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~ 110•t lmpoJ'kat contrllnl'1o• made br 'il• l&1'J t. \he ao'1T1'1•• 

of the Lo• Alaoa PnJeot oon1l1'94 of •••lcu•t ot a7 pd•ouel, 

who were ot laTalulal• aa•ia\a.aM la \u ••e•••ftl at\ala•ea• of U. 

PnJff••• o\Jeatl••• !he ••ni"• et the•• peneau11 to~•••t 06 

vho~ ver• leu Matnl ( ... Captala) v. a • .P~-., Coaaa4en r. r.. 
~vo.rtll• •, 1. lt1'e4bu.17 u4 A. 1 • »U.. aza4 (lat.I') Captaia W. A. 

~·• an cteaori"*l la Tel_. 2 •t tble look of \he Hl1to17., 

~·· iJlp•l'•t ooa,l'lhtloM wr•--. bf-. la"7 Uarovcb tb.e 

pantotpattoa of 't'&l'iou Bav -ceut .. la eel'taia putt of .- pl'OJ•''• 

actltt.U!t1 aa4 '11••• u• 111pre11l••~ lDAtoaW l¥ auerou ,., • .._... 

ta fo1ue 2, -4 al.le la CJaaptd a of Yolue 3. of W• Jook.. '!'he 

&1el1tanoe ot '1\e kYa1 aceM!•• wa uualt,. o\tabe4 bf' Adatnl Pan••i 

la Al• oapaol\r N OriD••• nt..iat. .. t....io (d'- Sept•'bt• 1,.._ ala• 

aeso•iate DU..t.11) d \be pnJ"''· ~ the ... ,.R\loa of ll .. t 

Ad.llll'&\ Y., :a. ""1UU, .. ,1ataa• '- the Chlet ot a...i O,.rauo .. to• 

Mat•ri•l• -4 1 ... A4111r4 t>~_. ltt Bu~q~ CJ&t.•t of ,,_,Ive• el OJidaaaoe. 

htao1JA11' h•au• ot 1eovl t7 ooaal4•ntlo .. , ~ r•o.iit•Mate of th• 

to1 Al--. hoJeot. ~~ 11194• Do1dl '• ~ lfaTal laatallatlou oal7 

throuO tM Cblet ot '119 :Bve&1l of Or41•n•" 

l' 11 ~ purpoa• ot thl• cbaptel' to IUt••ri'" .,..,. \rlef1.1 tM 

aoa• l•rtaa\ ORUi'htlo•• vh1cJa were u.cle bJ' U. Yarioue laftl agenot.e1, 

aupplemeaUac '11• lntonaUoa .prnio.ul7 tv.nidecl •lamer• la 11ook 

VIII. BeOU*•· lllO•t of~ wcrit w.e anuce4 la ~n.tennoee u4 • 

pereOA&l con.tact•• ~•ool'da ot ad.Jllnlttratl•a ao\t~ azie •X'r911elf 
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aoaroe or noa-exlateat aA4 thl• tac• la la p•t n1peulbl.• to• \he 

'brnt• and. 1acomplet.D.e11 of \he 4eaor1p'1oae bereta. 

Th• 1mportaa• coatr1lniUoa1 '° \he proJ"t vhloJl wel"e ud.e 'b7 

\he lfaTal OJ'Claaue T••'bc s•Uoa. I.,.otera, Calttonla, haTe be•a 

deeert HI. preTloul7 la ao• 4etat.1, la Ohapte• 2 of '1!11• nlume, 

•J'HJ•o' Caae11
, au ... "' rep•••• la thl• ohapl••· 

(Coatri'DllUou of \he lfa.,, '9 JfaabaUaa Dlatrtct taaWla\lena 

o\h•• Uaaa Loa J.lao•-.:, M h11114 la o*• 'boob of the H11,01'7l 

r•t•renoe ahouU 'M aade panloulu17 '- JooJI TI, Lltpd4 '1'henal 

Dlt"'9loa (S-50) hoJeet, vbereta th4' coatri lsaUo .. of the Baftl 

:aeaeu• Laltora-.017 ue 4eacribe4, aal t. Boole I, fol\1M 11 Penou•l• 

la wb!Qb• ta S•oUoa • • \he u.i..-at to \he Dl•trlot ot ttat• 

Jllld.o~ otftoer1 of ~ • .,,, la deeorl)ecl~) 
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1-1. !he l&Yal Mlu Depo\• Torktowa, llqtAla, c••• aa8l1taaoe 

to Ute Lo• .Uuo1 ProJeo\ la the dneloJM•t aa4 produoUoa et ~lo-

1-2. Dulac ~ ear17 •\ace• of \be re...,.. aa4 ,..,..1.,...t of 

exploal" oharC•• nqdt.t to~ the atolllo lHNI-• •• Lo• Aluo~, lt 

11.... appuea\ 'h•• a eoaa14en-1• ._.., ot ntatd.• aaat1~ vtNlt 

be n\'dn4. Re~ A411lral v. I. PU•••• OJlda• .. • Dl•btea Le&U•• 
. ' 

at'J'Qee4 ~ tM ~•t ot th•· hn• ot Or4-uo• ff .-. aftllabl• 

te \ht pnJ••• \he &11l1taa• of LlnMua' H'Cld.10• hllarcl• usn. 

QCtua ottl•• ot \M k•al KIM D9p0t, Toftiova, Tll'dala. 1'J:MJ 

••n1ou of t.ln.tenaat .hllari wen pa.rUnlar17 clee1h4 ia ooauotioa 

wt tb U. 4••1ca aa4 ooa•tnoUoa ot ~ explo•l•" c••'1DI plaat •' 

Loi .Uuoa, vhlall W ,._.. Mc1la la .._ wtat•• ot 194.3-1~~ D\Jllaid 

'ri1ltM t.oe Alamo1 an4 caoablh.te4 nlualal• a4'J'td la ••Ht.Jal up an4 

operaUnc '1le •pM1allff4 •xplo1lft• taa\lac plaa' at S-Slte,. (s.e 

... YIU. fol,. 2, pa. 7~J2t~ •. ·~ u. cllftlnlU•• ol ~·pan of 

~ proJea\ 81'• 4•1CIJlllle4.) 

1•). ~ t.tnWD&at .hllari it.._ 1....-u4 tha\ \he ta.clllU .. 

of tu uev17 4onabuaW pllet pl-.t at ~ J&T&l M1M Df'pot, TorkMva. 

•lcla\ lMt adapte4 io ~ .ueda ot the p110Jeot,_ e.M q; 11 Auptt 1944 
.Ad.Jli,.a.1 Pu1oa1 ntwt1tff \bat \M•• 1peota1 taoUl '1•• be mad.e &Tall• 

alJl•, to• llal ted.. M1i1taaott to the Lot Al..,,. PJ'OJ•ot• 

1-4. !he vo!'k under'*-• at Torttowa wae con.cerucl vi '1l tlMJ 

follovinc toUl" 1peoltto probl••• 
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•· ProduoUoa ot h1&hl1- alwnt.ial1e4 'l'Jf tor use a.t Lot .Aluoa 

1a ~ uautaoiun ot \orpex. 

'b. Prodv.•'1•• ot abftt ato lhapet oaetlac• per 4.q, wtPlnit 

19 \e ou hud.ft4 pe'llD41 ...aa, ulac •14• tvatahecl b7 I.09 Al-•· 
(lo• \hie pro-1 ... 1 t waa •'1CP•M4 \ha\ •XJ>al••• alcht 1D41CJ&l• \he 

. d•eln.)111 \f et uan1t•rl'lq *9 mlJ•• pr' ot \be von w tu laftl 

A-.ttl.oa Depot,. MoAl••'-•• adalo•, o• •*• oaaUac uH'f'l'1'.) 

•· lATeattcaUoa ot tull '7 ooatl'Ol ot ... tlap bJ \he th811 

ex11Unc Mohaltu., aa4.,.... pn.1UH •lttne, uat.ac .tJi. taollitl•• 

et ~ pl.lo\ lOMl• plaat at ?olktova. (ftl• writ wn14 puallel alai• 

tar ao\l'fl '7 at to1 .U&Ma an4 at the Jlxplo•S.••• lleeeal'Oll t.a])on.\017 •• 

)ftM\oa.) 

4. Pnpan.Uoa of ezplo.f.T•• hartzac etov ut ... tloa rat••• 

la ooorctbaUoa with•* la pre>O"t•• at Jnoetoa •. 

1_,. If »>.,...la •. 194'• •14• hM be• ahipPe4 -. ?os\Owa1 ad 

Pl'QU&tiODI to, J>1'04Utloa bt4 lMta •kn•. CA u D ...... 191&1t, ,. 

Chl•t of \he ~ of ~ aUiol'l1e4 •he k•al Ml .. Depot, Yon\owaa 

'ct ou\ 70a000 pcn.u&41 of BU lJlo.at 6,000 JOU4e M 'bf ... , l~aulJ' 

la •148 tvatebe4 tHa r.o1 Al.UM)•• aM. the \al.au• t. w o .. t attn 

COll.Pl•Uoa ot tlel.4 t••'•· .Bf ,.,,....,.., i9a.,. \hie pro4uoUoa vaa la 

t.11 tvbc1 'ba.t dlttlnltl•• la the us•~lJ ot \b explo•l'fe bloat• 

ttn.ioi-4, a.a& all DX procl•tt.o• vae •'bl'\2.J>tlr ha1 k4 waU1 the 41ttt .. 

cul U•• oou14 lMt elbd.•tff.. 

1-6. la 7•Uu.u7. 19~. 1t wa1 clecl4M to a'bu4oa Ult ua• ot DX 

8A4 •ul>1\1tu" •Compo•1Uoa B1 la the explo1l••• •••inc Proo"•~ aa4 

oa J Marob 19"' Adalnl Par1ou requeet... \?Mt Cb.let ot \he !ureau of 



( ' OrdnaDoe to inak• the to.cll1\1ea at Yorktowa ayailable 114ratn, tor the 

proclucUon ot oaaUnc• ot Co11Sp4tal ttoa :a, ot each of \vo in•• requlnd, 

ca1le4 11 qul.1 V" an4 "1w111•qualltr' ouUqa reepecU-ve17. 

1-7. Maaavhll•• th• cona•nottoa ot a special pilo• ptaa• a' the 

lfayaJ. Ord.Dance 'fea\ S\ailoa, IJV'oken. 4eaiped tor experilluW dnelop­

••• wol"k oa eh.aped. charte•• ba4 bffa authorind. a.Ad vaa \Uldel' oo.,. 

•'ncUoa, under a dn•lopmea• ooat•aot 'betveea the Bunal& of Ord.laallM 

u4 \he Calltoral• tiiau--. ot !eo1mo1oa. l t .... •X.P•ot-4 that \bl• 

pll!i»t plaat woul4. 'N ooaplet.4 tr, JO ~ 194' uA wou14 k alale u 

pr~ ctu.1.lt7 oaeUnp ltf 1' Juu 191'5. cs .. Chapur 2 of '1ll• TolUJM, 

SeoUoa 7.) 

1-C. J.t the tl•• of .Adainl Paraoas ." nqust (J Hanh 1945) the 

•al.¥ pl•• oapal»l• of prod.uolnc tuall '7 ca.Unp -. looa"4 at s-st -., 

at Lot Ai .... , an4 th•r• was ~ no proapeol of )ro41a0tloa •l••wheJle 
uUl ~ J'ollowt.aa Jue • .Aa uttnel.7 onttaal. altu.Uoa wo1ll.4 u.. 

u11-. tunton. f.t uq aoel4eat ha4 ooovnct w latenup\ '1l• pn-

4uaU• at a-s' '9. h• thle Huoa, Adail'al 1anoae nq,uaW \ha' 'he 

•••al Mlae De;ot: ooiameao•, M eoea aa JO•d.••• PJi•4uUea et 2' qp.al.1 tf 

cuUnce of Co11pct•lUoa 3 9•• claf',, t• c•aU .. uUl 15 J-. 19115, aD4 

th&' a ad '6lal• plu\ ~ -4• &T&tla)l• tor '11• pl'04uo,loa of AOa-flU.lf. '1' 

cuUnc1 of Oollpoa1Uoa 1, to \Mt allpenlaecl 19' ~mm. Torkto-. _. 

plo7lnc the ~lqu dnelopect a• s-stt•• Lo• Alae•. 

1-9.. A.e ot 1 Mq- 194't 780 DOD-ciuli '1' co..,.•l Hoa I bloake bacl 

beea caai a\ Tortdowat acl41 '1oul pr"1v.oUq of ball 1cal• noa-qual.1 Q' 

blook1 wa1 betnc 1t.u'e4. a.n4 dnt1tlop .. at ot 1aUatao,017 '4Klhnlque• 

fo7 CU'11'JC qu.ali V blocka V&I belDC ao'1Tel7 punued. 



( . 1-10. "1hen production ot exploe1Tea wae curtailed at the en4 ot 

hoti111Uea, 'both the llnal Mine Depot, Tontova. nn4 the aU11 tD.Coa. 

pl•'- Salt ~rel le Pllet PlMt-, IDJOkera, wtr• endeaTOrtq to prod.u• 

1att1tcotoJ'T qua.11'7 oOAtlnctt• 'l'b.el"t wae •hea no r.rthe~ lr111Jedlate nae4 

fo• th.ct proclucUoa ot quell v ea1Unc1 at Tol'kt9va1 .na. veflr at tbl1 

1taitoa vaa O&Ac•let. 
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2-1. The taotl1 Hee of the SaTal AlllMllll Hoa Depot1 Mo.'1••'-•1-

0kt.ehcaa. were ueed. to• tvo lapol''8n' OJM'ftUon• to• toe A1&1101t Ut• 

loadina ot tht ~· o:r prac'1ce boab9e aA4 tM pro4utton of 

non-qu.a11t¥ CORpOtl\loa ~ ce.att1119. 

2-2. Aa 48801'1-- la tlbapte:r a Of We YOlUJle, the pupld.A• Wel'e 

trdalJlc 'bo•k dtrftlepect 19 Oalltonla laatl tate ol feuaoloa" ~ • 

part •t the weJtc of lroJ•ot 0 .. 1. 'lhq appnxl••et th• ct•tlea ot 

\U tin.al. bo•• lit ••t.nal appeanMif ·an4 Wllti\t• oharaoteef.1tto•. 

2-3. !he hlati'-'- 1-4 •u cOAtnot to• tu 4ne1opaea• an4 laf.Ual 

pncl•tloa of \he p-.pktaa, anA t.b• Jure• of Ol'ClnuO• mad• the taclll tl•• 

ot th• •&ftl AawwQnlUoa Depot •ftllabl• to 0.1.f. to:r load.tac th-. 

a.it. Aotual loa4bc ot PQ!IPkl•• •* M4SA1 .. ._ cowaoe4 evi, la 

April• 1~., u4 rap141.p approaaM4 h9 pe• 4q ae Anelepaeat 41tnn.1.UQ 

voe •lbba,ecl·. If" 15 Mar 1gi.,, <l..,•lo:p1Mta' vaa eoaald.eH4 cHJl•te, 

-4 the l\ina• ot ~... al the r•••t el Lot Alaao•, 1•• coatractt 

to'I U.. ooaUauA pnd.•tU. of ~ at the •- 10.-1 dnelepe4 

bJ'· C&lttonta t .. •ttv.te ot !Hhao1oq·• Lo8'1• aetlYltf' at MoAl.•atff' 
'" 

hN, "aahtlil tlw ra'• st abou.• 75 pe1' .. u. whea pndUttoa -. atoppe4 

a\ tilt ea4 of ho•HlS.H•~· l)ariac th• oou•• of tht• work, •"'-' 3,_, 
pwapklat wre dell'f•hel to the DeJo• tor loaclt.ac. ud. of" th!• J11111be1" 

abou\ 2)0 were loa4e4 and ahipped.. 

2-5. TU prod•tlo• of aoa•ciull t, Comped Hoa • oaa\tnc• -. a 

aepare.\e preJeotJ a .. tgne4 'o ih• ~a'Y&l AJIDnaat•toa DepQt,. MO.lteet•r~ 

abou• Aprt1, 1945, 'b7 ti. Iv•• of Ol'clJaaaoe, ta ao~aManee vlO. ~ 

'·' 



( · •ua••\loa ot Loa Aluoe te rel1...-. pe..r\ of ~he 10&4 oa ~ laftl 

Mlu ~po•. York\Owa. 

( 
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a-6. la Apl'll, 1~. ~ MMHU'J ll014a to., noa.-quall '7 oa.1U-c• 

were tunllhed. t• •.A.D., MoAle1ter, • Loe Aluo1. Ao'ual procluoUoa 

coGence4 d.urlnc 'h• laU•r put ot Kllf'• and oonUnud. unUl Sept••lMr, 

1945.,, htwea 25 aA4 JO a•~•. each oona11Uzac ot 76 no.,.quall\T ca1Unp1 

were precluoet eni 1bl»»e4 bf· th• Depo•. 
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J-1. 1lle taotlltl•• ot ~ laT&l .Au.z:tll..,., Al• St.\to•• Sal.tea 

Sea (SaadJ .aeaa), Oalltonda, "•1'• uaH to• bo11~t .. teat• to• th• t.e• 

Alauoe ProJeet. 

3-2. »urine the .-ri,. tall et 19..... A4111..-l Pano• poliitM 01lt 

to o-.r.i G:rOYff "*' rua. d ... 1.,.... tilO ....... ta Pf'Olfe•• Wftl.& 

l"eq\dr• dJ'op• !ft• )l1Cll -.1.UW• '4t •• 19"1. or ltelow. !!Mt eatau., ' 

boal>llltf ....., ~aclllUff a• ~ 'nr All' Bu•, Calltonta, aM at 

YeacloTO rt.e14, tJ~ ""14 _.,, pdld' ... , 4"J9 of W• tne. an4J 
.. t • \.'All COSLel4•re4 •aaea\lal M pl'OW \he tuat .. l• 4i-op• •o l;ow : · 

ln•l•• Oe.t-nl Orowe wq a1b4 to -aee Ul• ...... .,.,. ·~tlta: ~ 
. . ' I I 

p•mt "'' lll'Op• .la ti. laltoa s .. Ana 4vl• llona1Mt• 6n4 .Deoell'-"• 
I f 

1944. ! 
i 

,_,. a. 26oo-.lMr1,a.4, a.uiw.1 GHP .. autbo.t1e4 ea t.up.o~toa 

vtp iO ~- laftl A.wdllAl'J' Ab stattoat' Sil~$ ... aa4 rt•laltf' •. w 
det.etmia• wh•theat ot oet tld• NM vw\cl ,_. ••tlal•"'1• th• t.n.peoUea 

-. mGd• ca lt ,..,. ... l~• u4 t t aoa.t'bM4 Ula a•t..b:ff• et tht 

kl toa s.. an-. SllbJtot M ooWa 111prn..,.k via!• itel'(r ~equtW. 
I ' 

Abeu.I 1lion.-•19~ tu Chl•t of ••• , OpdaUOU 41ffat.l ..... . , 
I , 

Oo•caacl••• ot \h• lil.natb ia.&l l>l.all'f.•i t• mab t.b.• fMiltU• of j , 

th.e !b Y&l. Mutillaq .Uit S\aUoDt kl"- t'... •Yal1alale ti) t!l• to• AlMOa 
I ' I ·j ' 

PJ'c,J••' tor •peoial boni~nc t••M. j . \., . 
J-4. 'l'h• tls>•t u• o~ thl• bo•'1JIC ranc• -. ea a. :O.Od,-rl9l4lf. 

I I \' 1, ·~ . 

&rJ4 tu tectll '1•• aon\latu!ll 14 lntel'lll ' '•' us•, to• "1H. u~ laa.1~letlos 
" •••t• e.n4 fol' \Hillin« ot 'bo•'bln.t GHWI, unttl ..t.~t, 191',. '··' Abov.l 

' ,, 
I 

150 W•\ a?Ml \1"•1~ '"1>• v•l'• !Ude oa ~i• bo•-lDI r~.: :. ; 
,,- \ . ' 

. / 't; 
,: : : 

.1 



( , 

)-5. It wa.1 lean.94 at ?JO• Al31110s, ea.r17 ln Oc'olwtr• 19~ •. that 

\he ............ Salto• s.a. VQ aaoaa 'h• ail' etation• 'fhlch ,_ .... reo ... 

mealed to N cloee4 ai that U•.. JUrther dnitlopunh tn tu.inc an4 

bal.11•'101 •tte•o4 '9 requl" the cnnUmted u10 ot a eea level bombiJac 

ra~, * A4a1ral Pancmt an4 Dr., I., ll. ltl"'.n4b\u?• ntreotor. ther-toft 

reooa•D4e4, oa 22 Ocatobe• 19~. tha\ ~· Maatlaitaa Dle\rtot 1houl4 

lD&lntata ••• lrnl "'111\lJW tullltt .. la 0.. Saltoa S•• N••• notvi~ · 

1t.aadbti1 ~ olo1U. ot 'bit l.A...l.S., Saltoa Sea. :lep\iattoaa '-• 

e.cqul.re the .... , • ..., taolltU•t "" 'becaa 111D1e4late171 azi4 •Teiahalt, 

\l'ftC!lt to a •1i&0ce•1ttal coaoiutoa• la J'41 lgliC. 

'·' 
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SIC!IOI a. - O!HD lDMS 0., I.A.YT PAR'IICIPM'IO• 

lt-1. To ult• ~noon ot ~ puUolpatloa ot ~· ••"7 la UMt 

Loa ~. pnJeot •r• 11earl7 complete, •••loa ab.eul.4 be 111&48 ot oth•I' 

llaTal 1aatallaUou whl• coatrtlni'-4 la OM _,or u.o'1ut• uaeN &DI 

Tal11&-1.e .. .s.a•oe. 

1'-2. h.Yel Q!dMM• feat Sta\l!Jh !R!k•n. Oallfopl•• TU 

lapo~-.., nop1raUoa ot Ude Sl&U• 1• d.e1onbe4 la •e>me deWt la ~ 

ldeto17 of ProJeot C..lt la Chap"• a of •bl• Yo1\1114t1' te wblo!l ntena•• 

•• .a - Mele.· 

>4-3. !av Tuia M!.£! I1lg4 •. · Celrtt9nlh Thi• ta.Wlattea. tunlllae4 

apeoial tropical pa.cld.Jll tao111 He• d.vlq ~ •PJ"b.I u4 eari, .,.,...~ d 

194', la oonuotioa wf.ti. tiuJ lhlpplJlc ol •terta11 to~ the orea\loa ot 

\lut OT•h•M ....... to .. 4•11Y•l7 of 'h• &to•l• .. -. .. 

4-~. Sa!!l AaMt 1&21 Dft!!; Po£,! QM.SW• Calll1lW*• Thi• ;o.p.t 

r.U•nd uJor aed .• tanH la t.u teapoi-617 •'once and oTeiiaeu •hipme:at 

ot uploa1n coapa•t. .. 

i.-,. laY!:\ 01'!\MMt J!lM!,, Cta,.• L&u, JCl!M#M1 1'hlt plaa• .tu.nl1llecl 

faolll•l•• aa4 per10aael to• .. ohiatac an4 a1e .. ll7 ot oompoaeat• uad.., 

1peotal ••oui.'¥ re1\1'10Uons.. .a. coadu,.alale MOU\ et wof)ls vae ao­

cesplbhed at Cenwr Ltu. pa-1aalpall7 "1ro'QC)l 0101• coordtaauoa wl~ 

~ :O.troi \ p~t ottlc• o'I the ~,._ l>l•trtot. 

4-6. l'aT'IU. Gg hotorz. Waahbc\f!. D, C,, 'PA Juns of Q!daaga•,,, 

fM•• two lfaTal ac•noi•• collalorate4 la th• dedp an4 produetloa ot 

CUA• aad proJeoUl•• uaed. bJ \U Loi Al.uo1 ProJeot. 

1'-7. lfaYal .PrtylM Gro\Uld., D!!!:llrM. Vlrc1!1!a 'l'hl• l:uWlaUoa 

( · aooperatecl la the deYelopmeat of anlnc an4 f\ullnc d••lo•• tor \he atoalo. 
'-~ 



( 

c 

bo•'· Small 1oal• tlelcl M1t1 ot '11•1• derio•• wen JUd• at llahl.crU. 

an4 1uDa•qu•ntl7 conU.1auff. a\ Ml aoal• at Muoo Ar., Ail' Baa•.. SC.le 

model balllatloa teata wel"e al10 pertol"lllt4 a• D~a. 

~-. ltY&l Otflo!. ai ~1 T•J'tl V of Jew Mffil!e .QJm9u•Uila le 

Mplc•, 1'ht• otttae b.elpecl tct pl'•••n• iu ••curtv of '1l• proJ•o• )T 

••nlnc a1 a \J'$IUt-1hlp11•• 1'8Uoa to., Nual equip_, deet1n.e4 to'I 

Loe Alamo•. 

~9. IOM, a44ltloul 1ntoJ"a'1• alaout Uut ~•l•lpailoe et tJst 

n.io1ou laftl 1Jl1Wla'1•• la .. won of tu >taU.a•• Dt1\rl•t ..,. 

M t01:ad 1a Tol_. 2 ot We booll -4 ta Chapt•t 2 of \ht• •olU.N.. 'lo 

taolll tat• conaul \aUoa ot the1• 1ouro••• the tollovb« lltt• "ot ,eterenc•• 

11 ci••a• 

Naftl Min• Depot• ?ol'kuva_ Va •. -lllt..Yl11;fo1-.ia.pa.16. 1.19. 71•.ftlt, 

Vol.J,,cbap. a.~.)-3,.;-4.io-~,., 

1a...i •PAWtltl°" ~'• Mc&le1t•••01c1a..-~vx11.v,1.2,p~.19.7• 

a. YUl 1 V•l. J,Clutp •. 2,~.l&-a. 

laftl Auillaq Alf; lta•toa..hlwa s.a..,Catlf«>J"Ql..-llr .. Ytlt.Yol:.2,_ 

p~. 9.16,1•. aoa•. Tut, vo1.3,.c~.a,pat .. 5-l. 

Ba.Tal O~o• !••tllil s-.t1oa.XJQ-ok•na1 Callt.-Bk.Ylll1 Vol-2•par. 

9.11.1~ .. 20.19.3,19. 7sllE. fllJ • .,.1.2,"1ppl• •• par .. ,1.,,. 7.2>.1•. YIU, Tol.J, 

Cbap.a (thnllC)sou~ W• ch.apter). 

N&Y7 Yard• Ma•• l1lan4~ O.:llt.-.lk.flll•Y•l.2,»&r.19.71llt•Ylil,Vel. 

3.ohap.2.par.6-1. 

lla"1 OJ'dnuoe Pl81ltt Ceatel' LIM, Mioh.•.ar.flll, Yol.2.pa.14.15. 

lfaTal ha J'aoto17, Wu1't.qtoa.D. O.-a_ YU It Y•l. 2,p8". f. 5t 7, 10, 7 .~_, 

7.27, 7.21.1i..1, •. 

' 
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Bven ol onuno.-lfr. Ynt. To1.2,par. 7.5, 7.10,.7.21. 7.a, 7.21, 7.13,19. 75 

Ile,. Tlll• Yol.21Sllppl. ,par.1.35,1.4a1llk. Ylll, Tol. ),Chap. 2,( 12lro\1Chft\ 

Wa olulptel'). 

1a....i .Pl'OYlac ar .. ct. nu100•. Ya.-a.nn,••1.2,p-...7.10.1.~. 

7_44,7.i.,.1.sa 

;.11 
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.BOOI nn. 408 ALAMOS PROJIC! (t) 

VOLUMI ) 1 ADXJLJ.A.Rt AC1'1Ylfl:U 

CHAPHI 6, SAlll.t. 
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Dl11 chapt•• pn1eatsu hlatol'1oa1 aocoa• of \be aoUT1'1•• ot 

\he Manhattaa l>iatl'l.et vh.lc!l ,,,.re carrte4 ou• at San41a Baae, neu .Ulna-

'119ltfl1111• In Medo•, Mtv•.. ~• nme• of 191t5 aa4 31 Deo•bel' 1946• 

Ul• ientu.Uoa 4aw ot the Mataat'- l>latrlo\ BSatorr. 

~ Wonatt.oa clftll u iJd1 clMaftd nnl .. ai• that prnlouel7 

tlu'alaht4• la Yo111Mt l aa4 a ot Jook lUlt la pu\lnl.u• Chapkl' •• 

•ordalaoe IDclueriac (Z) DlTla1oa1 , ot ~ Suppleaet ,. fo\Wll 21 

oonMlu • d.et•rtp"o• of '21• Z-Dt.Tt.den ot t.o1 .Aluo1, wllloll wu priao1-

pall7 1Anl.,.._ u ~won at Saadt.a Jaae". 
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6-1. Pae! Bletorz, 

Prloi• M lWl•• 1942, saad.la Bue ._. ue4 aa tlw AllN.qurtu 

11'1&1olpal Airport and. ,,.. nova aa Osa&r4 J'telct. l t waa thea pvehuecl 

'b7 the Oo•eJ'IUll•at, and. \ha Al°b1lqUl'que Dletrlot Ellalneer coutruo•e4 a 

aWB'be~ of CCC '11>• lNLrraoka en4 • ..,.ral pr..,.tabicat•4 hucan. la pre,._ 

ra\loa to• u1• of U.. tl•14 bt th9 U.,- Alr lore•. The baa• wu aner 

oper.atd rtp.tar17t. hovnel', Nl4 •n•tu.117 l t 01 dedpatecl ('ba.t no\ 

open.W) at the~ Alia lone COATale1Cen• CeaWF., Ia Apzolll~, \he 

Ooaftleaetll\ Cent•• vae clou4 an4 ~ t1•14 waa d•olarecl •Ul'PlUI. 

The llecon.e \ru.o'1oa flunoe CorponUoa theJI took control ot 

the bu•• and uaed 1\ u • 1\orac• 10l11t toa- ebaolete planet, The plane• 

wen tl.owa \9. the 'bae• aboll• My, 19i.,, anct ven parked there ava.1Unc 

d.lapo•l Uoa;. 

6.a. llu\Z At•e~11 of hrc!f au,4 !WPNP' a lfe!b1tt9 Dl•trlotl 

Al••' 15 J.ucu\ 19i.,, deoltloa waa mad• • '1ie Xanhattaa Pn. 

Jeot !Mtatqcau,1r1 w ooneolld.ate fltone•. aa1n)l1. liD4 ehlpaea\ taotll• 

tl•• a• Sa-4la la••· Wl\la ~ coa\rao\o• for U. lltcoa1,ruotlOll· Jta.a09 
, 

C::ol"JOJ-&'1• lb.ea ocC'QPJlUC ~ 'ba1•, Ql'llapmentt wer• made t• ptennt 

tnteralncllne of fe>tou, • t'IU"D.l.111 onr a pe:rttoa of the be.et tor \be 

enlualT• ua• and ooa\rol ot \he MQha\taa Dl•trto•, an4 •ea"•PUn« 

thl• portS.oa 'bJ' ta.oe and ~ a19t••e. 

A\ thl• UM1 Oaptala S.. Mua••I" wae a111pe4 \e Saaclla 

Bue ae Poet JaclD••P, u4 oonetruoUoa ton••• prorldect b;r R. I. Md:e• 

CoapaDT, Oueral Ccmtrac,ol' to-, Lo1 Alaa0•, wen sao•ed to th• 'ba••· 

-1-



Th97 1-edl&t•l.7 •'"'" .-co•a.Uoa of enoucb 1N114lnc• '9 pffria to• 

wa adnno• ma.oleua of '1lAI uohaloal d.d. aill taq ton.a to '9 .,.... tna 

Lo• 41.uoe oe o• al»o1lt 30 Sept .. ber 1945. 

the t1ret teohaloal croup ... mon w Sand.la k•• ,.. 0•11po••'· 

of '1le ottln penonnel ualpe4 •• Oroup 0.-7; llf.Ylai• wo•. ot U.. 

!ecbAloal Ana •t t.oe .llw1, who1• aaia N8»0D•l'l11t,. vq ol'Chlaue 

,....,.... •• _ oa 1 Oetolae» 1~_,. ._ tlr•t '1~ •I oftl••H u4 •llaW 

... a.11tpe4 te Ute Sp .. ~al Ofdn•nH htepla••t at 1'-4.oYd Ii.tel• aov 

\JU.tftl'"4 tna ~ """ Al• ... ,,... .. u.. Sp..Sa1 llnct•••· J'Jet••···· 
Maab&U .. Dla•..S• .. """*>TM to~-..... i, 25OotoW191tf• ~ 

ea\ln 4etaohaeat h84 Ma llO'N4 fnm. YU4nn fte14. 'lhta ..,......, 

c:o8l>rl•-' ut oalT ;etM••l '-' al .. 1ape41 ... ta aa4 •"1f.p.Mat1 tulwUac 

llOUl• of lht •.:rat Ku•• "tl \'1• !o;r•, ""*' otheJI' upen ... w wea la 

t\o...,. •• 1(-4o1'• at tha' Hi•. Cu• •2110.lft ltlook• ••N \na1t•l'1'tl& 

M for\ Vbpt•, hl.1"1• lfew Jf~••• • • epeolal leaaha.ttaa .Dttabtot 

•kn.ta "'e" l•t' al W...S.O••I' fte.14. 

Ia 8441'1• M \he a'b.o,qp•»••••l a"4 •'-nal• aa4 •uppll••• 

all bMll4.nc •"'1,_., lteU. -..taotvff •' ht,.lt ~ r." Ancel .. -. 

dlTVW • SQd.la >ae•· to~ neelp'• 1knp· ,.,. '"8.,..lhl,_.t t• Loa 

.n..... Dvtq We p•rlCHlt rep••••U'1••• of 1,.,.2 (Al• Coori.laa\l&)a), 

Z-3 (ftrtac) 1 z-5 (JU~)• allll1 z-6 (llffbaaioal !••• r..11ora.to17) WN 

ae•tcud '9 Saadi .. oa ta,ol'QJ 4utT ea17, tor the J>Ul'J>O•• ol d41DC 

the ColUSQ4tag Offloer (Lt.Col. a. •~ LoCJJattde4t) la ptepq't.Jw • plaa et 

•raUoa to~ \he we. Dvt.. Ootohr, 1945• appren•••li' 200 ealt1t.t 
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6-3. Plu1 u4 Opera\ioa91 

Durlnt \he perlo4 30 Septem)•~ 194' to 15 Ional>er 19~. plan• 

¥91'• preparet an4 sulnd.\ted to .. reYlew to Colonel See11&11 at Loa Ala11C»1. 

Thea• plua oa\llAK qeraUou at SaAdla Baae torMrl7 Hkea aan of_, 

TaJ'loua '1rolq>a vhlo!a ha4 operate4 un4er D1tteloa •o• a' t.oe AJ.uoa. The 

opera'1oa1 whla woe oonle4 o•t '1 o\her ual t1, troa Vend.o'W•I' 11•1'• 

"" alat tnolu.4 ... ta the•• plaaat at 8-dta h1e, \he operaUoa1 ot the 
' ' 

tono ep .. tal OftUU• J>et•ob••'• aov a co...,. ot •u Speolal llnci••• 
~ ........ ,, ... at nnlut J1e14 ..... ~ ..... ti. open.tlo•• of ti. 

nlcb' 'l••t se.uoa, whla!l w . be• cU•OJ"ff4 trn 'ht 509tll Coapo1t te 

GnQ and. ha4 ~ baae4 *' Wud.oftaP ltelct. 

(!Ja.t aotlTltl11 of other co11pOAeate of ~ 509tll Ct11p01l'4t 

Onup an uaerl"4 la seo•loa l ot Ch.apter 9 ot \hla T9lue ot the 

Mab&\'- Dlauto• 1IS.1toq.) 

X. »11..-I' 1'~• OftQ Z-1 (Jle14 '1'11\ Ol'ftp) beca eeUlnc 

up •'1&1P••' la aailelpaUoa of t11t 4np1. 

X• J~ 191t6, ananc .... •• ··" md• Yh•n• 50 ot \h9 

100 JD t.U7 quuten at lhU.U nold. vollld '- IL'f'alla\le fol' ua• of 

Saad.la Baa• p• .. •a&el. 

Ia 1e'inal7 19~. tM cl.-oltllt .. uoa ot ~ Arrq i-eevlW la 

'11• loa1 ot aon Vaaa Ult of the ealt1tt4 •• aa4 ottloen u•tcne4 •• 

tbe '*-•· i'h.1• 1'14d.ea 411oharce ot :per.01an•l mad• Ope~auoa Cl'OHroacl• 

h•• ChapMr 8 of till• TOlue) Ye17 cllttloult and. vae •• neut\ n•n'll&lll' 

la ai.ou• 1lz 110atha of S...lttol•at operatloa at Saad.ta Bate. 

1'he tit• at 'fl'lal t7 va1 plaoe4 u.cl•i' 8aa4t.a .Ba••• v1 \ll the 

r~·~o~~ibl11•7 ot pr•TenttDc pel'aonnel troa wan4e~nc into the '••t area, 



(_ 

A reooamend.ecl ?.'able of Orcaat.aUon tor a Repl.u Arq Uni'• 

wlt.b a aieeS.oa of aa•••~l!Jsc au mnl toring the bolalt• ,,.. 1~epared an4 

1ubai\M4 \o h1ghes- heed.quarter•. It ,, .. alto "quee\e4 Ula' 12 Replu 

AntJ Otftcere ff 1eat w Sand.la &.1• for or1eritatloa to'I OperaUoa .CroH• 
. 

roe.41, wt a ~ l4ea t.ha• Ule7 weu.14 later "'V1a aa4 become a oa4re to-, 

'ht hpl..- A1!fl1' \111.1 l ••tlone4. 

Croe1roa4• tn.laiaa ooaUau4 a• SalMl~a kt• ctu.rhc Hanh• 19116, 
aa4 lael114e4 thne f\1."4 4:rop•. '1' . •1• llbidcm. . JqU.tp ... t tor Opera.Hoa 

Oroaeroada.,... 1hlppe4 'boU. dl1"MU7 '° tlle Pol'\ of la~Uoa u4 te 

Lo• Al.-e • 

.A.a a nnl t of tu pnnou Nfl".••• tor !aout"• 6o pre-ta'bJ11oate4 

b.ouln8 ~t• were •hipped. troa Baatori JncS,.••Jl lfolbt ad. ••d'1oa vu 

b.- la .lpnl, 19a.6. 

"'9 deal1l• ¥&9 ,u4t to moM all el"tnalo• ot Z-Dln1lea '9 

S8114la k••t aa4 th• oonatrwattoa ot • l'ul .. am 1lrlq L&bo~\o17 

ta Mq• 191'6t Group Z-9 (Stoolc Pll~) vu foneclt aa4 ooa• 

•14.n\lt d.Pba•l• ,,.. plao ... oa etock pll• utl•lH•• (ett• YolUM 2, 

sv,pp1 .... t, pu. s.16). Duhe .,._. and Jla171 etooll ptllnc conUn-49 

an.A tlw p"'blatqt of lODC \en atorac• beo&ae 1.-por\U•• Saa4la ks• 

tvnilhK maa7 4ak oa \bl• prcfbl• w higher htadquut•n• 

Alto'1' A'QCUt\ 19i.61 the lo~ ten at .. loa ot SancUa Jaae 'beoaM 

appara'a •P•OltlcallJ'• t• l>e "\he ho• ot tu c>n• Repla.r An, l.!ll t to• 

h.&1Mll1nc Uw bO•), aad to be the 'baa• to• aoheollq- ot A.,.., peraonnel la 

~ ~· earl h9.ncllbc ot ~h• wtapoa. ~ 11l1alon ot the 'baa• a.110 11iclucle6 



dnelopment work in all ph.a1e1 oonneo\ed. wi U& '11• aotual w•,oa. 

A' thia U•• plaa were apPro'Hd. to-r ooa1tru.oUoa of 141 

permaaea\ t .. ll7 ClWU'tera la ~ iaortheaa•era eeotioa of 'be *•• Ae'1oa 

waa Meua u Aupst• 19lt6. M>vari ooaple._ clinr••••t of \hi• 1k'1oa 

fl'Oll r.o1 Al•••• an4 l\ beo- \be 111.eal.oa of all 1Wt ,.nouel t. ala 

towut aonal alllta17 1-a• operatlo••• &1 ooapancl with Maaha\taa hoJ .. , 

....... u. lhort-ou• •tbo41. 

Oa 1 hptaN• 19116 • ._ 27611• Jncla••r Jattalioa (Spe•lal) 

wu tol'Ull7 .. u ... te4 a•· a re1\11 t , ot the eul1•1" ieeeo ... nd&Uoa t•• a 

:ae1111ar .lft7 u.1 t '° .. , •• ,1. aa4 moal to• tu bcllllt. uA, 4utna u. 
foll•vlDC aoatla, quiltl-4 ea11•W Ha u4 ottloen ven tru.1tettH • 

tbl1 BaUaltoa. la Sept••~•"• peat.I' eaphall1 wa.a plao ... oa tu ooa­

••l"QOU.oa of penana t. lndlclbl1 oa the poat, 4 p•l'llM .. t fin 1taUoa 

wa, appro"4, an4 plau wen dnwa Uf tort~ houU.1 a ;>e•t adatal• 

1waUoa fttl4lnc,. u4 a nn.,ral. beaUac pl•t. 

X. Ootobe• 19a.61 approx111atel7 _, RecU.lu Anti Otttaa1. 

troll ••••tat 4.iltereat \JtaAou1, npoi-•e4 t• ,. 'ba•• aACl McU tralabe 

4••1cM4 \o p•ralt \he Mltll••t of ~ at11loa of th• Speolal :bcla­

••• Ba•tallo•!f' Dutnc \U aoa• of Ooto\eri ~ lfaftl M&d11&17 Al• 

St.Hon• Sal \oa SU. Callforala. wae ua1ut4 '1 enlt.•t-4 ••t mad.el' tile 

ciellll8A4 ot Cap tab JI. L Jolmeoa tna '111• 'baae1 1a prepan.Uoa fO'i' , ua.e 

of th&\ lXlttallaUoa la •••• d.Jtop tee'• dutnc th• ..,.17 pan ot l.947 

(••• Chapter 5 ot \hl1 Yolua•. l• whic!l the •• ot the T••' Baae at 

Sal,oa sea tor \••Hnc 4urinc th• ,,.,. 1ear• i1 4eacri'bed. •. ) 

Ia lloT••l»e• 191+6, th• Jlnda•eriq Gro'QP (Z-4) • vhtoh atlll 

rnalne4 at Loa Al.MO••· wae alerted tos- DIOYeaea\. to Sand.la. I• va1 

-5-....,.... 



planAed. th.a' all •ncl••l'lnc, and u •ch of ~ d.etlp work aa vaa 

praoUoalal•1 voulA be nleaaed. troa other gro"»•• an4 ude \he rHpea1l• 

'blll'7 ot z-4. Mr. x • .r.. Ch•••911811 waa mad.• h-4 ot '11• aev neovoatoa 

1ubdJ:rt1toa, the rdaaloa ot whloh wae to 1upe"11• an4 ooQrdtn.ate 

deTelop .. n'• prooveaent ancl allle4 eleotl'ealo proltt... thro'QCb.ou' 

Z-D1'1.atoa. A\ the •n4 of \he ;r•ar• Groap Z...lt ba4 ao• ;r•t llOTecl to 

Sadla. 

A\ •boa' Vila tS.• Gnvp .1-l wae aotl.a, .... aa ~ >.a1ealtl7 

b•lalac Onup, "1'1a Mr. Al't!mP M...._ •• l•ad.•r-

~ Deo•'bo• 1946, tea ad.••cro-.t 118cali.a•• ta aa U.a 

neu Sud.ta Ja8e were 0011plek4 aDd. MOep'9411 

6-li.: I•\•\U.anoe aa4 S!!!rl tz, 
c·- :lfteetlTe 1 lfoTe•lHll' 1,116,. lAt.lU.ceaot &D4 Seovlt,. tuoUon1 

( 

of 8-4.la .Bat• wee aeparaW IJ'O• Loe . .Uaaoe, S\&penlaloa ot tu•• 
tuoUoaa wN p1ue4 d1rfft17 'QAAQ the Ya8"1ctoa £1alan Ottloe. A. 

conal4el'altle UOVA' Of veJk na d.•ae 4\U'tnc -- aoaQ. of loY•M• to,;aH 

e1tab1l9htac a •;rate• ot clearu••• lnY .. UptiCJA•• cieu•..-ut1lll« .. •• 

work aa4 plq'alal .. O'Ult Vt •• \hat \he \&1• wo1l14 ff a)le to epe:raM 

1114tpn4•at17 ot t.oa Alaao1. 

6-5., Iq Per1onn1l. 

'?h• ttr1t Oona1ad.1nc Ottto•~ a\ SaadJ.a !aa• w .. I!t~ Ool. llolte:rt 

w. .t.ookl'tq.. who h-494 \he tlra\ teobzdoal group (group 0-7. Dt:d•i•• 

•o•) \lhiah moYe4 t. \hi h.t• a'beut JO Sep•••lbes- 1~~, la '1l• newlr tone4 

Z-Dlrtaloa of r.01 .Uuoa Coloael Lockl"ld&• waa de•tcnated. ae the !Md.er 

ot Gru~ Z-2A (Pnov...a\1 ~none• ancl Shlp•••> .; la \he la\ter capao1 '71 



( 

( ) 

Colonel toctrld«- r•per\ecl to the DlTieion l•ader, bu\ at commaa48• of ~ 

l>a•• ht repor\ed '9 the Coamand1n.c Ottic•• a\ toe .Aluo1, ColoAel Se•-~ 

L\.Ool. A. J. Frolich llHWIH OOllmaad. ot the ba1• oa 7 !>•••'M• 
1945, upo• th• rel•••• ot ColoA•l Loakrlclc• 'o o1n11aa ••'•· 

ta Augus' 194'. Colonel o. w. rorlaad. vat aa1l«Jl94 a1 CoJllllUMllnc 

OfflceJI o# tht 'baaee am al10 CoJIMDdlnc ot11c•• of \U 21611\ lnciaeeJt 

BaUalloa (Speotal)• wt.oil ftll \hea abou• \o 'be ao\i•ate4. Colou1 Dor\u4 
. 

ruai.aecl aa ComwacU.Dt" Ottlca uU1 at'4t• ~ ea4 ot the ~·rlof. oo•e"4 

'b7 tbl• hl1\o17~ 

•aavhll•, wha ~ t .ll'•' 1tep1 w" \aba to .,,.. - Su4la. 

Z-Dtn11oa vaa bead.e4 b.r Mr. lopr S. VQ'ller_. wbcl ha4 auooe..,41.4 J. ll. 

Zaohulaa oll 1.7 Oo\ol>el" 1945.. la ~· laU•I' pal't of Maroh., 19i.6, ~. 

fo.ner v.n• oY•n•aa k talc• par• ta, Ope.-a\loaa OJ>Oaeroacll· nnd. lett Dr. 

Dale R-. Canon a1 AoU.nc Dl't'idoa ~Md.,.., la Jlll.7, 194'. :o., Canoa 

red.ca... an4 Z-Dl•i•l• wa• left tempo:rarilJ- wt- thnti • etteo\~T• hH4l 

uatll iht re\un of Ml'. Rae•• s. 1'Al'A•• aa4 Lj~ Col• :1 .. J~ wtlho7t troa 

0p•ratloa Croearoada, 
.. 

'11• leut-. penouel ot 1-DlTldea at the ta of 19lt6. w•H 

(••• s.t.ppl~t to Yel11JM1 2. ot tbl• ~ok• p.,.. 1.2))• 

Z-1 Ji•ld. , •• t 

Z-2 Mechanical Encla••rlnc 

Z-) A81t•bl7 '?ralnln&' 

O. r.. Wrip' 
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z-6 Meahaalc&l La'borato:q Alaa -v•r• 
Z-7 ProduoUOA J, L. Rov• 

M ll'lf.i•era Vlll1aa Caldea 

z-9 s•oclt Pll~ W1llnll' Shatter 

Z-10 SUWl.7 Rearr Moe41nc 

Z..11 Ll\tlt .Bq Harlow Ru• 

6-6. Coa••i 

'l'JMI total. MN.ha\t .. Jllall'lot co•'• to~ Sadta !alt '4t 

31 Deo••'Hl' 191'6 .._,e4 t• $2•'"•14'. 1'hl• t1cuN lultlille4 the 

au ot $79.,925 to.- opan.Uo• am u.tawunoe of 11'111 Ue1, $59, 795 tor , 

oona~tlo• ot u\111\1••• all4 ~ laalanoe to• coaatl'UO,loa_ 4••~ 

coTermaeat .PaJl'Oll, 1a....a,orl•• an4 at1oellaneeua expen••• Thea• ttcurea 

wen oltt&l.ne4 hOJI \he recol'd.1 ot \he coa• a.nil ac:counttag •Htloa at 

Loa Al.alloe. 

6-7 •, Retenncei., 

7ot ooaTealeno• ot oroae-reterenc•• tu- te>llovl114J P8«•• OI' 

par~ ot ~ Hletorr· oon.Wa 1'1nb•• (•r c0Jatlnato17) lntoJmtloa 

about Saal.la Bat• ..S,. about Z-D1Tla1on•a ooaneotioa thenvltllt 

Book Y111. fol~. 1. PP~:. 6.JO. 6•q• 7.10 

Book Tlll, Vel. 2, par~ 9~13, 19.7 

look YXII. fol ;.· 2. Suppl•ua•• pd. 1.JJ,. i , 46, 2 •. 65,, 5~ 39~ 

5.57. s.1 '° s.23. 10.5 
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