
I.). 0 /.~ ~.'.'i l ~'.'i 
. ~·· ..... ~- "~~-·~~~+.;-"""'"-•*)) ... ~.,,.,. ...... ,..,,,.,.._. __ .. . · .·· ~ ~·su ...... f~·~rrr~·F·i~ · 
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. ~A~··.,. A~trnct ~: ·suiph~r "nnC: ·~ospb~tc Pills '7or~ -use~ to r.easuro the 
;.,· . _ .L.r.anyq ct alou ?.ntt f:?.st neutrons ns ~. function of tl1sto.nco. Annlysls 
,. >t>f t~e t-OSQ].ts Qll the !-'hOS~bitC 'i>111S S~Crl th!'.tt rft"S~ffCS Cf Slr.'9:7 hOU• 

· ·· ~.·trcns r.f' l .x lOl-J. \1Cre obtninec.'! out tc 600 yarcJs trtr. the furst. Con· 
. '· s1corab1c f'!!st ·neutron 1ntons1ty existed nt the S!m.tc 'hut tho dosri.e;e 

i ;"_. ':- ·ne.e.saro~c~ts ~re' yet nvailnble_. " ·. . . · .. -· · .. · ·.· ·· · . . ·.. , . . 
" ~ \ ·--· '. " .... ~ ; •• : • ·~·· , •. ' :.· :·: •. ·~.... '· • ~;·_ ; : • .• ... • • • •' ~- l ·• '. .... . : • .... ·~ 

.. ·Bi ·.··,'The !JU?'POSO cf these. nensur-0nents nas ·tr- C'ctcrnino tho rel!tt!on~ 
·. shlp 'bot1.Jec-tl neutron dos:we ~.nr~ disttir.ce fro':" the burst. Tho effect 

. -sh1c1t11Tie by a:rn"r ~.s usr beirir, ihvestignte~. .. . .. 
. . :--:'~: ·--; ' ~.: '• - ) ' 

.c. '.!'he 3'llls, i"thich 'tlerc ~~t'.'e rt sulphur ~nr- cale1un -.hc.s~h~te, \1oro 
.d1str!hutoc1 -t:·n nll tnrp.ct shi:PSo Af·;;er the test they ucre. CC'lluctcd, 
:~~nd the incuceC. rnd1oe.ctivi ty nca:.:u:NK1 rlith a -Ociger 'Counter. 
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- · . f- 3. 'The. co.pfa>i.e cro!l"s-sectlcn of F 1s so ~ tho.t "11 ccunts uere 
. :.. . 1ou. The accura.ey cf P.. ccunt is elven by the .tcrnulas 
~' '1< . ~ 
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where Pe : probo.ble errcr, N2 : ccunts due tc back ground of the COUl'· 
ter and ~1-N2 : counts due tc the sru:ple. In nalting these ne~surcment. 
the p1Us ccntain1np 11 ttle er no induced nct1 vi-ty, yere cc.UJ;lted unt11 
Ni.+N2 : 200. 'lhe back grcund er the ccunters were a!'lnrcx1nntely 20. 
On this bns1a a Srn'.'l,lc ccntn1ning 10 ccunts/r!in. abcve back pround ~n• 
-.mted tc an nocuracy of ~br-ut 1;~ cnly (1.o. Pe : i;%). In this re
port it ts assuned that a ~111 h~\'in~ ~ count ot lC ccunts/n!n. above 
background has no s1en1f1c~n~e. This places the lcuar li~it cf neu
tron 6etection at 3 x 109 nautrons/cc2o The nills hnving ;o c~unts/n1t 
C·l' rr:ore were ccunteu with sc-me trhnt erent~r accuracy. 

4. The descript1nns ct lcca~ions en bcn.rc~ ships were frequently 
inadequate er net legible. · 

1 
~. Very ctten the pills pl"cecl on eY.pcsed "'os1t1c-ns t"n hc~rd the 

sh1~s were blown ev~y·by "the blast. !7~st results re~resont the neutr~l 
do sago in ros1 tic-.ns h~ving unlmom an0unts cf shiel~ing frcr the circci 
neutrcn burst. ~ 

F. 1. Experimental Datn 
All pills vere cOUJlted that uere recc-vere,1 trn·'\ ships lccnted 

v1th1n 800 yt\rcs r:t the estin!:lted pc-1nt tf cieton~tion. Only t(lJrnn 
pills uere counted frcri ahips located frc!"I Boo tr 1200 yarus frcn the 
detcna.tic,_n., All results or slot1 neutron non.surerients nre ~iven in 
Teble I. · No ~ttenpt h~s been r.~ce to analyze the data ~ther th~n to 
lc:c~te the 1!18x1nun re!lding obtained nbc.nrc e~ch sh:ip on ~n rve!'lny of 
the t~rget arr~y (Fig.Bl). Dec~y curves, shcfm in Fie. 1, §ubstant-
1nte the f2ct thnt the activity boinP. ne~surad wns cue tc PJ2. · 

2. The rel".1.t1cnshiti cf tot3l slot• neutrcns tc <'!istance is shomi 
1n Table II. fhis table was cc-r1'!)1lec~ b~, taking the highest· rending 
obtained en each ship ns renrcsenting the neutrcn .1ntans1ty ~t thnt 
point "1th no regard fer shioldine. The distance frrri tht!t·~ctnt tc 
the estit'lated -r.oint of deton~tiC'n tms rie!:S':red cff frcn the r:ap o-r th.:. 
tar2ct array. Thg~e results shcu the f0llo~1n~ neutrcn ~lsnr,es: ~t 
400 Tcti8s• l x lOJ. neutr<'ns I 8hl 2, nt

0
600 yards l x 10 , Boo y~rds, 

l x 10 and at 1000 yarc1s ~bcut 3 x 107. · · ·, · 
3 • . The data .. 1n Table I ~ny ~1ve crnslder~ble 1nfcrn~t1cn en 

~•hlel<'ing effects when. eC"ns1cJere{1 in ccnnectirn u1 tr nl~.ns nf the var
tc·us ships. -No attet:Pt is n,_,_c1e here tc evalu".lte the do.to. \71th respect 
to shielding beenuse ~lnns er the ships ~ere not available. It ts 
&Jlptn-ent however -that there :'lre .rith~r prcat c11fferenecs tn f'1e1-lsure-

. tients taken 1n vnr1ous pl~es rn the ships. This 1s undcubtec~ly aue 

I··.·.· 1~rrcly to dit+"ercnces in aistancos 'frc·m the rcir.t (,.f detcnaticr '1l'ld 
1n p~rt tC' sh1eldin~. · ~he vo.ri~nce in results ~n the· S!t'ltc r:~y 'be due 

F ·1n~lnr~eneasure ~c the f~ct,thnt u~ter is a.g~cd ~~~eldine ~~ter!al 
f r :·,, -agc..inst netitrcns. . . . . , \ . ,. 

~-·: ' <. .·· 4. The co1·nts/N.n. cbta1ned f'rc?:'I the .sulphur \°'ills on -the t!lrget 
~ ' · ships ~ro given 1n f!\blo Iii. .The calcul~tion ·ct. the neutr~!'l 1nten- , \. 
l -':, aitles td.ll ·"-a.:ve tr· "t1Sit un°lil the capture crc-:ss-sect1cn r~r sulphur , " · 
'"'.• · ~ts _obt~1noc.t~1\" .However ,o~1~.crr.ble fast neutrc;n 1ntons1ty 't'!!'\S 1nuic:lt-
;:"' . ·ed ~ t . ~~e. abcut ;JOO yards rr~r. the ~· ' llo.ns, ,: 
.. :: · :nq,y -b l!llOtt'ttt:ea :a "tu 1t• the lndependenceo ---~ ~ ·- ·-
, '-_<\.;; • • "'*' , .. -R - -
!', ·~~~ ............... ?S~~fte.. . .> 
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. 1314 
. 1320 
1321 
l.761 

. 1782 
1?83. 

. 1?55' 
l?S6 · 

. l7S9 

1760 

Apcgon 
Apo gen 

-Apogon 
'Apogon -
Apogon 
ApC"'·gcin 
Apcgon 
Apogon 
A-pogon 
.Apog!)n 
Apogon 

., 

Apcgon 

Apogcn 
Apogon 

< " 

\ . 
Apegon 

Apogon 

0 
0 .. 
o· 
1.8 
20.8 

99.0 

6.S 
0 
4.9 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 
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915' · Crittonden ditto a. 2.44 x iolO 16.2 _ 
916 - Crittenden e1ttc 3.0 x 1010 130; 
917 . Crittenden ditto 2.42 x 10

0
10 14.8 

918 Crittenc.en ctitto 2.9 x icl 2.7 
. 930 Dat7son Ur..der sick bay l'ort #2 . 

9
. 

· . hntch 7.~ x 10. 
931 D~\1scn . After sta.ck, compass 

. plntforrn 
.. 9 

9.5' x 1010 
1.8 x 10 933· Dauscn Flying Dr1d~c1 frld. stbd. 

935 Dnr.scn Ccnpartnent 1033~, CPO · 
- . ·· hcrthin~ 

~36 Daw.son l!rtd ·• Troop Ccnpnrtr:ent 
;.;2 x 109, 

:an 27 6.9; x io9
9 938 Dauscn A-10~-L Fm. 47, port 2.54 x 10 

93.9 Davson Mess H~ll.! Fro. Bo 4.6; x io
9
9 

940 · D~.rrson #2 llold, Bil .. 108 2. 42 x 10 
941 Dowson After !i'rocp Cor:p~rti.'.ent . 9 
942 

1182. 

1187 

1191 

1192 

Dnvsrn 

llughes 

Hughes 

Hughes 

Eughes 

DH - 13 5 ~ 3. 0 x 10 
taundry·neceiving n~o0, Frri. · 

9 157 4.e x 10 
Wj'' !ia~e11ni rcot; 1st deck, 9 Fr ...• 28 J. stbC. 1.33 x 10 
Insi~e Mk 3, Directer, Ticar 9 tr~iner's sent -6.8 x 10 
P~ssagoway outs1tlc CIC, 02 · 9 dock, f1'1:1. 66 ? .. 7x 10 
W11rdrooo, i"rn. 49 stbd, on 

frru. bulkhand 2.4 x 109 
1289 Independence · · . , 0 

11 

Flight Deck, fr1fl. ,ciTt, fl'!'.1. . .. -A 
~ 0m 2.24 x .w' 

1290 Indorendence · ,, 
FliFht deck, ~rter r.ort, · ~.:;., 

rr~. ;2, sthd. . St.98 x .Jr.U' 
Filot i~ouse, O' le,l_Sel, . 10 . f"rc. 5t', stbd 6.5' x 10 
Crew's llead, n:-2o2-4L, Fm.. 10 · ·. ?'ii riort 2c 1 x 10 

129?. e1tto 

ditto 

ditto 

l.O 

16.2 
21.0 

0 
I 

17.0 
0 
'l.9 
0 

0 

2.2 

11.3 

'l.9 

11.6 

40.5 

1296 

1298 

· .. ditto 

Sick llny liea~ A-3 2-2L.1 Frn. 10 .. · ;o l'>tbde 1 0 8 . Jt 10 
10 

9.0 
l!ach1ne Shop, 3rd deck, Frn. ..Aft> 
. 72 Stbd. 1.21 x p:r " 4.2 

c1tto · 'Ft1a. ~!lagazine, A-513-M, Frn. -~0 

~ ~rf\ ~o 3 .. 0 x w-"" o 
1299 ditto ' £P:R 0208, P'Rr. 26, !>ort · 10 bulktead 3.22 x 10 r . · · 1300 . . ditto . Cnptr-iins C~b1n 02 _dock t _ lO 

... · · .. _ · . , .. Frn. 44.i stbd. 3.3; x 10 · 14.3 

19.5 

$'. .·· . · .. : 1302 ditto 'Fwd. ~1.lots Ready Roor;, 
~, . .. r.3 :Jeck rrc. 44 port. 4•64 .x iolO ,...,. -
;,; :: . : · ~l3CJ· . r11tto . Crew's Gailey 2nd Aeck, .::....,_ · 1· 0 
'' . : •. r • . __ · · • · · : · · ' ·:'• ·. • ·· Frr.-:. 94 ' 1 94 % 10 · ' 

f:'. ,; ' :~,'.' '.i~304:?: < ditte> · •. !\.,StorerooM C-412-A ·Fm. .:. . • · · 10 

I
!-. ·,." ;, "1·. •.• ... ___ -,-;.·.·'ir ,._ii,·;,, ·A.~-~~,,· ... ·-' ~: _,. .127, pert 1.13 .x 10 

9.1,. 

~.,~ 

~, .•. §:.fiin,7·····~·ll~~s·1pW:'~e.~ ' .. 
· . · --~ 311 t.,:.~ : ~lt:CRET ::::,: 
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• 13b5' ditto ~ Colt1 Stor;~::.~~lh C-307-l~ 
9
.s; x 109 i5'.o" 4-. 

1308 

1309 
1310 

1311 

1347 

1350 

135'1 

1352 

1353 

1356 

135'? 

135'8 

135'9 

1725 

1737 

1738 

1739 

1743 

1?4? 
lt,78 

1479 

1480 

1838 

ditto Aanirals Cabin, '·i~in Deck, 10 Frn~ 44, stb0. 2.52 x 109 31.? 
0 ditto 

ditto 

Cl.itto 

I~evada 

dittc 

ditto 

d1ttc 

ditto 

ditto 

ditto 

ditto 

dittc 

ditto 

ditto 

ditto 

ditto 

ditto 

C.1tt<1 

ditto 

ditto 

Fwc1 ... gnf1ne Ikon Frc. 72 2.14 x 10 
Ship 1 s Tank D-902-i7 Fw<!. 

l•'j ~e Rcm!l 1 Frn. 60, port 2.48 x 109 
Crcu's BGrth1ng Sp~ce C-703-L 10 Frrio 124 3.85 x 10 
Turret #1 nagazine' after 

bullthead, ceP.ter line 
ccnpnrtrient 

Pilot House, frn~. pr.rt, 
stbc1 • s~.de 

Pilot house, fuc. r·ort, 
port sil'k 

#1 511 131 i'~01nt ~ 1~1f;ic~e C'D 
c t·nc ., bulh'.heaa. 

//1 5'"/33 l!iotL"1t< il1side on 
po1·t bulkhcnd 

Cre-w' s Bend B-270-9L f°'Nd. 
bulkhe~d 

2.0 x 1010 

l.f X lOlO 1() 
rO 

1.85' x ufJ ,. 
1.19 x ~ 

I I 

9.9 x io9 

0 

5.0 
12.l 

21.2 

0 
Creu's Head B-270-9L ~rtcr 

Bulkhead 6.4 x io9 1 o ;.,a 
Sick Bg,y ":larc~ he ad' rw(1. ID 
bulkhe~d 2.4?. x J.e9 ?•2 

Sick B~y v1nrc1. he~~, nfter 
10 bulkhe.~a 1.3 x 10 ?.2 

#1 turret cverhoac1, ~ridsh1ps 9 (center 11neJ5.35 x 10 0 
1/4 turret cverheo.J, m::idships 

9 (center 11nG)5.l? x 10 ,o 1.0 
A-150-lL Stbd. bulkhe~a, tud. ,"'91° 

1.07 x ~· re l.O 
Pilot House, ~n1dsh1ps, .J1J 1 ° 
on pl0ttinr t~ble 3.18 x .µ?' 17.0 

A-331-lJ .l pert bulkhC'''c, fm,. 
9 Frn. 50 ..::::-3.0 x 10 0 

D-312-L, 3D1dsh1ps, nb~ve 10 
nrnori Frn. 128 1.62 x 10 

2ne Deck, ~r~. 275, center 1 line 1.32 x 10 O 
t~nln Deck, Frn. 1 ?4, stbd. 

(outbc:-.r0. connart:.~ent) 3.6 x 109 
3ra deck, Frr-. 113, 9 centar lino L.3.0 x 10 
#4 turret Frn. 57, out-

21.6 

6.7 

0 side, nft.stbc.~. top. ;.6 x 109 
1766 Pennsyl-

vania )13 Barbette, Frn. 48, fwd. 9 cutsiae L 3.0 x io9 C 
1768 ditto Pilot He-use, Frn. 51 .;:;:: 3.0 x 10 0 
14?1 Pensacola Sick B~y, Surv.ery 4.6~ x 102 2.9 
1423 ditto Cren's G~lloy, stbu. 4.69 x 109 0 
1426 ditto After fire rooni Pert 4.28 x 10 0 
1429 ditto Crew's Galley, Fort ?.6'5 x 109· 9.7 

~W&'§J. S£GfJfdE @. Pae. e 3 -. --- tNftii . " fJ cc:· .. r~ r· . 
' · • ·· · .. ,, '- . ' h •. ; ~I i J 
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TP.ble ~ (ccntinue~) P~ \()+ ~I, "-.>e p0 ,,-t G.Lf f -- JfDijt 
l"-30 Pens~ccla S!ele 'Bay~ Bo~y -4064 x io910 20~8 
1~31 ~1tto CPO's ~u~rtors 2~17 x lC · 16.3 
lL:-32 C'1ttc Fwr"' .. 7:i:-e Reem 2c7( x lCf 3.5 
J433 ~~ittc- I'v;C:,. Erir~ir:e Rccr: 1.01X10 0 Jc5' 
lt34 ~ittc Arte~ ~-:~r st~ticr 3.(6 x 10

9
9 14.B 

1435' ditto #1 Tu!·,..st 2.76 x lC 7.4 
1436 d1ttc ::ir '>1 l)irEctor, aft (c:J.tsic'.e) 

~. . . ~ 2o37 X 1Cl0 

1'80 
15'£36 
1469 

11.70 

1472 

1~73 

1474 

14?6 
1477 

1720 
1?28 
1130 

113; 
1137 

1146 
1447 
146;' 
1466 

dittc ~" 1,14 turret ..,.c...-._ l.~6 x 1clO 
Pnz-due' Bridre ~ Gyro Repeater L3.0 x 1099 
ditto Office~ Prri. 45'-47- ~300 x 10 
ditto Conning tci.ver ne::J.!' 

steering stand e- 3.0 x 10~ 
ditto 
ditto 

Prinz 
Eugen 

ditto 

ditto 

ditto 

ditto 

ditto 
ditto 

ditto 
ditto 

Rh incl 

ditto 
citto 

Gun f'1.C~?.~s trunk .?'.:'. 3 .o x 10
9 ;·cto:r Rpcn, Frno lOC-lC2 L- 3o0 X 10 

--\ ""'e-t 
Gl~Gun Chr..rber bcoth L:"3.0 x 109 
#1 turret -ocwder h'.1nc111ng 

TOCO £3.0 X 109 
Stbd., cutbcnr-:~ upr1rtrd 

gun :'1Cunt Frno 139 3.44 x 109 
Nnvig~ticn Brid~ci StbC. 

Frr'• 169. ~ ~.o x 109 
L1v1nr.; conr.t. 3rd dcclt 9 Frr. 111.1 Stbd. L 3.0 x 109 
3r:.~ deck, FrD. 2.? t c::::: 3.0 x 10 
3rd deck,.port p~ssngo .9 I'rn. 38 .?'. 3.0 x ic9 B~ttlc St::>.MCJis9 Frn. 136 L 3.0 x 10 
F-~" 3 cain~~v/i~L1~H.li.'c roon "- 3. O x 10 9 
Sttd 0 upner outbo2rd 20~. 9 ~cunt Frn. 50 3.16 x 10 
Torpedo Shack, Frc. 130 L3.0 x 109 
Stbd. side cf forcc~stle 

Fro. 20 4.6 x 109 
Bridge ~heel, Fm. 60 ..:::....3~0 x io9 
A-4Cl-A, Frn .. 15, stbd. ~-3,0 x 109 
liain r"!dio, Frn. 46 f... c:::30C x 109 
40r::n,. clip shack,, ~:!lv. 9 Bridge, F~. 45' ._s .c.. 3.0 x 10 

1601·~ Skip Jnck Fuse box on StbrJ. bulkhead 
Fr~. 173 L..3.0 x 109 

160; 
15'49 

15'5'0 
15'5'1 
15'5'2 
15'?3 
15'5'4 
15'5'? 
155'6 . 

ditto 
Sk'"'.te 

ditto 
ditto 
ditto 
d1ttc 
c!tto 
d1ttc 
ditto 

~1tto 

Stbo. bulkhond Fl':.J. 63 ~3.C x 109 
After torpecc re.on, ne"!.r 9 wosh basin 2.19 x 10 
lfotcr r0c~ rwa. e.55 x io9 
Crew's rm.sh roc:ii over door 2o 75' x lCii 
After bnttery uc 1 2.09 x io12 Gun Trunk 1.14 x 1£0 Pun") rc·c:: 3 .1 x 10 11 Contrcl rccD fwd. l.45' x 10 
Cantrel rrcr:, near tr17'l 

rtt.nifcld 
:7nrdroon 

21.9 
11.3 
0 
0 

c 
0 
c 

0 

0 

0 

c 

0 
0 

0 
0 
0 

6.8 
0 

4.1 
0 
0 
0 

0 

0 
0 

131.4 
1.4 
?4.0 
45'.3 
345'.0 
12.? 
33.4 

;0.1 
12.? 

'tf 
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Ta.blc I (ccntinucd) -
15'5'8 
1559 
1560 
1561 
1166 

1168 

1119 
1126 
112? 

1129 

Skate 
dittc 
dittc 
ditto 

StRck 

d1tt0 

T~lbot 
ditto 
ditto 

ditto 

Wardroon ?.6; x 12i0 
ditto l.O x 1010 d!tto B~o x io10 ditto 608 x 10 

St'bcl. upper 9 outho~rC' 
9 20:r:n. nC:unt L 3 .o x 10 

#1 5"/38 ~~unt, ~crt side 9 of slide ..? 3.,0 x 10 · 
Stbd. br1c1ge·aing Frr • 66 .? 3.,0 x 10~ 
D-307-t, sthct Fr~. 156 ~3~0 x lO 
D-210-L, c.vorhen~1~ sthd, ..c- 9 Frro l,5 3o0 Z 109 '.'farc~roon b"J.lkt:o?.do Fr!"""!. ~6~3o0 X 10 

0 

0 
0 
0 

lot4 
3.1 

·---~----,. ' : ., ,, ... 
I '; •" ' 

' - . -

. \ 
I 



• 
f' ":·-·-·' 

-;. . • 
Total lfoutrons/cr.12 in Relation to dist'8.!lce fPO!il Point of Detonation 

Distance 
Ship Yards Met9rs 

Skate 400 

Indopondcnco 
Aft. 530 

Independence _ 
Fori:mr·d 600 

i .. rlmnsas 610 

Crittenden 660 

,,, Nevada 690 

'Pensacola 710 · 

Nagato 780 

ARDC-13 790 

HugtJ.cs 890 

Dawson 890 

lli1.ind 

Brule 

950 

970 

990 

,, 

366 

I 

485 

545 

555 

605 

620 

650 

713 

722 

813 

813 

967 

/ 

887 

905 

No. Neu€rons/cm2 
Observed 

6.o x ioll 

2.2 x io11. • 
5.5 x 1010 

3.9 x 1010 

2.4 x lolO 

1.3 x iolO 

1.1 x 101° 

7.7 x 109 

9.5 x 109 


