
THE A~ IITDUST~iAL CO~LEGE 
Washzng~on~ D. C. 

Course 1938-1939 

I 

THE EFFECTS OF A~IA~ ~RFARE G~ oPAI~TISHUTILITI~ 
by 

~Ir° A1thur C. Hobble 
Tochnzcal Dzroc$or~ Ebro Irrmcat!on and Power n ,~ 

(s a,n) 

l ta rch  7~ 1939. 

\ 

AIC 196 (3 /29 /39 )  8h \ 



TILE ~FFECTS 0~ AF~IAL W&RFARE ON SPANISH UTILITIES 

! don't _uo~¢ ~hethe~ I dare to address you all as 'Comrades". 
If I dzd, you mz~t bake me to be a co~m~unist, But, ~yhow, Frzends, 
Instructors, and Students of The Array Industrzal College 

I don't kuow Dust where to beg~n thms talk because there ~s so 
much to say and a camp ra~mve!y short t~me ~n ~b~ch to s~ y ~t. It 
seems ~hat I have Fatten mnto trouble ever~vnere I have been, note or 
less. 

I ~ent to India In !90S when I was a young rmn and was there for 
sev*n yea~s. I had not been out there long before I bec~m~e a member 
of a co~any of volunteers. ~e had to do co~s!(~erable o rillm~o and 
riile prsctmce and be prepared to protect ourselves and the company's 
property ~n c~so of rzots _~moug the }Andus an@ ~ oha,m~e@s~us I had had 
two years of cadet mzlmtary tra~_nzn~ st the U~verslty of lllznozs, 
so I was made lzeotenant (prono~m~ced 'lefttenant" by the 3r~_t~_sh) of 
the company of ~olunteers, wzth a corm~ss~on ~s such from Lord L~nto, 
then Vmceroy of lndma Our englneer)n~ co~st_action an8 operation 
p~ogressed very ~zell, ho~vover, mn sp~te of some str±kes and other lobar 
troubles. Things went a]o,~g very ~ell. They are stroll hsv~n% troubles 
~u Indma, and }'ahstma Gsn6hm, unfortunatolj, ms a{~_n ou a hunger s~rlke 

to the ~eath !f necessary to defeat hms pol!t~cal foes. 

After seven years in indza, I cane home a~o spent a year zn thls 
countzD ~ restzng and tak!ng post-craduate work at the U_tmverslty of il- 
iznols. T.~en i went do~,~ to 01d ~ox~co as Chie± Electrlca! ~glnoel 
of ~he Rmo Coaches Pro~eot near Santa Rosolla, and a revolutzon start- 
ea dov~ there just about Ghat tlmo. I faun8 con~tzons fur worse there 
than zn Indza, ~speczal!j ~t~r~ag Pan-be Villa's sot~vmtzes. I had the 
ploas~ure of meetzng up ~wth hzm a couple of tzmes The fmrst tzme ~t 
was not so b~d. blo cs-ae znto our camp as he v~s zazszng ~ brag army to 
go ~o~vu to Nexzco Cm~y. Prcs~ent hadero had been assasszuatcd and 
Huerta had oeun put in his place, so he ~,~ Loing down tbcro to put 
Huerta out ~lhon he e~me ~nto our camp thzs tmme he treated us very well, 
s~vzn& he had come to p~o~ect us, an8 we need not h~ve an~ fear, but he 
~cquostod us to supply hmm wroth provzsmons and otl~er tb~nt~s free of 
charge. Dur±n~ the n~ght some of h!s 'solo mers' so-called, nest of them 
bandits, s~olo szx or eight of ottr horses from the corrsl, and ~hen we 
repartee zt to n~ u the next morning, he found out ~h0m the gumlty cul- 
pr!ts were and h<~d t_.,_om taken out ano shot ~n~ returned our horses to us 
That was ~ms ~my of dealing out ~ustlc~. 

The next tlme ~,~o oncountcrocL hzm, he had come do~,m to kl!l off all 
the 7grlmdos '. The Dnztod States had reco~nzzoct So1~or C~rr~nza as Pros- 
zdcnt, and Pancho Vml!a dldn't llk~ zt. He expressed hzs o zslzko by 
tryzng to kzll ~er!cons. B~for~ he arrmvod, ~,~o had to oct out of camp 
on a spoclal trazn sent to Pazra! an~ to Santa Rosalla to pzck up our 

cnClneors and thozr farazllcs. ~To wele armed vzlth ~ii sorts of weapons, 
plstols, ,~hot guns, and rmflcs ~70 fznal!y got out, althouc~ we really 
expected that the trazn ~ ouid be m~oushod, out fortunato!y ±t was not 

'Jo had a vary dmfflcul~ tlme c cttlng that hydlo-oloa~rmc project 

nesl Santa Rosalla completed. At thrt tlme (1913) tqe project ~,as co±rig 



constructed by the ~ex~co No,thorn Power Company, a Ca.malden Company, 
but I bollove this property ~s now under the control of the Eloctrlc 
Bond end Share Company. We had floods, shrikes, r~volution, and almost 
cverythmn 6 thet could happen ~o prevent its completion. Two battles wore 
fought r~ghb there ~n the camp, and sover~l of us csm~o nee~ 0o_ng kmllod. 
In fact, dur~g one battle the on6~neors h~d to organmzo a Rod Cross 
sorvzco to collect the wo~Ludod from the field of battle and t~ko them to 
our c~p hospltal and look after bhom. (I ~hall have to make this part 
short because we have to %ct to Spamn). F~nnl!y after four years of very 
d!ffzcult tlmos, we manoged to complete the p~o~oct and put ~nto service 
the plant, sub-stations, mud f~fby m~lcs of double circuit ll0 k,Vo trans- 
mission l~nc over to Parral for supplying, power to a largo number of m~nes 
mn that district, th~s plant also l~ter suppl~od power to the mmnes to the 
west of Chihuahua C~ty. I had morrow escapes from Moxlco three times 
durln% the rovolutmon, and after gottlng out the lest bmm~, ! doc±ded ~t 
~'~su't n very good country ~_n vfh~ch to l~vo until condmtmons bcc~mo more 
stabilized. I bhought I redid try to f~ud a ~oo where I could settle 
down for e wD±Io 

~arly In 1917 1 was offered a lob in Spamn w~th bhe Ebro Irrigation 
and Power Co,upany, Tpis is a large utility compeny ~hmch suiophes hght 
and 2o~,~er to more tbau four hund~-ed towns and c~t~e~, cove~z~g the entire 
prownce or st ~te of Catalo,~, an srea of zbout 15,000 squ~re m~les. 
There are about twenty L d9o-eloctrzc plants, varying ~n s~ze from the 
smallest be the largest ~h~ch has a peak lood cooac~ty of about 7~,000 k w. 
That is ~he Co_marasa plant located about 50 miles north of Lorlda or aoout 
half w~y between Tron~p ~na Ler~da. There o~-o o serles of h~,dro plants bc- 
ginning up in The Pyrenees. The h~bho~t head plant ~s Capdella under a 
head of P~,850 fuet, a S0,009 kilowatt plant. T~zt plant ~nd others that 
are located lower down or bhe same ~v~i, (the Flcj~isell), the i~oguera Pal- 
lorosz, Sogre, znd ~%ro R~vors got their storage fron~ about f~fteen or 
twenty lakes up ~n the Pyrenees I,~mtuuti~ns. The highest lake ~s at an al- 
tltude ezceeding 8,000 foot, smd t~e lowest level lake ms ~bout 6,000 
feet. As I say, these lakes ~upply storage ~,zator for o ll bae numerous 
power plants ~lonf~ the above-mentlo~oa rmv~rs, but ~n oadltmon there are 
other large sbor~go rosorvolrs cro~tod by concrotc dams, the largest, 
loc ted ~t Cc~%<rcsa, ~s over 300 foot hlgh, %iw_n6 a sboro6o of about 
200,0<~0,000 cubic motors. As all measurements in Europe (except the 
British Isles) nre hosed on ~ho mobrmc system, I become more accustomed 
to t io metric th~n to the D~ngllsh system of ~uuit~. You cun multiply 
~°00,000,000 by ~ to get trio cuo~c foot, vrhic9 ~,~ould oe 7,000,000,000, 
that is u very forte stora6c resorvolr. As previously st ~tcd, the% wotor 
i~ b~ck~d up by ~ Gr~wty socb~oo concrobc drm whzch ms ~ l~ttlo over 300 
f~ct in naught. At tae tlm~ it was built, it was the hlgh~st doau in the 
wo r 16 

l lc.~ v¢o ]~ve ~uotnor lJ~go stor~i, le ~ orvoir at Tror~p. Tlmt name 
is probably fo~l]iai to you if you have kept in touch wlth the war news 
in Sp in. It is ~{ho~e much of the flghGing llas been go!n S on, all kinds 

of w~rfare, ~ rlul ~nd la~d bombardments, and ~nf~ntry attacks. It is 

the polub wPo, o G<~l~ 2~i France bog~n his f~nal drlve to~mrds Bnrco!ona 
last Dcccmb~-. The concrete d~m ~t Tromp is ~bo<~t 280 foot nlgh, ~nd the 
storage caF_cJt ~, of ~hot rosorvolr Is aooub the s~me ~s that ot Car mrosa. 
The l~rg~ c~lo~Tnt of otorsgo in the r~t~iorou~ lakes in the Pyrenees I, otuu- 
talns, os well ss bbob o rained by srtJfiezal storage rosoz~o±rs, pro- 
vlded a ~mndorful I ~yout for the dovolop~cnt el hydro-electric pro~ccts, 
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hav~uc ~ annu~l producbmon of 880 m~l!lons of k]]o~att-hoars. R~rc- 
less of ~a~t, wc had some st~nd-by s~o~n plcnts ~h~ch ~Jore mostly usod ~n 
extremely dry yomrs of w tcr shortaso. There aro ~hro~ stcs~ pLnts mn 
B~rceionq w±th ~uu ~g~rog~to c'p~clty of obou~ 80,000 L.w. Th~ ~e h~vo 
another s~m!l ~eam plant loc~to~ ~ a l~u,to re±no ~bot~t f~ty n~lo~ 
northwest of ~rcolona. Th~s pl~a~t w~s subjoctgd be s~r~al be bzu% ~vcr~l 
t~mes, but no~ much dc~u~o ~p~ don~ because mt wss located m~ ~ #laco d!f- 
f~cu!~ of access. Bombing planes flew over the plac~ ~t a ~r~at height 
fa~l±n~ to make any d~rcct h~t~. Som~ duu~So, no~ over, ~ done to out- 
s~do c qu~pmcnt. 

In Bnrcelo~ ~ the Insurgents h-d r~oru success mn bombing one of our 
stoo~u plunt~; located on the outskmrts of Borcolona v<horc detect hmts put 
tl~c st~,_a~ oollor o~u~pmont out of co~m~os~on. On another occasion they 
domoge6 the s@a w~tcr ~otty, support~ns structure for a long ~±ol~ne 
rtu~n]ng oub mnto the sea for %no supply of condcnsmng w tel for the bo~lcrs. 

L~tor on tl~e ~Loy~lmsts ,, mnot%l!ed no~; holler cqumpmcnt, ropa!rcd the 
condensmng cqumpmont, cud ~ero nble to put the p]~nm mn servmce a ~amn long 
before France's forces c~pturod Brrcclon~,. The ~'Lo~lmsts" were so despe- 
rate for fuel that they oven cut down trees end used wood for fuel. Woo@ 
• s very scarce ~n Spa~n so you can l~g~_no they faust ho~o destroyed man/ 
valu blc trees to provldc fuel for th~s pLn~. 

I assume that most of you know who ~ho 'Loyclmsts' arc, that ~s, whet 
they represent. The fact ~s thot they ~ro m~xturo of R~amc~l Socmolmsts, 
a few Left Republicans, Cormun~sts, n8 An rch~sts, bub they ~r~ 90 per 
cent a Coliseum!st org~n~z~t~_on. 

i ~,~as in Barcelona for two months e~tor ~he vmr broke out on Yuly 
18, 1956. In all my l!fe I hove newt seen such a condltlon oT_ anarchy 
an@ chaos as exlsted thor ~. The For~ Company and General Notors l~aa large 
assembly plants In B~rcelona and n~_ntamner ~ a very l~rge stool- of cars. 
The ~'Loyalists ~', so-celled, slmply conflscatea all of those pcopert~es, 
an4 they confmocated ell of our company's properties valued ~t ove~ a hun- 
ared ~mllmon dollars as v~ell as all private property, homes, banks, hotels, 
stores, everyth!ng. That ms the bas~_c theory of the Coz~,~anzst form of 
gove~unent, ~nat all prmvate property s~ould be t~ken over by '~tne state'. 
So al~ p~vate property ~ms cocf~sc~ted I had an autonobmle for which 
I had a 6ocumcn~ from the ~rssmdeut of the State of Catalonia, sta~ng 
that my car was not to oe taken becouse I had ~o have zt for l~ght and 
Do,,~er service, But soi~e aA~med ~Ro~ ~ ml±ltlq-m@q Ca~e to my house and de- 
manded ~he c~r. Thms ~zas ~ust a fe~ d~ ys ~ter tbe rovolutmon oroke out. 
~{nen I showed them bh~s aoc~u~nt s~6ned b} themr o~n P~esldont, they sa~d, 
"Esta pa~oel uo t~_ene valor ~' (meau~ng tbms doct~ent ms of no value), and 
then [hre,~ ~t on the sroun@ ~d took my car. TLat !~ a s~mple of what the 
"Loyalms~s' ~ere dozng ~n those de/s, ~ud theF kept r~ght on ao~ng ~t for 
the duration of the war. 

The ~'Loyallsts" ossas~Inate@ thousanc~s upon tnous~nds of innocent 
people in Barcelon~ ~ho really dld not ~ant to have anyth!ng to do wlth 
the ~ovomenb ou eltnor slde. b~lllo I was there, I saw many people taken 
out of ~colr ho~es, brutally mlstreated, aud shot In the ros~_dentlal dls- 
trlct whore I llve~. They were taken to a prlv_te p~rk not more than two 
hunared yards away mn ~hlch ~ero several ~r~vatc homes. The ~'Loyal±sts ~-- 
I prefer to call them Co~aunlsts or 'Reds' -- took over thls park, and they 
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made tnomr headquarters in the largest of the prlvato homeS. It vms a 

very palatial homo, looking more l~ko a castle than a homo, and they homst- 
ed n ]argo red flag, not the flag of the rcpuol~c, from the tower of this 
bulldmu C. Every n±ght of the two months I w~s there before leavmng Bar- 
colona, mny homo owners wore taken to this park end shot, owry night 
sny~hore fron twenby be one htmdrod people. I could hoar 6he shooting bo- 
t~oon twelve m~dnmght end two o'clock mn the morn~ug. You can imagine how 
much sleep I had in those d~ys. It was a tcr=iblo smbuatlon ±n Barcelona 

and just as tec~ible !n hadr±d and other places con~ rolled by the so-called 

~'Loyal!ots '. 

People ~ero oolng shot do~aq on the streets, 
wore r ~cing around the streets mn hundrodo of she]on auto~obilos w~th their 
rif]c~ ~tzck~ng out the sldo ~¢indows and rear ~¢zndowo of the cars They 

w~rc ji~sb"lte] !~lg ~' to shoot 'Caplt~lists ~', ~nyone who did not Cive the Corn-, 
mlu~s~ s~luto (l~ft orm ~a~sed ~,~ith clenched fist) was shot down, They 
would ~ve the smsnal, three sharp blasts oq the automobile horn, for people 
to s~luto, and those wbo didn't salute wore shot Thab ~as all there was ° 
to it. I cnme nc~r being shot myself, b~t there is so much to tell that I 
must get on. I saw a yotm& lad 3ust around the corner from where I lived 
shot aown mn the s broot bcczuso he fa~lcd to Zivo the Cop~mtm_i~t salute. 
The poor boy ,~as prob Sly trying to got out of the ~ay of the rapidly mov- 
ing car. They gabe the s~{~al blast for h~m to salute, snd he didn't do it 
so ~,~os shot do~m. i ~<~sn't shot, probably because they n~oy h~vc aoc%d~d I 
was e "forolgnor" and that I belonged to emthex the American or British 
consulor service. Tbot ~,~as the morn~ag that I wss w~lklng dov~n the street 
when b~ ~s car filloa with Rods cam~ along behind and caw0 me the s~gnal to 
s~lubo. I ~va~ carrying my hat ~n one hand aid my letter c~so ~n the other 
hand. lu thos( doys ~t w~s very risky to ~ear s hat. Anyone ~ho wore a 
hat ~-s taken to represent the property o~vnlnr clrss, th~ born"Cools class, 
and w~s w~ry zpt be be shot In fact, nony of them ~,~ore shot because riley 
,¢oro ~ts. They didn't even do~o to ~car a ~ood suit of c~othes. One had 
to out on the ol~est suit of c3othes for co~p!ote p~otcctmon. That ~¢os the 
cond±tion m~ Bare lena end ~ll over that port of Spain controlled b~ ~ the 

so-eel ~ o~ 'Loyalists' at the ouz%ot of the Spanish ~{~r. 

The armed Rod militia men , 

T~ "Loyolmsts", who msmy poop3c ~n our country be!love ~ro trying to 
ma~ t ~ • ~cpuollcan or $omoclat~c form of gow~_~r~aont in Spa~n, sro Dot an~ 
mc~: ~ ¢( been In facb, oven bhJ ropuol!ccn for~ of GovcrimloJ_t in Spain 
oot l~p o~ ~' r!l i~, 1951 ~¢~s ootu~d to f~!l bccauso of the gro~t amount of 
lllit ~-cy there. IOre ~ha~ 65 per cent of the people, the peasant class, 
c~n~.ot ~ c~ or ~r]to, ~a@ most o~ them have no idea w h n t  a rcpubl~ccn or * 
domoer tic form of gov(.r_~mont f~oa~s. 

I ~ no be mc~_o it clear bhat I am heart ~n~ so~11 for the domocratlc 

fo±~r ~ o -~ owr~Lu~,~t. I ]I vo t~ b~ able to p~otect ourselves, tbls country, 

C~ ~ t <~ _P~o ~±~s,_o~ o~ Coi~,tlq±srl, F~SCl~, or l~aT!sm~ or ,~r other form 

of 'J~n ~ t_ot ~s trymnt subversively to ovcrthro~¢ our domocrctic form of 

@ov-~ ~nt I n~nt to omnhaslzo the fact t~ot the ~'Loy~l~sts ~', which a 
Grost m~jo~Ity of bne poonle ~ thLs cotmtry s~e~v to favor, ~ ore no~_t trying 
to mointaln a republlcon or d~mocrat~c fo~m of gov~r~mont. They were try~n~ 

to o~rthro~v it, ~nd l~ the '~Loyal~_sts ~ had ~;ou mn Sp_~mn, they ¢~oula have 

ost ~bl~shod, ~n~or th~ ~nfloo~cc of Russ~ , ~ S~oo regime ~n Spa~n. Gen- 

eral Fr~_~co rite now pi~ct~c~lly ~,ou the ~c~, and ~i~ ha is not ~ perfect 
lu4i~,lau~l, he m~ a r~rn of character n~ ~bilit#. I believe thor he ~s 
roolly s~ncoro ~u his desire to help all cl ~sses m~ong h~s oeop]e, and tFat 
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u~n0or n~s ioudorsh~p, Sp~n w~ll again bocofao a powerful nat~on, At the 
end of bhe war he w~ll have ~t least a m~ll~on woll-tramnod, woll-equmpped 
men for h~s army He w~ll have a h~ghly mechunmzod army wmth the v~ry 
best oqt~pmont. There ~s no doubt mn my mznd that Spa~n ~s gozng to bc 

a oowerful not±on, one to be reckoned wmth In the f~Ture. In fact, ~g- 
l~nd ~nd France now realize th~s, an8 thor ~s why those two countries, 
nm that they see a France vmctory, have boon mn a hurry to recognize hms 
government and secure h~s friendship. 

To get back to ~aa sso~ect of th~s talk, whmch I belmcve was to be 
~o~o sDo¢~f~cally about the effect of serlal bomb~rS~uonts of publmc utility 
servmcos, I just couldn't help &~mng th!s preliminary vmow of the s~tus- 
t~on b~fore gettmng do~n to the more specific subject !n hand. As I scud 
a ~/h~lo ago, the "Loyalmsts" confmscu~ed all of our power plsnts, hydro- 
olocbrzc, steam, ~id gas pl~mts. They wore able to hold them ~ll for u 
Ion] t~o, ~n fact, un~l last Apr~l, ~hen General France ~m-o.~ ~ n  ~ttock 

or Tromp and managed to dr~ve She "Loyalmsts ~ beck across the Nog~ora 
Pslaroaa R~vor and took poosossmon of the c~ght power plants mn that re- 
green. ~hen ~ranco restored ou~ plants to us, i was called bsc~ to Spa~n. 
Thot ~s nms plan, to restore all confzscatcd prope~tmes to themr r~ghtful 
o~nors. He d~d that w~th regard to the r~ch Rmo T!nto copper mlncs down 
• n southwestern Spa~n soon after the begriming of the war You w~!l per- 
h~ps remomoer t!mt the '~Loysl~sts" ccpturea those copper ~nes from the 
Brztmsh o~a~ers ann trlod to operate them A few weeks later France c~mo 
along cnd recaptured them, restoring them to thozr rzghtful o~wnors, and 
the Br~t~s1~ engineers wore requested to return and operate the properties. 
Fr~-~co has now returned all of our company's property, and I shall prob- 
ably hove to return to Spa~n mn the very near future to continue the ~ork 
of reh bm]mtotmon over the±o. I wao called over there last ~ay after hc 
hod l~berated the f~rst sormos of plants up near the Pyrenees l{ounta~ns, 
and we hod to got those plants ~nto runu~ng con@~t~on to suoply power to 
th~ u~ar mndu~trmos ~n France (Nat~onalmst) torxltory. 

The largest industlla! centers in Spaln ~re the Barcalon~ and B1!b~o 
dl~!lct$, ~grcolona on trio 1 oditorraaoan cud Bilbao o~ the nor%1~m 
coast. We hao orders, therefore, to preo~rc those plants for oo~or 
suwply to the northern F~anco terr!tory. Taat ~s ~, blg job because One 
of o~ pl~ts, the one st Capdella tha~ I ~ve ~lready told you ~bout, 
hod boon damcsea by bonSzng ~nd oy the grootest flood that anyone there 
coula remember, the flooa in the Fl~isoll River. Thms flood ~as cause8 
by a v~ry hosvy snowlall in the Fyrcnc~s zu lotc 0czober, 1937, wh±ch was 
fo]le~od by very heavy lalns qu~clcly mcltlng the snow. There bolng no 
fozo~ts up lo those rocky peaks o± the Pyrenees, th wato~ just came do~ 
lll=c a deluge. The lakes at that tzmo , ore oll full so there was no hold- 
b~'c'= for tho wstcr. It all c~e swoop!ns down over the d~s up at the 
lokr~ Forttm tcly me d~s were ¢~os~roycd, but h~gc oouldcrs, some of 
them woJ&hzng fron one to throe tons or more, and trees at the lower 
lovo!~,, wore ~saca wltn cre~b force &~alnst the power hoDso vch!ch w~s 
d~roctly mn tho path of the flooa Sand, bouldcr~, snd other dobrms 

ce_~e thcoush the ~ ~ndows of bhe turbzno and generator roon end p~lod up 
z~ great qtk~nt!tlOS over the turo±ncs, generators, snd obhor m~ch~uory 
as h,gh ~s the s~mtchboard gallery fmf~ocn foot above the floor level. 
It ~s all ~ t~rr!blo mess to cle~n up ann c~t t~c mschmn~ s rops~red and 
re d ~ for ~crv±co agszn~ but ~t hod to co done as q~mckly s possmblo. 
The W~r Industries ~n Spa~n ~oro nm~nta~nod c.s a sepc~te organization 



~n the chsrge of the N~nmster of Industrmes, who was dmrectly responsible 
to the head of the Nationalist Government, Generel France, In the begin- 
ning there was some conflict oetween the ~nlmtary and the war Industries 
Departments, although both were dmrectly responsible to General Frenco. 
Those of us who h~d to deal wroth both s~des found that we had considerable 
trouble at t~mes cue to conflicting orders. Some of us went up to Bmlbao 
to d~scuss matters w~th the Mmnlster of Industries ~n rola~mon to the ~up- 
ply of powe~ to the Bilbao d~str~ct on the northern coast of Spa~n. For- 
tunately he was a man that we happened to know. ~'~o told ham that ~t would 
t~ko t~me for u8 to set these power plants, about s~x of them, ~eady for 
sup~l ~ng power, that we had to clean up the Cap, ella plant and effec~ many 
necessary repamrs. The Tromp 30,000 k.w. plant had also been oonbed and 
badlj ~ ma[ed, and we had to build an ~nterconnoctzng h~gh bens~on hne of 
about twenty-fare m~les to connect the t~ansmlss~on lanes of two other utm- 
l~ty co~panzes. In fact, mn order to trausmmt power to Bmlbao, a dmstance 
of about 250 males from T~emp, we had to connect four d~fferent H.T. sys- 
tems, the voltsge~ of ~¢h~ch ~ar~ed from ll0 k v. uo to 1~5 k.v. ~e had to 
cut the polos out of the forest as there ~ore no poles available and strmng 
the cublos over those to make a prow s~onal l~ne. 

l~he~ those d±ff,cultzcs were d~scasse@ ~th the Azumster of Jsr In- 
dustr!es, he became very excreted when ~ve S~ma ~,o ~ouldu't do all of th~s 
work mn sl~ch a s~ort tame He s ma, " my, you o~sht to get ~t done mn two 
or throe ds~s. All you have to do -- I ~mll gave Fen all the men you ~ant, 
a thousand men or f~vo thousand, juot t~ke them out there end t~o ~ov~a 
that other lane that comes do~ from the plant that was destroyed by the 
Reds. You can put the transmission cable and ~nsulators on ~be shou]aers 
of these thousands of ~en and let them w~]l< across the country w~th ~t. 
Jhy, that wall only take two or three days." The Loyalmsts aestroyed a 
fmne new 90,000 k.w. plant ~u the northern part of Spa~n, the Lafortunade 
plant. They dynnu~te@ it oefore they were d~ven o~er the oordcr ~nto 
Frsu~cc Thzs pls~t was thorcfor~ not avamlablc for power supply, and that 
~as the cn~cf resson they were demsnd±ng t~s qu~ck supply of power for the 
G~ibao ±ndustr_os ~u Vorthern Spa~n. The h±n~stor of War Inda~tr~os 
thou~,ht zt cou3@ bc ~one vory quzckly, but we fzna!ly convinced h~m that 
zt would ta~e lonc, r than t~o oz throe days, posszblo ~e could do ~t mrs&de 
of two or three t~eoks. He d&dn't lmko that very well but sa!d to go aheod, 
and hc ~oula g~_ve us all the n~on we needed, bub to got &t done. That was 
real cooperatmo &. 

Our men ~{or~od almost day ,nd n!ght on ~hat lln6 an6 got it flnzshcd 
In about two tzoo}~s. Tno~ we had to m,~ko intcrconnoctzons of the dlfforont 
llnes qt v~rlous pL cos. There ~oro flvo unzos, aria ~ze got thr~o ready for 
servzcc by the f3rst of Sopto~oor. The rbma!n~ng power plants ~zo also got 
ready ~nd put ante sorvlcc. Some of the ong~inoors sald wo couldn't do it, 
that zt ~qs l~hDOSSlblo, in fsct, one of our Dlants was located up In the 
Val!o do Aran three hundred mllc~ from 31!bao, so that the total length of 
transmlss!on ~as three hu~arod miles. I bcllcvc that Is almost as long as 
the transm!sslon from Boulder Da~ to Los Ango!os. It made one of the long- 
est tla~tsmlss]on !inos In the worl~ and o~io of the crazzest looklng iL~os, 
I thlnk, but ~nyho~ it succeeded Some of our englnccrs samd, ~Thc c~[arc- 
mnc i~no of the ct~rrcnt ~I] bc too hz~h It wall take the ~holo pi~ut 
c~tp ~czty to ch rgc that ion~ length of irene. ~ Anyhow, we ~orc abl0 to 
char c the l~uo, at ~'no load, ~th a machlno capoc]ty of ~bo~t 15,000 
k v.a. ~o mamntq!ned continuous service except that we had b~oo zntor- 
rupt~ons of short duration due to aormal bo~b~no. ~o hod oze ouodoor 
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stetson up above Tromp eta place callca Pob]a, ~zhorc tho~c wqs also a 
b~g concentratzon of ~ranco's troops, stance that v~s a very strategic 
point, an v~ew of the fact that we had many many transm~ssmon ] ~nes feed- 
]ng ~nto th!s station. Here the voltage was stepped-up for transm~ssmon 
to Bmlbao~ The LoyaliSts k~ew, perhaps even before we started the actual 
power supply to Bmlbso, thst we were £omng to de ~t, consequently there 
wet6 plenty of a~r ramds mn the attempt to destroy th~s lsrge outdoor 
sub-statzon covering probably an acre and a half of ground. It ms one of 
the largest outdoor switching st ~t~ons ~n n-hrope. They kept repeatedly 
trying to bomb th~s stutmon, very nearly getting mt several t~es, 

It ~as chlefly due to the protectlon of Fiance's antl-ulvcraft guns, 
which wore of the most modern German type, that they were able to pre- 
serve th~s statlon from destructmon. On three occaSmons the planes mans<- 
ed to escape the barrage of ant~-amrcraft shellfire, and bombs wore drop- 
ped all arottud the sub-statmon, but there were no d~rect h~_ts of the 
stracturo. Je had protected the large transformers ~nd o~l switches v~th 
heavy barriers of sand b gs. These sand bags were built up to a height 
of about l~ feet to g~ve es much protectmon as possmble to the h~gh ten- 
smon bushings on top of the transformers. The latter were very d!ff~cult 
to rrotect, but ~nsofar ss actual ~rotectzon to the transformers them- 
selves were concerned, thor ms, the v~_tal part of the transformers, we 
founu thnt thzs form of protection was very valuable mndeed. In no case 
whore we used th~s form of protection, a~d ~o have any sermous ds~uage 
done to the equzpmont. There was some dsm~aoe to bushmn~s end no_rurally 
to mnsul~tors on the structures, also slight d~:~a%c wos done to parts of 
the stool structure, ~hmch was of lattmcc work construct±on. ~hen bombs 
cxplo<~od outsmde too structure, the ohrapnel would be sprayed up throu~h 
mt at an snglo of ~bout 50 degrees. Naturally the stool uprights and 
struts yore cut zn places, but there was no collapsing of any part of the 
structure. The scazo thmng applzed to the transm~ssmon lmnes. The planes 
would fly dmrectly over the lmnos as far as they could until they were 
driven tv~ay by a~tm-alrcraft {~tus or unt!l all their 0ombs had been dropped 
In flying dmroctly over and along the l~nes, they would try to make dmrcct 
brats. I often marvcl that they were not ~ble to do so. They d~d, how- 
ever, cu~ the transmzss~on caoles ~n many places. [~ombs ~ould fall along 
both s±aes of a l~no, ~u~d the oxplodzng shrapnel uould bc sprsyed up, 
usually at an anglo of about thirty degrees, strmk~ng the cables and cut- 
tmng them partmally or entirely ~ two. Our l±no crews wore ~oady for 
qumck emergency repairs ~t all tmmcs, so there v~s never an '~outage ~ of 
more than one hour at ony tmme. 

One of the maln objectlves of serzal bombln~ was the power pL nt 
at Tromp. It was bombed by the ~Insurgents '~ (N3tlonallsts) o~r!y in 1937 
when thls planb was still in the hands of the Loyallsts, I mlght say 
hole that both sldes usually refralned from bomblng ut111ty .oropertles so 
long ,~ they felt thst there ~vcs any chenco for them to malntaln control 
of those !~roooltles because, natu~al!y, electric power was osseatlal to 
both sidcs for keeping the essontlal war Industrles going. Therefore, 
nolthcr slde ~anted to destroy completely those power plants, but they 
both w~utod ~o >or control of them and were using every str~toglc moans 
to do so -- the LoyalT_sts to kcop control, end France to got control by 
info~itry attacks and by bombtn% auxlllary equlpmont or crlppllng outslde 
equlpm~nt rethcr than doszroy the plsnts. I thlnk It is for tals reason 

that there was not more dostructlon done by aerial bombardments, but as it 
~ms enough carnage was done. The Insurgents, !n bor~Olng tbc tromp plant 
early in 1937, made a dlr~ct h~t through the roof of the h!gh tonslon 
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room where there were o large number of oi] switches and lu aolng so set 
fire to the ell whxch spread all over the floor. There was probably more 
damage done by the f~re resu]tlnc tl%an by the bombard~ent. Before the war 
started, we had nearly completed ~ large steel outdoor structure, oecause 
we Dad decided that since Tromp wa~ suca a large converging center of 
power lines, we Should move all of the h~gh tension equipment out of doors 
on account of the flre rmsk. This was one of our older plants, the con- 
struction of u%ich was begun du~ng the ~orld %~ar, and was not completed 
until 1917. AlthouGh ~t wa~ a well-constructed brick builalug, ~t had 
become antiquated as a power house structure 

I ~ould emphaslze the necessity of designing and constructing all 
large and importenb power pls_uts and sub-stablons, located in strategic 
places, of heavy or reinforced concrete. Our later power plants, built 
since 191C, are of heavy reinforced concrete constzuctlon. The large 
C~uuarasa Plant has over a hundred tons of steel reinforcement. The roof 
of this plant has not loss than twelve Inca thickness of reinforced con- 
crete• The Canmrnsa plant was bombed repeatedly. It is loc ted in a 
gorge or canyon with rocky walls r~s!ng ior over a thousand feet on both 
~!des. The Loyalists occupled the cliff ~ust above the power plant, end 
it was very easy fol them to throw bombs down on the po~ver house roof. So 
you can i~oglne what wou]d have happened to that plant had it not been pro- 
perly constructed to resist such attacks• That plant resisted serial bom- 
bardments a~d the throwing of incendiary and explosive bombs of all kinds. 
The dam was also rudder attack as ~oll ~s auxiliary equipment such as the 
spillway gates and head ~atos of the po~ver canol leading to the fore bay 
of the powe~ plant. }~lany attempts were made to aestroy this atuxil]ary 
equlpnent, but without success. Of course the d m ~as so solidly con- 
st~ucted of massive concrete that no appreciable damage ~s done to it. 

Another plant located about teu miles do~n the river below Camar~sa 
was also under severe bombaldmcnt by the Loyalists This plant of very 
heavy reinforced co~creto const~uctlon came through with very little da- 
mage• In this ca~e, ho~;ovor, the out door ststmon conta]nlng high tension 
transformers end ell switch s was demaged considerably by machine gun fire 
at close range. It was a very strange ~ituat]on. The Insurgents had con- 
trol of the power ho~se propel ~ibh soidlors inside the power house, while 
tbo 'o~ali~ts were located across the !lw~r at the otho~ ~ cad of the dam at 
very close r~ngo in tr~ ncnes and oohlnd borrlcados. The o ttlo raged bacz 
aad iOrth fol several ~oeks fo~ ~ possosslon of to!s po~er plant. But, as 
Isav, in spite of all the att~cks ~nd albhough it is a battle-scarred 
plant, ib still stanas, and the turbo-gunorator units qro ±ntact. I 
tunderstond ~hub they re not so~iousl~ aamagod. 

I don't ~Jant to talk too long this morning. I ~ould rcthcr glvo you 
a chance to a~k qu~sblons, if you care to do so, as I fool that there sro 
ce~b~]n questions %n your m!nds you ~ould like Lo a ~- 
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