
February 15, 1980 
722415 

To: D r .  C. L. Yarbro 

From: George D. Kerr  (4-6258) 

Subject :  Access t o  weapon data r e p o r t s  a t  T I C  

I would l i k e  t o  have access t o  rev iew r e p o r t s  on weapon data, such as:  

W. A. Biggers and F. Waddell, "External  Neutron Measurements 
1946 t o  1956," WT-9004 (October 1957), 

and t o  r e p o r t s  on some s p e c i f i c  weapons tests; such as: 

E. Storm, "Gama Rad ia t ion  Exposure as a Funct ion o f  Distance- 
Operat ion Ranger," LA-1228 (March 1951 ) .  

The spec i f i c  t e s t s  which a r e  o f  i n t e r e s t  are:  

Crossroads: Ab1 e 
Ranger: Fox 
Buster-Jangle: Dog 
Upshot-Knothole: Grab1 e 
Teapot: Wasp, Moth, Hornet, Bee, 

and Wasp Prime 
Hardtack Phase 11: Mora, Lea and 

Soco r r o  
Storax:  Small Boy, L i t t l e  F e l l e r  I ,  and 

L i t t l e  F e l l e r  I1  

These weapon-test designat ions a r e  taken from the enclosed a r t i c l e  by 
M. W. Car te r  and A. A. Moghessi, Hea l th  Phys. 33:55 (1977). 
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2/ 19/ SO 

Enclosure 

c c :  D. C. Parzyck 
P. J .  Walsh 
F i l e  - GDK 

Approved fo r  weapons e f f e c t s  
and gamma/neutron dosimetry 
data related t o  nuclear 
(limited to  f i ss ion)  detonations ./CLYarbro:bl- 
SRD-Sigma 3, as required, fi'--. 
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THREE DECADES OF XUCLEAR TESTING 
SIELVIS  W. CARTER and A. ALAN MOGHISSI 

Of ice  of Interdisciplinary Programs, Georsia Insritute of Technology, Atlanta, GA 30332 

(Receiced 6 Augur! 1976: acceprrd 30 Nocernbrr 1976) 

Abstract-This paper lists in chronological order all the nuclear detonations which have 
been announced by the six countries which have conducted nuclear detonations. The 
numbers of such detonations and the cumulative yield are underestimates for reasons 
presented and discussed. In a 30-yr span, beginning on 16 July 1945, and ending on 30 
June 1975, some 801 nuclear detonations have been announced with a cumulative yield of 
about 325 Mt. 

Statistics for nuclear detonations are tabulated in a useful format and figures. Interna- 
tional treaties and agreements which affected and continue to affect nuclear testing are 
discussed in relation to their effects. 

I!VlRODUCTION 
THE ERA of nuclear weapons and their testing 
was ushered in on the morning of 16 July, 
1945 at 1230 Greenwich Civil Time (GCT) in 
the desert near Alamogordo, N e w  Mexico. 
The world's first nuclear test, Trinity, had a 
fission yield of approx 19 kilotons (kt) and this 
size device was subsequently referred to as 
nominal yield. The device was detonated on a 
steel tower at a height of about 3 0 m  above 
the desert floor. 

Statistical data on the nuclear detonations 
are scattered. Probably, the most complete 
listing of nuclear detonations up to 1961 has 
been published by Glasstone (G162). A re- 
vised version of his data containing additional 
data up to 1963 appeared in 1964. Springer 
and Kinnaman (Sp 7; Sp 75) published com- 
prehensive seismic source summary data for 
US. testing activities up to 1973. 

No comprehensive information is available 
on the testing of other nations subsequent to 
i 963, nor has  additional infomation on test- 
ing activities, which has become available 
since the publication of the Glasstone data, 
been conveniently summarized. Also, this in- 
formation on nuclear tests should help pre- 
clude the need to correlate environmental 
radiation data attributed to nuclear testing 
with information available through press re- 
leases (Lo 73). 

In the ensuing 30 yr, there have been about 
800 nuclear detonations conducted by the Un- 
ited States (US), Russia (USSR), United King- 

1 

dom (UK), Republic of France (F), People's 
Republic of China (PRC), and India (In). All 
but two of these detonations have been tests 
of nuclear devices for various purposes. The 
two exceptions were the weapons used during 
World War I1 at Hiroshima and Nagasaki, 
Japan, during August 1945. 

A nuclear test can be defined as an expen- 
mental study of a nuclear weapon or device 
which involves a nuclear detonation. Also in- 
cluded are safety tests which involve a detona- 
tion of the high explosive in the weapon or 
device and may produce a small amount of 
nuclear yield. As the terms imply, a weapon is 
in a configuration for military application; 
whereas, a device is an experimental ap- 
paratus which may require considerable en- 
gineering to transform into a weapon. 

A nuclear detonation or explosion is caused 
by the extremery rapid release of a large 
amount of energy within a limited space with 
the bulk of the energy derived from nuclear 
processes. They may be either from nuclear 
fission or fusion. In general, a fission reaction 
is used to provide the high temperatures and 
pressures required to initiate and sustain a 
fusion reaction. These latter reactions are 
referred to as thermonuclear (H) and can be 
made to releaw txtremely large amounts of 
energy. 

The release of energy, yield, is usually 
measured in terms of trinitrotoluenc (TNT) 
equivalent. One ton of TNT releases 10' 
calories of energy (GI 62). The largest nuclear 
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test about 5 8  11; diid \vab cdnductcd b) 
the USSR in October 1061. 

The testing of nuclear devices is usually for 
the purposes of gaining knowledge of nuclear 
explosive phenomena and of the effects of 
nuclear detonaticlns. Purposes for testing nuc- 
lear weapons and devices by the US have 
included effects on military equipment and 
systems, biomedical entities, and structures; 
development of seismic measurement systems 
and calibrations; verification of untried princi- 
riles and selection of choices among theoreti- 
cal designs; circumvention of lengthy and tedi- 
ous laboratory experiments and calculations; 
bases for extensive engineering prior to stock- 
pilins; gathering important scientific know- 
ledge, notably, fundamental physical data; de- 
tzrmination of efficiency and performance 
characteristics; safety; and training. However, 
it is reasonable to assume that most tests may 
have multiple purposes. 

A major division of nuclear tests has been 
between those for pea\*eful purposes and 
military applications. This may be a technical 
distinction. It would be prudent to assume 
that any announced test for peaceful purposes 
could have military overtones. 

The US program to develop and use nuc- 
lear devices for peaceful purposes is named 
Plowshare. Thus far, 27 experiments have 
been conducted under this program. These 
experiments have involved specific device de- 
velopment, stimulation of underground 
natural gas production, excavation (cratering), 
selected isotope production, nuclear produced 
effects in specific geological formations, heavy 
element production, development of emplace- 
ment techniques, and investigation of energy 
development systems. 

As an example of specific device develop- 
ment, it is desirable to have a particular explo- 
sive for use in stimulation of natural gas in 
deep underground formations. It is generally 
packaged in a configuration suitable for de- 
ployment in a conventional drilled well of 
relatively small diameter. Also, it should be 
relatively free of tritium as this nuclide be- 
comes part of gas molecules, such as methane The Appendix contains publicly announced 
and ethane, and forms tritiated water. There- information on nuclear tests conducted 
fore, device development would aim towards throughout the world by the six countries 
design and construction of devices in small which have demonstrated this capability. The 
diameter configurations and with explosive data are presented by country and are given in 

products deficitnt in t r i t ium. 
An important a<pcct of nuclear testing is 

the emplacement of the nuclear de\ice. Tests 
can be categorized as underwater (UW), un- 
derground (UG), atmospheric (AT), and high 
altitudc (HA). Those conducted underground 
have been placed in tunnels, vertical shafts, 
and standing cavities. Atmospheric place- 
ments or  positioning have been by or on to- 
wers, tetheied ballons, zirdrop, 280 mm can- 
non, rockets, missiles and at ground level. Of 
course, rockets and missiles have been used to 
conduct high altitude, above 10 km, tests. Our 
major categories in several cases are not 
clearly defined and there is overlap between 
them; for example, an underground detona- 
tion which vents releasing fission products to 
the atmosphere could be placed into the at- 
mospheric category. For our purpose, a device 
placed and detonated underground is design- 
ated as underground even though it may have 
been designed to produce a release to the 
atmosphere or may have accidentally vented. 

This paper contains statistical data OR the 
nuclear testing program during its 30yr  his- 
tory. Because atmospheric and seismic data 
have been previously published and are con- 
veniently available, they have been excluded. 
All data are espressed in metric units. The 
yield values were not corrected in the conver- 
sion process because the difference between 
the British and metric ton is considerably less 
than inherent inaccuracies in those values. IR 
every case, the latest available yield data were 
used. 

Nuclear test statistics contained in this 
paper are those which have been announced 
by the country conducting the test or by the 
US. No! all tests conducted by the US and 
the USSR have been announced. This may 
also be true for several other countries which 
have conducted tests. Also, it is conceivable 
that a singly announced event may have in- 
volved several simultaneous nuclear detona- 
tions. 

NUCLEAR TESnNC STATISTICS 
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us 

Nevada Test Site (NTS) 
Pacific Proving Ground 

Johnston Island (JIA) 
Christmas Island (CIA) 

Eniwetok 
Bikini 

LwsR 
Novaya Zemlya (Arctic) 
Siberia 
Semipalatinsk 
USSR 

UK 
Monte Bello Islands, Australia 
Woomera, Australia 
Maralinga Proving Ground, Australia 
Christmas Island 

F 
Reggan, Sahara Desert 
Mururoa, Tuamotu Archipelago 
Fangataufa, Tuamotu Archipelago 
Sahara Desert 

PRC 
Lop Nor, Sinkiang Province 

Thar Desert, Jaisalmer District 
In 

Other nuclear tests have been conducted at 
various sites. For example, the US has con- 
ducted tests in the Atlantic, the Pacific, on 
Amchitka Island, in Colorado, New Mexico, 
Mississippi and in parts of Nevada. 

As indicated earlier, yields are given in 
terms of kt. when this information is available. 
However, yields sre also presented in qualitative 
terms such as ranges, less than values, grea- 
ter than values, approximate values, and "no 
values". This, of course, affects the cumulative 
yield information and reflects the approximate 
nature of the data. 

In preparing summaries of yield data, a 

3 1"N 116"W 

1 1"N 162"E 
11"N 165"E 
17"N 169"E 
2"N 15 7"W 

75"N 55"E 
52"N 78"E 
5 0"N 80"E 

Soviet Territory 

20"s 115"E 
3 1"s 137"E 
30"s 131"E 

2"N 157"W 

27"N 0 

24ON 5"E 

2 1"s 137"W 
2 1"s 1 3 7"W 

40"N 90"E 

27"N 72'E 

convenicnt system was adopted for use. Less 
than and greater than values were used in 
additions. Also, approximately half of the 
range was used in additions; e.g. 0-20, 2Q- 
200, and 200-1000 kt would be represented 
by 10, 100, and 600 kt, respectively. Any 
yield less than 0.1 k t  is considered as 0.1 kt in 
the summaries. 

Table 1 is a summary of nuclear testing 
statistics for the indicated countries. It indi- 
cates the types and numbers of detonations 
conducted and the total yields for each cate- 
gory, atmospheric, underground, underwater, 
and high altitude of nuclear test. The total 
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yield for the 801 announced detonations is 
325 MI. It is of interest that the US has 
conducted the most detonations, 578; 
whereas, the USSR tests have involved the 
highest cumulative yield, 207 Mt. 

In Tablz 2 are presented the numbers and 
yields of nuclear tests by years and the 
cumulative totals for these parameters. These 
data have been plotted as Figs. 1 and 3, on 
semilogarithmic graph paper. 

In Fig. 1, the cumulative numbers of nuc- 
lear detonations are plotted versus the year in 
which they occurred. The effects of the nuc- 
lear testing moratorium, from November 1958 
unt i l  September 1961, are evident. It is also 
clear that 1962 was a year in which a large 

Year 
FIG. 1. Numbers of nuclear detonations. 

number of tests were conducted. Actually, 
143 tests were announced for 1962 and the 
second greatest number of tests, 96, was in 
1958. 

Figure 2 represents the cumulative yield 
plotted against time. The total yield is approx 
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FIG. 2. Yields of nuclear detonations. 
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325 Slt .md the largest year!j yield was in 1962 
and amour,tcd to about 10% Mt. .4s minmned 
prcviously, the largest nuclear test, S8 Mt, was 
conducted by the USSR in 1961. They also 
detonated two devices in 1962 which were 
about 30 Mt each; whereas, the largest test 
conducted by the US was Bravo on 2s Feb- 
ruary 1954 with a yield of 15 Mt. 
In both Figs. 1 and 2, it is obvious that the 

rate of nuclear testing and the associated yield 
are decreasing with time. This is especially 
true €or the lab1 5 yr. 

SIGNIFICANT EVESTS Di NUCLEAR TESTISG 
Those events having a significant effect on 

nuclear testing are given in Table 3. The years 
of the first nuclear test and first H test are 
presented by country. Also, the dates of perti- 
nent treaties and agreements as well as the 
pzrticipating countries are indicated. These 
rreaties and agreements include: 

ivloratorium on Nuclear Testing 
This declared Agreement involved the US, 

UK, and USSR. It was I-yr (later extended) 
moratorium on nuclear testing to prepare the 
way for political negotiations. In effect, it 
started during November, 1958 and, for prac- 
tical purposes. continued until the USSR 
began a large scale nuclear test series in the 
atmosphere in Septembor 1961. During this 
period. early in 1960, France tested its first 
nuclear device and also conducted r.vo addi- 
tional nuclear tests before the end of 1960. 

Limited Test Ban Treary 
This Treaty prohibited treaty participants 

from conducting nuclear weapons tests in the 
atmosphere, underwater, and in space and in 
any other environment if the test would cause 
radioactive debris to be present outside the 

territorial Ilmri> of the  mtion under W ~ O F T  

juribdiction or ccintrol wch a test explosmn is 
conducted. 
Non - Proliferilrion Treaty 

I 
i :  

i t  j ; .  1 1 
The major provisions of this Treaty were to 

prevent the supplying and acceptance of nuc- 
lear weapons and nuclear weapon's materials 
by the nuclear nations and the non-nuclear 
nations, respectively. Also, international in- 
spections were agreed upon and the p a t  
nuclear powers ayeed  to enter into sincere 
negotiations to limit the nuclear arm's race. 

! :  

! :  

, ,  
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Strategic Arms Limitations Talks 
These so called SALT talks have led to the 

Threshold Test Ban Treaty which was 
scheduled to become effective 31 March 1976. 
This Treaty was signed by the heads of govern- 
ment, US and USSR, on 28 May 1976. A 
major provision of this Treaty would be to 
prohibit all underground nuclear tests having 
a yield of greater than 150 kt. An exception is 
simultaneous detonation of multiple devices, 
total yield not to exceed 1500 kt, for peaceful 
purposes. These treaty provisions, of course, 
are important steps in helping to limit the 
nuclear arm's race. 

F 

f 

? 
U S S R  Proposal to the United Nations in 
Seprern ber 197 5 

This proposal would prohibit all testing 
of nuclear weapons and devices. This pro- 
posal will be considered and discussed by 
the United Nations in the near future and 
is, perhaps. a logical extension of the treaties 
previously discussed. 
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6/9/57 
8/9/57 

14/9/57 
16/9/57 
19/9/57 
23/9/57 
26/9/57 
7/10157 
6/12/57 
9/12/57 

Bikini A T  

Bikini AT 
Bikiii  AT 
B i h m  AT 
BiLini AT 
Emwetok AT 

NTS 
m 
hTS 
KTS 
NTS 
KIS 
NTS 
NTS m 
NTS 
T S  
hTS 
NTS 
HTS 

AT 
AT 
AT 
AT 
AT 
AT 
UG 
AT 
AT 
AT 
AT 
AT 
AT 
AT 

2 30 
90 
90 
I50 
90 

IS0  
-20 
150 
230 

11z[H) 
90 

121) 
150 
I SO 

2QN. 126.W 

rm 

Eniretot 
B J i m  

Bikini 
Eniwciot 
Eniretnk 
Btkint 
Esiweiot 
Enwetot 
BikiN 
Enirciok 
Bikuu 
Bikm 
Eniretot 

m 
h7S 
hTS 
?;TS 
NTS 
NTS 
KTS m 
h N  
h7f 
KTS 
N T S  
h l s  
KTS 
h7f 
NTS 
hTS m 
h75 
KTS 
N-K 
N T S  
NTS 
NTS 
Nrs 
h-rs 
hTS 
Fm 

uw 
AT 

AT 
AT 

AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 

AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
UG 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
UG 
AT 
AT 
AT 
UG 
AT 

-610 

1320 

90 

60 
210 

150 
90 

150 
150 
2 LO 
450 

610 
150 
150 

460 
I50 
JEO 
230 
_I 3 P, 

1so 
I50 

230 
150 
460 

-240 
150 
460 
I50 

l 5 I J  

-,. 

HARDTACK PHASE 1 
Y ucc. 28/4/58 

c.cru, 
Fu 
Bsnernut 
Koa 
Wahoo 
Holly 
Nutmei 

5/5/58 
11/5/58 
11/5/59 

16/S155 
201553 
21'5158 

izi5isa 

12'37% AT 

Entwelok AT 
Bikini AT 
Eniwetok AT 
Eniwetok AT 
Entwerok uw 
Enwetot AT 
Bnktni AT 

163WI'E 
26000 

-150 

I 
2 Tower 
7 Towrr 

43 Toker 
4 Tower 
8 Tower 
1 

14 Tower 
3 
3 (MSL) 
2 Tower 

22 Tower 
29 Tower 
28 Tooucr 

30 

Surfacc. Safety Exp. 

40 Surface 

H Weapon 
3530 Surface 

Tower 
1: Stdace 

Tower 

>lo00 Finr Air Drop of 

aarF 

BUgC 
Barge 
Barge 

5010 Barge 
Barse 

12 Tower 
0.140 Tower 

O.OOO5 Balloun 
10 Balloon 
37 Balloon 
74 Balloon 
17 f o u c r  

- 2  Rocket 
10 Tower 

9.7 Balloon 

19 Balloon 
17 Tower 
I 1  Balloon 

4.7 Ba1:oon 
44 Tover 
11 Tower 

0.197 Bal:oon 
0.3 Surfaa 

1 Torcr 
11 Balloon 
12 

1.7 Tunnel 
19 Tower 
12 Balloon 
8 Balloon 

0.5 Surface 

<20 

<20 Venical S h l t  

Balbon 

18 Surface 

1370 Surface Barge 

Raise 

Barge 
Barge 



h? T H R E E  UEC:\bES OF NUCLE.-\R .PESTIUG 

1, r , I I, 

, I , I  

- _  - 
E"i*cI"i 
Fniueru: 
t n i w e r o k  
El<,> ,  

Fni-<tu. 
Enrwetok 
Bikiri 
BiLini 
Enwetck 
Eniwefok 
Bikin, 
Enioetok 
Ent.*ctok 
Bikini 
Eniwctok 
Bikini 
Entweiok 
Bikini 
Bikini 
Eni%etoL 
E.tuct2k 
Jcbnr.on lrlrnd 
Johnston liland 

I> : ' c .  

$ < i < l  I 

:o'j;cu 
:o < .,< 
3Uij;Y 
3 : , 5 . < 9  

2!6 is 
8.6,<5 

I O  4 5 s  
14'6.56 
1116:59 
1816!58 
2716'58 
2716% 
23/6;5a 
2916158 
ln:s8 
2/7/58 
5/1/58 

12/7/58 
22!7158 
22 7;qq 
I..>: ;> 

1 8 / 5 3  
12111:58 

27'8:S8 

6/9/58 

12/9/58 
17/9/58 
1919!56 
21i91S8 
26/9;58 
28/9/58 
291Y:58 
5 / l p l 5 8  
S:10/59 
8/10;sa 

1 oi 10/M 
13/lO,SS 
14/10/58 
1511W58 
161 iJ/SR 
161101S6 
1711o:ss 
18i101SR 
22110158 
221101s3 
22110158 
2411 0158 
24: 10i59 
?6!10;5S 
26/10/51 
26: I0;S 
2'/10;58 
?9/10/ 58 
?9ilOi5d 
j01101SS 
30!10.58 
3'1 10159 

3c:atss 

15/9/61 
16/9/61 

10/10161 
291 lO.'6l 
3/12/61 

1% 1 3 6  I 

13/12/61 
17/12/61 
22/12/61 

9/1/62 
18/1/62 
30/ 1 I62 
8/2/62 
9/2/62 

15ili62 
I912'62 
I 9 / 2 i O ?  
23.2~62 
?J ?r6? 

OJ 

-1s 
Birpc 
B q e  
Bx:e 
Brrge 
B U p  
Barge 

8904 Barge 
Barge 
B8rpe 
Brrgc 
Barre 
Barge 
Barge 
Rirpc 
Bar je  
Rocket 
Rocket 

Eldcr 
Oak 
Hickory 
Scquoia 
Cedar 
DJgviwd 
Poplrr 
Jmiprr 
@I,.<- 
Pi-; 
Tea:: 
Orange 

DOMINIC (co- 
A:4.u, 
Ouesia 
Fnpcc Bud 

NOUGAT 
PlCl 
Aardvark 

Yukon 
Mctilla 
Muskegon 
SwordRih 
E n m o  
Swrnec 

mm1c I G O .  

77000 > 1000 
43000 >IO00 

ARGUS . 
Argus I 
Arps  11 
A r p  I11 

HARDTACK PH.4SE 11. 

S Atlanuc 
5 Arlrncic 
5 Atlanfsc 

HA 
HA 
HA 

- 48oooo 
-48OOOO 
-4nu000 

1-2 
1-2 
1-2 

W C t  
Rocket 
Rccket 

NTS 
NTS 
NC'TS 
NTS 
XTS 
>TS 
h7s 
STS 
h7S 
NTS 
NTS 
hTS 
h7S 
NTS 
NTS 
NfS  
3-n 
>TS 
NTS 
STS 
>TS 
STS 
S TS 
Y t S  
hTS 
>% 
XTS 
N T S  
h75 
NTS 
NTS 
hTS 

UG 
UG 
AT 
UG 
UG 
LiG 
AT 
AT 
UG 
UG 
AT 
AT 
L'G 
AT 
UC 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
UG 
AT 
AT 
VG 
AT 

-146 0.038 
-139 0.015 
I50 0 083 

O i c r >  
Bcrnd.llo 
EJCA 
Luna 
Va:er.ma 
Ma15 
Sfor3 
H t ; l l S O  

Tana:pais 
Qua? 
Lea 
I;rp.unc 
Hamilion 
Logan 
Dona Am 
VCYia 
Ria A m h  
ScLoiro 
Wrangell 
RLrhmgrc 
Catrun 
l U h >  
sanrord 
C e r o  
De Bacr 
Chaw2 
Eva95 
Humbo!dt 
Sanu €e 
Binnca 
Ti r~n i i  

SOUGAT. 
Anil:r 
Shrew 
Chena 
Mr'r 
Firher 

COlfdT 

CSOME PROJECT: 
Gnome 

\@UCAT (Cont:n&dI: 
M i d  
Ringtail 
Fcaihcr 
Stoat 

Balloon 
-148 0.0015 
-148 0 M)? 

0 0 1 3  
Ab0 2 

Tunnel. Ventins 
Bslloon 
Balloon 

Slight Ventin8 
Tower 
Balloon 
Venting 
Tower 

NOUGAT (G,,-, 
Eel 

DOMJWC (Cor- 
Chcrco 

NOUGAT (6". 
Whiu 

.. 
-30 o i 1 3  
IS 0 woz 

-250 5 
110 0.037 

0 024 
22 0 09 

140 6 

Balloon 
Surlacc 
Tower 
Balloon 
Balloon 
B.IIOO~ 
Tower 

Balloon 
Tower 
Balloon 
Tower 
Venting 
Tower 
Balloon 
Slight Venting 
Tower 

sUtf8~Y 

DOMINIC (Con. 
Tananm 
N a m k  

R l s o h l n  
h c k r l t  

NOUGAT (Cog: 

DOWNIC (Con:, 
A h a  
T r u c k  
Ycm 
Hrrlem 

NOUGAT (Coni. 
Du Moines 

DOMIXlC <Con. 
IGnwnrd. 
D U k  
h W  

D m r s  1 

O m r i  
Bi-m 

Haymaker 
Maxshrn8k.u 

DOMINIC ( b n n r  
BktOm 

k c n m e n t o  

STORAX: 
Scdm 

Ltde Feller II 

NOUGAT (GW- 

DOMINIC (Conc: 

NOUGAT (Corn,- 

NOUGAT (Contr? 

0.024 
22 0.09 

140 6 

8 0 0007 
460 2 2  
16 O.OOO6 

-260 0 055 
8 0 008 

460 1.3 
?SO 19 

8 0 ow2 

NTS 
NTS 
hirs 
NTS 
NTS 

UG 
UG 
L'G 
U t  
UG 

UG 

-400 2.6 
-100 <20 
-25s <20 - 190 <20 
-365 13.5 

-360 3.1 

Tunnel 

Tunnel 

fu l rbrd .  NM Plowshare 

h7s 
37s 
STS 
NTS 
NTS 
NTS 
h-Ts 
KTS 
K T S  
3TS 
NTS 
STS 
YTS 

U t  
UG 
VG 
UG 
L'G 
UG 
UG 
uc 
UG 
L'G 
UG 
UG 
UG 

Tunnel 

-260 5.9 
-360 , <20 
-190 2 7  .. -. 
- 2 i o  6.6 - 290 5 9  
-150 1 8  
-210 < 20 

I 

- 30 1 1  2 
-38 < 20 

r 
i: I 0 8  I O  i 4 .. 
? 
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SOUGAT (Continued): 
Paca 
Aa:dvark 

DCJWKSIC (Cootinued) 
Ydkcn 

Murk: on 
Srorriikh 
Ennno 
S r a c i e  

\ l cS l I lA  

NGL'GAT (Continued): 

DO\llNlC (Continued): 

SOUGAT (Continued). 

DO~~INUIC (Continued). 

Eci 

Chetio 

Whrrc 

Tananr 
N a m k  

SOLGAT (Conunued). 
R a a o n  
Packrat 

DO!klISlC IConnnued). 
Alma 
Truckee 
Yes0 
Harlem 

3OCGAT (Continued) 

DOWINlC (Continued) 

Der Moine, 

Rinconada 
DEI= 
Petit 

Daman 1 
NOUGAT (Contir.ued), 

DOMINIC (Cwunwd): 
Otowi 
Bighorn 

YOUGAT (Continued): 
H8ymaker 
Marshmallow 

Bluestone 

Sacramento 

DOMINIC (Continued) 

SOUGAT Itontinued) 

STORAX: 
Sedan 

Lnrtle Feller ll 

27/1/62 

2714162 

245 h l  
J 5ro: 
6/5/61 

7/5/62 
l?15;6? 

8/5162 
915162 

1115162 
11,5162 
12/5:62 
14/5/62 

19/5/62 

19/5/62 

25/5/62 

25/5/62 
27/5/62 

1'6:62 
6.6162 

8/6/61 
96/62 

1016162 
1216162 

13/6/62 

15/6/62 
17/6/62 
19/6/62 

21/5/62 

22/6/62 
27/6/62 

2716162 
28/6/62 

3016162 

30i6i62 

6/1/62 

717162 

v r b  
NTS 
S T S  
K;Ts 
YT-S 
NT-S 
h T S  
ti TS 
pin 
tin 
NTS 

CIA 
CIA 

KIS 

CIA 
CIA 
CIA 

m 
NTS 

CIA 
CIA 
CIA 
E Pacific 
CIA 
CIA 

K;s 

CIA 

NTS 

c14 
CIA 

KTS 
NTS 

CIA 
CIA 
CIA 
CI 4 

IC73 

C1.4 
CIA 
CIA 

M S  

CIA 
CIA 

m 
NTS 

CIA 

NTS 

NTS 
NTS 

I ( 8  

CG 
b G  
UG 
UG 
UG 
IIG 
UG 
UG 
UG 
UG 

AT 
AT 

UG 

AT 
AT 
AT 

UG 
UG 

AT 
AT 
AT uw 
AT 
AT 

UG 

AT 

UG 

AT 
AT 

UG 
UG 

AT 
AT 
AT 
AT 

UG 

AT 
AT 
AT 

UG 

AT 
AT 

UG 
UG 

AT 

UG 

UG 

AT 

-2bn 
-2'0 
-190 
-140 
-260 
-230 
-150 
-110 
-190 

220 

-169 
-430 

-200 

-190 

-160 
-260 

-190 

-264 

-410 
-210 

-150 

- I 9 0  

I 

u 4: 
<20 

7 6  
c20 

3 
c20 
IO 

< 20 
c20 

I .7 
C20 

2+200 
20-200 

(20 

>IN0 
2i>-:Oo 

4 0  
38 

20-200 
20-200 
20-200 
c 20 

20-200 
20-200 

4 0  

20-200 

<20 

c20  
20-200 

c20  
<10 

20-200 
20-zoo 
> IO00 
20-200 

<20 

2+200 
20-200 

<20 

<20 

2&200 
> I O 0 0  

67 
<20 

>lo00 

.so 

100 

c20  

Polaris Launched Hipi* 

AnlirubmMne Roctn 

Tunnel 

Tunntl 

mowshare No. 2 
Cratering 

Above Ground 



Hook 
s:urgcon 
Turf 

1117162 
131716? 
14/7/62 
17171h2 
21/7/62 
2418162 
24\5/62 
11/9:61 
2019.'62 
2919162 

5110162 
1211016~ 

18110162 

19110162 

2011016~ 

27110.'4? 

26110162 
27110162 
30110162 

lj11!62 
4111162 

21111i62 
1211262 
12112162 

8/2/63 
812163 

21i2163 
21/2:62 
29r3/63 

SI463 
2215163 

516163 
6i6163 

1416163 
2516.63 

128163 
1510163 
20!8!63. 
2318163 
1319:03 
13/9i6? 

11110163 
11110163 
16110163 
26110163 

14111163 
1511 1163 
22111163 

4i12163 
1211 2/63 

1611'64 
2311164 
2012164 
13/3/61 
14/4/64 
15!liM 
24!4'64 

Jlh 
CIA 
c IA 

H ..\ 
AT 
AT 

UG 
CG 
AT 
AT 
UG 
UG 
UG 
UG 
UG 
UG 

AT 
AT 

UG 
UG 

AT 

UG 

HA 

UG 

HA 
AT 
AT 
HA 
HA 

UG 
UG 
UG 
UG 
U t  
uc 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 

Ut 
UG 

UG 
UG 
UG 
UG 
UG 
UG 
UG 

UG 
UG 
CG 
UG 
UC 
UG 
UG 
UG 
UG 
UG 
UC 
UG 

-150 
-230 
-210 
-220 
-210 
-210 

-490 
-160 

- 240 

loo00 

-320 

loo00 

-310 
-260 
-160 
-230 
-30 
-?A0 
-390 
-240 
-130 
-200 
-230 

-300 
-225 

- 260 
-230 
-710 
-260 
-150 
-350 

-260 
-170 
-300 
-260 

- 490 - 260 
-490 
-110 - 200 
- I50 
-510 

0.5 Below Ground 

<20 
<20 
<20 
<20 

20-200 
< 20 

110 
<20 

>loo0 

< 20 

< 20 

c 20 

CIMW) 
20-200 
> lo00 
<lo00 

<20 

4 0  
<20 
<20 
4 0 0  
<zoo 

C2O 
<20 
<20 
4.0  

20-200 
<20 
<20 
<20 
<20 

<20 
<20 

<20 
<20 

-200 
<20 
c 2 0  

20-200 
-12 

(20 
<20 
(20 
<20 
< 20 

20-200 
< 20 

20-200 
< 20 
< 20 
< 20 

Zb200 

PlowPam No. 3 
Tunnel 

plowshare NO. 4 

sli@~t Venting 

Plowshm NO. 6 
Venting 

.. . __-. - .  - ----. . .~ . _ -  
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.,u5t.ne NO. 5 

e.a Cndonn 

----- - ,, I>-:. ani I in 

_ _ _  -- 
t ;.I 
,d< ..,c.l:w.> 

PIFcf.\h 
BJ:i,,*>n$ 
>lmna* 
Acc 
Fade 
Dub 

- - 

W H FTSTOS E. 

:E 
Canvashack 
Haddock 
Guanay 
Auk 
Par 
B u k l  
Salmon 
Forest 
Handcar 
Crepe 
P m o l  
>l:dprck 
Suiky 
Wool 
Cashmere 
Alp.= 
Merltn 
Wishbone 
W a p i l  
CUP 
Kestrel 
Cambric 
Palanquin 
Gumdrop 
Tee 
Buteo 

E:!d 
Petrel 
Dduted Waters 
Tiny Tot 

FLISIXOCK: 
Bronze 
Mauve 
Centaur 
Screamer 
Elkhan 
Lono Shol 
Sepia 
Corduroy 
Emerson 
Buff 
M.wcll 
Lampblack 
Dovekie 
Plaid 11 
Rex 
Red Hoc 
Finfoot 
C l p e r  

Tcmp!ar 
Lime 
S N P  
Tomato 
Duryea 
pin stripe 
Trwcler 
Cyclamen 
C ~ C U X  
T .PW 
Piranha 
Dumonl 
Diww Thrower 
Pile Driver 
Tan 
Puce 
Double Play 
Kantakee 
Vulon 
Haltheak 

LATCH KEY, 
Saxon 
Rovena 
Derringer 
Daiquiri 

PWple 

$ 
e 

.-, .,-- 
4/2/65 k& 
12R165 NTS 
16Rlh5 K(s 
18/2/65 N"S 
313/65 NTS _, ., ~. 
26/3/65 NTS 
5/4165 NTS 
14/4/65 NTs 
14/4/65 KTS 
21/4/65 
1215165 hTS 
I:/5;65 NTS 
14/5/65 NTS 
21/5/65 ?TI'S 
11/6/65 KIT 
15/6/65 s'Ts 
17/6/65 h'13 

23/7/65 
6/8/65 bIS 
2718165 NTS 
1/9;65 NTS 
17/9/65 NTS 

29,10165 Amchitlu Id. 
i2/11!65 hfi 

16/11/65 h75 
3/12/65 KIT 

16/12,6! NTS 
13,'1/66 h m  
18;1t66 h7S 
21/1/66 NTS 
3/2/66 hm 
24/2/66 h7S 
5/3/66 NTS 
7/3/66 b T S  
12/3/66 373 
18;3;66 h75 
?4/?!66 NTS 
1:4166 STS 
6/4!66 h'TS 
7/4/66 KIs 
14/4/66 h l s  
25/4/66 KIT 
4/5:66 Firs 
5 / 5 / 6 6  
6/5/66 bIS 
12/5/66 m 
13/5/66 NTS 
19/5/66 hfi 
21/5/66 NTS 
216166 h7s 
3/6/66 NTS 
10.'6!66 hTS 
1516166 hm 
lSi6166 NTS 
15/6/66 NTS 
3016166 NTS 

UG 
UG 
UG 
UG 
U G 
UG 
UG 
U t  
UG 
UG 
UG 
UG 
UG 
L'C 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
U t  
UG 
UG 
U G 
UG 
UG 
UG 

UG 
UG 
UG 
UG 
C G  
L'G 
UG 
UG 
L G  
UG 
UG 
CG 
UG 
L'G 
UG 
UG 
CG 
C G  
UG 
UG 
LG 
CG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
U t  
L'G 
UG 
UG 
UG 
L'G 

- 390 - 170 
- 4 5 0  - 360 - 260 
- 450 - 400 
- 260 - 830 
- 380 - 400 
-m - 180 - 150 
- 20 - 210 - 30 - 220 - 300 
- 180 - 750 - 540 - 450 

-80 
-3w - 700 - 700 - 430 - 280 - 150 - 190 
-I10 

-S30 - 320 - 170 
-300 - 220 
- 700 - 240 - 680 - 260 
- 5 0 0  - 180 
- 560 - 330 - 270 - 670 - 4Qo - 200 
- 400 - 330 
-150 - 560 - 220 
-230 - 740 - 3h) - 200 - 300 
-610 - 250 - s50 
-670 - 340 
- 460 - 560 - 490 

-1990 - 460 - 310 - 820 

20-200 
c 20 
c 20 
< 20 
< 20 
< 20 

38 
< 20 
5.3 

< 20 
12 

20-200 
1.2 
2 4  

0 CY2 
c 20 
c 20 
<20 

10 
< 20 

20-200 
20-200 

20 
0.75 
4.3 

< 20 
< 20 
< 20 
< 20 
< 20 
1.2 

< 20 
< 20 

20-200 
< 20 
< 20 

Plowshare Po. 9 

Vel. unirorm 

Pbrrhare No. 10 

Venting 

p i ~ j b u c  so. 11, \ 'win8 

VcntioE 

m a r e  No. 12, Cratering 
TUBMI 
Vestis; 

Venting 

<20 ?lowshare We I5 - IS0 
< 20 - 190 
<?O Ventinr - 250 - 5 6 0  c 20 

UG 
L'G 
UG 
UG 

28i7/66 Kl3 
IOi.3166 ms 
1219166 NTS 
23/9!66 NTS 

I O 8 1 0 1 1  

16 
c 2 O  Tunnel. V C a q  
< 20 
< 20 
< 20 
<20 R o d u e N P 1 3  
< 20 
< 20 
< 20 

45 
<20 v m l h g  
< 20 
12 
70 

<2n 
20-200 
20-200 

21 
56 

2&200 
c 20 
<20 

20-200 

w)o 
2.5 Rowsham )6. I4 

.* 



h r, 

S p h h  
P l e r l  
Rulban 

Minurc Stel. 
Jorum 
H1lrow 
Pipkin 
Cruet 
Pod 
CaIabmih 
Plcc.llll;l 
Diesel Tram 
Graoc A 

- 2 3 0  
- 2m 
- 240 
-210 

-240  - 1200 - 360 - 560 - 260 - 300 
-730 
- 270 
-270 - 240 - 22c - 500 
-750 

-46 
-630 

- 380 
-310 

-a30 

- ;cn 

< 2.1 
'I 20 
< 20 
< 20 
0.38 
<20 
82 5 

2w200 
20-200 
c 20 
c 20 

20-200 
c 20 
< 20 
c 20 
c 20 

20-200 
250 
150 
71 

LO 
UC 
LG 
uc 
UG 
UG 
UC 
UG 
UG 
UG 
UG 
UG 
CC 
UG 
UG 
UG 
UG 
UG 
c;c 
UG 
uti 
UG 
UG 

tiTS 
hl-5 
tiTS 
NTS 
Hattesburg. MI  
m 
NTS 
NTS 
NTS 
NTS 
h7s m m 
NTS m m 
NTS 
NTS 
NTS 
YTS 
YTS 
NTS 
HTS 

h e r i r k  
S m m .  
A+% 
Ceri-c 
Sterling 
F;CW P a n t  
Greelcy 
tiash 
Bourbon 
Ward 
penmmon 
Agile 
River 111 
Fawn 
Chocolate 
Eflendi 
hIickey 
Connodore 
Sm::h xr : i z r c . x k r  
SUliC.3 
Mldl Mist 
Umber 

CROSSTIE 
Sunky 
Washer 
Barecrux 
Dmr W s t  
Yard 
MlP:l 
Z L a  
h y m r  
Sazirac 

C u b u w  

St!h 
Hupxobde 
s:rcoto 
Fadtku 

Cabriolet 
Knox 
Donil Fin 

Cobtkr  

j / l I : h 6  
1 I l l  1/66 
18/11/66 

3; 12/66 
13/11/66 
20;11/66 

19/1/67 
2n11l67 

8/2:67 
13/2/67 
2312167 

2/1/67 
7/4/67 

21/4/67 
2714167 
1015167 
2015167 
2315167 
2 5 l j c + l  
:2l6, > i  
2616i67 
2916167 

27/7/67 
10/8167 
1811167 
3118167 

7/9/67 
2119167 
27/9/61 

18/10167 
2511 0167 

8/11/67 
1011 2/67 

Lorigc 
Teninc 
Fob 

%pe B 
Laor, 
D o n a  V,.: 
Cumann 
Ymnigan 
Cjathur 
Ar8bu 
Id 
Shaper 
Handlcy 
Snubber 
Can 
Beebalm 
Hod 
&t Leaf 
Dumond Dt.5 
Cornice 
Manzanas 
Morroner 
Hudson Vuu 
Flask 
Arnica 

Pluwrhar: KO 17 
Tunnel 
Venting 

: 20 
< 20 
< 20 

20-200 
< 20 
< 20 
c 20 

20-200 
2.2 

20-200 
20-200 

< 20 
c 20 

29 

-4110 
-470 
-330 
-450 
-520 - 170 
-670 
-710 - 300 - 670 - 1300 

-310 - 250 - 440 
-980 

- 50 
-6CP 
-410 

-40 
-210 
-?'O - -60 
- 390 
- 4 w  
-:20 - 120 
-4'0 
- 190 
-690 
-610 

- 350 
-240 
-710 - 4 q l  

-330 
-470 
-330 - 300 
-600 - 360 
-310 
-440 
-110 
-270 - 1400 - 250 
-520 
-450 
-410 - 300 - 460 
-55' 
-562 - 600 
-520 - qnn 

KIS m 
h"K 
h7s m m 
MS 
NTS 
m-s 
h n  

Fuminpon. 
Her Mtxtm 

m 

UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UC 
UG 

Tunnel, Venling 

Plowshare No. 18 

Plowshare No 19 
Gas Stimulauon 

Venrtnp 

Gb'Jration 

Plowshare No. 20. CrIlCnnl 

Tunnel 

Plowshare No 21 
5 Dctomwn% Cra tmnl  

< 20 
c 20 

20-200 
200-10a 

2.3 
20-200 

c 2 0  

UG 
UC 
UG 
UG 

CG uc 
UG 

26/1/68 
21/2/68 
29\2/68 

EMERY 
Ti,e*is 
A k y t 8 i  
Aricria 
Cream 
Carpetbag 
Baneberr) 
Embujo 
LagLna 
Harbell 

GROMbIET 
Diamond H - 
h l m a n  
Algcdoner 
Pedemal 
Cathay 
Gnnikm 
Diagonal Lo- 
Ch.xnxui 
Lonc'ump 
MtJq honn 
Zmnv 
Monero 

TOGGLE 
Dumond ki 
owuro 
Delphinium 
nu 
Micra 
A n g u  

Rw Blanco 
S18lWOn 

NTS m m 
N T S  
NTS 
NTS m 
NTS 
NTS m m 
NTS 
m 
NTS 
NTS 
NTS m 
hTS 
KTS m 
NTS 
NTS 
NTS 
hrS 
NTS 
h n  
KIS m m 
hTs 
NTS m m m 
Ms 
KTS 
NTS 
h7s 

h= 
NTS 

5.4 
1.4 

20-200 
< 20 

26200  
c 20 
1 Zor, 

20-2od 
< 20 

20-200 
20-200 

20-2no 

UG 
UC 
CG 
UC 
UC 
UG 
UG 
UG 
UG 
UG 
UG 
UG 

UG uc 
lJG 
uc 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UC 
UG 
UC 
UG 
UG 
UG 
UG 
UG 
I'G 

12/3/66 
14/3/68 
2213lOS 
2513:68 
lOl4168 
18!416E 
2314168 
2614168 
1715i58 
6/6\69 

lS/6/68 
28/6/68 

B U M  
Pomnud 
Stmger 
M~lx Shake 
>wr 
ShuEc 
Scroll 
Borclr 
Clarbmobilc 
Tub 
Rickey 
Chareiu8ay 

BOWL:SE 
Tanya 
DWI \loon 
S!ed 
Noggin 
Knife A 
Stoddard 
Hudson Sed 
Knile C 
Crew 
Knile B 
Mini VUC 
Tderbor 
Schooner 
TY8 
Bentum 
Packard 
Wineitin 
VUe 
Cyprcrr 
Banac 
cofler 
Thlltk 
Blenton 
Purse 
Torrid0 
T a p w  

Vela Uniform 

20-200 
< 20 

20-200 
20-200 

<20 
20-200 
c 20 
c 20 

20-2M) 
c 20 
c 2 0  
-30 

35 
c 20 
1100 
c 20 

20-200 
20-200 

c 20 
< 20 

c 100 
20-100 
20-200 
20-200 
20-200 

< 20 

3017168 
27/8/68 
29;8/6E 

619168 
1219168 
17/9/68 
24/9/68 
3110168 
4111168 

11/11/68 
20/11168 
2U11/68 

8112168 
12112168 
19/12/68 

15/1/69 
15/1/69 
3011169 
12rl169 
2013169 
21/3/69 
3014169 
3014169 

7/5/69 
27/5/69 
I?Y169 

Tunncl 

Plorrh8re KO. 23. bICd1 

Tunnel 
Dido Quem 
Almendro 
Portulau 

ARBOR: 
Husky Aoc 
Bernd 
Lacir 
Mtnp Blade MANDREL. 

1:drim 
Hutch 

UCT 
UC 

-410 - 55n 
20-200 
2 & ? N  -~ 16,'l I69 

16,7169 

i _ _  , ---- 



h l E L V I N  W .  CARTER and A .  ALAY MOGHISSI 

L'G 
1;G 
UG 

UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
uo 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 

UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UC 

UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 

UG 
UG 
UG 
UG 
UG 
UG 
UG 
UG 

UG 
UG 
UG 

UG 
UG 
UG 
UG 

- 340 
- 240 

- 2580 

- 260 - 1200 
- 1220 

-620 - 260 
-310 - 630 - 390 - 420 
-550 - 3UO 
-460 - 270 - 300 
-550 - uo - 400 
-410 
- 390 
-290 
-250 
-300 - 560 

-1210 - 340 - 400 
-390 
-270 
-410 
-250 
-440 - 240 - 480 
-400 
-530 
-310 

- 560 - 390 - 490 - 290 - 660 
-260 
-300 - 460 - 520 

-270 - 530 
-530 - 380 
- 380 - IS00 - 260 
- 330 
- 330 - 380 - 320 - 540 

-420 - 560 
-300 - 690 - 510 
-450 - 560 - 17.30 - 1900 - 2(yo - 390 - 1060 
- 470 

-410 

< zu 
< 20 

40 

12,9'69 
1619.69 
2110169 
8110169 

29110169 
291 10169 
29110169 
2111 1/69 

5/12/69 
17/12/69 
I711 2/69 
19/12,09 
23/1/70 
30/1170 
4/2/70 
5/2/70 

1 I, 2 '70 
h t 2 , 7 0  
26/2/10 
6/3/70 
6/3/70 

19/3/70 
23/3/70 
26W70 
21141?0 
2 1 /4:70 

1/5,70 
1/5/70 
51S170 

1215170 
15/5/70 
21/5/70 
21/5/70 
26/5/70 
2615170 
2616170 

14/10/70 
511 1/70 

1611 2/10 
16/12/70 
17112170 
1811 2 0 0  

161617 1 
23/61? 1 
24/6/71 

N TS 
m 

Amchuka I d  
NTS 
NTS 
tin 
NTS 
NTS 
NTS 
NTS 
NTS 
NTS 
NTS 
hTS 
NTS 
h7s 
hTS 
HTS 
h7s 
NTS 
NTS 
NIT 
NTS 
NTS 
h i  
h75 m 
NTS 
hTs m 
NTS 
N n  
NTS m 
NTS 
NTS 

< 20 
< IMM - Io00 

200-1000 
< 20 

20-200 
110 

2P200 
20 

M200 
20 

20-200 
< 20 
< 10 

20-200 
20-200 

< 20 
20-200 
20-200 

< 20 
< 20 
< 20 

20-200 
> lo00 
c 20 

2 6 2 0 0  
<20 
<20 
c20 
< 20 

20-200 
< 20 

26200 
< M  
10s 

20-200 

Venting 

Mined Shdc 

Tunnel 

111 

Hindkey 
Snchbcr 
G O  
Bee$aln 
Hod 
M s t  tea! 
D:imond Dust 
Cornm 
Hanzaias  
Slorroner 
Hudson \!can 
E a s r  
Am151 

S h a p r  

Tunnel 
Tunnel, Vela Uniform 

Tunnel 
Pkm'hre No. 25 

Cratering 

,!enng 

EMERY 
Tiierar 
AkS: l *  
Aneiia 
Cream 
Carpetbr; 
Baneberry 
Embudo 
Laguna 
H.rtull 

CROW4ET 
Diamond Mine 
M n a u  
Algodoncr 
Pedemal 
Cathay 
Cannitin 
Diagonal h e  
Chaenacol 
L n " ' . . l r n ~ S  
hfi51y k n b  
Zinnia 
Mdnero 

TOGGLE 
Diamond SNLlr 
Ovuro 
Delphiotw 
Flax 
Micra 
A n w  
Sfrrwon 
L o  BIanm 

KIT m 
NTS 
KIT 
NTS 
NTS 
hTS m 
NTS 

20-200 
m 2 0 0  
20-200 

< 10 
220 
< 10 
< 20 

20-200 
2&200 

Ventins 

< 20 
20-200 
2 6 2 M )  

< 20 
(20 

<so00 
< 20 

20-200 
< 20 
< 20 
< M  
< 20 

Tunacl. Vela Uniform 
Plodare No. 26 

20/7/72 KIT 
2lIQflZ NTS 
26/9/72 KIT 

21/12/72 NTS 
8/3/73 m 

2514173 NTS 
2614173 h7s 
17/5/73 NTS 

< 20 
2 6 2 0 0  

15 
20-200 
20-200 
20-200 

85 
90 

Tunnel 

R o d a r e  No. 21s 
3 Deviar 
Gm Stimulation 
Tunnl Dido Queen 

Almendro 
Ponulaca 

ARBOR: 
Husky A a  

5/6/73 NTS 
6/6/73 NK 

28/6/73 NTS 

<lo  
200-1ooo 

20-200 

12/10/73 Nrs 
28ill173 NTS 

27/2,74 h n  
19/6/74 NTS 

Tnnnel 

Tunnel 



i 

E 

311015 I* 
221 10151. 
1218:53 
23/8/53 

281 10/W 
4 i ~ i j ; '  

24i9155' 
10/11/55* 
23/11/55: 
21/3/56 
2/4/S6' 

21/8/56 
MI8, 54 
219156 
1019:56 
1711 1.56 

19/1/57 
8/3157 
3/4/57 
6/5/51 
10i4157 
12/4:57 
16/5;51 
2218!5: 

54/9/57 
6110157 
10/10/57 
281 12157 
23/2/58 
2712158 
27/2/59 
14,.:, 5 s  

9/9/57. 

~ ~ ~ l g c l r  dgruwtionl Of I h  U.s.s ' 
Remarks 

Event 
yield (kt) 

- 
Phrrmcnt 

Dctonawn UtCPV 
locanon Frst U.S.3 R 

--G 
AT Nvdeu Test 

AT 

( G O  Event 
&nrikallOn 

USSR 

USSR AT H 
USSR AT A 
USSR AT 
USSR AT 
USSR AT 
USSR AT 
USSR AT 
USSR AT 
USSR AT 
USSR AT 
USSR AT 
Sibma AT 
Slberil AT 
USSR AT 
USSR AT 
USSR AT 
USSR AT 
USSR AT 
USSR AT 
USSR AT 
USSX AT 
USSR AT 
Sibcna AT 
SIhCril AT 
Siberia AT 
W l C  AT 
USSR AT 
AJUC AT 
sheria AT 
A I N C  AT 
AICtlC AT 
Arctic AT 
Arcnc AT 
Arctic AT 
Ar.r" AT 
AIc= AT 
Siberia AT 
Are AT 
*scot AT 

AT Arnic AT 
A r c d C  AT 
b s i c  AT 
AI& AT 
A I E t i C  AT 
A K l i C  AT 
ArcuC AT 
A r C I i C  AT 
hrcnc AT 
A r d  AT 
Arcoc AT 
Amic AT 
Sibrna AT 
S i b r i a  AT 
QrnipaIatitUk AT 
SemiprlaUluk AT 
Semipdatinrk AT 
E of Sulinvad AT 
?;oraya Zemlya AT 

2918ir9 

200-1000 

200-1oo0 
>lo00 
20-200 
> loo0 

< 20 

> lo00 
> IO00 

200-1m 
< low 
< 1wo 
< 1000 

< 20 

20-200 
200-1600 
200-1000 
20-200 
10-200 

> loo0 
> loo0 
> loo0 
> 1600 

< 20 
> 1wo 
>IO00 
> lo00 

200-1wo 
< 20 
< 20 

20-100 
< 20 

20-200 
20-200 
> lo00 
2(t:w 

i4/3/55 

2113158 

15/3/58 
201315d 

2213158 
3019158 
30/9?58 
2110158 
2/10158 
6110158 

10/10158 
I Z !  10158 
15/10!58 
l6:li);58 
1Y110158 

24110158 
25110158 
1/11/58 
3/11/53 

11916 I 
4/9/61 
5/9/61 
6/9/61 

10!9!61 
10/9:61 

20110i58 
22110158 

So\ly8 ZemlYa - 

< lo00 
2w1000 

n 

Diu of 

Totem 

b. 



H 
f .  

I i .9  0 1  
13.Y 61 
I Z ' 9  61 
16.9%: 
1';9/61 
IR,'7!61 
20i9'61 
22:9161 
2;1U16 I 
4llG161 
6110151 
8/10;ol 

1?/!0/61 
201 l0/6l  
2 3  lot61 
23!10!61 
25/10/61 
271 10,6 I 
'10;!3/51 
3 11 I J, 6 1 
3 1 I I016 1 
2111!61 
211 1/61 
I / l l , i l  

212i62 
5/1;62 
7/8/62 

1013162 
20/11162 
ZZi8/62 
25/8/62 
25/8.'62 
27/8/62 

2/9#62 
8/9/62 
I5 19 '6 2 
16/9162 
18,9162 
19;9/62 
21/9/62 
25/9/62 
2719162 
7110162 

141 10162 
22110162 
22/10!62 
2 71 1016 2 
28/10;62 
281 I O ,  b' 
29. i 0 ' 6 2  
30, '. 1.62 

111 1:62 
1/I 1/62 
411 1/62 
811 1/62 
811 1/62 

17/11:62 
18/12/62 
18112!62 
20111#6? 
22: 12/02 
23/12/62 
24/12/62 
25/12/62 

15/1/65 
27/10/66 
lUil2166 
14/10/70 
27/9/71 
28/8/12 
23/7/73 
1219173 

27/10!:3 
3 0 i i m  

P _ ) _ -  qe-1 
.*' . o r .  

.- - 
A I  
AT 
AT 
AT 
AT 
AT 
AT 
AT 

.~ 

l , c r . , " ~ r # u . ,  
Id.JilC1 __ --_- 

> 0 3 ! r  Z c m ' i r  
Scmipalatinlk 

l'lovaya Zemi:a 
Sovaya Zemiya 
Semrprlatinrk 
Sova?a Zeml)a 
Novaya Zemlya 
Novaja Zemlya 
Sovaya Zemlya 
Nobiyr Zemlya 
Wovaya Zcmlya 
N'ovaya Zemlp 
Sernipalatinsk 
Novaya Zemlya 
Novaya Zemlya 
5. of Novaya Zemlya 
Novayr Zemlya 
Ncvaya Zemlya 
K o * a w ~  Zcmlyi  
Hova,a Zemlya 
Novaya Zemlya 
Nonya Zemly. 
Novaya Zcmlya 
Novayr Zemlya 
Semipalrtinrk 
Novaya Zemlya 
CennJ Slbcria 
Noraya Zemlya 
Novaya Zemlya 
Novaya Zernlya 
Novaya Zemlya 
Semipalatinrk 
S o n y a  Zcmlya 
Novaya Zemlya 
Novaya Zemlya 
N o v i p  Zcmlya 
S o u y a  Zemlya 
NOVA). Zcmiya 
Sobaya Zcmlya 
h ' o v q a  Zcmlya 
N a y a  Zzmlya 
Noraya Zemlya 
Novaya Zemlya 
Semipalatinst 
Central Asia 
Novaya Zcmlya 
Noray. Zemlya 
Central Asla 
Semipalatimk 
tiobayr Zernlya 
Sornya Zemlya 
Central As- 
Sovaya Zemlya 
Scmipalarm,'r 
Noia)a Zemlya 
Novaya Zemlya 
Semipahrmk 
Novava Zcmlva 
K o n j a  Zcmlya 
?;o%.ya Z e m l j i  
Xobaya Zemlya 
Sorsya Zcmlya 
N-zaya Zemlya 
NL u y a  Zemlya 
ScmiFalaUnsk Relion 
Woraya Zcmlya 
Semipalatiruk R e e n  

tiovaya Zemlya 
Novaya Zemlya 
Scmioalatiruk 

8". J ? l  ZCmlyS 

N o n p  Zcmlya 

Noviva Zemlva 

A r  
AT 
AT 
AT 
AT 
AT 
AT 
AT 
uw 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
UG 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
H A  
AT 
AT 

AT 
AT 
AT 
HA 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
AT 
UG 
1JG 

nA 

> I l I , t l  
Z(t?UO 
20-2no 
> ID00 
> 1000 
20-200 
> lo00 
> loo0 
> 1000 
> l o a ,  ' 

> IO00 
> loo0 

> 20 
20-200 

- 25 

3760 mm 

- -  
UG <Zoo 
UG 3ooodM)i) 
UG 2 0 0 M 0 0 0  
UG - lo00 
UC 200-1OoO 
UG 3orxMMx) 

UG 20-200 From klllllic Signals 
5 Ndvaya l r m l y r  UC 3- 

-~ 
Se?~~palitin)t Rcplon __ . D a t e  of announcement not necemmly shot date 

Hurricane 

Totem 

AT 

AT 
AT 

< loa, sbo 
< IO00 Torer  
c IO00 Tar 



i 

i 

i 

Grapple 

Antler 

U S.-U K.1 
il s -Li i; 2 
Cormorant 
Charcoal 
British Test 

16 > i<b  
I P  6/56 

2719!56 
4/10/56 

I lllClS6 
22110i56 

15/5/17 
31/5/57 
19/6/57 

14:9157 
25/9/57 
9;13/57 

b, 11/57 

28/4/58 
22/8'58 

219158 
1 LIP158 
23l9158 

1/3/62 
7/12/6? 
1717164 
196'165 

1974 

Monte Hello Is1 
M o n v  Bello Is1 

hlara!inga 
hlarallnda 
Marilmga 
Maralinga 

CIA 
ClA 
C M  
Murlinsa 
Maralmga 
Mara:insa 

CIA 

CIA 
CL4 
C I A  
CIA 
CIA 

N M  
NTS 
hTs 
N T S  
hTS 

AT 
A I  

AT 

AT 
AT 

AT 
AT 
AT 

AT 
AT 
AT 

AT 

AT 
AT 
AT 
AT 
AT 

UC 
UG 
UG 
UG 
UG 

A r  

< IO00 
< 1000 

< loou 
< 20 
< 20 

c 1000 

> loo0 
> 1o.w 
5 lo00 

< 20 
c lo00 
c loo0 

> 1000 

D 1m 
< I o 0 0  
> lo00 
> lo00 
C loo0 

< 20 
c 20 
c 20 

20-200 

Tower 
Tower 

Tovrr  
Surface 
Air 
l o s e r  

Ail 
Air 
h r  

Tower 
Tower 
BaI!mn 

Air 

Air 
Balloon 
Air 
Ail 
Balloon 

Joint US-UK Test 
Joint UEL'K Test 
Joint UEUK Test 
Joint UEUK Test 
Joint UEUK Test 
Anmunced on 2416,74 
as being conduned 
several weeks am 

\ 

Nuclear drfoMlronr of :he Rcpdlic o f f m c r  - - 
Event Date Dstonawn Placement Event 
denufiat lcn (GCT) l m m n  ategory yield (kt) Remarks 

1311160 Rewan AT 60-70 Tower. 110rn. 
Frnr French Test 

1/4/60 R e w n  AT c 20 Surface 
27/12/60 R e W n  AT < 20 Tower 

25/4/61 Reman AT < 20 Tower 
Agate 7/11/61 Saha-a Devn UG c 20 
n c q i  1/5/62 Sahara Dcwn GG 20-200 
Emeraudc 18/3/63 Sahara Descn LG < 20 
Amethp:e 3013;63 Sahara Dew= UG < 20 
Rub0 20110163 Sahera D z v n  UG 20-2oc 
O p a k  14/2/64 Sabara Desert UG < 20 
T o p u e  1516i64 Sahara Devn UG c 20 
Turquoee 26111164 Sahara Devn UG < 20 
SBphar 27/2/55 Sahara Descn UG 20-200 
lace 301Si65 Sihari Deseri LG c 20 
Conndon LI 1016 5 Saha:a Dcwn UG < 20 
Tourn-dine 1/12/65 Sahua Dcvn UG < 20 
Cnnrr 16/2/66 Sahara Desert UG < 20 
Aldebaran 2/7/66 Muruma AT < 20 Barge 
Timourc 19/7/66 Mururoa AT c 20 Balloon 
Betelseuse 11/9/66 M u ~ r O 8  AT < 20 Bdloon 

Snnu u10166 Munvoa AT 200-300 
Altair 3/6/67 M U N ~ O ~  AT < 20 Balloon 
Antares 27/6/67 Mururoa AT c 20 Balloon 
Arcturru V I 6 7  Mururoa AT 20 Balloon 
Capc"1 1/7/66 Mumroa AT < 20 Balboa 
cast3r 1S/7/68 Mururoa AT 500 Balloon 
POllUl 3/6/68 Mururoa AT 20-200 Balloon 
canopvs 24/6161 Fangauufa AT < lD00 Fmt H-Bomb, BaUooa 

11/9/68 kf UNrOl AT < loo0 Balloon 
X L d e  15/5/70 Mvrwol AT < 20 Balloon 
Cusloope 22/S/?O M U N ~ O ~  AT 20-200 Balloon 

Endar  24/6/70 Mururoa AT < 20 Balloon 
L i w n e  3,7170 MuNrOl AT lo00 BallJon 
P e p e  27/7/70 MuNrOl AT < 20 RaUoon 
Onon  218170 Fanpuula AT 20-200 Balloon 
TO-n 616'70 Muruma AT 20-200 Balloon 
Dwne 5!6f71 HUNrDI AT <O Balloon 
Enalade 1216171 Munrror AT M 2 0 0  Balloon 
J a p r  41717 1 Mururoa AT (20 Balloon 
P h w k  a:.t17 I Mururoa AT < 20 Ballooa 
Rhea 111S171 Mdruroa AT 20&1000 Balloon. 

E: Rtpl 24i9166 Fangamala AT < 20 

Dragon 30/5/70 Fanptaufa AT lo00 Bill0011 

i 

Event 
dentihca!lo- 

5 
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I 4  5 65 L&p hor  
915 06 Lop %or 

: - , Id  bo Lop \or 
2a 1: hr) Lop \or 

1 7 ~ 6  O' Lop \or 
23~12 .6  1 Lop Nor 
2 7  l2 ,bJ  Lop h o r  

22 9 69 hor 
?%Y,69 Lop Nor 
13/l0/~0 Lop Nor 
l S / l I / ~ l  Lop Nor 

711:72 Lop Nor 
1813.72 Lop Nor 
26/6/73 Lop Nor 

Lop Nor 17/6/74 _ _  - 

AT 

AT 
AT 
AT 

- 3060 TN 

c 20 
2G200 

200&3000 
200- IO00 
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O A K  RIDGE NATIONAL LABORATORY 
O P E R A T E D  B Y  

U N I O N  CARBIDE CORPORATION 
N U C L E A R  DIVISION 

POST OFFICE BOX X 

OAK RIDGE, TENNESSEE 37830 

February 13, 1980 

J. E. Rounsavi l le,  Jr. 
Chief ,  Admin i s t ra t i ve  Serv ices  Branch 
Energy Programs and Support  D i v i s i o n  
U . S .  Department of Energy 
Oak Ridge, Tennessee 37830 

Dear M r .  Rounsavi l le :  

Enclosed i s  a sampling of correspondence which I hope w i l l  c l e a r l y  
e s t a b l i s h  a need f o r  access t o  c l a s s i f i e d  repor ts  on weapons e f f e c t s  a t  
TIC. 
under c o n t r a c t o r  no. 000801 (08) and t o  a specia l  study be ing  c a r r i e d  
o u t  f o r  t h e  NCRP/ICRP a t  t h e  reques t  o f  DOE. 

Th i s  correspondence i s  r e l a t e d  t o  a c t i v i t i e s  being c a r r i e d  o u t  

Please main ta in  t h i s  i n fo rma t ion  i n  your  f i l e s  f o r  f u t u r e  reference.  I 
w i l l  i n i t i a t e  a d d i t i o n a l  reques ts  f o r  access t o  c l a s s i f i e d  r e p o r t s  
and/or data on weapons e f f e c t s  a t  o the r  i n s t a l l a t i o n s ,  such as LASL, 
w i t h i n  t h e  coming months. 

SinJerely yours, 

GeorgeuD. Kerr 
Hea l th  and Safety Research D i v i s i o n  

GDK: j p  

Enclosures 

cc: D. C. Parzyck 
P. J .  Walsh 

7 
' 9.32 
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September  20, 1977 

Dr. Tanes  L. Liverman, Director 
Divisicm of Biomedical & Environmental Research 
U. S. Energy Research & Development Adminlstration 
CVasl?i;lgton, D. C. 20545 

Dear Dr. Liveman:  

In  the  l a s t  two years se r ious  q u e s t i o n s  h a v e  been ra i sed  about  the 
i n i e v r e t a t i o n  of t h e  da ta  for human leukemia induced by radiation a t  
Hiroshima and Nagasaki  (see Ross i ,  H. H . ,  Radiation Research 3, 
pp .  1-3, 1977).  The cr i t ical  point  i s  t ha t ,  according to the  Rossi inter- 
p re t a t ion ,  neutrons are much more toxic  a t  low d o s e s  than prevlocsly 
thous:?:, and  even a t  c u m n t  occupat iona l  l e v e l s  might hava caused  
o b s e r v a b l e  harm in the  form of leukemia.  At the  same  tine, ganrna rays 
a p p e a r  to  be less toxic  than previously thought.  
are clouded by  the diff icul t ies  of c l ea r ly  d is t inguish ing  between the e f fec ts  
d u e  sepa ra t e ly  to 5arn3a r a y s  and  to  the neu t rons ,  and conssqsant ly  the 
re t rospec t ive  d o s i r n e w  becomes c r i t i ca l  to  va l id  interpretations.  

These interpretations 

The NCRP h a s  been  consider ing t h e  poss ib i l i t y  that  neubons  a r e  more 
toxic than previously thought, for 18 months o r  so, and both Scient i f ic  
C o m m i t t e e  1 and Sc ien t i f ic  Committee 4 0  a n d ,  indeed,  the Board and 
Counci l  of NCR? have  been involved. 
by Dr. V. P. Bond, will be addres s ing  t h i s  problem spec i f ica l ly  in the 
coming months.  

Sc ien t i f i c  Committee 4 0 ,  chaired 

A f a c e t  of th i s  problem, a l r eady  noted  above ,  is the  retrospect ive 
dosimetry. R e c o p i z i n g  th i s ,  the  NCRP s e t  up  a spec ia l  task group of 
Commit tee  4 0 ,  under Dr. Harold Wyckoff,  to examine the b a s i s  for pas t  
dosimetry efforts a s  they r e l a t e  to th i s  problem in the  spring of 1976. The 
task Group h a s  met severa l  t imes  and h a s  j u s t  concluded a two d a y  meeting 
a t  Oak Ridge. They conclude that  there  is a difference in  the basis for the  
?S37 a n d  1965 e s t ima tes  of the kermas (T57D and T65D) from the  bombs 
dropped  a t  the  two c i t i e s  which is no t  ful ly  explained in the literature. In 
the 1957 e s t i m a t e s ,  the relaxat ion l eng ths  of the  gamma rays ascr ibed  to t h e  
two bombs were the same. I n  t he  1965 e s t i m a t e s ,  the relaxation lengths were 
di f fe ren t ,  Hiroshima being shorter  by  s o m e  100 meters.  Although this  change 

OHice of the Presidmnlr Argonne National Laboratory, Argonne, Illinois 60439 - 
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Dr. r a z e s  L .  Liverman 
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n a y  well be jus t i f ied ,  t he  r easons  for i t  were never documented in detai l .  
Since thz spec 'mn  of radiat ions and their  components is cr i t i ca l  to the 
fur ther  interpretation of the da ta ,  the NCRP w i s h e s  t o  recommend that  a 
re-examination of t h e  dosimetry be undertaken by those most familiar with 
this  matter a n d ,  i n  par t icular ,  to write up the  b a s i s  for the  difference in 
relaxation l eng ths .  

Specif ical ly ,  we  reques t  that  Dr. John Auxier, Mr. Troyce Jones, and  
hrir. George Kern a t  Oak Rldgf! be authorized t o  examine th i s  matter and 
write up in d e t a i l  their  f indings.  W e  understand this  effort c m l d  involve 
one-two man y e a r s  of their  time. Never the less ,  we feel the  effort is most  
important and  urge the a s s i s t a n c e  of ERDA in th i s .  It might also be useful  
if Mr. Eisenhauer  and  Dr. Roesch of the NCRP group were given the 
opportunity to rev iew the  findings before final publication. 

Dr. Bond, Chairman of SC-40, joins me in  urging that  t h i s  s tudy be 
authorized. 

/:. Yours s incere ly ,  

W. K. SincIair  
Pres ident  

J wks/dlv 
cc: J. Auxier, ORNL 

V. P .  Bond, BNL 
C. Richmond, ORNL 
H .  Wyckoff 



/- La 
Department of Energy 
Washington, D.C. 20545 

Oak Ridge, Tennessee 37830 

Dear Chet: 

Enclosed i s  a l e t t e r  from Harold Wyckoff tha t  i s  self-explanatory. 

As we discussed e a r l i e r ,  and as indicated i n  Harold's l e t t e r ,  ICRU 
appears t o  have a real  need f o r  the information requested as soon 
as i t  can be produced. 

I would l i k e  you t o  advise me w h a t  i s  needed t o  produce the infor- 
mation on a timely basis .  I also recommend t h a t  the work be done 
i n  close coordination w i t h  Harold t o  assure our responsiveness i n  
this matter. 

I appreciate your assistance in th i s  matter. 

Sincerely 

Walter H .  Weyzen , Manager 
Human Heal t h  Studies Programs 
Division of Biomedical and 

Envi ronmental Research 

En c 1 os ure : 
As s ta ted  



O A K  RIDGE NATIONAL LABORATOR" 
O P E R A T F D  P I  
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Pa51 O F F I C E  BOX X 
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November 13, 1978 

Or. Walter H. GIeyzen 
[ . ! ~ n a ~ ~ ~ ~ ,  1- >T' Human %e31 t h  Studies Program 
Division o f  Biomedical and  Environmental Research 
U.S. Department of Energy 
Ghshington, D.C. 20545 

Dear Dr. Neyzen: 

Dosimetry f o r  the Japanese Atomic-Bomb Survivors 

Your l e t t e r  of September 14, 1978 h a s  been discussed w i t h  program man- 
agers  a n d  s t a f f  meinbers a t  ORNL. 
O2NL report on the development o f  T65D air-dose curves o f  tissue kerma 
i n  a i r  vs distance from the Hiroshima a n d  Nasasaki weapons involves 
several problems. These problems considered individually o r  en masse 
could make i t  d i f f i c u l t  t o  complete such a report i n  a period of less  
t h a n  one year. 

The preparation of a more detailed 

One problem i s  the declassif icat ion of weapon d a t a  t h a t  would be needed 
i n  a more detailed discussion than t h a t  found in HaaZttz Physics. 
o the r  problems a re  funding and respons ib i l i ty  for  preparation of the 
r epor t .  T h e  only s t a f f  member s t i l l  act ively engaged i n  s tudies  related 
t o  t h e  Japanese atornic-bomb survivors i s  George Kerr, and he was not i n -  
volved i n  the development o f  the  T65D curves. 

Some 

I f  Dr. Kerr assumed overall respons ib i l i ty  f o r  the report, he would have 
t o  r e l y  on others t o  supply many of the intimate de ta i l s .  
v iduals  have other obligations;  t h u s ,  t h e i r  help would be available only 
on a part-time basis,  and i t  could be assured only i f  some additional 
funding were available. The additional funding m i g h t  be needed over two 
f i s c a l  years a n d  might t o t a l  one person-year of e f for t .  

These indi -  

A f i n a l  problem involves the use of newer data. 
a i r -dose curves rely i n  par t  on leakage radiation calculations by LASL, 
and they have recently updated t h e i r  radiation leakage calculations f o r  
the Hiroshina a n d  Nagasaki weapons. 
a i r - t ranspor t  calculations of highly uncertain accuracy a r e  the basis o f  

For  example, t he  T65D 

These newer LASL data and a few 
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There appears t o  be very l i t t l e  differenc. between the newer and older 
LASL d a t a  so f a r  a s  the T65D air-dose curves a r e  concerned, b u t  a com- 
parison o f  the  d a t a  i s  needed a s  an  i l l u s t r a t i o n .  T h u s ,  a review of 
both the o lder  and neww data re levant  t o  the T65D curves would appear 
appropriate i f  a more detailed report  i s  prepared f o r  the benafit of 
the t l C R P ,  ICRP, and  others.  The ORNL s t a f f  would attempt to  complete 
a report  on a timely bas is ,  b u t  a year o r  more could be involved due t o  
the problems discussed above. 

Sincerely , 

Chester R .  Richmond 
Associate Clirector f o r  
Biovedical and Environmental 

Sciences 

CRR:GDK:fs 

cc: J .  A .  Auxier 
T. 0. Jones 
S. V .  Kaye 
G .  D. Kerr 

P .  3 .  Walsh 
, e D .  C .  Parzyck 



39 .June 1973 

Dr. George D. Kerr 
f lea l th  Phys ics  Div i s ion  
9ak Ridge Nat iona l  Laboratory 
Post Off iLe Box X 
Oak Ridge, Tennessee 37830 

Dear Doctor Kerr:  

n e  Radia t ion  E f f e c t s  Research Foundation would be ve ry  ? l eased  
i f  yoti would accep t  an appoin tnent  as a Consul tan t  t o  t h e  Dos ine t ry  
Program f o r  t h e  p e r i o d  1 A p r i l  1979 through 31 Iiarch 19SO. T h i s  is 
a c o n t i n u a t i o n  o f  t h e  Consul tan t  appointment ivhich you k i n d l y  accepted 
l a s t  y e a r .  
appointment has been Eade r e t r o a c t i v e ,  t o  c o i n c i i c  with t h e  beginning 
of f i s c a l  1979. 

TI?e f i s ca l  y e a r  i n  Japan commences on 1 Apr i l  so  your 

RERF i s  mst a p p r e c i a t i v e  o f  your  e x t r e r e l y  va luab le  c o n t r i b u t i o n s  
t o  i t s  program i n  t h e  p a s t .  
t h i s  appoin tvent .  I b e l i e v e  you unders tand  t h a t  your a c c e p t i n g  t h i s  
a7pointrient does  not  i nvo lve  any formal o b l i g a t i o n .  I t  i s  nr! i n d i c a t i o n  
of  your  w i l l i n g n e s s  t o  c o n t r i b u t e  sugges t ions  and your expertise f o r  
t h e  con t inu ing  development o f  t h e  RERF S c i e n t i f i c  Program. Ne would 
be honored i f  you would r e p l y  i n  t h e  a f f i r m a t i v e .  

L'e s i n c e r e l y  hope t 3 a t  you w i l l  accept  

S i n c e r e l y  your s ,  

, ( $ ~ [ d C . o  P '  J c L U i c I .  

blasao Tamaki, b1.D. 
Ch a i m a n  

1 0 8 1 0 3 0  



12 July 1979 

Dr. George D. Kerr 
health Physics Division 
Oak Ridge National Laboratory 
Post Office Box X 
Oak Ridge, Tenn. 37830 

Dear Dr. Kerr: 

Our need f o r  advice and counssl on ratters radiophysical is 
no 12ss  now than it has been in the past. 
Councillors have called f o r  a review of our activities in the 
fields of A-bomb dosimetry as well as tharapeutic irradiation. 
;is hpe, therefore, that you will find it convenient to accept 
the invitation to continue t o  serve as a Consultant to our 
Dosimetry Program. 

Indeed, our Scientific 

Pemanent Dir cior e/ 
WJS: nyu 

Enc . 
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POST O F F I C E  BOX X 

OAK RIDGE, T E N H E S j E E  37830 

September 18, 1979 

Dr. Charles II. Edington 
Acting Deputy Director 
Office of  Health ar;d 

U. S. Department of Energy 
Washington, D. C .  20545 

Environmental Research 

Dear Dr. Edi,ngton: 

Dosimetry for the Japanese Atonic-Bomb Survivors 

The l i t e r a t u r e  has been searched i n  the p a s t  month f o r  newer data 
re levant  t o  the dosimetry f o r  the Japznese atonic-bomb survivors. 
of the most noteworthy data t h a t  have becore avzilable since the ORNL 
air-dose curves fo r  Hiroshima and Nagasaki K2re developed i n  1965 are: 

Some 

1 .  Lord Penney, D. E. J .  Samuels and G.  C .  Scourgie, "The Kuclear Explosive 
Yields a t  Hiroshima and Nagasaki", Roy. SOC. Lond. Pnil. Trans. - 226A, 
357-424 (1 970). 

2 .  "6oiiib Yields", Health Phys. D i v .  A R n .  Progr. Rept. July 31, 1968, 

3.  H.  H.  Hubbell, J r . ,  T.  D.  Jones, and 3. S. Cheka, "The Epicenters of 
the Atomic Bombs: P a r t  2. Reevaluation o f  All Available Physical Data 
w i t h  Recomended Values", Atomic Bomb Casualty Coir,mission Report 

Oak Ridge National Laboratory Report O3NL-4316, pp. 232-234 (Oct. 1968). 

TR 3-69 (1969). 

4 .  G .  D. Kerr and D. L .  Solomon, "The Epicenter of the Nagasaki Weapon: 
A Reanalysis of Available Data w i t h  Recomended Values", Oak Ridge 
National Laboratory Report ORNL/TM-5139 ( J a n .  1976). 

5. "Neutron and Ganma-Ray O u t p u t  f o r  Fat Man and Little Boy", Letter 
TD-3, 14s-232) t o  C.  P. Knowles, R and D Associates, from W .  E. Preeg, 
Lo; Alamos Sc ien t i f i c  Laboratory (5 April 1976). 

1 0 8 t 0 3 2  
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6 .  

7 .  

8. 

"r'ieutron and Gama-Ray Leakage  frotii the  Hi roshim and f i a g a s i l k i  Ika;ons", 
Health Phys. Div.  A n n .  Progr. Rept. July 31, 1969, Oak Ridge National 
Laboratory Report ORNL-4446 , p p .  226-230 (Oc t . 1969). 

L. G .  tlooney and R .  L .  French, "A New Look a t  the Fission-Product 
Gamma-Ray Component of  Nuclear Weapon I n i t i a l  Radiation". In: 
"A Review of Calculations of  Radiation Transport i n  Air--Theory, 
Techniques, and Computer Codes" (Edited by D. K. Trubey and H .  E. 
Comolander) Oak Ridge National Laboratory Report (ORNL-RSIC-33, 
pp. 251-279 (i4ay 1972). 

E. A .  Straker,  "The Effect of the Ground on the Steady-State and 
Time-Dependent Transport of Neutrons and Secondary Gama Rays i n  the 
Atmosphere", Nuc. Sci. Eng. 46, 334-355 (1971). 

There a l s o  i s  some relevant  data i n  several recently published secret- 
r e s t r i c t e d  data reports .  The need t o  use and/or r e f e r  to U P ~ P  r p n n r t q  

m e d )  of some e a r l y  weapon-testing data will be established d u r i n g  
a t r ip  t o  Los Alamos S c i e n t i f i c  Laboratory and Kirtland Air Force Base 
scheduled f o r  the l a t t e r  p a r t  of September. 
dec lass i f ied  reports i s  causing some unanticipated problems a t  O R N L .  

bS en f u l l v  eztahlickd- The current s t a tus  ( c l a s s i f i ed  or 

A recent recall  of som2 previously 

One area of concern t o  the NCRP ad  hoc task group headed by 
Dr. H. 0. rrlyckoff has  been the long relaxation p a t h  length fo r  gamma 
rays from the Nagasaki weapon (350 m) conparsd to  t h a t  f o r  g a m a  rays 
frm the  Hiroshima weapon (250 m ) .  
"Atomic Bomb Radiation Dose Estimation a t  ASCC, Atonic Bomb Casualty 
Comission Report TR 23-71, 1971) a l s o  have found this difference to  be 
a troublesome fea ture  of the ORNL air-dose curves fo r  the two c i t i e s .  
J .  A. Auxier e t  a l .  ("Frez-Field Radiation-Dose DistribQtions fron tile 
Hiroshima and Nagasaki 6ombings", Health Phys. 12, 425-429, 1966) s ta te :  

Others (see fo r  exangle S. Jablon, 

The weapon used a t  Nagasaki was a plutoniun-fueled implosion 
device s imilar  t o  cany weapons fired i n  early weapons t e s t s .  
T h i s  weapon contained a large quantity o f  h i g h  explosive mat- 
e r i a l  which surrounded the pl utoniun. 
leaking from the core interacted w i t h  the nitrogen i n  the 
explosive charge producing through (n, y )  reactions an intense 
source o f  gama rays w i t h  h i g h  energy (3-10 MeV). The s c a t t e r  
and capture of neutrons which produced the intense gama-ray 
source resulted i n  a lower neutron leakage than for  the Hiro- 
shima weapon. 

D u r i n g  f i s s ion ,  neutrons 

For gamma rays the dose relaxation length is much l e s s  i n  
Hiroshima than i n  Nagasaki because the ha rd  component of the 
i n i t i a l  source ( i  .e. the neutron-capture gammas) i s  dis-  
persed i n  a large volume ( i . e .  nitrogen i n  a i r )  which, f o r  
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a given garma-ray enzrgy,  r e s u l t s  i n  a s t ,or ter  relaxation length 
due t o  geometry considerations alone; there  i s  reason 
t o  believe t h a t  the gamma-ray spectrum from the Hiroshirna 
device was s o f t e r ,  b u t  no experimental ver i f icat ion ex is t s .  

The dose relaxat ion length for  gamma rays i s  undoubtedly shorter i n  
Hiroshima than in Nagasaki, b u t  not necessar i ly  fo r  the reasons outlined 
above . 

The i n i t i a l  sources of g a m a  rays f r o m  a nuclear w a p o n  (sze  
f o r  example L.  S. Abbott, "Shielding Against I n i t i a l  Radiation from 
Nuclear Weapons", Oak Ridge National Laboratory Report ORNL-RSIC-36 ,  
July 1973) a re  (1) prompt-fission garmas from the in tac t  weapon, 
( 2 )  neutron-capture gamas produced i n  a i r  ( i  .e.  air-secondary Gammas), 
(3)  neutron-capture garrsnas produced i n  ground ( i  .e. ground-secondary 
g a m a s ) ,  and (4)  fission-product gammas from the f i r eba l l .  
Nasasaki-type weapon emi t t i ng  an abundance of s o f t  neutrons (energy less  
t h a n  a b o u t  1 keV), the principal ganra- ray  sources are ( 2 )  and ( 4 ) ,  and 
a dose relaxat ion length for  these two con?oner?ts has clearly been 
establish2d as 350 rn from ear ly  weapons t e s t s .  Another principal source 
of gamva rays from a Hiroshina-type weapon emitting an abundance of hard 
neutrons (energy greater  t h a n  a b o u t  1 ke'l) i s  ( 3 ) .  These hard neutrons 
(plus  an equilibrium nuinber of so f t  neutrons produced by scattering in 
a i r )  turn the ground i n t o  an intense gmm-ray  source, a n d  t he  dose 
relaxat ion length f o r  Ground-secondary garmas i s  aboclt t h o  same as the 
dose relaxat ion p a t h  1 2 n g t h  fo r  hard neutrons (200 rn). Thtls, t he  dose 
relaxat ion length of gama rays f r o m  the  Hiroshima cieapon--sources (2), 
( 3 )  and  (4)--1411 be greater than 200 m p u t  l e s s  than  350 m dose 
relaxat ion length of g a m a  rays from the Eiagasaki w?apon--sources ( 2 )  
and ( 4 ) .  

For a 

An exce l len t  discussion on gama rays from sources ( 2 )  and (3)  
of a nuclear weapon i s  contained in the enclosed a r t i c l e  by E. A. 
Straker  ( r e f .  8 above). The difference i n  the dose relaxation length 
f o r  gamma rays from a f i ss ion  source i n  a i r  over ground and i n  i n f i n i t e  
a i r  ( i . e .  the  absence of ground)  i n  F i g .  10 i s  especially noteworthy. 
Figures 2 ,  11 and  13 of Straker 's  a r t i c l e  a l so  show some noteworthy 
data re la ted  t o  Operation BREN which were fundamental i n  establishing the 
T653 air-dose curves fo r  Hiroshima. These theoretical  d a t a  give some 
important ins ight  i n t o  the magnitude of the  gamma rays from sources 
( 2 )  and ( 3 ) .  Other theoretical  data on air-dose curves for neutrons 
and garcma rays from the Hiroshima and Fiagasaki weapons have 
been c i rcu la ted  by Dean C. Kaul of Science Applications, Inc. His 
l a t e s t  data a re  discussed i n  a l e t t e r  t o  W. C .  Roesch, Battelle North- 
west Laboratories (14 June 1978). 
ences between the T65D and SA1 air-dose curves a re  (a )  the dose relaxation 

Some comments concerning major d i f fe r -  
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ler ,gths  f o r  g a m a  rays a re  the  sat:? i n  >ach c i t i e s  b2czuse t i i e  SAI c ~ 7 c u 7 -  
a t ions  consider only sourzes ( l ) ,  ( 2 )  a n d  (4), a n d  ( b )  t h 2  overall accuracy 
of the S A 1  gamrna-ray ca lcu la t ions ,  e s p x i n l l y  those f o r  source (4 ) ,  i s  
n o t  very good (see for  example 14. L .  Gritzner, E. A. Straker,  T. E. Albert, 
and H. T. Smi th ,  "Radiation Environm2nts from Tactical Fluclear Gleapons", 
Science Applications, 1nc.--Defense Ntxlear Agency Report DNA 4267F, July 
1976). 
r e ly  as  before mainly on experimental d a t a .  These experimental d a t a  will 
be supplemented when possible and/or necessary \vi t h  newer theoretical data .  

I n  reviewing and documenting the  T65D air-dose curves, w2 will 

The air-dose curves a r e  o f  course t h e  prime fac tors  in the dosimetry 
However, r e l i ab le  dose estimates for the Japanese atomic-bomb survivors. 

cannot be assigned without the best  possible information on the hypocenter 
l o c a t i m s  i n  the two c i t i e s  and the location of each survivor a t  the 
time of bombing plus the shielding a f h r d e d  each survivor by surrounding 
s t ruc tu res  and other objects.  
pro,nosed for  completing a comprehensive report on the radiation dose 
assignzents for  survivors denoted as T65D. 

The following schedule i s  therefore 

Period Task 

Octokr-December 1979 General Eackground Information. Discuss 
and d o c u r x n t  such items as shielding 
h i s to r i e s  fo r  survivors,  locations of  
hypocenters and heights of burst  for  the 
two c i t i e s ,  e tc .  

January-?$larch 1980 

April-June 1980 

July-September 1980 

Air-Dose Curves for  Neutrons. Discuss 
and docuzent such i t e m  as neutron leak- 
age from the two weapons, dose build-up 
fac tors ,  source terms, dose relaxation 
lengths, e tc .  

Air-Dose Curves f o r  Gamna Rays i n  N2gasaki. 
Discuss and document using d a t a  mainly 
from ear ly  weapons t e s t s .  

Air-Dose Curves for  Gamma Rays i n  Hiroshima. 
Discuss and document u s i n g  data from Operation 
BREN and  data from more recent weapon t e s t s .  
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i 

T h e  p ropsed  approach i n  suiwarizing d d t a  from various d o s i w t r y  
s tud ies  i s  i l l u s t r a t ed  in the attached table.  Questions and comients 
a r e  so l i c i t ed  from those appearing on the d is t r ibu t ion  1 ist. 
the monthly report l e t t e r s  and data attacked t o  these l e t t e r s  a re  for  
o f f i c i a l  use cnly. 
any way w i t h o u t  permission. 
coiments by the NCRP ad hoc task group headed by Dr. H. 0. Iqlyckoff and 
others .  

Also  enclosed w i t h  th is  l e t t e r  a re  two reports which a r e  relevant 
t o  the  dosiretry f o r  the Japanese atomic-bomb survivors. 
e n t i t l e d  "A Review of  Organ Doses from Isotropic Fields o f  Gamma Rays 
and Crgan-Dose Estimates f o r  the Japanese Atomic-Bomb Survivors" will be 
published i n  Health Physics. 
of the BEIR Committee. 

However, 

They should not be dist r ibuted t o  others or  quoted in 
A f ina l  report  will be ci rculated for 

These reports 

The l a t t e r  report was prepared a t  the request 

G .  D.  .Kerr 

GDK: j p 

Enclosures 

cc/enc.: V .  P.  Bond 
Seyrnour Jab1 on 
She1 don Levi c 
H. 0. Glyckoff 
W .  H .  Wyzen 

cc: J .  A. Aux ier  
T. D. Jones 
S. V .  Kaye 
D. C. Parzyck 
P.  3 .  Walsh 

I I 



VI 
I= 
0 
.r 
VI 
0 

X a 

- 
a 

n 

la 
E 
*F 
-c 
v. 
0 
L 

E 
c, 
#I 
W 

-r 

0 
c, 

%Lo 
a m  

cm 
OnJ 
W O  

n 
h 
h m 
c 
W 

L 
aJ 
x 
3 =c 
0 
VI 

tu 

aJ aJ 
v) 

.r 

c 

U 



I 
0.3 c 
E 0 

CJ 
ul 
c a 

I 
-/ 

cc 
CJ 
n .  

u 
E 
0 
c, 
4: 

*C 

- 
r c h  
O h  m 

c 

c 
a 
0, 
L 
O r o r  s -7 

O L  Ln 
n 

El 
L 
rc 

Lnb, c 

T I '  aJm 
& v) 

W 
CY 

U 
lu 
& 

*a0 
CJu3 o m  

a x  m o  
W E  
.I-- 

Y Z  

cco 
scr) 
Q c u  ' (  I .- 

c 
vI 
0 
L 
I 
c, 
a 

.r 

a -  
L 

o a  
clu 
c 

SaJ 
o v  

t 
0 
*r 
c, 
la 
.r 

I 

?+ L L  
U 
rJ 
& 

L 
a aJ 

0 0  
~n 
(JaJ  

. m  

-3 

Lo 

aJ 

cn 
s .C 

& 
.v) 

rrJ = 
ul 
(d 

5 
Y 
a 
0 

Y 
lu 
0 

ul 
0 

-4 
0 
t 



N ,u- I o N A L R E  E A  R C  t-i c o u x c I L 

Dr. Charles W. Edington 
Acting Deputy Director 
Office of Ezalth and 

U. S. Department of Energy E-201 
Washington, DC 20545  

Dear Charles: 

Environiiental Research 

I received and have read (after my own fashion), George Kerr's 
letter to you dated September 18 and enclosures. You well know that I 
am not a physicist, and I'm not sure that I would recognize a particle 
flueilce if I met one on the street, but I an impressed by the fact that 
a very great amount of work has been done. I was glad to have the 
explanation of  the problems inherent in detercining the relaxation 
lengths for gamma radiation in the two cities. 
vas that I didn't understand why the difference between the two cities; 
now at least I understand what some of the complications are that enter 
into that difference. 

Previously a l l  I knew 

More generally, I can only applaud the attention being given 
now tu the problem of dosimetry. 
RBE going on in B E I R ,  and NCRP, involving people like Xays and Rossi and 
others, it surely is necessary to know just how secure the estimates of 
neutron and gamma dose are, both at the kerma and tissue levels. 

Given the disputes and debates concerning 

The program tnat Dr. Kerr outlines on page 4 of this letter 
sounds fine to me. I know nothing, of course, about how much effort 
each of his tasks will entail, so cannot pretend to judge the reason- 
ableness of the schedule, but assuming that the result will be definitive 
statements about the various parameters that he names, with attached 
statements concerning uncertainties, the result would be extraordinarily 
valuable. 



A few rror,ths ago, f o r  i:iy sins,  I W ~ I S  c c  n m e e t i n g  a t t e n d e d  
3 1 s o  by Cociir.1.r.t;:. tie w a n t e d  t o  kiio:; ' ' \ i l l  .: 1;:s t h e  a c c u r a c y  of  t h e  
c l ; tL ia teJ  cia523 i:i J z p i n " ?  I replied t1i.i: t'he roo: rr,cnn Sq'~i; lre c r r o t -  
WJS of  the o r d e r  of 30 p e r c e n t .  His so;-,r.c,it was "I don't beLie.,;e it". 
I asked why n a t  - and h s  r e 2 l i e d  t h a t  h e  jus:  d i : : n ' t  believe i t .  ? h y b e  
Dr. Kcrr can czke  Cochrsne a b e l i e v e r  - i f  n o t  i n  30 p e r c e n t ,  i n  s o r e t h i n < .  

Sincerely, 

SJ/pmk 
cc: Dr. Kerr.1 

Dr. Auxier 

1 0 8 1 0 4 0  
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L'iARFIEN K SllrtCLAlR P*e>vdenp 
HVVnER L FRIECELL. M D . V x e  +esidenr 

W ROGER NrlcY. Executive Direcror 

October 9, 1979 

man: Harold 0. Wyckoff 

Perhaps you r e  that the NCIRP asked the Departnwt of Energy  sa^^ 

t5.m ago to praVi6e tifie for John A u d e r ,  Czorge Kerr arad Trayce Jones to 
write up the rationale M the T65 D free f ie ld  kerma vs. Zistance curves 
for  Hiroshim and Nagasaki. In  the last few m n t h s  the &misrs for doing 
this b a  b e a  set up. It appears that John h e r  and Trq-ce Jones are busy 
OR otksr F n j e c t s  ard cannot take an active part, a l t h o q h  t h y  w i l l  be 
avzilzble for consultation. The Iliain bu&n w i l l  be cmied by Ckorge icerr. 

Ckorqe plans t o  k r i t e  a mnthly report and has div i2d  tke prgblem into 
four tzsks. mclosed is a c w  of his f i r s t  m n t h l y  report. 
xrxerial s M d  not be quoted or used in other publications because these 
rep,- rray f r v t l y  be of an interim nature ant! d s q u e r t  r e p r t s  m y  
mdi,fr &&s raterid for t!! eventudl publish& rqxrt on th is  subject. For 
t h i s  reason, George hzs asked %hat they not be M-I distributed. Azso 
enclos& are copies of t m  reports by Wrge Xerr t h a t  =e m t i o n d  in the 
m t h l y  report. 

Of course, t h i s  

In my discssian w i t h  George over the telephone, the pssibility of 
camittee raze*-gs with him has arisen. 
t w ~  t o  see hcw many questions rrmters of the Cornnittee might have? 
it ray & that s c m  of the members of the Carmittee would l ike to pr&& some 
ingut in the way of questions or problems that they fo r se .  If there are such 
and it is not r e d i l y  possible to deal w i t h  than by correspcndence, perhaps we 
s k d d  have a meting. P l e a s e  let me h your wishes. As there are three 
of us in the tJashjng-ttn area and three in the Oak Ridge area, one of these 
locations wuld probably be best for a mting. mmer, I understand that 
J o b  S t o r e r  m y  havz s a w  dicficult ies in travelling a r d  perhaps Oak Ridge 
wculd be better for him. Again, please let rra2 h c w  your wishes. 

f l i o u l h ' t  tze w a i t  for a mnAA or 
Haever, 

I f  ycu do have camrents or questions on the material frcm Gear- muld 
it ?E possible to  send a wpy to him and to each of the mks of the camittee? 

cc: George Kerr 
enclosures 

1 0 8 1 0 4 1  
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November 1 3 ,  1979 

G e o r ~ s  E. Kerr 
Hea l th  and S a f e t y  Research  Div i s ion  
Oak Ridge N a t i o n a l  Labora to ry  
P.O. Box X 
Oak Ridge, Tennessee 37830 

Dear George: 

Nany thanks  for t h e  informat ion  du r ing  ny r e c e n t  v i s i t ,  which I 
found t o  b e  q u i t e  i n f o r n a t i v e .  As I i n d i c a t e d  t o  you, S c i e n t i f i c  
Committee 40 of t h e  NCRP is  now p u t t i n g  t o g e t h e r  a r e p o r t  on r a d i a t i o n  
q u a l i t y  as r e l a t e d  t o  r a d i a t i o n  p r o t e c t i o n .  I n  t h i s  c o n t e x t ,  the  Hiroshima 
neu t ron  d a t a  are unique  and p i v o t a l  i n  t h a t  t h e y  may w e l l  allow u s  t o  use 
a c t u e l  human d a t a  on c a r c i n o g e n e s i s  from a n  e x t e r n a l  f a s t  neut ron  beam as 
a c o r n e r s t o n e  f o r  t h e  r i s k  of exposure t o  high-LET r a d i a t i o n s .  Th i s  
would of c o u r s e  s i d e s t e p  t h e  o l d e r  s u b s t i t u t e  approach, of r e l y i n g  on t h e  
s t i l l  poor ly  d e f i n e d  low-LET curves f o r  human c a r c i n o g e n e s i s ,  and 
e s t i m a t i n g  t h e  n e u t r o n  r i s k  by u s e  of RBE d a t a  d e r i v e d  f r o s  a n i n a l  work. 

I have gone ove r  your  paper ,  "Es t imators  of Risk f o r  Radiogenic 
B r e a s t  Cancer," and t h i n k  i t  i s  q u i t e  w e l l  done and should be  published. 
I have on ly  on2 conment, and a couple of s u g g e s t i o n s .  The comment is on 
page 6, l i n e s  3 and 4. S i n c e  "dose equ iva len t "  is  re se rved  f o r  use i n  
r a d i a t i o n  p r o t e c t i o n ,  i t  would be  b e t t e r  t o  avo id  t h e  i n p l i c a t i o n  t h a t  
i t  i s  used i n  r ad iob io logy .  
p r o t e c t i o n ,  namely t h a t  t h e  dose equ iva len t  i s  t h e  SUI of t h e  products  of 
RBE and organ  dose ,  t h i s  i s  t r u e  b u t  more i n  p r i n c i p l e  than i n  f a c t .  This 
whole area is  p o o r l y  d e f i n e d ,  and a number of t h e  q u e s t i o n s  r a i s e d  i n  t h e  
o l d  ICRU-ICRP RBE r e p o r t  t h a t  you r e f e r r e d  t o  have n o t  been r e a l l y  addressed 
and t h e y  c e r t a i n l y  need t o  b e  i n  t h e  era of q u a n t i t a t i v e  r i s k .  

Although what you have s t a t e d  f o r  r a d i a t i o n  

As t o  s u g g e s t i o n s ,  I t h i n k  t h a t  you shou ld  r e f e r  t o  and say  a few words 
about  t h e  r e c e n t  a r t ic le  by Bernard Cohen i n  H e a l t h  Phys ics  (Vol. 37, pages 
509-516, October 1979) .  Also, when I t a lked  t o  P e t e r  Groer af ter  l eav ing  
your o f f i c e ,  we  g o t  i n t o  t h e  s u b j e c t  of re la t ive v e r s u s  a b s o l u t e  r i s k  for 
r easons  u n r e l a t e d  t o  o u r  conversat ion.  I t h i n k  i t  would b e  most u s e f u l  t o  
d i s c u s s y o u r p a p e r  w i t h  him. I don' t  t h i n k  th i s  would n e c e s s a r i l y  l e a d  t o  
changes and d e l a y s  i n  your  paper ,  b u t  I t h i n k  i t  would be  a very u s e f u l  
conve r sa t ion .  
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Also,  I would l i k e  t o  be  a b l e  t o  refer  t o  your  paper i n  t h e  NCRE' 

Hence I would a p p r e c i a t e  very much i f  you would le t  me know 
r a d i a t i o n  quality r e p o r t  be ing  p repa rzd  (John Boice is a member of t h a t  
c o r n i t t e e ) .  
when and wheip i t  w i l l  be  pub l i shed .  

Again, many thanks for t h e  v e r y  u s e f u l  i n fo rma t ion .  
r e a s o n  t o  be  i n  t h e  New York area, w e  would very much l i k e  t o  see you h e r e  
at Brookhaven. 

Should you have 

S i n c e r e l y  yours, 
. ?  ,e?,/ 

'PLr  - 

V. P. Bond, M.D. 
Assoc ia t e  D i r e c t o r  

e d l  



1 November 1979 

D r .  GeorZe D. Kerr 
Oak R i d g e  N a t i o n a l  Labora tory  
P.O. Box X 
Oak Ridge, Tenn. 37830 

Dear Dr. Kerr: 

Seymour Jab lon  h a s  r e c e n t l y  s e n t  i o  r,e a copy of your  memorandum t o  
C h a r l e s  Edington da ted  October  17 ,  1979 and e n t i t l e d  "Dosimetry f o r  t h e  
Japanese  Atomic-bomb Survivors . "  Your memorandum makes a series of recomen- 
d a t i o n s  whic?. have i n  f a c t  a l r e a d y  been completed.  We "moved" t h e  hypocenter  
i n  Nagzsaki  a t  t h e  end of las t  y e a r  t o  t h e  p o i n t  you and Solomon recommended 
i n  your  1976 r e p o r t  and have r e c a l c u l a t e d  t h e  doses  of a l l  of t h e  i n d i v i d u a l s  
i n c l u d e d  i n  t h e  Nagasaki L i f e  Span Study sample. A t e c h n i c a l  r e p o r t  is  
c u r r e n t l y  be ing  prepared  which i d e n t i f i e s  t h e  consequences of t h e s e  changes, 
and wlll serve as an aniiex t o  t h e  Mi l ton  and Shohoj i  r e p o r t  of 1968. You may 
also be i n t e r e s t e d  t o  know t h a t  when t h e  c a r d i n a l  r a d i a t i o n  symptoms, namely 
e p i l a t i o n ,  o r a l  pharyngeal  l e s i o n s ,  and purpura a r e  examined i n  t h e  l i g h t  of 
t h i s  new hypocenter ,  t h e i r  d i s t r i b u t i o n s  are much more s y n m e t r i c a l  than  was 
t r u e  w i t h  r e s p e c t  t o  t h e  o l d  hypocenter .  Thus,  t h e r e  i s  w e  f e e l  b i o l o g i c a l  
j u s t i f i c a t i o n  f o r  t h e s e  changes.  

Large ly  as a consequence of our  a c t i o n ,  t h e  Mayor of Nagasaki has  
s e e n  f i t  t o  move t h e  c i t y ' s  accep ted  hypocenter  t o  t h e  new l o c a t i o n .  
h a s  pronpted  sone  deba te ,  b u t  no s t r o n g  o b j e c t i o n s .  
i n fo rma t ion  a memorandum from D r .  Okajima a t  t h e  Nagasaki U n i v e r s i t y  School 
of Xed ic ine  t o  Dr. Taaaki  r a i s i n g  some q u e s t i o n s  about  t h e  a c t u a l  l o c a t i o n  of 
the hypocznter .  He n o t e s  t h a t  a r e c e n t  Japanese  map does n o t  r e c o n c i l e  too 
w e l l  w i t h  t h e  map prepared  by t h e  U.S. Army Map Service on which most of our  
c z l c u l a t i o n s  are based. It seems t o  m e ,  however, t h a t  s i n c e  a l l  of our  observa- 
t ims as t o  t h e  d i s t a n c e s  of i n d i v i d u a l s  and t h e  l i k e  are based on t h e  same map 
t h e n  t h e  d a t a  a r e  i n t e r n a l l y  c o n s i s t e n t  i f  w e  assume t h e r e  i s  no d i s t o r t i o n  i n  
the map i t s e l f .  

This  
I i n c l u d e  h e r e  f o r  your 

Everyone would b e  d i s p l a c e d  by some uni form amount. 

We look  forward t o  having  you h e r e  a t  t h e  meet ing  of t h e  S c i e n t i f i c  
C o u n c i l l o r s  i n  Nagasaki i n  March. I f  t h e r e  are s p e c i f i c  i s s u e s  which you 
would l i k e  t o  see u s  a d d r e s s  i n  o u r  p r e s e n t a t i o n s  r e g a r d i n g  A-bomb and medical 
dos ime t ry ,  wa'd a p p r e c i a t e  knowing of them as e a r l y  as p o s s i b l e  s o  t h a t  i f  
t abu l - a t ions  are i n  o r d e r  t h e r e  w i l l  b e  ample t i m e  t o  p r e p a r e  them. 

y \ o u r s  s i n c e r e l y ,  
\ I  

W i l s i a m  3 .  Schu l l ,  Ph.D. 
'Vi&-chairman and 

/ Chief ,  Epidemiology and 
\ S t a t i s t i c s  Department 
\ 
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In reply refer 13: 

Ma11 stop. 

Post Offlce Box 1663 Los A l a m s ,  New M ~ x l c o a 7 5 . a S  5C5Oo7 5 C O l  

x-9 
625 Decernber 27 ,  1979  

D r .  George  K e r r  
Health S a f e t y  Research, OAiL 
P. 0. Box X 
Oak R i d g e ,  T e n n e s s e e  37830 

Dear George :  

You asked for a l e t t e r  c o n t a i n i n g  t h e  t i m e s  t o  which t h e  F a t  M a n  
a n d  Li t t le  Boy c a l c u l a t i o n s  were run. The t i m e s  and  c a l c u l a t e d  
y i e l d s  are 

F a t  Man 1 3 . 4 5  us 24.9 k t  

L i t t l e  Boy 10.00 ps 1 9 . 5  k t  

The r e f e r e n c e  for t h e s e  numbers is TD-3:75-87. 

Thank you f o r  t h e  copy o f  your  l e t te r  o f  Novernber 1 9 ,  1979 ,  to 
Dr. Charles W.  Ed ing ton .  

M i c h a e l  Henderson 

CC: ISD-5 (2 )  
M. Henderson 
P. Whalen 

TWX 910-988-1773 Telex 66-0496 Fascimile 5051667-6937 (automatic) 5051667-7176 (operator assist) 
An affirmative acti0n1equal opportunity employer 
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C a i -  Dr. Edington: 

G .  D. KerT 
H e a l t h  and S a - i e t y  Reseai-ch 
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Eticl osure 
cc.: J .  A. Auxier She1 doii Levi n 

v. P. Concl D. C. Parzyck 
Seyimur Jab1 on P . J . 1.13 1 st1 
T.  D. Joncs H. 0. I*!yckofi 
s. v .  Kay2 



January  31, 1980 

D r .  George D .  Kerr 
Oak Ridge N a t i o n a l  Labora tory  
P.O. Box X 
Oak Ridge,  Tennessee 37830 

Your re .cent  l e t t e r  and i t s  e n c l o s u r e s  are most t imely .  As you 
undoc'atedly know, w e  a r e  assembl ing  t h e  m a t e r i a l s  which we wish t o  
d i s t r i b u t e  t o  o u r  S c i e n t i f i c  Counc i l lo r s  p r i o r  t o  t h e i r  next  meeting 
ir! ?.:arch. A t  t h a t  t i m e ,  A-bomb and medica l  dos ime t ry  on t h e  su rv ivo r s  
zr2 t o  b e  reviewed. I 've  c i r c u l a t e d  t h e  r e p r i n t s  which you s e n t ,  and 
w i l l  i n c l u d e  your  pub l i shed  as w e l l  as t h e  unpubl i shed  ( i f  I may) 
rey?ieiJs of t h e  organ  doses  in t h e  l i s t  of r e f e r e n c e s .  

You asked  whether  w e  had d a t a  s i m i l a r  t o  t h o s e  which you quote 
i n  Tab le  1 and a t t r i b u t e  t o  a n  a r t i c l e  by Davis ,  Baker and Summers 
of t h e  Dikewood Corpora t ion .  Indeed,  w e  do have such da ta  and I have 
asked t h 2  s t a f f  t o  t a b u l a t e  t h e  expe r i ences  of t h e  L i f e  Span Study 
c o h o r t ,  You w i l l  r e c a l l  t h a t  morbid i ty  and m o r t a l i t y  i n  t h i s  group 
c o n s t i t u t e s  t h e  pr imary focus  of our  prograzmat ic  a c t i v i t i e s .  A s  soon 
as I have  t h e  t a b u l a t i o n ( s ) ,  I w i l l  have i t  forwarded t o  you. I f  t h e r e  
i s  any p a r t i c u l a r  i s s u e ( s )  which you b e l i e v e  w e  should p re sen t  t o  t h e  
S c i e n t i f i c  C o u n c i l l o r s  a t  t h e i r  meet ing which concern A-bomb exposures 
w e  would b e  p l eased  t o  do s o .  Our p l a n s  a r e  t o  seek  t h e i r  counsel  on 
t h e  fo l lowin -  q u e s t i o n s  o r  i s s u e s :  That f u r t h e r  caq be dons o r  should 
be  done about  t h e  s o - c a l l e d  "unknown" dose  group? What can o r  should 
be  done about  t h e  e a r l y  e n t r a n t s ?  What f u r t h e r  can o r  should b e  done 
about  t h e  doses  of i n d i v i d u a l s  who have r e s i d e d  cont inuous ly  i n  t h e  
f a l l - o u t  zones? We hope t h a t  ou t  of t h e s e  d i s c u s s i o n s  w i l l  come sone 
p o s i t i v e  c o u r s e s  of a c t i o n ,  b u t  i f  t h e  consensus  is  t h a t  no th ing  f u r t h e r  
can b e  done we would l i k e  t o  see sp read  on t h e  r eco rd  a clear s ta tement  
t o  t h i s  e f f e c t .  Other  areas which concern u s  are  of course t h e  t i s s u e  
exposures .  We are anxious  t o  see r e c o n c i l e d  t h e  d i f f e r e n c e s  which e x i s t  
between t h e  Oak Ridge c a l c u l a t i o n s  and t h o s e  from t h e  Nat iona l  I n s t i t u t e  
of  R a d i o l o g i c a l  ScPences. 
i s  p r a c t i c a b l e  t o  a s s i g n  i n d i v i d u a l  s p e c i f i c  t i s s u e  exposures o r  must w e  
c o n t e n t  o u r s e l v e s  w i t h  v a l u e s  which are a p p l i e d  t o  a l l  i n d i v i d u a l s  
i r r e s p e c t i v e  of  t h e i r  s i z e ,  age  and t h e  l i k e .  

We are a l s o  i n t e r e s t e d  i n  knowing whether i t  

n Again thanks  much f o r  your  he lp .  

W x l l i a m  J. Schul l ,  Ph.D. 

/ Act ing  Chief of  Research 
/Vice Chairman and 

/ 
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