSAMATChemicals, TypeA, KODAK 
VERSAMAT 64 1 Chemicals. or KODAK VEASAMAT 885 
Chemicals. It can also be processed at normal 
temperatures uSIng KODAK Developer D· 190r KODAK 
Developer OK-50 in rewind-processing machines, such 
as the Gordon / Morse M- IO Developmg Outfit (Mili tary 
Designator : 8-5) . 

APPLICATIONS 

KODAK PLU$-X AEROGRAPHIC Film 2402 is for general 
use in reconnaissance aerial photography at medium-Io­
h igh altitudes. Because of the dimensional stabi lity o f the 
Estar Base it can also be used for mapping purposes. This 
film is capable of prOViding sharp negatives that are 
part icularly suitable for first -o rder plotting. 

SENSITIVITY 

Panchroma tic, with extended red senSitivity. 

KODAK INFRARED AEROGRAPHIC FILM 
2424 (ESTAR BASE) 

KODAK Infrared AEROGRAPHI C Film 2424 (Estar Base) 
is a negative aerial camera film that is sensit ive to infrared 
radiation as well as to ultraviolet and visible radiation. 
With a KODAK WRATTEN Filter, No . 25, this film requires 
about the same exposure as KODAK PLUS-X 
AEROGRA PH IC Film 2402 (Estar 8ase) wIthout a filter. 
Compared with ex tended red panchromati c-sensi tized 
films, infrared-sensitive films usually provide increased 
con trast between water and land. They may also show 
more differenllat ion in vegetation . 

The thin emulsion, coated on 4-miJ Estar Base (for 
flexibil ity , lear resistance, and dimensional stabi l ity ), is 
hardened for high-temperatu re, rapid processing in a 
con tinuous processor. This film can be processed in the 
KODAK VERSA MAT Film Processor, Model 11 CoM , with 

KODAK PLUS-X AEROGRAPHIC Film 2402 
(ESTAR Base) 
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KODAK VERSAMA T Chemicals, Type A. KODAK 
VERSA MAT 641 Chemicals, or KODAK VERSA MAT 665 
Chemicals. 

It can also be processed at normal temperatures In 
KODAK Developer 0-19 or KODAK Developer OK-SO in 
rewind -processing machines, such as the Gord on /Morse 
M- l0 Developing Oull it. 

Caullon: KODAK Infrared AEROGRAPHIC Film 2424 
(Estar Base) IS susceptible to static markmgs at tow 
relative humidities The film IS packaged at the optimum 
relative humidity (45 to 50 percent) and IS main tamed at 
this level by the sealed package. In conditions of low 
rela tive humidity. the film should be loaded and used 
Immediately alter the package IS opened, before the film 
becomes 100 dry . The camera should be checked to see 
that all parts are grounded adequately. Also, the film 
should be handled carefully dUfing al/ loading, 
unloading, and prBprOCOSSlng operations. 

APPLICATIONS 

Infrared AEROGAAPHIC Film 2424 is especially SUi ted 
for the reduction of haze effects , and for oblique long­
dlstC'tnce phOtography, geological and archaeological 
studies. agricultural surveys. crop studies, forestry 
studies. oceanography, multlband aerial photography. 
hydrology, and other sCien tific applications where an 
infrared-senSitive fi lm IS needed. It may also be used for 
camouflage detection. 

Note: Thermal photography cannot be done With 
infrared-senSitive films . These films are not thermal or 
heat detectors . They are sensItive only to the near­
Infrared spectral region, up to about 900 nanometers. 
Thermal recording usually mvolves obtainmg a viSible 
display of longer wavelength radiation, such as on a 
cha thode-ray tube, and then photographmg this display. 

INTERPRETA nONS OF RESULTS 

Direct infrared photography With Infrared-senSitive films 
IS useful In many fields. The value 01 uSing near-Infrared 
radiation With In frared-sensi tive films lies In the ability 0 1 
Infrared-senSitive fil ms to record tonal gradations not 
VISible to the eyeor recordable With normal photographic 
films. A knowledge o f the Infrared reflectIVIty o f the 
various subjects photographed IS helpful In Interpreting 
results. 

An Infrared-sensitive film has some d,sllnct advantages 
over a panchromatic film . For example, in prints made 
from black-and-white IA negallves. bodies o f waler are 
usually rendered very dark In sharp contrast to land 
Vegetated fields and wooded areas are rendered very 

KODAK Infrared AEROGRAPHIC Film 2424 
(ESTAR Base) 
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light. Coniferous and deciduous growth.s differentiated, 
the former appeanng darker than the latter. In infrared 
photographs taken at very high altitudes. urban areas 
appear as dark patches su rrounded by lighter 
countryside 

Modulation-Transfer Curve - 885 Chemicals 
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SENSITIVITY 

SenSllive to ultraviolet. the viSible region o f the spect rum 
and in the infrared to approx imately 900 nm with 
maximum sensitivity from abou t 760 nm to BBO nm 
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WRATTEN 2A FILTER 
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WRATTEN 25 FILTER 
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APPENDIX B 
TABLE OF SELECTED VERTICAL AND OBLIQUE PHOTOGRAPHY 

This Appendix l ists the dale of cove rage and photo scale factors lo r selec ted vert ical 
photographic Imagery o f each Island In the l oulleen alolls and the two individual Islands 
covered In the photographic survey. 1\ also Ilsls the date o f selected o blique imagery o f the 
ma,or popu lated Islands. The type o f cove rage (large formal or multispectra l) is also shown. 
In almost all Instances, there were numerous other vert ical and o blique Images taken 01 
each island, si nce several a ircraft runs were made over eac h aloll. 

The selected Images shown In th is table were chosen on the baSIS o f centenng In the frame, 
proper film denSity. minimum surface reflections off water, lowest tide. absence o f c loud 
shadows, and proper sun angle 

Photographic Imagery, both verti cal and oblique, was also acqUired for the major port ion o f 
WOl je AIOII at the request o f another agency The coverage was not complete and IS not 
included in th is Appendix, 

All Imagery are available to Interested persons or agencies, Spec if iC frame numbers or 
other in formation about the coverage may be obtained by contacting the authors, 

ISLAND ATOLL 
RC- l0 PHOTOS MULTISPECTRAL PHOTOS OBLIQU E PHOTOS 

OR 10 fOUR DiffERENT 

LAN O AREA • AEROCOLOR fiLM SPECTRAL REGIONS ..,ERICOLOR fiLM 

l 
o'le I Seale Dale I Seale Dale 

AILUK ATOLL 
Kapen A· I 8-5-78 1 20,000 8-5-78 138,100 8-10-78 

Eniiabro A·' 8-5-78 1 20,000 8-5-78 138, 100 

A·3 8-1(}'78 16,000 8-10-78 111,430 

Ene,elar A· ' 8-5-78 1 20,000 8-5-78 138, 100 

A·, 8-10-/8 16,000 8-10- 78 I 11. 430 

A-S 8-10-78 16,000 8-10-78 111,430 
--

Blgen A·' 8-5-78 1 20,000 8-5-78 138, 100 

A·8 8-10-78 16,000 8-10-78 I 11,430 8-10-78 

Eneneman A-' 8-1C)-78 1 6,000 8-10-78 I 11 ,430 

Achaatakku A- IO 8-10-78 16,000 8-10-78 1 11 ,430 

AJeleo A- ll 8-10-78 1 6,000 8-1(}.78 122,860 

AJ"lkku A-12 8-10-78 1 6,000 8-1(}.78 1 22,860 

Enoarum,eh, A- 13 8- 10-78 16,000 8-10-78 1 22,860 

Enenekugl A- 14 8--10-78 16,000 8-10-78 1 11.430 

A- IS 8-10-78 16,000 8--10-78 1 11.430 

A-16 8-10-78 1 6,000 8- 10-78 1 11,430 

Kabbo A-17 8-10-78 1 6,000 8--10-78 111,430 

Kabbo A-IS 8--10-78 16,000 8--10-78 I 22,860 

Mafokku A- 19 8- 10-78 1 6,000 8--10-78 1 11,430 

Aliet A· 2O 8-10-78 1 12,000 8--10-78 1 22,860 

A-2 1 8--10-78 1 6,000 8-10-78 1 11 ,430 

A-22 8-10-78 16.000 8-10-18 1 11 ,430 

A-23 8--10-78 16.000 8-t0-78 122860 
-

8 -1 

ISLAND ATOLL 
RC- l0 PHOTOS MULTISPECTRAL PHOTOS OB LIQUE PHOTOS 

OR 10 f OUR DiffERENT 

LAND AREA • AEROCOLOR fiLM SPECTRAL REGIONS VERICOLOR FILM 

O" e 1 Seat. 01'. ..1 Se,te Oa', 

Shurongan A-24 8- 10-18 16,000 8-10-78 1 11 ,430 

A-25 8-10-78 16,000 8-10-78 1 11,430 

A·26 8- 10-18 16,000 8- 10-18 1 11 ,430 

Bauolln A-27 8-10-78 16,000 8-10-18 1 22,860 

RUlorukku A-28 8-10-78 16,000 8-10-18 1 22,860 

Bellerappu A·29 8-10-78 1 6,000 8-10-78 1 11 .430 

A·3O 8-10-18 1 6,000 8-10-78 1 11 .430 

8'0 A-3 1 8- 10-78 16,000 8-10-78 1 11, 430 

A-32 8-10-78 1 6,000 8-10-78 , 11 ,430 

Bereqao A·33 8-10-78 \6,000 8-10-18 1 22,860 -
A-:>! 8-10-78 16,000 8-10-18 I 1 '-430 -

Tabu A·35 8-10-78 16,000 8-10-78 I 11,430 -
A-36 8-10-78 16,000 8- '0-78 1 11.430 -

~anon A-31 8-10-78 16,000 8-10-78 1 11.430 

~hlebelku A-38 8-10-18 16,000 8- 10-78 1 11 ,430 

A·39 8-10-78 16,000 &-10-78 1 11.430 -
A·"" 8-10-78 16,000 8-10-78 1 11 .430 -

Uliga A-oi l 8-10- 78 \ 6,000 8-10-78 111,430 

Ma,uppu A-42 8-10-78 16,000 8-10-78 122,860 

"'3 8· 10-78 16,000 8- 10-78 \ 11,430 

Enm,kugl A· " 8- 10-78 16,000 8-\0-78 1 11,4JO 

A-45 8-10-78 16,000 8-10-18 1 11,430 

Eooa A-46 8-10-78 16,000 &-10-18 1 11 ,430 

(ne,o A-41 8-10-78 16,000 8-10-78 1 1' ,4JO 

Enemaneman A-48 8-10-78 16,000 8- 10-78 1 11 ,430 

Yappul A-49 8- 10-78 16,000 8-10-78 1 11 ,430 

A·50 8-10-78 1 6,000 8-10-78 1 11 ,430 

Alluk A-5 1 8-$-78 1 20,000 8-5-78 138, 100 8- 10-78 

En1le A-52 8- 10-78 1 6,000 8-10-78 1 11 ,430 

1 12,000 
Aguluo A-53 8-10-78 16,000 8-10-78 1 22,860 

Atoll Chain 
01 Ailuk (Gen ) 8-5· 78 

Sand SPI I 
belween 4-5 8- 10-78 1 6.000 

BIKINI ATOLL 

N.m 8·1 8-7·18 1,20.000 8-7-78 1 38, 100 

Irol l 8· , 8-28·18 1:6,000 8-29-18 1 19,050 

Qdr ik 8·3 8- 7· 78 1,12,000 8-7-78 1 22,860 

Lomlhk 8-' 8-7-78 112,000 &-17·78 1.57, I SO 

Aomen 8 -S 8-7·78 1 12,000 8-7-78 1 22,860 

Bikini 8 -0 8-7-78 120,000 8-28-78 157 ISO 
---



B-2 I 

AC· l0 PH OTOS MULTI SPECTRAL PHOTOS OBLIQUE PHOTOS 
ISLAN D ATOll 

RC- l0 PHOTOS MULTI SPECTRAL PHOTOS OBLIOUE PHOTOS 
ISLAND ATOLL 

OR '0 FOUR DIFFERENT 

LAND AREA • AEROCOLOR FILM SPECTRAL REGIONS VERICOlOR FILM 

O, le I Sc.le O.le I Scale O. le 

OR '0 FOUR DIFFERENT 

LAND AREA • AEROCOLOR FILM SPECTR AL REGIONS VERICO LOR FILM 

Dlle 1 SCale o.t. 1 SCal. Olle 
I 

Bokanlauk 6-1 8·11·78 16,000 8-17-78 111.430 EflIuelakku C-22 8-22·78 T 12.000 8-22-78 1 22,860 

lomele! 6 -a 8-8-78 16,000 8+78 1 11 .430 Enlbuk C-23 8-22-78 1 12.000 8-22-18 I 22.860 

Enealo 6 -9 8-8-78 16,000 8-6-78 1 11.430 Moglli C-24 8-2-78 I 20.000 8-26-78 138,100 

Ro,kefe 8 - 10 8- 8-78 16,000 8-8-78 1 11. 430 Manchlfllkson C-25 8-22·78 1 12.000 8+22-78 1 22.860 

EonJ8bl 8 - 11 8-8-78 16,000 8-8-78 1 '1,430 C-26 8-22-78 1 6.000 8-22-78 1 11 .430 

Eneu B-12 8-1-78 120.000 8-17-78 1.57.150 51 10 C-27 8-22-78 1 12.000 6-22-78 I 22.860 

Ae.o1w)lol 8 - 13 8-7-78 1 12.000 6-28-78 1.57. 150 

Blkdr,n 8-14 8-7-78 I 12.000 8-28-78 157. 150 
BIKAR ATOLL 

Lele 8-15 8-1-78 11 2.000 6-7-78 1.22.860 JIlOoerukku 0-' 8-IH8 1 12,000 6-6-78 1 22.860 8-6-78 

Eneman 8 - \6 IH-lS 1 12.000 6-7-18 1.22.860 Arumen>! 0-' 8-6-78 I 12.000 8-6-78 I 22.860 8-6-78 

Erudflk 8 - 17 8-7-78 1.20,000 8-11-78 1.57, 150 JabOel o 0-3 8-6-78 I 12,000 8-6-78 1 22.860 8-6-78 

Luko! B- 18 6-7-18 1.12,000 8-7-78 122.860 , 
Jalele 8- 19 8-8-78 16,000 8-7-18 122.660 , 
Adnkan 6-2\l 8-17-78 16,000 8-17·78 111 .430 , 

Blkar 0-' 6-6-78 1 12.000 8-6-78 1 22.860 8-6-78 

0-' 8-6-76 \ 12,000 8-6-78 I 22,860 8-6-78 

(Gen) 8-26-78 
I 

Oroken B-21 8-28-78 \6,000 8-28-78 1 11 ,430 

I Bokaeloklok 8 -22 8-28-78 16,000 6-17-18 1.11 ,430 
I 

Borkdrlul B-23 8-17-78 1.6.000 8-17-78 1.11,430 

I sand SPII 
w/ConSlfucl lon 8- 17-78 16.000 

I 

ENEWETAK ATOLL 

801l0luo E- ' 8-29- 78 1 20.000 8-29-78 1.76.200 

8okomballo E-' 6-29-78 I 20.000 8-29-78 1.76.200 I 

Klfunu E-3 8-29- 78 I 20.000 8-29-78 176.200 I 

I 
I 

AILINGINAE ATOLL Lou, E-' 8-29- 78 1 20.000 6-29-78 176.200 , 

Na,louen C- ' 8-22-78 1.6.000 8-22'78 I 11,430 

Bokolkalaru C-' 8-22-78 16.000 8-22-78 1 11,430 

8-17-78 
Boclnwotme E-' 6-29-18 1.20,000 8-29-78 1.76.200 , 
New Island NE E-6 6-29-18 1 20,000 8-29-78 1 76,200 
01 Bocl nWOlme 

I 
C-3 8-22-78 16.000 8-22-78 I 11.430 

Bokaldflk (" 181') 8-29-78 120,000 8-29-78 1.76.200 8-31-78 
Char81en C-' 8-22-78 16.000 8-22'78 I 11 .430 

Boken E-1 8-29-76 1 20,000 8-17-78 1 38, 100 8- 17-78 
Bokoryuren C-' 8-22-78 16.000 8-22-78 1 11 ,430 

Enjebl E-a 8-29-78 1 20.000 8-29-78 1.76,200 8-17-78 
C-6 8-22-18 16.000 8-22-78 1 11 .430 

C-7 8-22-78 16,000 8-22-78 1 11 ,430 
Mlj lkadrek E-9 8-29-78 1.20.000 8- 17-78 1 38. 100 

Kic flnen E- IO 8-29-78 I 20.000 8- 17-78 1.38. 100 
Malokoryaan c-a 8-15-78 112.000 8· 15-78 1 22.860 , 

Talwel E-1\ 6-29-78 1.20.000 8-29-78 1.76,200 
Bokoen C-' 8-22-78 1.12.000 8- 15-78 1:22.860 

KnOll C- 1O 8-22-78 1 12.000 8-22-78 1:22.860 , 

, 
BOkenelab E- 12 8-29-78 1.20.000 8-17-78 1.38,100 , 
New Island I 

Kungeekan C- Il 6-22-78 1.6.000 8-22-78 1.11 .430 t>t.\ween E- 13 8-~78 1'20.000 8-8-78 1.38, 100 

C-12 8-22-78 16.000 8-22-78 1'11.430 

BokaJlChl flle C- 13 8-22-78 16.000 6-22-78 1. 11.430 

C-1 4 8-22-78 \.6.000 8-22-78 1 11 .430 

Bokenelab , 

& Elle 
, 

Elle E- 14 8-29-78 1.20.000 8-17-78 \ .38. 100 -
I 

Ucchuwanen C·IS 8-2-78 1 20.000 8-28-78 138, 100 

Pigesshafukku C-16 9-2-78 1 12,000 9-2-78 1 22,860 

C-17 8-22-78 16.000 8-22-78 111,430 

Aej E- 15 8-IJ. 78 1 20.000 8-17-78 1 38. 100 

Lulol E- 16 8-29-78 1:20.000 8-8-78 1.38. 100 
I 

New Island E-17 8-29-78 1.20,000 8-8-78 1.38. 100 
I 

Kuobuen C- 18 6-1 5-78 1 12,000 6-2-78 1;38, 100 

Alblnoufl C- 19 8-1 5-78 I 12.000 8-28-78 1.38. 100 

Eleleron E- 18 8-29-78 1.20.000 8- 17-78 1.38.100 
I 

Aomon E- 19 8-29-78 1.20,000 8-8-78 1.38. 100 6- 17-78 I 
Alruken C-2\l 8-22-78 ' ;6.000 8-22-78 1 11 ,430 

C-2 1 8-22-78 16.000 8-22-78 1 11.430 

ElllSllng Island , 
belween E-20 8-7-76 1.12,000 8-17-78 1.3 1,100 
Aomon & 811lle I 

I 
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ISLAND ATO LL 
AC- 1D PHOTO S MUL.TISPECTRAl PHOTOS OBLlaUE PHOTOS 

ISLAND ATOLL 
RC- l 0 PHOTOS MULTISPECTRA L PH OTOS OBLIQUE PHOTOS I OR 10 FOUR DIFfERENT 

LAND AREA • A EROCOLOR FILM SPECTRAL REGIONS VERICOLOR FILM 
OR 10 FOUR DIFFERENT 

LAND AREA • AER OC OLOR FILM SPECTRAL REGIONS VERICOLOR FILM Dale I Seele 0 1'1 I Sell. Oa'. Date Scale Dale SClle Dale 
81111e E-21 8-7-78 1 12.000 8-17-78 138, 100 8-17-78 An,elap F-l1 8·21-78 I 12,000 8-21-78 , 22.860 lOJwa E-22 8-7-78 1 12,000 8-7-78 1 22,860 F-12 9-2-78 16,000 9-2-78 1 11 ,430 

I 
AlemOOI E-23 8-29-78 , 20,000 8-8-78 138, '00 
Biliae E-24 a.8-78 I 20,000 8-11-78 138.100 
New Island E-25 8oS-78 1 20,000 8-11·18 138,100 

l<at>elle F- 13 8' 2'-78 1 12,000 8,21-78 1 22,860 
F-14 8-16-78 16,000 8-16-78 I 11 ,430 

Melano f-15 9-2-78 16,000 9-2-78 , 11,430 

I 
Ruml E-26 8-17-78 1 20,000 8-29-78 1 76.200 8-17-78 
Boko E-27 IH·78 1 12.000 8-7-78 122,860 
MunJor E-28 8-7- 78 \ 12,000 8-1-18 \ 22.860 

F-16 9-2-78 16000 9-2-78 1 11 ,430 
VUlugln F-17 9-2-78 16,000 9-2-78 111,430 
RII),yurlgan F-18 8- 16-78 16.000 8-16-78 111.430 

I 
tnedral E·29 8- 7-18 I 12,000 8-1·78 \ 22,860 

E·J<) 8-7-18 1 12.000 8+18 122.860 
Laoeled, F·19 8-21-78 1 12,000 8-21-78 1 22.860 

'·20 8-16-78 16.000 9-2-78 1 11,430 Jrne\:l1Q1 E-J\ 8-7-18 1 12.000 8-17-78 138, 100 BOken F-21 8-21-78 1 12,000 9-2-78 1 11,430 

I 
Ananl! E-32 IH-1S 112,000 S.7·18 122.860 
Part 01 Ananll E-33 807-78 1 12,000 8-7-18 1 22,860 

CaPelle F-22 8-21-78 1 12,000 8-21-78 1 22,860 
Mellu F-23 8-21-78 I 20,000 8-21-78 138,100 J ,num E-34 8·29-78 1 20,000 8- 17-78 138,100 Ame,al F-24 8-21-78 I 12,000 8-21-78 1 22,860 

I Joplan E-35 8-7-78 112,000 8-7-78 I 22,860 8-17-78 
Jeorol E·'" 8-7·78 1 12,000 8-17-78 138, 100 8-7-78 

Gogan F-25 8-21 -78 112,000 8-21-18 1 22,860 . F-26 9-2-78 16,000 9-2-78 111,430 Medren E-37 8-29-78 1 20.000 8-29-78 1 76,200 8-17-78 F·27 9-2-18 16,000 9-2-18 111.430 Bollan(lrelOk E-38 8-7-78 1 12,000 8-7-78 1 22,860 I(leShlech, F-28 9-2-78 16,000 9-2-78 1 11,430 -Enew@la~ E-39 8-29-78 1 20,000 8-29-78 1 76,200 8-17-78 (nyo_rba, '·29 9-2· 18 16,000 9-2-78 1 11,430 
--

-Illuren E-40 8-17-78 1 20.000 8-17-78 138,100 Bigannuo '·30 8- 16-78 1.6.000 8-16-78 1 11 ,430 'Part 01 Illmen E-41 8-17- 78 I 20.000 8-17-78 138,100 F-31 8-21-78 I 20,000 8-16-18 1 11 ,430 'ParI 01 Illuren E-42 8-17-78 1 20,000 8-17-78 138,100 ErapuOlsu F-32 8-16-18 16,000 9-2-78 111.430 
-

M", E-43 8-17-78 1 20,000 8-17-78 138,100 f nlaelO" ' ·33 8-21·18 1 20,000 8-21-78 151,150 Boken E-44 8-17· 78 1 20.000 8-17-78 138,100 '.3< 8-16-78 16,000 8-16-78 1 11 .430 AIPewon E-45 8-17-78 1 20.000 8-29-78 , 76,200 F·35 8-21-18 1 12,000 8-21-78 1 22,860 -I<ldrenen E·46 8-29-78 , 20.000 8-17-78 t 38,100 '·36 8-16-78 16,000 8-16-78 I 11,430 I B,ken E-47 8-29-78 1 20,000 8-17-78 138,100 
Orekat,mon Oscar Coral Heads - No Photos 

F-37 9-2-18 16.000 9-2-78 1 11.430 
BuSCh '·38 8-16-78 1,6.000 9-5-78 I 22,860 Unlbor Mack Coral Heads · No Photos 

F-39 8-16-78 16,000 8-16-78 1 11 ,430 I RONGELAP ATOLL 
, ... " 8-16-78 1 8,000 8-16-18 1 11 ,430 

Bokullfi lO F_41 8-16-78 16,000 9-2-78 1 11,430 
I Rongelap F-42 8-21-78 1.30.000 9-2-78 138,100 8-21-78 Naen '-I 8·2' -78 1 '2,000 9-5-78 1 22,860 A,bar F-43 8-21-18 1 20.000 8-21-78 157,150 
I 

P'gan,yaroyaro ,-, 8-16-78 , 6,000 !H-78 1 11 ,430 B''',en F-44 8-16-18 , 6,000 8-16-78 111 ,430 
I 

Yugul '·3 8-16-78 1 6,000 9-2-78 1 11 ,430 EniloruufI F-45 8-16-78 16.000 8-16-78 111,430 I Aenk ,., 9-2· 78 16,000 9-2-78 1 11,430 
Yugu, '·5 9-2-18 16,000 9-2-78 1 11 ,430 

Enif/ln F·46 6-21-18 1 12,000 6-21-78 122,860 
Tula F·47 8-21 -78 120,000 8-21·78 138.100 ,., 8-'6·78 16,000 8-'6-78 1 11,430 Alugaren F·48 8-16-78 1 6.000 8-16-78 1 11,430 LOrflUl'al ,., 8-21-78 112,000 8-21-78 122,860 BOfukka H9 8-21-78 1 20,000 8-21-78 138.100 

- -
GOJ&n '·8 8,'6-78 16,000 8-16-78 1 11,430 Pokoreppu f.50 8-16-78 16,000 9-2·78 1 11 ,430 Lukuen '·9 8-UH8 1,6,000 8-16-78 1 1\.430 F-51 9-2·18 16.000 9-2-78 1 11..30 

, Erilnppu F- ' O 8-16-78 16,000 8-16-78 1 11 .430 
(Gen) 8-16-78 I 
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ISLAND ATOll 
AC· l0 PHOTOS MULTISPEC TRAL PHOTOS OB LIQUE PHOTOS 

ISLAND ATOLL 
RC- IO PHOTOS MULTISPECTRAL PHOTOS O BlIOUE PHOTOS 

OR 10 FOUR DIFFERE NT 

LAND AREA • AEROCOLOR FILM SPECTRAL REGIONS VE AICOLO R fiLM 
, 

OR 10 FOUR DIFFERE NT 

LAND AREA • AEROCOLOR FILM SPECTRAL REGIONS VE RICOLOR FI LM I 
Dale Scale Dale Scale Data Date Scale Date SClle Date 

RONGERIK ATOLL 
J -7 8-1·18 16,000 8-1-78 1 11 .430 

Jedlbberd!b G- I 8- 16-78 16.000 8- 16-78 1.11.430 I 
I 

Ktlagen J -' 8-7-78 16.000 8- 1·18 I 11 .430 

J-9 8-7·78 16,000 8-7-78 1 11 .430 

La'ODac k G-' 8- 16-76 1 12.000 8-1 6-78 1 22,660 I 
J - 10 8-7·78 16.000 8-1·78 1 11 .430 

Moteflkku G-3 8-1 6·78 1 6,000 8-16- 78 1 11 ,430 

--
J - 11 8-7-18 16.000 8-7-78 1 11.430 

Mo rUock G-' 8- 16-78 1 6,000 6- 16-78 1 11 ,430 J - 12 8-7·78 16,000 8- 7-78 1 11.430 

Bigonanam G-' 8-16-78 I 12.000 8- 16-78 1 22,860 8- 16-78 J - 13 8-1-78 16.000 8-7-78 111 .430 

Ronger lk G-6 8- 16-78 \ 20,000 8-16- 78 138, 100 8- 16-78 J · 14 8-1·78 16.000 8-7-78 1 11,430 

G-7 8- 16-78 1 6,000 8- 16-18 1 11 ,430 Malo n J · 15 8-1-78 16,000 8-7-18 1 11 .430 

G-' 6- 16·76 16,000 6-16-16 1 11 ,430 J - 16 8- 7-78 16.000 8-7· 18 1 11.430 

TarfOwalt G-' 8- 16-78 1 12,000 8-1 6-71:1 1 22.860 Oalsu J - 17 8-7-78 16,000 8-7- 18 1 11.430 8-7-78 

Bokered, G- I D 8-16·78 16,000 8- 16-78 1 11 ,430 UJelang J - 18 8-7-78 1 20,000 8-1·18 1 22.860 8-1-18 

Emwetak G · l1 8· \ 6· 78 1 24.000 8- 16-78 1 45.720 8- 16-78 J · 19 8· 1·78 16.000 8-1-78 1 11,430 

Bock 0 ·1 2 8-11-78 I 24,000 8-16-18 1 45.720 BUlle J -20 8-1-78 16,000 8-7-78 1 11 ,430 

TAKA ATOLL 

Waato wef lkk u H- I 6·24· 18 1 6,000 8-24·78 111 ,430 6-24-78 

Ronu J -2 1 8-7-78 16.000 8-1·18 1 11.430 

ElIllnlapp J -22 8-1-18 1 20,000 8-7· 78 1 22,860 

EnlllmenellO J -23 8-7-18 16.000 8-7- 78 1 22.860 
I 

H-' 8-24-78 16,000 8-24-78 I 11.430 - Killn.ya n J -24 8-7-78 16,000 8-7- 78 1 11 .430 

Aaalcrun H-3 8-24-78 1.6 ,000 8-24-78 1 11,430 3-6-78 Kalo J -25 8-1-18 1 6,000 8-7·18 1 11.430 

Taka H-' 8-24-78 1 12,000 8-24-78 1 22,660 8-6-78 (Gen) 8-1·18 

Elu ~ H-' 8-24-78 1 12,000 3-24-78 1 22,860 8-6-78 

H-6 8-24-78 1 12,000 8- 24- 78 122,660 LlKIEP ATOLL 
--

(Gen) 8-24-78 
MaIO L- ' 8-21-18 1 20.000 8-27- 78 138.100 

UTIRIK ATOLL Rlkura ru L-' 8-21-18 1 20.000 8-27-78 138. 100 

P'li I- I 8- 11-78 1.6 ,000 8-24-78 1 11.430 -

Eerukku 1-' 8 - 11 -78 1 6.000 8-24-78 1 11 .430 

Mere L-3 8-23- 78 1 12,000 8-23-18 122,860 

~~nChleiCh l L-' 8-23-18 1 12,000 8-23-18 1 22,860 

-
Pigowak 1-3 8 · 11 -78 16,000 8-24-78 1 22.860 8- 11 -78 -

Maale 1-' 8 - 11-78 16.000 8- 24-78 ' 11,430 8- 11 -78 

1-5 8 ' 11 -78 16.000 8-24·78 1 11.430 8- 11 -78 

Kerenegan L-' 8 ·21-18 1 6,000 8-27-18 1 11 ,430 , 

Enmon L-6 8-27-78 16.000 8-21-78 1 11 ,430 

Aapuran L-7 8-23-18 1 12.000 8-23-18 I 22,860 

-
Utll ik 1-6 9- 5-78 1 20,000 9-5·78 138, 100 8-6-78 

En6cnle raru L-8 8·27-78 16.000 8-27-78 1 11 .430 

1-7 8-24-78 16.000 8-24-78 I 11 ,430 8·24-78 
L-' 8 · 27 78 16.000 8-27·18 1.11 .430 

Aoo 1-' 8-24-78 1 12,000 8-27-78 138. 100 8- 11 -78 
KaDen L- IO 8-21-18 1 6.000 8-23-18 I 22,860 

(Gan) 8-24-78 

UJELANG ATOLL 

Pyokon J - I 8-7-78 1 6,000 8-7·78 I 11 .430 

Boggehnlnlapp J-' 8-7-78 16,000 8-7-78 1 11 .430 

Eneneman L- Il 8-21-78 16,000 8-27-18 1 11 ,430 

Enrukku L- 12 8-26-18 16,000 8-27-78 1 11 ,430 j , 
Jel lo nel L- 13 8-26-78 1 20.000 8-26-78 138,100 j P,kenmen· 
menCnal6n L- 14 8-26-78 1.6.000 8·26-78 1.11 .430 I 

Blkkenlmen-

J-3 8-7-78 16.000 8-7- 78 1 11 ,430 

Selo ko J-' tH-78 16.000 8-7-78 1 11 .430 

snala rekko L- 15 8-26-78 16,000 8-26-78 1 11 .430 

Bog ural)ural)u L· la 8-26-78 16.000 8-25-78 1 11 ,430 I 
Poko n J- ' 8-1·18 16,000 8-7·18 I 11,430 

L- l1 8-26-78 1 6,000 6-26-78 1 11.430 

J-6 8-1·18 16 01)1) 8-1- 78 1 11 .430 Kejlen L- 18 8· 26-78 16.000 8-26-78 111.430 I 
I 
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I 
RC- 'O PHOTOS MULTISPECTRAL PHOTOS OBLIQUE PHOTOS 

ISLAND ATOll ISLAND ATOLL 
RC- l0 PHOTOS MUL TtSPECTRAL PHOTOS OBLIOUE PHOTOS 

OA '0 FOUR DIFFERENT OA '0 FOUR DIFFERENT 

LAND AREA • AEROCOLOR FILM SPECTRAL REGIONS VERICOlOR FILM LAND AREA • AEROCOLOR FILM SPECTRAL REGIONS VERICOLOR FILM 

Oale SCI" D,le Sell. Dale O.le 5< •• Date Seale Dale 

I L-19 8-26-18 16,000 8-26-78 1 11.430 8-11-78 

Tamor! , ·20 8>26-18 16,000 8-26-76 1 11 .430 8-1'-78 
WOTHO ATOLL 

Kaooruberukan L-21 8-26-78 16.000 6-23-78 1 22.860 8-11 -78 MlKlvefon M·' 8-19-78 1 2O,COO 8-19-78 1.38, 100 

I L-22 8-11 -78 16,000 8-26-78 1 11 ,430 
-

L-23 8-11 -78 \ .6.000 8-26-78 1 11 ,430 

Worrbar M·' 8-19-78 16,000 8-19-78 1.38,100 

Mo~eromo~ M·' 8-18-78 130,000 8-19-78 138,100 

L.- 2<1 8-11 · 78 16.000 8-26-78 1 11 .430 WOlho M·' 8-18-78 13O,COO 8-18-78 1,57,150 8-18-78 

I Nachibaru l-25 8-23-78 1 12,000 8-23-78 1 :22.860 

Enilecchi L-26 8-26-78 1 20,000 8-26-78 1.38.100 

M·' 8-19-78 1 6,0)) 6-19-78 1:22,860 

M·O 8-22-78 16,000 8-22-78 1.11,430 

K,renmaru l -27 8-23-78 1 12.000 8-2:J..78 122.860 M· ' 8-22-78 16,(0) 8-22-78 1.11,430 

~ 
- -

Meron L-28 8-26-78 16,000 8-26- 78 1.22.860 8-23-24-78 

' · 29 6-26-78 1 6,000 8-26-78 1 22.860 

M·8 8-19-78 1 12,COO 8-19-78 122,860 

M·' 8-19-78 16,00:1 8-19-78 1,38,100 

I 
Jlebaru ' ·30 8-27-78 1 12,000 8-27-78 1 22.860 8-23-24-18 

Kere L-31 8-23-78 1 12,000 8-23- 78 1.22.860 

KIlO L· l2 8-11-78 , 6,000 8-26-78 1 11 ,430 8-11 · 78 

M- IO 8-19-78 16,000 8-19-78 1.38,100 

M-II tH9-78 1 12,000 8-19-78 1,22,860 

Aulsuwaa M-12 8-22-78 16,00:1 8-22-78 \ 11.430 

I 
, ·33 8-11 -78 1 6,000 8-23-78 1 11 ,430 

Blebl , .", 8-23-18 1 12,000 8-23-78 1 22,860 

Mukkufl ' ·35 8-23-78 , 12,000 8-23-18 1 22,860 8-11-78 

Jebenau M- 13 8-19-78 16,00) 8-19-78 1.38,100 

Udltl M-14 8-19-78 16,(XIJ 8-19-78 \ ,38, 100 

Ero tleman M-IS 8-22-78 16,00) 8-22-78 1 11.430 
-- -

I 
Lado ' ·36 9-\-78 1 20,000 9-1-78 1.38,100 

Llk lep L-31 9-1-18 1 20,000 9-1 -78 1:38,100 8-11-78 

'·38 8-23-18 16,000 8-23-78 1 11 ,430 

Veldo M-16 8-22-78 1 12,000 8-22-78 1 22,860 

Kabben M' 11 8-19-78 1 20,000 B-HH8 138, 100 

Elrek M-18 8-19-78 1 12,000 8-19-78 1 22,860 

I 
L-39 8-23-18 16,000 8-23-78 1 11 ,'30 

Enenuuwan , ·40 8-23-78 16,000 8-23-78 111,430 

L-41 8-23-78 1 6,000 8-23-18 111,430 

Ombehm M-19 8-22-78 16,em 8-22-78 I 11 ,430 

Begin M·20 8-19-18 16,0;:0 8-19-78 1.38,100 

(Gen) 8-18-78 

I 
L-42 8-23-78 1 6,000 8-23-78 111 ,430 

L-43 8-23-78 1 6,000 8-23-78 1 11 ,430 

L-44 8-23-78 1.6,000 8-23- 78 111 ,430 

UJAE ATOLL 
Enylamleg N· ' 8-31-78 1.12,000 8-31-78 1.38,100 

-

I 
Agony L-4S 8-26-78 1 12,000 9- 1-78 1 38,100 8- 11 -78 

Entrance L-46 8-23-78 1 6.000 8- 23-18 111,430 8-11 -18 

EtOile L-41 8 ,26-78 1 12,000 9-1-78 1.38,100 8-11 -78 

BlglOnigar N·' 8-31-78 1 6,aD 8-31-18 , 11 ,430 

Erlle N· ' 8-31 -78 I 6,aD 8-31-78 111,430 

. ,k N·4 8-31 -78 16,0Xl 8-31 -78 111,430 

I L-48 9-1 -78 1,20.000 9-1 -78 1 38,100 

L-49 8-23-78 16,000 8-23-78 1 11 ,430 

Ebbelvu N·' 8-31 - 78 1 12.000 8-31-78 138, 100 

""' N·8 8-31-78 16,(0) 8-31-78 1.11,430 

Lukunor , ·50 9-1 -78 1.20,000 9-1 -78 1.38,100 WOIVa N· ' 8-31 -78 1 12,000 8-31-78 1.22,860 .. 

I L-SI 9-1 -78 120,000 9-1 -78 138.100 

Aaneru L-S2 6-23- 78 1 12.000 6-23-78 1.22,860 

Langebe N·8 8-31-78 16,(0) 8-31-78 1 11 ,430 
-

UJlle N·' 8-31 -78 120,000 8-31-78 138, 100 

Tokaen ' · 53 8-23-78 I 12.000 6-23-78 , 22,860 N·l0 8-31 -78 16,em 8-31-78 1.11,'30 

I Manen ,." 6-23-78 112,000 8-23-78 1 22,860 

Kapenor L-SS 8-26-78 1'20,000 6-27-78 138.100 

Bo,k N-Il 8-31-78 16,aD 8-31-78 1.11,'30 

N-12 8-31-78 1.6,(0) &-31-78 1 11 ,430 

Boketan L· 56 8-23-78 16,000 6-23-78 1 11 .430 Atoll UIID (Gen) 8-7-78 

I Aongetab L-S7 6-23-78 112,000 6-23-78 1 22,860 

Aongeflk , ·58 8-27-78 16,000 8-27-78 1 11 ,430 
LAE ATOLL 

Atoll eMIn 
Rlbang p., 8-31-78 , 12.000 8-31-78 1 22,860 

ollikiep (Gen ) 8-3-78 BlgltaplJ p., 8-31-78 I 6,COO 8-31-78 1.1 1,430 
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ISLAND ATOLL 
RC· ' O PHOTOS MULTISPECTRAL PHOTOS OBLIOUE PHOTOS 

OR 10 FOUR DIFFERENT 

LAND AREA , AfR OCO LOR FILM SPECTRAL REGIONS VERICOLOR FI LM I 
Dale Scale Dale Scale Date 

"w P-3 8-31 - 78 16.000 8-31-78 1 11 .430 

Relpu P-' 8-31-78 16,000 8-31-18 1 11 .430 

algenll P-5 8-31-78 16,000 8-31-78 1 11 .430 

l Ulsap P-. 8-31 - 78 16,000 8-31-78 1 22,860 

EmJ8rldoyu P-7 8-31 -78 1 6,000 8-31-76 I 11 ,430 

EnlnanelSu P-' 8-31 -18 16,000 8-31-78 1 11 .430 

YonbiJI P-' 8-31-78 16,000 8-31 - 78 1 11 ,430 

P-IO 8-31-78 '6.000 8-31-78 1 11 ,430 

Glblnrll P- ll 8·31-78 16,000 8-31-78 1 11,430 

", P- 12 8-31 -78 1 20,000 8-31 -78 1 76,200 

Ramne P-13 8-3 1-76 1 6,000 8-31+78 1.11 .430 

P-,4 8-3'-78 1 6,000 8-31-78 \ 11 ,430 

P-IS 8-31-78 1.6,000 8-31-78 1 11 ,430 

Loti P-16 8-31 - 78 1 12.000 8-3 1-78 1 22,860 

Sana SPit 
(belween PI - P2) - 8-31-78 16,000 8-31-78 1.11 ,430 

JEMO ISLAND 
I 

Jemo Islanl;! 1-29-18 I 30,000 7-29-78 1 114,300 

8-5-78 18.000 8-5-78 1 15.240 

MEJIT ISLAND 

MOI'! Island 8-5-78 1 30,000 8-5-78 1 114,300 

9-1-78 1:20,000 9-1-78 138,100 

8-5-78 1 57.150 

I 

I 
I 
I 
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Appendix C. PHOTOPEAK CONVERSION FACTOR OERIVATION 

The unscanered flux of gamma rays of energy E al a height h above a smooth air-ground interlace due to an 
emi tter distributed In the soil IS given by (see Figure CII : 

where 

~ ~ 

~ =J f 4~;' exp [-'"iP)a Pa raJ exp [-' "iP )5 P5 r5] 
00 

$, ::0 the activity per unit volume ((y/sec)/cm3] 

r '"" r. + r. (em), 

(PIp ) •• (PI p). 

p •. p. 

the air and 5011 mass attenuation coefficien ts (cm 2/g). and 

the air and 5011 denSIty (g/cm 3 ). 

2 'IT )( dx dz 

Thi s expression assumes a source dlstnbution which varies only w ith depth. A uniform dlslnbution in the 
horizon tal plane IS assumed, whi ch leads to results expressed in terms 01 an area average aver the field-of­
view 01 the detector. For fallout activity the distribution alter a period of l ime can be reasonably 
approximated by an exponential dlstrlbullon given by: 

S - ,0 
- 0 

V V 
e - o.z 

Air 
Soil 

Detector 

h 

Z I \ r, 
~ Source 

x Element 

Figure C_I . GEOMETRY USED IN THE DERIVA nON OF CONVERSION FACTORS RELA TlNG PHOTOPEAK COUNT RATE 
OA TA TO ISOTOPE CONCENTRA TION IN THE GROUND 

C-1 

(C, ) 

(C2) 
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where 

S~ the act ivi ty per unit volume althe surface [( " /see)/emJ ] 

0' = the reci procal 01 the relaxation length (em-') . 

Rewri ti ng equat ion (C 1) in terms o f 0 and z, combining w ith Equat ion (C2) and integrating over z leads to : 

$ = 
SO 

v 
2 

"12 

f 
o 

tan e exp [- ("/ p). p h sec e1 
• ] de 

a + ("/ p)s Ps sec e 

The detector response to a given flux, t!>. 0 1 gamma rays o f energy E incident at an angle Ocan be given in 
terms o f an effect ive detec tor area, A. defined by : 

A 
N =+ 

where N ~ IS the net photopeak coun t rate (sec ' ). 

The effective area, in general , va ries as a funct ion of the gamma ray angle of incidence and is normally 
wr itten as; 

where 

A = AD R (e) 

An the detecto r photopeak count rale lor a unit flux inc iden t perpend icular to 
the detector lace ((cps) / (y /cm2)/sec)) and 

A(O) = the ratio 0 1 the detector response at an ang le 0 to that at 0 = 00 

Both AD and A (0) can be determ ined experimen tally. 

I 
I 
I 

(C3) 

(C4) 

(CS) 
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Combining Equallons (C4) and (C5) with Equation (C3) leads to an expression which relates the measured 
photopeak coun t rate to source activity in the soil. 

Thi s is given by: 

Np 

SO 
v 

: [~ 
n/2 

f 
o 

R( e) tan e exp [- (" / o)a 0a 

o + ("/D )S OS sec e 

h sec e} de] 

The conversion factor NP/S~ given by Equation (C6) IS In units of cps per (y/cm 3sec). For a specific Isotope 
the convers ion facto r is normally changed 10 un its o f cps per (pCi/cmJ ). MultiplYing the expression in the 
brackets In Equation (C6) by the 5011 densi ty (in g /cml ) leads to the converSion faCl or NpI<S~/p) normally 
given In umls of cps per (pel /g) . 

In genera l, It is more useful to relate the photopeak count rate data to an average concentration wlthm a 
given depth rather than a surface concentration as given In Equation (C6) . The average concentrat ion In the 
top z em, S~ lor a source distributed exponentially with depth is given by: 

Z 

1 f SO -OZ dz = 
SO ( I _ e-OZ) SZ e v : V 

V Z a Z 
0 

Combining Equations (C6) and (C7) leads to the final expression for the conversion factor used for the 
northern Marshall Islands aerial survey: 

(S~IP) 

Np 
: 

(I_e- az ) 

B 
a ! 

[ Ao Os 

o 

n/2 

f 
-I 

R( e ) tan 0 exp [-("lola Pa h sec e 1 dJ 

o + ("/ o)s Ds sec e J 

In Units of I(pCl /g) / (cps)]. where B converts y/sec to pCI lor a speci fic Isotope. 

C-3 

(C6) 

(C7) 

(C8) 
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ConverSion factors gIVen In Section 3.4 lor m es and 6OGo were obtained by numerical ly integrating 
Equation (Cal with the appropriate mput parameters . Values lor the detector efficiency were obta ined by 
hovering over m es and &oeo calibration sources al a known distance. For 137CS. a net photopeak count rate 
01 183 cps was obta ined from a 1 me; point source at a distance of 45 m. For 60Co. the photopeak count rate 
for a window set over both phOlopeaks was 285 cps for a 1 mel point source al a distance of 45 m. Previous 
experimen ts have shown that a good approximation to the actual angular respon se o f the large detecto r 
array for m es and 60Co can be obtained by averaging the results obtained from the two limi ting cases of an 
isotropic response, A(O)= l, and a cosine response, R{O) =cos O. Soi l mass attenuatIon coeff icien ts were 
obtained by assuming a soil compositIon 01 80% CaCa j and 20% soil moisture plus organic malerial . This 
was based on studies done al Enewetak dunng the Enewetak cleanup project. The actual values used were 
0.08 cm2/g for I37CS and 0.057 cm 2/g fo r 6OCo. An average soil density of 1.5 g/cm 3 was assumed, again 
based on data obtained at Enewelak. The air density was assumed to be 1.15 (10 1

) g/cm J• 
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Appendix 0 - TERRESTRIAL EXPOSURE RATE CONTOUR MAPS 

Detai led results o f the aen al radiological survey are presented In the form of terrestria l 
exposure rate con tour maps superimposed on aloll photographs obtamed dUri ng the 
photographic survey Results are given lor the total terrestrial exposure ral e and, where 
pOSSible. for the Individual contributIOns due to Illes and 60(;0 (see Section 3.5) , The ato lls 
were surveyed In sections, with each section generally covenng a dis tance o f three 10 SIX 
k ilometers. Each secllon was Iden tif ied uSing the frame number o f the photograph whi ch 
served as the base map. Islands Within each atoll were Iden tified uSing the code numbers 
assigned dU ri ng the pho tograph ic survey Append ix B relates these cOde numbers to Island 
names. Names given rel lec t the Marshallese spelling whenever avai lable. Otherwise, names 
given are those obtained from eXisting navigation maps, prepared by the U.S. Army Map 
Service In the 1940s. These maps generally re flec t the Japanese spelling. 

Results are presented In the order In which the atolls were surveyed (see Table \ In Section 
3. 1) A photomosalc o f each atoll IS Inc luded as a base map key for identifYing the area 
covered wllhln each section and the frame number of the photograph used as the base map. 
Table 0-1 can be used to locate the page number for any given con tour map. 

Several pOints should be kep t In mind when ulIlIZlng or Interpreting the Isoradlatlon contoUi 
maps The firs t concerns the large-area averaging property 01 the airborne system Each 
one second data pOint represents an average value for an area which IS several thousand 
times as large as the area being measured With a detector at 1 meter, such as a typical 
IOnization chamber measurement , and several million times the area tYPically measured 
With a SOil sample. This becomes Important when trying to make pOlnt-by-polnt 
comparisons between aenal data and ground data, espeCially for some Islands at Bikini 
Atoll which show a high degree of variability In the terrestrial radlallon levels In general, 
elevated activity confined to a small area Will appear as a lower level 01 activity but spread 
out over a larger area In the radiation contour data 

The factors used to convert aerial data to ground level exposure rate or SOil concentra tion 
values assume a source distribution which IS la rge compared to the fleld-ol-vlew of the 
airborne system. Th iS cn tena was satlsfted In the present survey for Islands haVing a Width 
greater than approxima tely 400 meters. For smaller Islands, It IS necessary to apply a '·tlnl te 
source'· correction tactor to Inter valid ground data (see Figure 20) 

The con tour maps show radiation levels which extend out over the wa ter. ThiS IS not due to 
rad loac llvl ty In the water, but Simply results from the fact that the airborne sys tem can 
detect gamma radla llon Irom an Island at some distance from the shoreline The degree 10 
which these contours extend oul over the wa ter Simply serves as an ind icator of the 
terrestrial activity on the Island In a Similar manner, the contour data will Indica te lower 
radltlon levels around the edge 01 an Island than Ihose Indicated tor the IIl lenor due to the 
presence of water Wi thIn the Ileid-ol-v iew of the detector system as thealrcralt approaches 
the shoreline. 

0 -1 

Table 0 -1 . Page Number Location Key for the Terrestrial Exposure Rate Contour Maps 

Base Page Number Fo r: 
Photograph Tolal 137CS "'Co 

Atoll Frame ISland (s) Exposure Exposure Exposure 
(Island) Number Number(s) Rate Rale Ra le 

Rongelap 167 F-l to F-3 0-4 0-5 0 -6 
Atoll 159 F-4 to F-5 0-7 0-8 0 -9 

189 F-6 to F-8 0 - 10 0 - 11 0 - 12 

153 F-9 to F- l0 0 - 13 0 - 13 0-14 
139 F- ll to F- 14 0 - 15 0 - 16 0 - 17 
136 F- 15 to F-17 0-18 0 - 19 0-20 

179 F- 18 to F-22 0-21 0 -2 1 0 -22 
177 F-23 0 -23 0 -24 0 -25 
175 F-24 to F-28 0 -26 0 -26 0 -27 

172 F-29 to F-30 0-28 0 -29 0 -30 
80 F-3 1 to F-33 0 -31 0 -3 1 0 -32 

200 F-34 10 F-38 0-32 0-33 0 -33 

196 F-39 10 F-41 0 -34 0 -35 0 -36 
216 F-42 0 -37 0-37 0 -38 
72 F-43 to F-44 0-38 0-39 0-39 

50 F-45 10 F-47 0-40 0 -40 0 -41 
56 F-48 to F-49 0 -41 0 -42 0 -42 

7 F-50 0 -43 0-44 0-45 

Utirik 204 1- 1 to 1-2 0 -47 · · 
Atoll 179 1-3 to 1-7 0 -48 · · 

182 1-8 0-49 · · 
Taka 25 H- llo H-4 0 -51 · · 
Atoll 123 H-5 to H-6 0 -52 · · 
Bikar 145 0 - 110 0 -2 0-54 · · 
Atoll 99 0-3 to 0-4 0-55 · · 

115 0 -5 0·56 · · 
Rongerik 74 G-' to G-2 0-58 0 -58 0 -59 

Atoll 70 G-3 to G-6 0-60 0 -61 0 -62 
85 G-7 to G-9 0-63 0 -63 0 -64 

64 G- l0to G- ll 0-65 0 -66 0 -67 
102 G- 12 0 -68 0-69 0-70 

Ailing inae 24 C- ltoC-2 0-72 0 -73 · 
Atoll 17 C-3 to C-4 0 -74 0 -75 · , 

14 C-5 to C-9 0-76 0-77 • , 

---- I 
' Achvlly to low 10 allOW processIng fOf tnd!vlduallsolope 
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Table 0 - 1. (continued) 

Base Page Number For: 
PhOtograph To ta l t31CS "'Co 

Atoll Frame Island(s) Exposure Exposure Exposure 
(ISland) Number Number(s) Rate Ra te Rate 

Al lmgmae 26 Co l O to C-13 0-78 0 -78 · 
Atoll 27 C-1 4 to C-tS 0 -79 0 ·80 · 

Continued 29 C- tS to C- IS 0-81 0-81 · 
30 C- 191o C-20 0-82 0-83 · 
31 C-2! to C-23 0-84 0-84 · 
32 C-24 0-85 0 -86 · 
33 C-2S to C-27 0-87 0 ·88 · 

Llkiep 136 l - t to L-2 0-90 · · 
Atoll 131 l-3 to L-7 0-91 · · 

126 L-B lo L-12 0-92 · · 
114 L- 13 to L-IS 0-93 · · 
109 L-1 6 to L-2Q 0 -94 · · 
68 L-2 1 10 L-26 0-94 · · 
65 L-27 to L-32 0-95 · · 
62 L-33 to L-36 0-95 · · 
50 L-37 0-96 · · 
53 L-38 to L-44 0-97 • · 
93 L-45 10 L-48 0-98 · · 
86 L-49 to L-S ! 0-99 · · 

162 L-S2 to L-53 0-100 · · 
157 L-54 0- 10 1 · · 
147 L-SS to L-S6 0-102 · · 
143 L-S? to L-SS 0- 103 · · 

Ailuk 86 A-' to A-6 0- 105 · · 
Atoll 122 A-ltoA-13 0- 106 · · 

163 A-14 to A-20 0-107 · · 
161 A-2 1 to A-25 0-108 · · 
92 A-26 to A-38 0-109 • · 
96 A-39 to A-48 0 - 109 · · 
98 A-49 to A-51 0-110 · · 
69 A-52 0 - 111 · · 
39 A-53 0 - 112 · · 

Jemo 0-113 · · - -
Island 

Mejit 0-11 4 · · - -
Island 

-

. Activity 10 low to allow processing lor IndlYldual Isotope 

I Table 0-1. (continued) 

Base 
Photograph 

At oll Frame Island(s) 
(Island) Number Number(s) 

Wotho 10 M- Ito M-2 
Atoll 60 M-3 to M-4 

56 M-5 to M- ll 

136 M- 12 to M-14 
11 7 M- 15 to M- 17 
109 M- 18 to M · 19 
153 M-20 

Ujelang 130 J- l to J-3 
Atoll 138 J-4 10 J-5 

143 J-6 to J-ll 

145 J- 12 to J-17 
153 J- 18 
157 J- 1910 J-20 

166 J-2 1 to J-22 
166 J-23 to J-24 
174 J-25 

BikinI 177 8 -1 
AIOII 38 8-2 to 8 -5 

15 8 -6 

7 B-7 10 B-l1 
200 B-12 

12 8 - 13 to 8-16 

34 B- 17 
212 B-18 to B-1 9 
215 8-20 to 8-23 

. Actlv, ty to low 10 allow processmg lor ,nd,vu:lual Isotope 

I 
I 

Page Number For: 
Total 1J1Cs 

Exposure Exposure 
Rat e Ra te 

0-116 · 
0 - 117 · 
0-118 · 
0 -118 · 
0 - 11 9 · 
0-120 · 
0-121 · 

0-1 23 · 
0-124 · 
0-125 · 
0 -126 • 
0 - 127 • 
0 -128 · 
0-129 · 
0-130 · 
0-131 · 

0-133 0 - 134 
0-1 36 0- 137 
0-1 39 0 - 140 

0 - 142 0- 143 
0-145 0-1 46 
0-148 0-1 48 

0 - 150 0-1 51 
0-1 53 0-154 
0-156 0-156 

"'Co 
Exposure 

Rate 

· · · 
· 
• 

· · 

· · 
· 
• 
• 

· 
· · · 

0-135 
0-138 
0 - 141 

0 -1 44 
0-147 
0 - 149 

0-1 52 
0-1 55 
0-157 

I 
I 

I 
I 
I 
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Figure 0 · 1. 8ASF MAP KE Y FOR RONGELAP A TOLL . The photomo&sic shOWS the lI(e8 co~e'8d by flech base map photograph and Ihe photograph (rame number U$9d /0 identify allch survey" ••. 

0-3 



0-4 

• l _ 

• 

o 100 200 lOO 400 ~ _ 700 .w ",U ERS 

I 
o 500 1000 1500 2000 ~'E£T 

c 

../ • 

"" :.. 

A 

• 
~,. 

E 
~ 

0 

----C 

~ 

~ ... , • 
A 

Figure 0 · 2. TOTAL TERRESTRIAL EXPOSURE RATE CONTOURS FOR ISLANDS F· ' TO F-3 AT RONGELAP ATOLL. (Phofograph Frame Number 167) 

I 
E 

I 

! 

I 

CON~EIlSION SCALE I 
GAMMA 

LEI 1H 1 E~POSUflE 'lIlTE ' 
lAaEL (IIfl ~ 31 I "'I 

• '" , ."' ." , ." .~ 
I 

0 .~ 06~ , ." .. , .. '" G '" " " " '" 
I 

'" ~ 

~ ~ , 
'" '" ' E. ,.ao><>l.1'I'<I " om ~e"al ~ala 

ubl •• ned .1 a " .''''uU~ 01 ..e '" 
,';>!II""" "'''daa ' ''on.'3J~R n 
aue 10 cosmo< lay coM"t>uioon. 
muS1"" ao<!e<l ' Gobla.n the lOlal 
e . ,o,nal . ' poou'c rat" I 

I 



I 0 -5 

I 
I 
I • <? 

I 
I 
I 
I 
I 
I 
I • 

I 
CO NVER SION SC"' lE 

I 
I 

• A\I[R.o.(l( "·C • 

"'C, G""'M" ACfOVlfV IN 
lEI IER EXPOSURER"'lE' TOf' to e ... • 
LABll ""R"A' I "'I IPC< QI 

• < '" < " , 
'" '" " " 
-~ ~" " " 0 o ,~ , .. " " 

@ "" :.. ." • ... 

• , .. " " " 
I " " " " 

" ~, " " " .. .. " " " 
" .. " " 

I 
.. ~ " " 

f- < ~ ,,, 
" ~ 

~ . , .. 
o 100 20CI lOll _ toO 100 700 100 MUtR' 

" '" '" , .. 
I 

". ",.,,, .".~ "0'" _ A ,""~ "~"'~"" .. ,~ 
"'.'",1~,' ,~ ... ,'~~ ,~~t, 

e I r j 
I ! J r 

o toO , _ 1500 _ 2500 H .lT 

I Figure 0 -3. CESIUM 137 EXPOSURE RA TE AND CONCENTRA TlON CONTOURS FOR ISLANDS F· , TO F-3 A T RONGELAP A TOLL (Pnotograph Frame Number 167) 



0-6 
I 
I 

,,:I-

• 

".- ~(I . ~I I 
I I 

I I 
I , 

-~- • 

" 

"" :.. 7' 
'" I 

A 

• 
CONV[I1$ION SC"U 

AVEI1AGE -co 
"Co CAM,", " ... ellvn'!' IN 

L[ ltHI [lIPOSURER .. TE " TOP 10 em ' 
lA,OH ",II n '" 1 ml IpC, 01 

• < '" < '" , 
'" ,~ 001- '" C ,., ,~ '" 'M 

0 ,~ " '" '" , 
" " '" " o 100 zoo 300 ... SOD 100 700 100 MI!TI!"I , 
" .. " " r '? I I 

a 100 1000 1500 1000 2500 FElT 

·l ." ,lll~~IPa I, am .""al Oalo o~I"oeO _, .n 
., ... "oe 01 38 '" "2~ I~I I I 

Figur. 0 -4. COBAL T 60 EXPOSURE RA TE AND CONCENTRA n ON CONTOURS FOR ISLANDS F- I TO F-J A T RONG ELAP A r OLL (Photogrsph Frame Number 167) I 
I 



I 
I 
I 
I 
I 
I 
I 

A 

I 
I 
I 
I 
I 
I 
I 
I 
I 

"" :.. ... ... 

• 

D 

c 

• • 

o 100 200 300 .ao 100 toO 100 lOCI IoIn!AS 
r I I I I 
I I 

D SOlI ,_ 1500 l'OOO 2500 '"En 

A 

• • 

CO"'V[IIStON SC ALE 

G.o.MMA 
LEITER ElIPOSUFl( AillE ' 
lABEl 1>0"".' t "'I 

• < '"' , ."' . u 
C u .» 
0 , }.' 'M , ." .. .. '" > '" .. .. .. '" '" '" '" '" , 

'" '" "( " """'>''''' '"'''' ~ •. ., u.t. 
,1>',,"<'<1 .0 6' ",·luOo> v' .M '" 
'1l~ I~!J ... ~ .U(l."on~1 J lull ~ 
,ty" ,,, ':0,"''' ••• ~""" .... ", ,~, 

"0. _, ,,, . '~'.,n ' ... ' ,1.' 
p " ",n.i • • _'. 'al. 

Flgur. O-S. TOTAL TERRESTRIAL EXPOSURE RATE CONTOURS FOR ISLANDS F-4 TO F·5 Ar RONGELAP A TOLL (PnOfograph Ffame Num/)&r 159) 

0-7 



0 -8 
I 
I 
I 

... 
II' 

J 

A 

I 
I 

A A 

• I 
• 

• • 

A 
(;ON~EASIO" SClllE 

AVEIV·G[ ,·C. 
C. GA..,.., ... ACTIVITY IN 

l( T TEA lAPOSUflEI1A f[" lOP IO~"'· 
LABEL ~,Il II 4' I "'I IPC< 01 

• '" " , OIJ '" " " , 
'" ." " " 0 o 1~ ,. , , 

" , ,. 
" " ., , n .. .. " 

" .. .. " " " .. .. " " , .. ,. " ~ , 
" ~ " " , ~ ~ " ~ , ~ ~ ~ " .[ • ., • .,....,0<1 I,om ""'41 <10" 0011."'" aT 

o lDO 200 )00 tOO iOO lOCI 100 .. "TI'" 
i I 
I I 

o 100 1000 1500 20CIII HOI nf.T an 4lhlu<le 01 J8 m I'J~ ' .... '1 

I 
Figure 0 -6. CESIUM 137 EXPOSURE RA TE A/I,O CONCENTRA TlON CONTOURS FOR ISLANDS f ·4 TO F-S A r RONGELAP A rOLL (Pnotograph Frame NumtJ(Jr l59) I 

I 



I 0-9 

I 
I 
I '" ... 

I 
... ... 

I 
I A 

I 
I • 

A 

I 
A 

I • • 

I 
A 

I 
I CONVERSION SC"'lE 

AV[RACE ""Co 

I 
'''Co GAMMoO, ... C TIVlrv IN 

LETTER EWOSURE 1'1",[' fQPtOcm' 
L.A.8El ",,1'1 h '" , '''' ,pCl/l 

• '" '" - -• '" ,~ '" '" -

I 
I 

o 100 lOO :100 400 tOO too 100 lOCI _TIIII . 
r i 
I ] 

o 500 1000 1500 2000 2100 '!lIT 

C ,~ ,~ '" ,n 
0 ,., 

" ,n '" , .. " '" " '[. "opol.,.., It"", ""., aola 0I>1.,"0"~, 
~n ~ 'I"_ 0' Je m p25 '''') 

I Figure 0 -1. CaBAL T 60 EXPOSURE RA TE AND CONCENTRA nON CONTOURS FOR ISLA NDS F-4 TO F·5 A T RONGELAP A TOLL, (PhOtograph Frame Num08r 159) 



0-10 

A 

• 

, 

• • , 
J 

• 

• 
c~ 

A 

1>-6 

• 
.... .... 

A 

#I 

o 100 200 JOO tOO 100 100 POI _ _ n. 
r I 
I I 

D 510 1001 llC11 _ ...... T 

• 

'1' 
CD 

CONVEIISION SCAlE 

G .... MMA 
LeTTen ExPOsun[ flAT £' 
LAOEl 11>" n all "' I 

• '" , 
'" " . , , .. 

'" 0 H~ '" , 
'" " , 
" " G " " " .. " , 
" " ~ - " ~ 

'" ~ 

·E .U~.'eo "om .. "., 0»,. 
001.,.- .1 an " ,.,_ 01 31 ... 
11~ 1"' 1 A"ad<I,hon. ' J31'f'1 111 
" ... 10 cotmoc '.y co'''''buho .... 
... "., bII _10 OOIA," _'01., ,.tt,n., "POSY" _.'e 

Figure 0 -8. TOTAL TERRESrRlAL EXPOSURE RA TE CONTOURS FOR ISLANDS F-6 TO F-B AT RONGELA P ATOLL. (Pflotograph Frame Number 189) 

I 
I 

I 

I 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

A 

I 
I 
I 
I 
I 
I 

A 

/:' 6 

G . M 

f!I 

... 
' .,> 

A 

o 100 _ :100 .. .. 1M ,. _."'" 

I ( I 
I J j 1 I 

o 100 ,OlIO 1500 IOOCI HOD 'lIT 

lEllER 
LAIIEL , 
• 
C 

o , , 
G 

" , , , , 

.M· 

"1' .. 
• 

CONVERSION SCALE 

AVERilGE "'C. 
"'Co G.o.Mo.IA .o.CTIVITY IN 

[J(POSURE 114TE' TOf'IOem' 
(llRn .... T 1 "'I (pCo' Ii' 

0'2 02 

012· 0:15 02 01 

,»-
01S-

" 
" 

01~ 08-'3 

I. 13 · 2 ' 

23 2 ' - '0 
00 .0 - 10 

" .~ 10- 10 
10 '0 10 1/ 

.0 1. 11:1S 

,. 20 25 35 

M -" " -~ t- J~ !iQ 

" ~ 
'[ " flpe)jll.a hom _,., <1111 om."..., ot 
.~ .",'UCM 01 38 m (In leell 

Flgur. 0 -9. CESIUM IJl EXPOSURE RA TE AND CONCENTRA nON CONTOURS FOR ISLANDS F·6 TO F-B A T RONGELAP A TOU (Photograph Frame Number 189) 

0-11 



0-12 

A 

A 

~ 
A 

c 
·II~ 

rrJI! 

"" ',> 

o 100 200 300 Il.OO .. _ .. ...,... 

r I 
! J 

o 500 1000 1100 aooo .. nIT 

(:'6 

• 

A 

l! 

CO NVERSION SC"LE 

AV[AAClE NCo 
NCo GAM~A ACTIVITV IN 

LETTER UI'OSUR[ II'" TE' TOP lOem" 
LABEL I/lAII1 "r 1 m) ,pCI/ g) , , 

'" '" , 0'5- ,~ 007· '" , 0.0 - ,~ o I~· ,~ , ,~- " ,~- '" , 
" " 'M- " "[. tr_POIo,,, hom _,., ClI. 001 ......... 

.... ol!,luG<I 0 1 38 '" (1:1'5 '''') 

Figure 0 -10. COBAL roo EXPOSURE RA TE ,liND CONCENTRA TlON CONTOURS FOR ISLANDS F·(j TO F·B A r RONGELAP A rOLL (PhOlograph Flame Number 189) 

I 
I 

I 

I 

I 
I 



I 
I 
I 
I 

• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

rrP 

I 

CONVEIl!>IO N ~C"'LE 

("A '~MA 

UITER [XPOSUIlE I'l .. TE 
lASH i>'11 n all m, 

,,09 
, , , 

"" ". , 
" " D • " . , 

" , 
" G '" " A .. " , 
" n , • [.1<."" •• ,1'11 It"" •• ,"~1 a~,. 

0111 •• ....., 01 ." 1",1,,0f' ul 311 '" 
11~tPf!1' "'''"<1a,I."".'JJ"Rh 
<I .... ,,, ~".m~ "" ·''''"l>uhMt 
.. "," 01' .,,""" ,,, .,n.,.n ''''' h,Ia' 
~ . ,~, 'I' " ' I>< ~u'~ '."-

A 

.. , _ !\GO _ lOCI too Mll fllS 

i i ! I 
i r - . '" 

Flgur. 0 -11 . TOTAL TERRESTRIAL EXPOSURE RA TE CONTOURS FOR ISLANDS F-9 TO F- 10 AT RONGELAP A TOLL (Photograph Frame Numbsr '53 ) 

,,09 

A 

a ll1D .. ::100 100 _ _ 100 lOCI MUlII ' 
i I ! if! I 

i j [ 1 , , . - -- 1_ UGO _ H«I nIT 

CONVUlSION SCALE 

I ""EIlAGE . "C, 
I'C. GA MMA ... CTlVITV IN 

LETT EIl EJ(POSV"E !lATE' TOP IO~ ... • 
LABEL \URn .. T , ,,,, ,pC, ;1 

, 
j • '" • " • 
I '" '" I " " , 

'" '" " " , 
'" .. " 

,. , .. " j ,. 
" 

" " " " 0 " " " " .. " " " " 
" " " " , 
" " " " , 
" " " " "E . lr'l)Ol .. ed '.om "".' d.t. OO'.,n..a ., 0" 

O""uM or 38 m (l2!> I_I 
A 

11 

t, 

11 

t, 

•

oc 
OE 

fa 

I 

Flgur.O- 12. CESIUM 137 EXPOSURE RA rE AND CONCENTRA TlON CONTOURS FOR ISLANDS F·9 TO F· lOA T RONGELAP A TOLL (Photograph Frame Number 153) 

0-13 

A 



0-14 

A 

dI 

f'~ 

A 

o 100 :100 lOG t OO §OIl toO 100 100 MI!TEAS 

I i i ii i I \ ! r I 

o $GO 11)00 UOO lOOO :ISOO fE lT 

CON VEIlSION SCAoLE 

AVEIVIGE ""Co 
OOCoGA~MA "CTIVITY IN 

LETTEII E ~f'OSURE RA TE' TOP 10em' 
LABEL I/lRmAT'rnj (pC, gl , 

'" '" • o IS, ,~ 00/· '" C ,~. ,~ GIS- 0» 

0 ,,,,. 
" on· 0'5 

'[.011Il>0l''''' " ..... _w a .... 00'."""''' 
.n IM_oIlI m (,25_1 

.,. , 
to 

A 

F~ur. 0 -13. COBAL T 60 EXPOSURE RA TE AND CONCENTRA n ON CONTOURS FOR ISLANDS F·9 TO F· IOAT RONGELAP A TOLL. (Pho'ograph Fr"me Number 153) 

I 

c@> 
A 

I 

I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• 

o 100 2GO _ _00 MIl IlOO roo _ NHIJI. 

I r! r I 
! I J , 

• 5(10 ,_ ,_ _ u.nfT 

• 
• 

• 
o CONYEIISION SC "' ~ f 

G~~ 
l E ITER EkPOSUAE ..... 1[. 
LABf.L "'" 11 . , ' '''I , < '" , t---*1 , .. , , .. 0>, , 0>, '" 

,~~ ~~ ,~ ~ 
II> . -

-;, 
'i' 

, , '" .. , .. " G --2' " " ~5 " " '(' ''.1>0'. '''' I • .,... H".' <III. 
01) ••• ...., .t a" .",'''''''' ot J8 ... 
t t~ ""'U "'" OM,I,onl lll"ll 11 
" ... 10 cosmo<: '"~ conl,·!>.J"Qm 
my", be 10 <led toobl.,"' ... U>I. , 

•• ,.,nol . ' PC'U'. '.,. 

Flgur.0· 14. TO TA L TERRESTRIAL EXPOSURE RA TE CONTOURS FOR ISLANDS F' II TO F· 14 AT RONGELAP ATOLL. (Pflotograp" Frame Number 139) 

E 

• 

II> 
-;, ;, 

0-15 



0 -16 

~ 
,<' • 

~ 
~ 

• 

dI 

D UIO 2i)O lOCI . 00 _ IlOO 100 _ MlUIil. 

f I 
I J 

• - , .. ,- ,.. J500HU 

• 

It> 
" 

• 

.... 

·iD. @ 

LETTEIl 
L.\8EL , , 

C , , , 
G 

" , , 

• 

It> 
" , 

CONVERSION SC"L[ 

,,"V[R"Q[ "'C. 
-" Co GAMMA ACHVITVI N 

E.POSURE IV,I[' TOJ> IOe"" 

(uR M A' 1 '"' IpC. III 

." ., 
012 · ." ., . .. 
'M · ." ... " . " .. " . ,. .. " 

,. .. 
" . .. .. . " .. .. " . " .. " " " .. . .. " " .. M " " '[ . !llpoillecI Irom .. ".1 Gall Obl .... ..,.t 

In 1M""" 01 31 m 11:l'S I_II 

F igure 0 · 15. CESIUM 137 EXPOSURE RA TE AND CONCENTRA TlONCONTOURS FOR ISLANDS F·" TO F' l4 A T RONGELAP A TOLL (Pholograph Frame Numoer 139) 

I 
I 

I 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

II 100 :100 )00 ' 00 1000 lOCI 700 100 "'fU ll S 

I ! j I 
I I , 

• 100 ,_ 11000 2000 HOO'ltT 

A 

~ 
'<' • 

~ 
A 

,<' 

A 

"" ' 7 ., 

A 

A~ 

. iJ 

A 

~'7 

CONVERSION SCALE 

AV[I\,A.GE o.co 
"'Co OA r.At,lA ACTIVITY'''' 

LEflER UPOSUR[ RAT[' rop IDem" 

LABEL ~hAr'ml (pC!!) 

• '" '" ------, O,~· 0010 007- 0 ' 5 , 0 . 0- 0110 Ol~· 03S , ,~. " OlS· 065 

"£,I,.""I.,ea "om .. "., ".,. 011'.''''''.' 
.... 11,hll'. 01 38 m ( '2S ''''I 

Figure 0 -16. COBAL T 60 EXPOSURE RA T[ AND CONCENTRA TlON CONTOURS FOR ISLANDS F-II TO F-/ 4 A r RONGELAP ATOL L. (Photograph F'Im6 Numbsr 139) 

0-17 



0-18 

I 

'" 

., 
~ 

~ 

... 
I.i. 

~ 

• II. 

I.i. 

)\D\ l\ e • 
I\\lf~( • • 

I\\D( IY' ~ 

• • 
C ~.-/ 

'-c 

CONVERSION SCALE 

GAM"'''' l E1T[R U POSUAE "A IE-
I.AO El I,oIRm ." ml 

• < '00 • '00 , .. , .., ,» @!l 0 r+:: '" --'- '" .. , .. " G " " -[ ' I''''''''''e<! hom M"" a.'. 
otll, one<! ., ." .1i"!>Oe or 311 In 
117.>IeeI, "'''_,'_'33~ 1\ 
due 10 cosmo: " . con,,,IIu' ....... 

. - --- -- - ---
...... ,1>1 _ 1O_.,n ' ... ''''''' 

o .. ,_ ,_ _ _nu 
•• ,.,n.' .'l>OIu" ",_ 

I 
Figure 0 - 17. TOTAL TERRESTRIAL EXPOSURE RA TE CONTOURS FOR ISLANDS F· 15 TO F· I7 A T RONGELAP A TOLL (Photograph Frame Number 136) 

I 



I 0-19 

I 
I 
I 
I 
I 
I 
I 

"- co 
~ ~ ., ... ... ~ 

..: 

I 
I 

• ~ ~ • • 
\. /~t\\~ • 

• 
I 
I 
I 
I 

CO NVER SION SC"' lE 

4 V(R ... CiE " 'Co 
'''C.O'''MM'' iIICTIVITY IN 

LUTE" ( XI'OSUFU, ", ... re TOP 10 e ... • 
l "'S El ", R ~ ... r 1 m) ,pC'Ol 

• < '" < " I 
I 

dI 
• ", '" t " " , 

'" '" ". " , 
'" .. " , . , .. " " " 
" " ., " G " " " " o 100 .,. ,. .. ... _ 101 _.n:'" " " " ., " 

I 
' l , ,'"poIl'e<l "um .~', ., <lal. OI)II·f>e(I 01 In 

I'H"a~ at J8 m 112~ I~U 
I r ( I 

I ) i 
• ... ,_ ,_ _ ",. 'IU 

Flgur. 0 . 18. CESIUM IJl EXPOSURE RA TE AND CONCENTRA HON CONTOURS FOR ISLANDS F· r5 TO F·I' A T RONGELAP A rOLL. (PfJOtogfl'ph Frame Number 136) 



0-20 

• 

reJ!! 

.... 
~ ... 

c:::D • 

... 
~ ... 

• 

. ---- ------r r I 
I j I 

o .. ,_ ,.. .. _"In 

• 

~ ... 

\C~ 
A 

• 

CONV[RSlOr<l SCALE 

,", V[RA GE ""Co 

""CoO"''''''''' ACTIVITY IN 
LETIER E.POSURE IlA,e" TOP 10 eM ' 
l "'9El (u R n""m, (pC. 01 , • '" • '" , 

'" '" '" '" , 
'" ,~ o 1~- ,~ 

"[ ' ''al>,,·.'eo ''0'" ole".! dol' ..... ,. 'n«! .' In 
."·Iude 0 1 311 m (ll!oleeu 

Flgul. 0 -19. COBAL T 60 EXPOSURE RA TE AND CONCENTRA nON CONTOURS FOR ISLANDS F· 15 TO F· 17 A r RONGELAP A TOLL . (Photograph Frame Number 136) 

I 
I 

I 
I 



I 
I 
I 
I 

• 
I 
I 
I 
I 
I 
I 
I 
I 
I A 

I 
I 
I 
I 

A 

• 
~ ... 

• 
0;, 

o 100 JOG lOO _ _ _ roo _ MUI:II. 

I! I i ! I 
I i ' 

• - ,- "" 2000 2SOO 'lU 

... 
• 
~ 

... • -'" 

E 

• 
CONV["'SIO~ SCALE 

0,, 1.1 ...... 
lEHtfl UPOSUJlt "' ... , ( • 
LAIIEL ",fI'II., 1 "'I , < '" • '" '" , ". ,~ 

0 O~ 'M , 
• 'M ,. , ,. 

" G " " " " " " ~ 

'[",_."., 'rom _ .. , aol. 
atlll'n.(! ., on .1,,,,,,,," 01 311 "' 
P~I"') M.d""!OfIIJ3JuRfl 
" ... to co.'."c r.~ Corolf.""' ...... 
...... ,CIot .-'0 01111'" ' ... "".' 
. " .',,.' hPOW'. r." 

Flgur. 0 -20. TOTAL TERRES TRIAL EXPOSURE RATE CONTOURS FOR ISLANDS F· 18 TO F·22 AT RONGELAP A TOLL. (PhOtograph F,. m8 Number 179) 

Figure 0 · 21. 

~~ • 

• 

D 

Q 
A 

... 
... • 

~ 

~ 
o 100 iIOO :100 _ _ _ 70CI _ MIn. ... 

I ! \ i ! r I I , I j i 

• - "" ,- __ 'IlT 

... 
~ 

'1' -... 
G , 

l 

A 

CON~["'''ION sc.-LE 

."E"'''Gt Co 
Co 0 ........ " .CTIYIT1IN 

LETTER t.POSUIlERA'[' TOP 'Ocm' 
LABEL !;Ill .. A' I '"I (pC'lIl , 

'" " • '" ,~ " " , 
'" '" " " 0 '" 

,. 
" " , ,. 

" " " ~-, 
" " " " G " " " " " " " " " , 
" " " ~ 

"[,,,",,,,,.,oa I'om "".1 "al. 01>10.,,11<11' 
"" 11!"~oe 01 31 m 1125 ' MI) 

CESIUM 137 EXPOSURE RA r E AND CONCEN TRA TlON CONTOURS FOR ISLANDS F·18 TO F·22 A T RONGELAP A TOLL (Photograph Frame Numb'" 17!l) 

• 

... 
• ... ... 

~iQ~~·~~ 
~: 

oft 
;. ... 

0-21 



0-22 

A 

• 
. 

~ 
~ 

• 

• ... 
• 
~ ... 

• 
~ 

o 100 _ _ _ 500 _ 100 _ .T.'" 

I Ii! I i I 
I ! j , 

• - -100II . _ ... noo'llf 

~~ 
." • 
~ 

." • 
~ 

'" 

• 

CO NV(R SION SC"' L( 

i "VE""GE "'Co 
~·CoG "'''' ''''' ACflYtT V IN 

LEflER [Ko>QSUFl( FlATe loP ,0' ... · 
l "'OEL 1JI 1l " A' 1 "'I ,pc. QI 

• '" < '" , o ,~. '''' '" '" , , ., 
'" o 1~- '" , 

"" .. '" ' " ·[ . "a""'~'t" "0'" ........ ".'. o( .. au>e<l at a" 
,"·1_0' .111,., . ' X iffll 

Figure 0 -22. COBAL T 60 EXPOSURE RA TE AND CONCENTRA TlON CONTOURS FOR ISLANDS F, '8 TO F·22A TRONGELAP A TOLL. (Photograph Frame Number 179) 

@ 

." 
!. .. 

I 
I 

I 



I 
I 
I 
I 
I 
I 
I 
I 

A 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

" c 

" 

• 

~ ... 

• 
• 

G 

o 100 200 )00 _ 500 _ 700 100 Mnlll, 
Y I 
I I 

o 500 1000 , 500 2ODO 25000 flU 

c • • 

• 
• 

c 
• 

Figure 0 -23. TOTAL TERRESTRIAL EXPOSURE RATE CONTOURS FOR ISLAND F-23 AT RONGELAP ATOLL. (Photograph Frame Number 177) 

0-23 

A 

CONVERSIO I>I SC"'L ~ 

GA~MA 
LETTER U I'()SURE RAIE ' 
l "'SEl ~,R~a"m! , < '"' , 

'"' ' " , " . '" , ,~ '" , 
'" " , 
" " G " " " " " ' ( " ' 81>0'"18<1 " 0<"1 <Ie". , o.t. 

Obll'~~ al ." a lt "uae Ot J.!I m 
( 1 2~ ''''''I ... ~ aO<l, honl ' 3 3~R n 
duft 10 ~O$",I~ " V <"'''''O~''on. 
muot I>e . ""eo 10 00"'" 1M ,u, .. , 
e . lern.I e ' P<>Iu'e '.'e 



0-24 

A 

::J ... 

A 

o 

F • 
~Q 

" F 

• D 

D 100 JOO JOG toO toO _ 700 101 MITIIII, 

i I 
I I 

o iOO 1000 ,~ :100II )lOCI n IT 

• 
• D 

c 

o 

• 
D 

• 

c 

F G 
'D 

CO~~ERSION SCillE 

AVERAGE '''C. 
"'Co GIIMM ... " CIIVI I YIN 

lEITER E ~POSUA€ AIO.'(· 101' lO~m' 
LASEl (jJA" A' 1 "'I IDC, 0 ) 

• ~ " • 0'2 0)5 " .. 
C ,~ '" " . " 0 01~ . " '3 - 2' , 

" " 2 . · '0 , 
" " " " C " . " " . " 

" " " " " '( ' ''opolO!'''' r,,,,,, ... ".1 diU. OO,",r>t<!I' 
In 111.'.- 01 J8 '" 41~_1 

- -- -
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Figure 0 -33. CESIUM 137 EXPOSURE RATE AND CONCENTRA nON CONTOURS FOR ISLANDS F·3' TO F-33A T RONGELAP A TOLL. (Phot09r.ph Frame Number 80) 

0 -31 



0-32 

c 

• 
c 

• 

~ 
" 100 100 )00 _ loGO _ '00 _ .IUlI 

I I r I 
I J 

• - ,- ,- - ,_ ,ttT 

• 

7' 
1:: 

c 

CONVERSION SCALE 

"'VERAGE "'Co 
OOCoGAMMA "'CHVITY IN 

LE"E~ EXPOSURE 11"'1£" rop IOcm" 
LABEL IItIIl n AT 1 m) H,C" II ) , ." ."' , 0 15· "'. 001 - ." 

C .~ - .~ 015 - 'M 
-E.o".POI.,1O I,,,,,, .. ,"" 011.1 001 • ....., .1 
In .~"_ 01:111 m 4'2S ''''I 

• 

7' 
'" ~ 

~ 
• 
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Figure 0 -35. TOTAL TERRESTRIAL EXPOSURE RATE CONTOURS FOR ISLANDS F·J4 TO F-38 AT RONGELAP ATOLL. (Phorograph Frame Number 200) 
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Figure 0 -42. CESIUM 137 EXPOSURE RATE AND CONCENTRA (tON CONTOURS FOR ISLAND F-42 A r RONGELAP A TOLL (Pholograph Frame Number 216) 
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Figure 0 -43. COBAL r 60 EXPOSURE RA TE AND CONCEN TRA TlON CON TOURS FOR ISLAND F-42 A T RONGELA P A TOLL . (Photograph Frame Num/)fJr 216) 
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Figure 0·44. TO TAL rERRES TRIAL EXPOSURE RA TE CONTOURS FOR ISLANDS F·43 TO F-44 AT ROHGELAP A TOLL. (Photograph Frame Number 72) 
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