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CAPtaiN WORTHiN~TO~'~: Gentlemen, contlnuln~ our studi.~s on motcrlaisj 
:re hear tcday from the Chief of the m~tal Economic Dmv,_slon, Bureau of 
i~ines, !~r. Charles ~;~..~!errlll9 ~r. ~lerrill. 

i,~R. I~RRILL: Captain ~orthln,~ton, u~nt'~ ' ~mOn. Th~ s[tb~ecL I h!~vo Down 

5iven, "World illn~rals--:vletals," ms such a brosd one that I cuuld start 
of/ in a~_mcst any direction. In order to narrov: it to some extant, I ~ill 
try tc develop two points: Firstj the ~pcrtance of metal~ to industry, 
clvtllzat~cn and defense; and~ scccndj the strategic posslb]lltlcs cf metals 
du~ to their unoqusl distribution over the surface cf the ~orth. 

Some cf  the ages rf development of man have been named af~,ur the metals. 
One of thJ earliest ages was probably the Brcnze ~S~; when metals first 
becam~ av~il;~ble. Some '-ave traced the rise of c]villzatlons by tnc ability 
of groups tc haw metals at t:~elr comman@. 

~,,±th the use cf iron it became poss~bic to arm defenders cr to under- 
take ag~ressiom sc that metal-using stoups were ablelto increase their 
pc,,'er over their neighbors. As this use of ~etals went for~,:ard, bhe pcssl- 
bi!Iblss for tne J~velopment of industry becar~e greater and grsater. V.e 
~.±tnt sa T our ow.~. period is l-~rgoly characterized by the use of ~ctals, 
,n~ the use of metals in ~- ~.~o :-r~ <f war, of course, dominates tht present, 
4evelopmcnt cf war. 

The tv:o characterlst±cs of our tLme are b~)tn based ~.n m!ncrn.ls--mln_rc-ls 
for pc or in th~ f~rm of petroleum and coal~ an-~ mln~rais for m~bals f~r 
tn~ machines tnat can convert tn~ per:or that ~e nsve into fabricatlcn anl 
f r csrr~ylng on all s rts of actlvitics~ sucn as transportation .... d other 
useful or what :e consider useful acti~Itles. Under present c~ndltlons, 
uf cours~ the use of m~tals dominates the v'holc art ef defense, if you 
vrcre tc strip an arrTy ~f its metals, I suppc~ t~.~ fmrs~ catastrophe 
vauld bo taking the brass off the officers, but m~r~ s~rious ~oul: be re- 
moving ~run~nc~ from tno troops themselves. 

Now, the availability if m~tals tc nations can bc tnc result of s~v- 
oral conditions. Tnc most satisfact-ry is hc hove mlncs ~rmtnin your ov,n 
tsrrain ~vhicL ar~ defun4~blc and -~:nicn ~r~ sufficiently productlvc sc that 
y<u net vnly supply ell ycur nc~ds but best ¢f all y~elg sc~c exportable 

- i r - y  surplus vJ~ich p~rmlts of exp~ns .... ~ cf n q~ use ~n t~_mcs :,f ~m~r ,cncy sucn 
aS in ;var, 

But nations have not f~und it eltner posslblc cr n~cess~ry t, bc self- 
sufficient in all metals. In the Unlt,~:i Stat~s, v:o ~ro m: rc f~ rt~matc 
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than any other slngle contiguous natzon, and ~,~e even rlval the Brltlsh 
~m~irc, wnlcn under its flag, produces much of ;~hat it ne~ds. 

If, ho':~ver, a nation Is short of some of ~ts es~cntla! metals, there 
are several courses open to it. Trio colr~,oncst, of course, is Lmportation. 
From a defense s~andpo~nt, imports have the object±enable feature that the 
trade routes tnrouAh ~vh~ch they are channeled to the factorl,,s must be de- 
fended, and the defense of them is sauet~ncs d~fflcult or i~posslble. ~v~n 
if it is rolatlvely easy, it ~ that the force detall~d for t~.e dcfens~ 
I~ not available for other purposes. 

Another 1~ethod of assurlng the ava±l;~b111ty of motels in t~ucs of cu~r- 
gency is stockpi!ing. Tnzs has the advantage that you have the ~aterial~ 
at tne most convenient points, oft~,n in a state of refinement, wh.~ch ,~,ckes 
them oven more available th~n v:ere the m~tcrials ~n the mines of your o~,~n 
country. 

Tnc acctunul~t~on of stock pzle~is, ho~evcr, ~ very expensive process, 
and on~ tnet no country h~s carried out to a point ",,hero -t ~s sat~sfac0- 
or-/, although stock p~les have been acct~mulated by v~rcous countr~s ~n 
anticipate.on of an emergency. To a v~ry, very snail extcHt thcrc were 
some gov~rn_~ent o~.med stock p~les ~n th~ United Shatea bcfor~ the v;e~ 
that vas 3us5 ended, and of cours~ v,c do no~; have a stockpiling progra]. 

Another possibility ~n provzd,ng metals for emor~encscs ~s to devel- 
op substztutes -oh-oh would be available w~th.n the country and ~o~uld be 
~ubst~tutable for those materials which are ~n short supply. Thure are 
some objections to th~s. F~rst of all, of course, if a substitute vJore 
as good as the thing it ",Jes substitut~no ~ for, ~t wouldn't be a subst±tutc. 
Under th<~ def~nitat~on of substitute, ~t ~s assumed tc o¢ ~nfer~or. 

In the second place, if you take up substitutes at a t~ne of emer- 
gency, you ask your industrial machine--including your ,~.ac.~ner2 and the 
~,'ork~rs--to adapt themselves to m~tnods which are ne~.; to bncm and ~,fi~cn 
tend to decrcasu their productivity at the v,~ry tithe ~hon ~t should be 
increased. However, substitution is a very, very important f~ctor and 
wes used v,~th great success ~n Germany, and in the United States there 
were r,any substitutes used during the last war. 

Last of the important possibilities is the, development of lo~.7-grade 
noncommercial deposits. That has been put fo~,,ard in the Unitud States 
and offers considerable possibil~t:~s in some f~elds. One diffzculoy ~s 
that usually a low-grade d~posit is noncommercial beceuse it ~s highly 
absorbent of labor. Usu~l]y ±n ~:ar periods ~anpo,'er is one of the criti- 
cal meteri~ls, we night say~ and the allocation of an extra large scct~on 
of it to ~vorking materiels that h¢ve a very lo', ~ ~eld ~¢ objectionable. 
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Frequently~ , z n  order to avoid thzs zssue~ they use ir~rgo scale ~.~cn~nery, 
whAch zs, you m¢~ht say, the American way. You ther. have the problem 
of providing the :.mchzn~ry, b~cause ±f beforc t~mt t~me there was nc 
machinery used for that purpose--t~ needs ~,',¢rc suppl~ea by z~.ports, l~t us 
ssy~ or constm~pt~on was small~r--you n~v~ n o  way to d~v~lop quickly pc~:.~r- 
ful ~xcavators, shovels, and so on, to operabe ~mn.es, '~:ork~ng huge tonn~.ges 
of roc~ ~n order to get very small returns of m~al. 

Another factor to conszder ~ t~e s~Jpply of metals ~s the fac~l~.tm~s 
for themr reductzon, Virtually no metals are ready for use ss t;~ey coo,Jr 
±n the cru~t of the ~arth. dsually rue ore can be ben~fic~ated oy grind- 
~n~. mt and ei~mmn.~t~ng som~ part of the rock ~,:.~ch nas l~ttl~ or ncthzng 
z_,~ ;t, making a concentrate. Or ther~ ar~ m~thods in ~'.u±ch the aseful 
.mn.ra!s can be dzssolv~d and pr~c~pmtated sv.ey from the worthl~.ss rock 
tLat ~s with thc~,, Frc.~uenb~/ ~ft~r the c~r, centrat~ is nade~ you still 
don't h~ve ~ctal, but a ccmpo.~md such as s~L%phlde or oxmde which r..ust be 
reduced. 

So the second stage tn~n ",could be smelting a,-d the fac±!~tles must 
m. ava~l,~ble for that activmty. The. Unitod Stat~s ~s p'.~rtioularly v'ell 
bl~ssed w~th a balanced mznlng and smeltmn~ ~ndustry, but t..~..rc are nany 
countr-es which c~ther de a great deal more mmnmng than sm~Itmn~ or "~%ce 
v~rsa. For, example in Soutn Amcrmca a very large part cI the ere produced 
~v~s the countz~/ e~ther as ore or as concentrmtes to be reduced ~is~waur~. 

fhe other extreme would be co~J~%tr~es Izke B~Igman, ¥.ztn a nearly 
dead metal mmnmng ~ndustry out ~,,'~th lar~c smelters that hove com~, to 
depend on th~ ~mports of fcrezgn ores or conce~trat~s. 

Followlng smeltzn~ the next staoe would be refmnmn&. Most smelters 
turn out a product tna5 ~s not very w~d~ly usabl~ and the materzal must 
be .gmv6n the further process of rcf±nmng, 

Follewmn~ reflnmn~, tnere usually ms a flrst breakzng do~'n process 
mnto the larger shapes before fabricatmon. By that I inciude such 
act±vztzes ~s rollmng, drawzn~ ~mre, extr~d~n~ soft ~,etals Imke plu~'inum 
or l~ad--cast~ng, forgmn~. Th~n the last proccssj of courso~ ms £~bzlca- 
tmon, whmch so frequently depends on zuported shapJs. FuDrmcat±on ms 
rather beyond the problem I am trymng to co~,er now. 

The second major polnt that I v-~_ll try te ~iucmdat~ ms tn, e strategmc 
posslbzlmt~..es of ~tal resources ~,.:hlch ±s ~ function cf the~r uneven 
dlstrzbutlon, in aLmosb all str.'~teglc consm,lerotions, you must h~v~ 
sn~,~ unevenness of your dmstrzbutmon ~beut ~.mzch t~ lrt yc..~r pJ-ans. If 
one could Imag-ne a battle bc-,ng fou~.,ht on a perfectly flat piazn, ,;.:th no 
water courses on it, i pr.cs'r~ that zf ther~ were nothing bet mnfa~try 
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zn there, mt ~tould oust go to slaugater. %~-e lar,~er army flnally ~.:oulda 
-2vo somebody Left• ou~ ~, ,.f you nave nmlls~ r~_vors~ s~,~'amps~ mountamnsj 
snorelands, :-,nd so on to protect your flamks~ yea nave the posslb-'l±ty 
of rak-ng plans~ by ~;.Ti~c~.~ mf the~ .~ature more s~cccssf'iLIy than t h e  
plans of your ensmyj you are able be accomplmsh extracrdmnarg re~uOts 
v.~th.= ~~mat stat~stlcslly ;,;ould appear tc be infermor forces. 

.~o ~, tna-~ same przncmpal applm~s to mineral deposmts. IC you csn 
arran_~e the zmplement-~ng of yovr defense forces ~.tn mznes ,,~q~.ch you 
can defend~ or stock pmle, and if you nave arrangements for t!.t ,'%¢,Imt__~s~ 
svch as the smelt.srsj the ref--nermes, and the other manv2actv~mn~ processes, 
to ut±Imze these var].ous matcr~ais~ yo,~ cs~ nave a tremendous advaqt~' e, 
post~,ve advanta<e over those that are contestin~ ~g~znst ~.,• ~:~_: rl,;~ 
zf you can frond ~,'ays to str~kc at. the ess~rt'_,al m-s~a! sources el t.~os 
that are contestzng ~:mth you~ you can el~mznate thelr strahe%zc ad~;r.nta,-_r~s. 

In ?;orld 7;ar II t--~re were so~'e startlmn6 condmtzons of tnaL kznd 
creatJd. For exampl~ mn conn~cL~en 7"±th facmlmtm~s raven the Uermans 
moved thro,~on the Lo~,'~ ' ' ~ ~' ~o~unLr~,~ a~.e znto northern Frane~--the ~rea zn 
~,:nmch so r~ucn or ti~e smolt]n8~ part±culcrlj of z!nc he6 been carrleo 
on--tlzey ~,er~ denned to tt~ all~ed forces In the Uu~ted Spates there 
,,as tremendous dc~aad for the use of fac.~Imtmes v~'~mch ",,ere fou~d to 
be more or less of the propur capacmt) for homo cor;s~ptmon9 mt ",.;as a 
v~ry serzous prool~m to r@duco tqe p]entzf~Q ores of zzno ~nto usab]e 
form. Undouotedly, that ",'~as very carefr&ly calcula5ed by the U,~rman 
u~ncral btaff mn ~ts stratcsmc plans. 

Th~ are n,~mb~rs of pocs~b±imt~es of ~.mprov±ng your s~rategmc 
poszt±on b~ the development of allm~s mln~s or ±n arranging for t?-e 
defens~ of t:~tc routes by wh~ch foremgn sources can be moved mnto your 
creme, of manufacture~ or by t h e  de~olopm~nt of ,~,.mnes ~,~tnmn your ~,.~ 
ar~a~ perhaps by favored treatment, or suosmdy~ a m~thod~ ~.,~,hmcn~ o?; ~:,,~ 
~,,a}~, t_:e Uermans used to a great <~xtcnt mn subsmdzzmn~ the qermann 
Goering Steel ~orks. %~se wor'..~s ",<'re entLrely un~conc.~mc-fron a 
comm~rczal angles but vury ~seful. beccuse the 7 v~re centrally loca b~d 
from the sta~dpomnt of the defense pes]t~_on ~n '~erma_~v. 

~-n~ foilo~,:~ng chart gnves- tnc cours- of mmmeral ~~ro~uc~" ~]on ] ,z Lhe' 
U ~" e ~ ,q+,~4-..._ ~t Q ~,*~ fro,' 1860 to 1944. Ib .~llus~,raL;s th~ tre;,~cndous rzse 

" ~Lt~d So= ~s :.s t ~e countr7 ~:,-ms transformmng of _,mna~ is mn the ~ ~ ~ ..... 
mtseif from a baszca!ly agrarman see±cry ran to one Ln ~.,~'umch the ~.~nerals 
,'~cre domznant and ~n ','~h±ch ~.hnufact,~r.t;-,. based or; b.~e.~ could ,as'~,~].op. 
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In the earlier period, up until about 1015, you wml] note that the 
ilnes reoresentmng metals and mineral fz~ur-s ere almost para]ie]. Th~ 
trempndous rise of the m~n~ral figures irom that tzme on, rith the more 
or less levellng off of the metals _li'Jstr~i~a two points: (I) the 
tremendous development of the petrol~um :_ndustry for po~,er~ng our auto- 
mob~_le transnortatmon, and (2) (perhaos more sl,-nzflcant from the stand- 
no~nt of this audlence) there was a slo~,~ng down of flush production of 
metals. The age of discovery ~as comlng to a close. 

Of course, the metals show a big ~ump In 1940. Tnls, a s  Indzca-~ed 
by the chart, is ~_n dollars and so to a considerable extent the f!uctu~- 
fTon In value affects the curves, but the broad nut]ines of th~ t~.ng, 
] tklnk, are clear ss to the nolnts that I iust brought out. 

The ,,<cond chart s~ows the self-sufflc:ency of the t-n!ted States in 
the nroduct,.on from knc"m resrrves. ~hzs Is a c~nl,t~ , izs~,~ of ~e ~-~,~ 
, - , u t  v ' e  can pzck out the metals from amon~ them. 

On the left, the quantlty of reserves aya~.nst oroductzon ms sho'im -- 
the n~m~ber of y~ar~ tLat knc~m reserves cotld support crod~ct:,~n, On 
the ~;<,ht ~ Is the nt~mber of years that the }-no-,~ reserves coul@ supoo_~ ~+ 
the ccnsumotzen. They are both at a 1935-19&A rat ~ of <roduct_on and 
consm~tntmcn, that bezn~ a nerved which would znc]ude a consmderab!~ 
per~.od of what we right ca!] normal neacet:me end a nerzod of our h~g'.':est 
CStPn~clt~f in w&f, 

bo}'.' at the top of the i~st we P~ve an un!imite4 source of supnly o ~ 
ma~neszum... }~[a[neszum being m~,de from sea water, @-ere ms no i~m~t to 
that. As a matter of fact, as fast ss on= m~mns out sea ,'~at~r and ta}es 
magnesium .~ut of It, i pres~me~ mt ~.s ~nr~cned from th~ r-~vers, carr}~r~ 

OU ~., t } L e  e ~ " '  ""~. }" magneszum, as it iS leached " "  of 

Fext on the izst Is molyboemte wh~ ch ms 0reduced largely at C!~_~3x, 
Colorado, althnbgh 25 to 30 ncrcent ms prooucrd as a byproduct of some 
of the i~rge ccpner mines zn some of the ofher 'esterr States. In this 
~'e ha~-e a 99-year suppl~ at the rat~" of nrc<uctlcn during that ne~mr, d and 
a i57-year supply at the rate of consu:~<t\,-n. The reason t~_% the supply 
• s ion~er for consumption Is that we have a !srce export wb:tch we have 
to supnzy out, of our production--or ,4-,m, .,~ ...... we co supply, ko!ybden,mm would 
be mn that ba;opy state ;';here v,e have a !~,~rze exncrtmble ourplus so th~1, 
no matter ~¢hat the emergency was~ we wcula r~:~,-_'btedlj have the capac~_ty 
to meet It. 

For iron ore the figures are 73 years and q#, years. 1 dcn~t, know 
that there ~s much need of reaalng tr:em do:,~ ttntll we ]-lck :ne farther 
down--take zznc, for instance, 24--and 20-y~-ar suon].y. That is begin- 
ning to get short enough so that zt ,.,,oulc cause some concern. It rust 
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ESTI MATED "COMMERCIAL" RESERVES AS OF 1944,1N KNOWN DEPOSITS, 
COMPARED WITH 1935-44 AN NUAL RATES OF PRODUCTION 8~ CONSUMPTION 

Fig ures indicate only order of magn ~tude of eshmoted reserves They do not ~mply that produchon at rotes I 
indicated could be maintained for the full period shown Eshmates do not include allowance for future 
d ~ s c o v e r ~ e s  

RESERVES IN TERMS OF RESERVES IN TERMS OF 
YEARS OF PRODUCTION YEARS OF CONSUMPTION 

i 

OVER =00 75 50 25 0 COMMODITY o 25 50 75 ~oo OVER 
I 0 0  t i I i I L = i ~ I I 0 0  

Unlimited Magnesium Unl,m~ted 
Unhmlted Nitrates tJnhm,ted 
Unhmlte~. Sal t  LlnhmDted 

4,235 Bituminous Coal and L,gn,te 4 ,586 
470 Phosphate Rock 600 
232 Hel,um 235 
I 79 Anthracite ,1~ 187 

99 Molybdenum 157 

283 Rutde I24 
I 13 Potash J 99 

78 Iron Ore 76 

248 l lmemte 73 
120 Arsemc ~ ~ 55 

5 5 ~  Natural Gas ~ 55 
674  Coba l t *  ~ 53 

33 ~ Sulfur ~ 39 

56 I l I I I  B,smuth ~ ~ 36 
34 ~ Fluorspor ~ 33 

:30 ~ Baux,te I 23 
24 1 Z,nc 1 20 

19 I Gold I 19 
25 i Copper i 19 

14 1 Petroleum I 15 

13I S, lver*  I~s 
18 1 Cadm,um* I II 
15 I Lead I I0 
13 I Vanadium I8 

46  ~ Manganese 14 
I 8 / Plat inum Metals 13 
18 1 Ant,mony* 1 3 

s l  Mercury 12 
5 • Tungsten 12 

5 2 ~  Tantalum* II 
I 0 i Chromite I 

RESERVES N E G L I G I B L E - q U A N T I T A T I V E  COMPARISONS NOT S IGNIF ICANT 
Mica (Strategic) ' 

Asbestos (Long F= bet) 
Graphite (Flake) 

N icke l *  
T=n 

i Diamonds [Industrial) ' 
, Quartz Crystal I 

Obtained chief ly as by-products Output dependent on rate of produchon of ossoc=ated metals 
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not be assumed, however, that these figures illustrate the ultimate re- 
turn. There are still discoveries. There are the poss!bmlltles of flnd- 
lng methods by which lower @rade ore can be worked. Pr-ces could rise and 
make possible the operatlon at present cost of areas nov" too low grade to 
be economlcj and there ere other posslo~.Imt~es. 

0f course, in cautious mine development a company does not go out of its 
way to determlne its entire posslD!e reserves, b~t ,merely carries enouLh re- 
s3rve% if it can, to allow for careful planning, v:.th fac~ulitmes for tne!r 
reduction, so that while some of these figures seem verg snort, :,re n l~nt say 
that all of them indicate a mln~m~ perlod for whlch the material could oe 
supplied. 

There is ~n~ other factor to take into conslderatlon on tnat, and that 
is, if there were no further dlscoverles m%d no change in the economic bal- 
ance, no subsidies, it would not be possible in most instances to exhaust 
the supply in hne period of tame indic8ted. A mlne does not lend itself tlc 
to be ~orked out according to a schedule that somebody would d~$e~ma~. It 
has a characteristic exhaustlon rate of its ov.~; partlcularly if it is a 
vcln, only t]~e edge of it can b6 attacked. Even If the [;nlted $5atos ~Tant- 
ed all the content of a veln in one particular year, it might bare to be 
sats sfled -~ith a maxLmum rate of exploitation that would tak~ 50 years be- 
fore the materials would be r~.~ovsd a mile or so deep. 

The third chart illustrates the self-sufficiency of the United States 
~ith repect to a nttmber of the important minerals. Spoakins of the a@tals 
onlj, we flnd that the top of the llSt is molybdenum. The uppLr f~gure 
gives the ratlo of production to consttmpt~on dur±ng peacet~re; the lov~cr, 
during a "~art~e period. It will be sc~;n that there ms an exportable sur- 
plus of molybdentmn even Ln vzartl-qe--27 percent excess In wartLm~ ~#~p~-e- 
%imp, 

But the drop dovm the list ~s not very far bsfor~ wu beg~n to flnd a 
deficiency ~n ~:.'emt~c. Copper sho~vs ~t, and even ~n peaceLmme the surplus 
of copper is small. ~%e prlncApal r~ason for this deficlwncy is not the 
lack of mineral bl~ssings, but th6 %m~da~ppmunt~Amerlcan Indus- 
try. In many o£ tat metals, the Jnlt~d 6tst&s cons~ptlon is half of the 
world's, despiLo the fact that we occupy onl~ about flv~ percent of the 
land surface and have only about seven percent of the world's L'opulatlon. 

Down tov~ar~s the end of the l~st~ of course, ~e f~nd so,.~e of the ~etal~, 
of which there IS a conplcte lack, whetn~r it ~s under war condlt~ons or 
peac~, as ~th t~n. You f~nd another ~ntorestln~ revorsal in the case of 
chromite, where the peacet~e production to const~ption shoves a blank bar, 
but ~n wart~e, du6 to subsidies and special stlmulatlon, ~c f~n4 ~e do 
bctt~r. 
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On the fourth chart the verzous mlnerals have been classlfzed in 
several groupings wlth respect to the United $tztes se]~'-suff~czency. 

] thought that in closlng I re±tat take tv¢¢ or three prlnclpal 
mznerals and d±scuss then speclflcally agalnst bee general pattern teal 
i trLed to outllne mere. Take the mineral copper, for example, which 
is one of the most important el the metals both in peace and in v~ar~ o~r 
domestlc resources are great e~oug,% to g£ve us a silght!y expoztab]e sur- 
plus under peacetlme condltlons, but durlng she %vat we mad a cons~4crsole 
deflclency. At the present t~ne we are nob able to produce as much as v:e 
need to supply t:e Geficlenc 2 accumulated dor.ng tns war and to fmll bhe 
so-called plpe llne t.~at was drained dry. 

We are In a very good poszt]on to Import copper. United States ±nvest- 
meet capital has gone out and is extremely active in bhe developr~ent and 
the L~anagement of fore-~gn mln~S. If the trade ~Q~%%~ could be hept open, 
~e would have an excellent source from abroad. 

Fortunately, there are large resources in Canads~ also great resources 
in Chela; some in b'~ex±co. The trade routes from all of those would be 
exzpected to b9 among tee ones to defend ?.,ore easily. 

%itn respect to the stockpllmng of c,pper, ~t ~s mnc!uded on the 
strabegic list, but the object le is not made known. ~ne pro/tess im 
obtain~g it is not reported speclficaily so far. Becaase of the ru!ing 
In 8toc][plllng Act that reco.vers'_or: must not be interfered ",~,tn, tn3re 
has be~n vzrtual!y no progress made. 

As to substmtutes for copper, ther~ are some co~:szderab!e posszbzl~bmes~ 
partmcularly mf tee present pattern of prices p~rszsts, al~mr~mnmu ms substm- 
tutsble for copper for a number of uses, ",;illch znci0dc some of tm6 e]ectr±- 
cal uses. If alum:mum stays at 15 cents ana copper aL 21.5 cenbs--,,~hzcn 
mo~e or less reverses the t~o to one ratmo of prmc~ thab was t~e common- 
place of tl~e thmrt~es--alun,~num ~wll undoubb,vdly mzke consi~orable advance- 
ment in tn~ formerly excluslve copper market. 

As to~Sn~development of low-6rade or~s as a source of copper, if the 
l~r~#senD deposiLs are }{or~[ed out, i be!.L~Jga teat thuro are consmderable 
l,osslbilitles. There h~s be~n a dlsco,,er/ of a very lo~-grad~ or~ 3n 
Arizona made ~<ztnln tee last t~o or t:-iree years, it ms the only flrst- 
class dzscovery ±n almost t%v~nty-fm'-e ~esrs in copper, but thms ore ms 
vur7 lo~,~-grade, in f~ct, I t.]nh -t is uneconor~c~ although this :LS not 
definitely kno:~n%~ by the przc ~s ex~sb±ng in the th±rtlos, bat under present 
prates the o-hmers are pressing for-,.~ard to develop bh~ ore. Thms ms a 
deposmt large enou~ tc sup~oly all the necds of bq~ country for t~;o or 
three years, %~hich is a con~mdersb]e contr&butmon for a dmscov~ry developed 
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RESTRICTED 
CHART 4. 

U S MINERAL POSITION--ACTUAL, IMPENDING, AND POTENTIAL 

Based on knob n "commercml " reserves, outlook for noteworthy d]scovery, and the posmbfllty t ha t  known 
submarginal  resources can be made available by technologm progress and improved economm condmons 

RELATIVE SELF-SUFFICIENCY 

ACTUAL AND IMPENDING POTENTIAL 
(Based on present  technologm and eeonomm condl- (If  technologm and econom,c changes permit  use 
tmns and on known " c o m m e r m a l "  reselves)  of known submarginal  resources) 

A VIRTUAL SELF-SUFFICIENCY ASSURED FOR A VIRTUAL SELF-SUFFICIENCY 
A LONG TIME Bituminous coal Aluminum o~es Fluorspar (all 
Bituminous coal Magnesmm Fluorspar (metal- and hgmte  Copper grades) 

and hgmte  Molybdenum lurgmal) Anthrac]te  Iron ore Graph]te 
Anthramte  Hehum Natural  gas Magnesmm (flake) 
Natural  gas Magneslte Petroleum Manganese Hehum 

N~trates Molybdenum Magnes]te 
Phosphate rock Tl tamum Nit ra tes  
Potash Vanadmm Phosphate rock 
Salt Potash 
Sulfur Salt 

Sulfur 

B COMPLETE OR VIRTUAL DEPENDENCE ON B COMPLETE OR VIRTUAL DEPENDENCE ON 
FOREIGN SOURCES FOREIGN SOURCES 
1 Small ol remote expectation of improving posl- Plat inum Industrial  

tlon through discovery metals diamonds 

Chromite Industr]al Tm Quartz crystal  
Ferro-grade diamonds Asbestos (spin- 

manganese Quartz crystal  rang quahty) 
NJckel" Asbestos (spin- 
Plat inum rang quahty) 

metals 
Tm 

2 Good expectauon of ~mp~ owng pos]tmn through 
dzscovery 

Cobalt" Graphite (flake) 

C PARTIAL DEPENDENCE ON FOREIGN C PARTIAL DEPENDEN(~E ON FOREIGN 
SOURCES, ACTUAL OR IMPENDING SOURCES 
1 Good expectation of improving position through Antimony Strategm mica 

dmcovery Arsemc 
Bismuth 

Petroleum Arsemc"  Fluorspar (acid- Cadmmm 
Bismuth" grade} Cobalt 
Cadmmm" 
Copper Chromite 
Iron ore Lead 
Lead Mercury 
Mercury Nickel 
Tantalum • Tantalum 
Tungsten Tungsten 
Zinc Zinc 

2 Litt le hope of ~mprowng pomtmn through dis- 
covery 

Antimony ° H,gh-grade baux- 
Vanadmm i re  

Strategm mica 
° Domestic p'rod~ct~on chiefly bgprod~ct 

RESTRICTED 
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Now mn the f2c±lltles for n_%:~dlmng copper, the Uni~-~d SbavGs ms very 
%eli s applmed with spelters and refmn~rR~s, ~nd v~±th the ,-arlous r111s 
for rolilng~ drawing, c~stmng and for~ing. As e ~atLer of f~ct t~.~ United 

S~,~tcs nas done a good d~al o£ tme smelt_,nj, r~£~nmnt., and prmm~ - rcll- 
ran- o£ cop~e~ for the world. Unt~l recently, most of the coppcr c~.~ to 
t~c Unltcd S~ates mna rather low state of preparstmon for use from South 
~m~rlca, and some even came fron ~rmcs to the UnT_ted States. 

Thorn is a very strong tende_~.cy, ho~:revcr, on tno part of all co~ntr ~s 
t< rourd cut th~±r mndustrla! machmncs~ so that t iors .... .1.7, ba o t@ndcncv 
for thc Unmted Stat~s to becom~ L~ss and icss domlnant ±n the r~duct~_on 
of copper. 

As ~o t:'_e mald~-str~but~on or tn~ unequ-~l d!str±but~cn o£ oopl,,cr rs a 
i?cto~ ~n ,<erld strat~$~, t~ Un.~.t~d btetes pos±tion _s exc~!i~nt. }~c 

v~ one ~gn for ~uace and al~,ost eno'~gh for w~r. fncrc ~r no pot~tzDl 
enemy of tnc Unmbod SL&t~s t~. t ;:ould ~L've "~'¢~t~.mn :ts borders enough 
copper to susbamn a ~'ar 6f£ors anp¢~,~re near t nc on~ t m.t coa]z bc susta£n~d 
, trmn t_,.e United Stotes, Alnosb half the prod:actmon of cop.~r bd'crc tnc 
vmr ~,cs ,'n the Un:.tud Shs.~cs. ~'m,. -,t ms so;:~wn~r~ n~ar s t~nrd. 

Very lars~ £or~.gn deposits ara ~n Cf.~]~ ~;~n~c~ ks hardlo' a world 
t:~at~ %nd ~n ucntral Afrmca; the o~ig-,an Congo; ~.~d hhod~s=o~ ~n w~ch 
an ~ndustrz~l war would ~ot oe llkelj to b~ lauccn~d. There ar~ oth~r 
copper deposlSs scat o~r~d t~ro,%h mu~'oLo, o~t tnuj ,~r~ 0£ ~mnor ~.~xtcnt 

conp~rad to ,v:~t ~s avamlablc ±n t~ %n].t~d Status. 

Undcubtedl7 sor,~c of tao ~mp~rmai~st±c exp,.dltmons ¢£ the com~tr.es 
of Eurcp~ nave b,~<n bzsod on a desJr~ to mmpro,'~ their posltmcn ~n co£y__~. 
It helped round ouz th~ Brmtmsh hmp±r~ to have control o£ Rhodus-~a~ and 
ur.doubtcdly Belsman oota]ns a gruat ~'~I o£ pc- ~r b, m~s control of thu 
Bei 4].an Congo. 

I nmgkt tak~ up one more very qu~'ckly b6forc the qaest~ons, tartans 
%nether t2-pc of com<odmty that zs just tnc opbos-tc of copper wroth 
respect to the Unmt~d S~.~t~s--tln. i.~ domestic prod-,ct~on of t_n ms ell 
t'n~ ~'cuid prebab b supply th~ Unktcd StUcs for a w~k~ sc you nmg~'.t 
s-y~ ", ~ <re ,;±thout %~-~. " k-on wpr brok~ obt~ ~'o hzd v]rt-,p,!?_:,- no 
fecllmt±:~s ior th~ redaction of tL'n eoncentratus~ sc ~.,,c £our.d m:~s,clvcs 
r(ztnout ,~n-/ tzn ana ~,;thout ,~,'C: &ov.~r~m,,nt-o~n,~,:] stoc], pml~s c;" T~n~ and 
,_thout ~nl sm<~Ibc,~s bI ~ :_Ic~ ".,',,, c,~uld hanalt or,~s or concentr?tes <:h:ch 
< u_'~nt be abl~ bc rak~ ap sc~:~" ,re for red<ct~cn :.nio ,° "- t]_n. _ .  . ~ q ~J_ 

c I" " ~- ~ .n~,... v ~  S 3" ., ~lu l,~ ~_~X'lS whkch it n~s hod uc rLn " '  ~ ~ ~  .V~s~LiSl~',Ot,('r:.r ooLd.'.- 

t±ons; ooo.~use t~ inLd [u 0"[ or~ do,~sn'., blunu " , , ~ i i .  in,~ operators have 

12 



to accept lo~'er-grsde vnri~t-~s which arc r~fin~d at a cost consmd.,rabl?, 
mn excess of what compovltors smelt for abroad. 

In an ~nst~.nce of that k±nd, it ~.-ould appear ti~-t th~ only safe 
defense move would be extonslve stockpiling, and ~';mth sucb at~enbion ~s 
coul~ be glv~n to the keepln~ open of trad~ routes or tf~ ma±n~alu±n~ of 
frlendsn._ps with such areas as Bolivla--the groat producer of ~mn in ±n~ 
"~storn Hemlsphor~--and the otaer greaL area in the ~ar ~.ast, the Dutch 
East Ind-.'~s and l',~alaya. As a matter of fact, tncs~ Fs~ Easb d~posm0s 
~':er~ so completely indefensAble ~oeLust attack b 7 Jepan that ~hcy ~e.r~ 
u~ava±l~blc to us within a f~w months of Japan's entry in tb_~ ",..'mr. i-~n 
was a splendld uxample of just i~o~ ',~ th~ conquest of t~rritor%~ outs=ae tams 

cc~,ntry can mak~ it dlffmcult for us to ~vag~ war. 

~,~ d~d for~sc~ th~ ~'~ar coming, fh~re ~ , , e z ~  great encourasem~nts ,~-'.~cn 
to industrial companies to ov~r ouj on ~in~ some of our ,ll~.,~s '..~d tan 
available to them, and we had sl,Jlt~rs availaole to us in greet -~r±tain. 
So v:e squeaked through better then -~:e might have. 

:S~ control of tin by other countries has bean an ~xtrr~ely ir:porDent 
Fart of their impurizl programs. The English, of ceurs.J, ar~J f~.nding the 
=.~,~]zya are~ in p~acctlme onc of their principal sources of doll~r cred~.t 
b~ca~se tile United St~*~cs consmncs abcut half tnu tin of the -~'.~er!d. 
The Brltlsn can mine a b~eat d6,?l, sn.~It it, and d,~iivcr it to the Unitea 
Si'tes for dollars. 

! ti~ink I n~ve exh,~ushemmy t~.n~, so I ";.'ill close ~,,~tn that state~,~nt. 

C.~PTA d~ %0~T.211~b-Oi,~: !oad-.- for,questlons. 

-ucstlons: You mentioned thet t.ie Bureau of ,~iines ~,~s doing a certa~.n 
anount of stockpilmng of minerals and ~.~t~!s. Could you gmw~ us sc~ idc,'~ 
as to ho-,Y this is done~ v,no does t.~e p]a:~in~ of the type and quantities, 
~'~'I~O p:~ys for it--i presume t:~e Ocvern~:~ent--but ~ees private ~ndcstry have 
a p~qr~, mn the p~3nned stockpiling" Just ~lw- us mr idea of the proc.~dure. 

[dR. :',EERJ%I!],],: In tae f~rst place i ~as a litti~ b~.t car~]ess ~n ny 
usa of words "h~n i saad "w~." %~'sn I was spea'<ing c.f "--.~".,, , i ~.;as s~-,ak- 
±n~ of the Gov~r~ment, act th~ S~rea~ of ~,:in~,s. line Bureau of ~'iln~s rims 
no direct part in stock~ilin~. TnJ stock pl].~ program is unfair two Lav;s. 
Oat =s Publ_c 520] th~ original < ~ ~ ~ otoe~,mll~.g Act, Eubl~c 117 cf ic,~39 

Fa.rst, the ~,~unit.ons Board (for :~'~rl " the Army ,_~nd ~av/ ~'r~:~.tions 
Board) ms s~t up for t:~c plan,'an6. Th~ Bcnrd has s~t a9 t~.~o typ~s of 
cmr.ltt~s. One of tmem is -l~de uD of r~prescntat-.v~s of vario :s :ow~rn- 
m~nt - ~ ~ - .  ~ ~o~nc-~s ~,'hich give advice, ~ne Int~rior D,~partm~nt is rcfresentcd; 
Agricultur~ becaus~ of the Rubber }ion, and Co~.~,~rce b~causc cf v~he Trade 
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angles and so on. Then tnere ms another set of committees kovm as Industry 
A~vmsory Co~mlttee made up of representatives of prlvate ~ndustry. 

These advisory committees are made up of soITe %en to t~ent/ men ~ach 
for each group of committees. There is one knovm as the ~ onf, rrous CToup 
In rhlcn about ten metals ~re includ~d; the Iron 0n~ Stool Com~it0ee,~vh]ch 
takes up only Iron and steel problsms~ and so on. I thlnk t]~er~ src about 
flfteen com~Ittees. The thlng is enormously co.,~plicated. There .s a document 
gotten out by the Army and ~avy ~unJ bions Board vrhlch outiln-s the fu31 hclr- 
archy of autnorlty. I guess thah there must be 500 represuntat~s ]!st,~a 
mn ~t. I have a sort of a v~'orm's ~ye v~ew, belng on two or three of the 
m~ragcncy commltt~s and I h~ve to see them and thc Industry Advisory 
Com~n~tte~s ~n opuratlon. 

Now, the Boars, wltn the advice of this ~nt~ragency co~qlttee and the 
advuce of the Industry advisory Committees, finally set out objectives to 
b~ ~amn~d. The th~ng -s ~mplcmentud by approprmst±ons from tmmc to tmme 
by Congress. At present, 1 5n~nk, that $275,C0u,0OO has be~n made avamlablc 
for cash purchases and contracts beyond the fiscal year. 

Th~se f-~nss ~re alloca~ed to the various programs, an~ t~e actual pur- 
chasing • s done by the freasury ~partmo~t. Tmat d~partmen~ has a special 
oroan~zat~on wn~cn ~s purchasmng for stockpml~ng, and ~t ~.ants everybody 
in, crested to sub~ plans for supply. It puts out mnv±tatmons to bmd. 
It makcc special, almost across-tnc-=sble contracts for supply~ p=rt~cularly 
for those commod~tm~s v~T~ch zr~ hs~d to supply on spec~fmcat~on, and ~hcr~ 
It has to have sp~cmal concessmons for extra good graae, and one Dhin~ 
or another of tnst kind. 

I bclzcve some progress mm accmmulat~n~ bs'~xlte ms being made. in 
one of the lsa,'s it staDcs that ~,~hen any meter]z! belongmng to the uowrn- 
mend ms decl~red surp]us, ~t automatmcaily ms ava~laole to t~c Ar~ny and 
Nov}-~,~on~-tions Board for stookp~Imng. I guess ~he ~crcury ob3cct~vc may 
oc very nccrly net becaus~ there were huge qaaut~t~es of mcroury mn tnc 
United States for the new mercury octtery -,hzch was go-]ng tc bc used mn 
a b~g way Ln the South P%cmfmc, end which ~;as only ~nvontcd mn 194A or 
19£5. ihat m~rcury v,~s in the hands of the ~overr~ment ~hich had no use 
for.mr, hcnc~ the mercury moved into the stock pllu. 

QUESTiOR. )~ould you pursue that a ImDtl6 f~th~r? Is bncre such 
conflict bet~,oen the Government and pr±vato zndus5ry? 

~. },~ERRILI : The law provides for that. It s%at~s that the ~ovcrn- 
r:cnt cannot purcn-se until mater~al ms declar~i ~ to b~ ~n sucn surplus 
that purchases will not h~-ndcr ruconversAon. I thmrJ[ it is th~ CPA--I 
~a~ss ~t ms net in existence any longer--or some socc6ssor to =t that 
mskes such dcturmmnatmon. 
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Incldentally, the thlnss that are most needed zn th~ stock pile arc 
almost by deflnltzon the thines that are in shcrt supply, sc wc nave a 
stack p11e that zS overloaded in m~terlals that were more or less border- 
llnc stracegzcs in borld ~ar II and aevcld of som~ of the materlals that 
are u'est ser_uusly needed. If we ar~ a, lven a perz~d cf peace of ten or 
t'~7onty years, ~if~gr~ss c:,n ~:cep up its ~.ntcrust in defense sufflclent- 
ly tc supply scmetnxnb in tn~ n~i,~hborhued of t~vo bzlllon dollars to accu- 
',ulat~ thls stack p±le ov~r that perAod, ~7hyj you cen expect a -¢~ry log±c~l 
end fully accm0ulated stock p~le, but .t zs a v~ry, very diffzculb problu~,', 
as I see zt, b~th pclztic.~lly aria eccnomlcally, if there zs a hazard of 
early -~ar, zt ~s a 7cry d~ff~cult th~n~ of t2m~n. 

QUESTION: You spoke cf nav~n&~ adequate ~agn~szum "suppl~es fro~ sea 
~ater. Ccu}] you expand a l~ttlc on research end development and the pcss_~- 
bil±tzcs of obta~nzng any ~eta!s frcm sen ~,vater bcszdes ~,.ro~eszum.? 

l~i. ,f~RRILL: There ~s no ~mportant metal that c:uld be hoped tc be 
:7~t%en fret. sea v~at~r ~xc~,pt masheS±Urn. The other metals 3re such thints 
as ca]czu~,, and partxcular]y sod~m, ~';hAch are not very ~%d~ly uses far 
anyt.qzn{] at all and are available ~n enor~¢us quantlt~ from other s(urccs. 
S~a ~veter, of course, has bach put fcrth :s e sot~ce (,f gold anft other 
th~Ks far a lena t~,~ but ther~ ~s not much of anyth:n5 metall~c in sea 
,;rater but salznes, and of these enls~ magnesium zs used in very !arte quan- 

tlt2-. ~ 

i~':R. ~'J~SSE~:AN: '~hat plans are there ~n existence to ~ct tne shortage 
cf hzch-drade ~ron ,,re ~Thun the depcszt in the :;~asabz Z'-~g~, peters cut? 

LR. ~RFILE= Tnere are several plans. There a'=oa ~,aaor reserves, cf~" 
coarse, in the Lake Superzer arcs ,,~h~re t~'~ey have dcvelcped v;hat they call 
t:,ccn~te. The h~h-~rado ere theru ~s encased zn rocks which run t~'zent# 
tc th,rty percent ~ron. Tha Lrcn cxzd~ ~n taccnzte zs very ~ntznabe]y 
u~xcd ~%th s~l~ca, but by flne gr~ndzn5 it ±ms been f~und pcsszbl~ te 
separate the twc, ~fber taey -~,ru s~parat~d, sc.ze metncd h--~s t~ be fctund 
fur ag~%lo,~erat~ng t..~,,: to prcwnt thezr oe~no blovm~ out of the furnace 
~vh~n they are smelted. The problem,' ~s mere ecenomzc tnan ~t ~s technical, 
thouin mt mz~,ht be that s~me ex~raordmnary technmcal tr~ck -~,,ould be hit 
upon that wu~Id cut dc~m the cos~ ~reatly and r:c~e ~t suddenly ccc¢.c~Jc. 

It ~s my ~7~ess that ~:;het ~ii happen ms that as a result cf the slo~z- 
ly a;,91zed pressure of hz,~her and k~-cher przccs du~ tc shcrtaces of high- 
srade supplmes, other pcsszble sources v,%ll be considered ccmpet~tively 
and ~'~e will hav~ the possmbzl~ty ,,f ~up r~zng hmgh graJcs from abroad, 
cr possibly let s~.~e <-f cur zrcn ~nd steel zndustry !cavu, the c, unt~[ 
and Lnport s~z,c fcremgn mrcn and st~cl. That ~resn~t soun'i very likely 
tc 7~e, hc~vever° 
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Perhaps we v,lll devel'~p sources in Canals ,shore s:v~c very larje dls- 
covcrles have been made. %~e mlsht ~ove the steel ~nmustry te points ~:hare 
th~g cculo tak~ advantage of depaslts ,~vhmch are no~: too far from the great 
centers. Our steul industry is largely an Interlcr zndustry, whlch from 
a defense standpoint is excellent, but from the standpcmnt of access t'~ 
~" r!d supplles ms very bad. 

Tn~re ar~ two posslbllitzes 5here: E~tner we could zncrs~se the facll- 
itlcs on the Atlantmc or Paclflc sesboard or we could drag tne St. L~v,~ronce 
soa-~'ay and @lye easy access to world sh±ps ante the Groat Lakes erea, ~vncre, 
by the way, .the b~tter c,~sls are a~,allable ftr cck~ng. So far as morkets 
ar~z c,ncerned, they wcuid be rather evenly d~strmbuted. 

QUESTION: I nated from one cf yuur charts that the supply of bauxlte 
will lost about twenty-thre~ yosrs at the 1935-19&& r~te. Sone other 
sources give zt even l~ss tnan that. Can y,_u tell us any%hinj tibet ~s 
belng done to ~iprc~e the al~-alnum supply? 

~. ~:~RRILL: Well, one reason tnat flg~re is rather larse im the chart 
ms oacsuse cf certain ~rades that are Lucluded which w~ll be v~ry d~fficult 
tc use w~thcut great expense. They have a h~gh s.~l~ca c(ntent which makes 
excellent abrss±ves but they are not very ~ood ~or metal. However, the chart 
does not cot dc~ tc such details as v, hat ~ould be tne mos~ cc~-erc~al way 
of utll~zn~ v,~at we have. 

Now, the possibility of sources cf altuu~n~:~ ~n the United Stb~tes have 
been very carefully studied. Tn~ bauxite pcssmb~l~taes ar~ proosbly pzotty 
well del~neoted. There are tv~c other ~mportant p ss~b,l~t~es, which are 
n~nccomerc~al. At least they never have been commercial. One is alun~te, 
v~hzch ms s m~_noral found ~n desert areas in Utah and ~vh±ch has been a sort 
of a pcrennmal invmtatmon to promoters end perhaps to more sermcus scien- 
tists; an4 then thgrc ms the possmbzlity of r ak~g &Iron,num. from clay. 

You can is out ~n any backTard and zet ten to twa~ ~ percent ore wmth 
a shovel. The trouble w!th backyard mater~al ms that z5 ms not ccm~crcmal. 

There arc other possmb~lmtmes. ~uere crc apparently tremenlcus bauxite 
resources abroad. In the Caribbean ares. there n~,ve b~en larbe quantzt~es 
developed and the Gumanzs nave a larde supply le~, there are also large 
but upzoeasured deposits ~n Brsz~l~ also some cf the Japanese l~Lzndated Is- 
len4s~ ~nzch we now control, appenr to have s sroat deal of undeveloped 
bauxite. Tner~ zs set-to l~, the Dutch East Ind~s. ~s soon ~s world trade 
gets cn an even keel we can ship mater~al all over thu world for nard]y 
any c~st. ~.Imost any Bauxite that ms at tmde-,mt~r could bu ~tnm~0 a dollar 
or t~ ~ a tan of bomn~, competmtmve w~th wha~ zs bcln c used. One cf t.~e 
probl~ms~ cf ccurso~ ~s the return haul for snlps brmngmn~ tn~s bulky mate- 
r;el te tnu U.~ted SSatcs. 
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Then in Europe there ~rc very isr~'e bauxzte res(u~c~s, but the trouble 
tmore is that it is a ].mttlc different type~ ~n@ our reduction plants csn't 
handi~ it ~,~mthout extensive changes. It is w~Ict ~s kncv~ ?s tI'.e mcn~ny - 
ar~te type, on ~'h~ch the mndustry was first ~ovelop~d in France. The "<rd 
"bcuxlt " comes fr m the nam~ cf t~e to~n of Ba'~x mn southern ~a ~ ~ " 
bzuxmte ms of this oth~r type. Wh~thcr or n~t we w<ui@ want tc convert t, 
~js~ m~, I dun't kno~v. '~c proolem ms larzcly a e~mmerclal problem. If v:e 
ar~ w-.l!ing to pay a little bit mere for the stuff, we have ~ groat many 
~..~ays te solve it. 

fhere is one oth~r sorzous probie~ in the bauxite busmness. That ms 
tast one cf the msln constituents of ai~in~ is p~er~ and pow~ gets ~cr~ 
expensive as you ~t n~arer indus6rmal centers, it oeco~s cheaper ~ore 
it ms gcln~ to ~:aste in waterfalls at the frmnge of industrm~l Civll±zatmon. 
Tat mor~ likely pattern of development--if tn~ areas were d~fenslble--vroali 
b~ tc put the lars r~ductlon w~rks in such places as Northern Cnnada per- 
aaps~ er along the cosst of l~orway, cr mn the ~mazen Valley where there is 
a tremenlous ~'~aste of hydroelectric resources an~ ~here peop!~ vculd be 
slad tc ~et 3ust a f~v mills~ as a~a!nst plants in the Unlt~d States ~ncre 
the po~-or can be much mere advantageously sold for m~chlna ep~rot~cn whlcn 
requmr~s a large population for the mscnzne t~i~d~n~. 

CA~T21~ ~:~ORTHIi~OTON: l~e are very much indebted t~" you, .,Jr. ,.errill, 
for ~vin~ us th~ value of your ex~enszve kno~.~-l~dgo of th~ sub.]ec~. TLar2 
ycu very much. 

(13 October 19A7--g5©)S~G 

17 

- ..~ ~-. ~ i" ! ~ ~ - 


