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CCLqNEL HOEFFER: Before the recent war and during the early stages 
of the war there was considerable concern in defense circles over the 
concentration and the location of.U. S. industry. Steps were taken, par-. 
titularly in the early part of the war, to,locate new industries farther 
inside the zone of the interior. Generally these attempts were futile. 
Now, with the advent of the atomic bomb, we have finally come to realize 
the importance of, and we are very,much concerned over, the sites selected 

.for our industry. Our speaker this afternoon is a member of the Plant 
Relocation Committee of the,&nitiQns Board and is thoroughly familiar with 
this problem. I take great pleasure in presenting Mr. Poorman, Office, 
Chief of Engineers, to the College. Mr ; Poor-man+ 

MR. POORMAN: .Gentlemen, I am very grateful for ‘the. opportunity of 
talking to this group here. 1 hope thatwhS\t I have to say will be worth 
while to you. 

I am speaking as an individual. I hav.e been. associated with the 
limited activities of the Armed Forces that have,had to do with this problem 
thus far. Very few policies have been formed,ar enunciated. So don't 
accept this as anything other than merely .ideas .to. stimulate your thinking 
in connection with this -problem. 

This is, of course, a controversial problem; .and perhaps a wise 
individual would lean heavily on what has been.printed or saj.d and avoid 
a lot of embarrassing questions,. I can't be too wise, beca'use I think you 
ought to pull it out and push it around and see what the possible soluti.ons 
are. 

I have elected to divide the talk .into five separate sections. The 
first will be the World War II experienceg and their evaluation. The second 
will be a brief summary of studies and investigations under way now to 
expand our knowledge in several important respects. The third will be the 
political and military conditions which should receive consideration in 
s-electing' future war .plant sites. The Four’th, site 
plants; and the fifth, bscause.it cannot be ignored 
of transportation. ' * 

.World War II Exper$ence' 
.I.' 

selection for war 
entirely, is the'system 

< 

With reference to World War, II expe&nces.’ United.States industry 
was not subjected, of course, to'.'atta.ck,. But ihat v&s not a foregone 

. .conclusion at the time our construdtion was started, and there were certain 
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higher;>:' Pro,duction,control was greatly complic&'ted; it 't0ok.a lot'more higher;>:' Pro,duction,control was greatly complic&'ted; it 't0ok.a lOt.‘inore 
supervision. supervision. L,arger .stocks. of raw materials were required. L,arger .stocks. of raw materials were required. But by and But by and 
large' the British felt that this was. the .answer to air attacks, of the type, large' the British felt that this was. the .answer to air attacks, of the type, 
of cotirs’e, of cotirs’e, thit they ,experienced.in world War..'II. thit they ,experienced.in world War-II. '. '. * ‘ * ‘ 

;. 
* 

AS tci Japan,. the‘& entire, e&nomic“structure.,i~, digsimilar to OiuX. 
There.are'some,things .tha.t.:.we learned from their eXQqSlenCe. The strategic 
bombkg p&p& worked up at least three ~blications. I refer YOU Particu- 
larly to one on 11 Japanes e War Product ion Indus tr,iea . ” They had one lesson 
that we should by allmgans capdtalize'on. I am going to quote frcm this 
public5tion'. : : 

" "Intensive strat'egic.,bombing:of the Japanese Home Islands 
began in March'1945, although,&he aircraft-industry had been 
subjected to attack before that time. By’the beginning of March, 
production of military supplies was a,Clrea$y 20 percent below its 
peak, indicating there'were factors other than s.trSLegic bombing, 
forcing war production down.", . . 

.:. 
,They list' ihe res‘ults of t&.bombing~ They say that army'ordnance was 

affected 26 percent, naval o&iance 28. "They go cn to say-that items other 
than bombing affected army ordnance 12',percent and naval'ordnance 12 percent. 
In the.a.ircraft industry they affected'production from 33 to 57 percent, in 
three items--airframes, engines, and propellers. - 

I _' .:". 
. . . One very .outs%and'ir,g statement is: ‘tr.In 'the motor vehicle'industry- 
never's targc?t for' sustained air attack--thc,consequences of direct bomb 
damage were notsi@.fic&-&,. but the loss bf'lvital production capacity 
:t+ough dispersal, 'dealt the final blow'to'an industry already crippled 
by a lack of.stcel. ,! 3 i : 
,. :?The -greatest dispsrs~l took p,'co "in the, a'irc'raft: industry and the 
10% of productidn~as',a result of.unsuccessful'dis&rsal was most important 
$n 'that industry: About 68,percent of the'~production capacity of the air- 
craft industry had b&en dispersed,by JuXy'&45"and this dispersed machinery 
and equipment was then operating at about 2T:percent of its capacity. 
Therefore over 55 percent of;the +&ire!industry*s facilities w&e out of 
production as .a r,esult of dis.persal-alone.!~ _ / ,, .: , j .' I : ‘! 
There ‘is more, 'but we will'move on; i . . 

Germany. There 'is a.wealth of data on -Germany, and we believe that is 
where we should concentrate a greater part of-our study, There are several 
documents which would be of interest to you, One is "An A. F. industrial 
Planning Project,ff 
aircraft, a 

a recommended program. for’ the underground manufacture of 
study made at Wright Field. The second one is the VJ. 5. Stra- 

tegic Bombing Survey,'1 the over-all Yeport of the Europe.an War, dated 
30 September 1945, unclassified. The third is the second of n series of 
monthly reports, prepared, incidentally, by the Corps of Engineers on the 
basis of information supplied from Army and Air Force sources, termed 



.:. .:.'. Where plants were placed und&ground, plant damage from air attack 
:?~~t~~‘8'~~c~t'.en~~~el'~. eliminated. ye- find as a part of the conclusions 
from..this n,ircraft study as follows: ,I, : .,' 

I ” - .T 
., ‘“: ,.. 

._ 

: * ‘, "Underground facilities are cqns&der.ed one cf the most effective 
means for affording protection agains~.air.atteck, evolved in World 

I' !,. war II; As between sernil;undergro~~d~~stallati~ns such as sub- 
marine pens“and bunker plants, and.completoly underground plants, 
the latter appear more desirable. ..‘ 

~~Gwman exccriencc clearly indicates'%hnt plans for the exe- 
cution of an underground program~must be formulated well in advance 
of an emergency in order to assure .that the. program will be imple- 
mented effectively should the need arise.~' . , 

It. is unfortunate that time does not,p&r<&t'more attention to the 
,U. S. Strat&.c Bombing Survey report. We menticned dispersion and under- 

,.ground sites 2s 8 means of protectiori, ., This U. S. .Strat,o.gic Bcmbing Survey 
centains an'analysis of actual.bo$bing result>3 We find,that the air war 
in Europe cost the U. S. 43 billion dollars, We dropped approximately a 
million and a half tons of bombs'and the British slightly less. Chart A 
shows how they were divided by t%,rgets;.and here for the first time, although 
recognized in the other reports, an additioncsl consideration of the greatest 
importance, namely, 'land transportation,. .is brought into focus, 

I don't know whether it is generally recognized .how important the land I don't know whether it is generally recognized .how important the land 
transportation targot was. Eriefly, here transportation targot was. Eriefly, here are the bomb tonn.ages dropped: are the bomb tonn.ages dropped: 
Pircraft factories Pircraft factories 

: '2$;nnval alid wit& : '2$;nnval alid wit& 
1.8 percent' of all bombs;. miscellaneous manufacturing, 1.8 percent' of all bombs;. miscellaneous manufacturing, 

transpostationj, &2; .v-w,eapoq,leunching sites, 2.0; transpostationj, &2; .v-w,eapoq,leunching sites, 2.0; 
airfields and airdromes, airfields and airdromes, 
Z&l;. indu t' Z&l;. indu t' 

6.9; oil,;.Ch~:mic,zl,~;clnd r?bbor, 9.6; military, 6.9; oil,;.Ch~:mic,zl,~;clnd r?bbor, 9.6; military, 
s s ri.al.area.5 23i7; land'transportg.tion 32.1; and all others 9.3. ri.al.area.5 23i7; land'transportgtion 32.1; and all others 9.3. 

. , . , .., .., . . .I. .I. * * 
In this same II, S; Stratcgic;Bambing: Surveyl.we: find &@-d.cnl~-y cut- 

lined the concentration of effort to knock out.in their‘antircty key 
in&istri& , p~i.~~'~iliy-antifrictib~ ,beasings, oil: and gasoline, ,rubbcr, 
chemicals, etc, Despite efforts to destroy antifriction.bca,r.i$g nlants, 
we find this statement: "The tctal loss in production. thr5ughdut-the 
entire"period of bombing was equivalent to the,;outputof 2 or 3 mcnths at 
the.&raid rate. This loss;~however, 'must be attributed.& part to the 

.'immobilization of machinery'and labor during,.th,e period of dispersal and 
not to direct bomb damage alone,ll The ~amp~et~~ccllaps~ of t.r:nsportation 
and its terrific impact on pro.duct&on is clear. The relative freedom fron 

"air attack of cities of less*fhen about-lQO,O,CO.population is :. brought out 
vividly. 'The ~&&ire~publication.is worthy of.your s,tudy,',' : ',' 

I : 4s we leave Germany, I.give you a conclusion from this'report of Major 

..: General Rot%& as :a~cesukt*onthe cn-sitel,,s.tudy,. which included under- 
grotid plrnts. Be said:,,::' .,': .:. .,, : _i.. <'.' 
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'.DiiperSjAon:and ,underg~~~~;constructi~~-are time-ccnsuming'and if 
delayed until the need is upon US,, .'thk loss in production during,reloca- 

.+ : tion can be expected to far exceed'losstticugh bombing.' This WTiS true 
: :,,.' :f~r.bo%h Japan and Germany. ,,, 

/. .‘,. 

'I&d transportat&k~is extremely vulnerable and in congested areas 
.'within short bomber.range 'can be so‘damaged as to.com@ctely nullify pro- 
.t'ection afforded by either dispetsiol? or undergrourid.construction. 

"Smaller 'cities have not hormally constituted a worth-while target. 

England reports small %omplekes" requiring only limited interplant 
transportation as advantageous, .'~ 

T&& destruction of key items Ls more profitable: than indiscriminate 
bombing of industry.. , .: ..f . . 

: 
As background informat&& I.~lght.menti'~li'driefly'the studies that 

we have performed or novr"have ur$er day+ : c j: 

.Summary Studies and I$~est$g~tions Under 'flay. 
' ~. ', 

We have-a: three million 'dollar test progkm inaugurated to determine 
the. effects of large explosive,charges on underground structures in 
representative types. of soils,and rocir ,Ch&rges will range from 320 to 
320,000 pounds. These chjrges will be .placed'at various distances from 

scale model dnd proto,%ype underground structures constructed for the pur- 
pose near Dugway Proving Ground, Utahi'and Grand Junction, Colorado. This 
program includes :Y subcontract with Enginee-ring Research Associates, Inc., 
for the development of electroriic and mechanical gages to measure the 
transient effects of uriderground l explosives;. including prcssvre, particle 
velocity, acceleration and displzkemont,. as-well as target measurements. 

' This contract is..costing us,appr@mately a million dollars and requires 
the development of. many types, of'.gag,esfor:‘the use .of previcusly developed 

'. Ii' I gages in a new may or .a new ftiction'oktirely~ The.data obtained and the 
,results cf the tests will provide .~s~ential.~nformation.qn which to estab- 

:,*,li3h design criteri< for subzkrface sti&9m?es and tunnelsi:, 
, . . .." .: ,y' : . . 

:. At the.request of the'Mu@tions'Boardf in;1946 and 1947.we made a 
' survey'of.existing.mines'i.n the~'&ifed'States. The results'vere given 

iri a "Report on Ekisting Mi~&ss;;!~:,Many @.3.lioas.of square feet of floor 
spice'were found in,&isting~'mjnes wh%$h wduld ,be adaptgble for housing 

: " manufacturing or storage i$t&lXa~ioris', 4xqy of these,arc shown on Chart B. 
This is not a particularly gooG,'ohart; gentlemen; &but the smaller dots rep- 
resent.the mines which were. i$cltided:"in th$s-.invest$gation.. 

.' ;i ,. ..,*; 
It might be of interest to'say.that it was a gratuitous survey. It was 

done with almost no funds, in order to provide maximum information at rr,ini- 
mum cost. YJe used criteria-which eliminated mines with less than around 



: 

We hope out of this study tc be' sble‘tc develop a plastic or paint 
or some other 'protectivtL 7 application which could be used to treat t.hi.s rocm 
or any type of building, which?. either would.be impcrvicxs tq cr resistant 

,,. to penetration of'B7Ju or.,CX.agonts or at most would ocrmit its removal after 
-being subjected to: sgch.an attack,. r_S,,$U mqt, you'c~n spoculatte, of 

course; on the question of‘tyhe'fiher ;LOu,..can Wzpr,po'rrte -DDT' in a elastic 
coating which in itself would countor%ct,PW 'agents. The CYiey~icc:i i$;:arfare 
Service is working with us in tjxLS study. Ve ~Wc'ivy much in' htip? %hat 
something worth-xvhi,le will come out of L@., / 

., 
Also y?e, ha-z? an observer- bein& assigned to, the Navy festc-?ast"lbdia~i.on 

Study Center. 
- 

Political and E!iiitary.Co~~irlerati:~ns ' . '. 
WY-- -. 

Cur ta& thus far h&s been background., '8; ha&n't even touched on 
site selec*on. Ve still have one other phase we believe we need to touch 
on before we hit the real meat," That ia Political and military considers- 
tinns affecting war plant site, selection. . ' 

?yTJe might mention probable enemy, probable date of attack, and evalua- 
ticn of improved or new wesponsi I,mjght appear to be going qut on a limb 
with you folks, who are prof&%.dn~l spldfers. 
to be p&sent at all the cor8,er.enc.e.s 

I was, hoxxver; privileged 
b f the @Jar Department Protective 

.Construction Board, which developed policy for the Armjr as rci~ting to 
tective construction. in connection vitb those studies the outstanding 

pro- 

I ,,proppnents of strategic bombing, BW and CW agents, amI Latomic x:)rk vxro all 
present and talked at length; ' 

It is not nec*s~~ 
hour purpose hiire. 

-.=+q to go into classified matrrizls in -rder,to serve 
-Piye have, 

find nc marked change in 
hoticver, contacted thess ~vtiri.oUs people and 

the 'evaluation' o-f 'thiose agents as given,at the 
time of those hearings, which were about eighteen tionths ago* 

. . . I <. 
T?k assume,, of, cc)urse,‘ ' 

be a po$,ential'enemy; 
thq.t Russia,& the only nbtion strong o~~ugh to 

and that as a..&'talitarian state, prenaratioi; fqr 
.vK! r canbe, carried out without s&ious.'cotiside~a.ticn cf the'A:rill c>.f its 
'people. , ,o*. that controlled prop&anda c&ld be used .to build 'uup.cr. to meld 
public scntimont.as. desired.:“Cf cc&$e,.~.as: sn a&r'essnr it -xill. strike 
without warning or i&i&out a deci&$$~on~of war. 

. . . 



He concludes that fission material'is ,essential. for warheads and 
warrants use only agains.t the most important ,targets. 

bY 
to 

If 
.', : 

Free ball&s for great distances. proved relatively useless as used 
Japan. Carrying BW agents, they probably would remain ineffective due 
time of flight and uncertainty,,of reaching a receptive target. 

. . 

Wind-borne cr cloud-borne & or 'BW agents are a remote possibility, 
used, they would be directed against'densely..populated Breas, 

. . 
Site Selection for’ War Plants: . . 

Rormal site selection procedures are well established and need receive 
.only brief mention here. It is that "something extra that has been added" 
which we need'to analyze, Guch time *has been consumed in providing a suit- 
able.background for a proper evaluation of site selection considerations 
particvlarlj applicable to plants.designed for OUtpUt of vital munitions 

: , under war conditions. We‘ can now,qon,cen$rate 4.n this latter portion of our 
paper in only its direct applioa$ion to :site selection, with a hope that the 
.salient features will remain with you. : ' 

; 
Several broad site considerations are Worthy of mention, We need to 

discriminate between the type of ,plant which is tied to rigid requirements 
and those with considerable freed&'. Basic industries, which orocess raw 
materials in large bulk, such as the steel industry, must locate where 
transportation costs of'raw material to the plant and finished products to 
markets are highly favorable. Milling has greater freedom in site selection; 
however, economical :transportation is essential. 
that is 

Milling in transit rates, 
, grain freight rates, are applicable wder certain curcums tanccs 

until the flour reaches the wholesaler. In other tvords, as I understand it, 
you could mill flour someplace en route between the West and the wholesaler 
in New York without charging any higher freight rate for the second portion 
of the trip. I believe there ar.e many other products j':hi.ck have that free- 
dom. 

Electrochemical'and elcctrometallurgical~products rvill scok areas of 
low-cost power. Some of our.larger industries initially, grew in some aroas 
through the ability and enterprise of local individuals. The automobile 
industry in Detroit and the airplane industry are examples of this, Per- 
haps we should add Battle,Creek, Xichigan;as the breakfast food center, 
where the name became so completely~assdoiated with this product that 
companies located elsewhere endeavored to assoctite the name of this town 
with their produce. These centers, then rep@es,ent a substantial p001 of 
skilled labor and attract additional industries of the same or allied types. 

,? 
The requirements of the individual sites I will mention very briefly. 

These are'not in the order of importance. There are, of course, 
and topography of site, 

the size 
climatologic and meteorological conditions,regional 

11 



Recapitulating these, then, Fe find that against guided missiles or 
bombs the value and are a of the plant should determine its: loca,tion with 
reference to other military targets or,the pr.atection which,shorild be 
built into the plant. Evaluation of..BW and.08 agents indicates 'the desir- 
ability of plant site away from~~high-den&ity.population areas, which, of 
course, should include 'location of 'housing for employees. Land transpor- 
tation is TUnerable to air attack, and alternate facilities are highly 

F advantageous or,mandatory.'dependi*ng on importance and location of the plant. 
' 

To be of value to the civilian engineer engaged in. site selection, these 
criteria should be reduced to s"ome formula* Fe timidly suggest an approach 
to such a formula. ,The War Department Protective,Construction Board in 
considering military targets and recommended protection, classified them as 
priority I, II;- III, etc .,-and indicated mhat.the targets are and what the 

: protection should be. . . . . . 
.: : 

If we were to*'try that, this might be one approach: Priority I would 
be a plant manufacturing an item $valuable to the war effort and which 
cannot be supplied in mfnir$um.quant~ties from invulnerable sources or the 
plant restored promptly to meet m$n&um needs in the event of serious 

.damage. Priority II, plants manufacturing an item or items of very great 
importance to the war effort'which'eannotbe supplied in minimm<quantities 
from other sources or the plant (pc'pltints where the item or items.are 
produced at.more than one location) restor,ed promptly to meet minimum pro- 
duction needs in the event of ser$ous damage to all plants manufacturing 
such items which are susceptible of attack. (The list prepared by the 
National Resources Protection Board of the WarProduction Board during the 
war covering,criticgl items of've?y great importance manufactured by only 
a?=ry few, frequently only one, plant provides many examples falling within 
this category.) Note that in this and subsequent priorities, probable 
damage and immediate restoration of'plant facilities it all plants should 
receive consideration. Plants covering'large ereas or items manufactured 
at several locations till materially change-probable'need for this category 
of protection. Frequently storage in protected locations will permit meet- 
ing minimum needs pending :plant repairs cheaper than 'costly or impractical 
protection. Priority 'III might be a'plant manufacturing an item of great 
importance, with all the other provisions as, ,given under 1'11,!t These 
might be airplane motors, antifrictiop bearings., rtibber, and fuel. Priority 
m a Plant manufacturing an item of. importance, again with the limitations 
given under IIII.It These.might be airframes, .land vehicle.engines, ammu- 
nition, etc.' .^ . . ,'" " 

1 ' 
As to the..tyPe of protectionfor each pri.ori,ty, we might for purcoses 

of argument Only say tha$ with Priolfity It,which covers invaluable i\ems, 
we should protect against a ground burst of an A-bomb, 

.' 

; 
. . . 



What are the days and moans of inducing,industry to meet such a 
challenge? We have a slight trend'in this direction now. An article by 
C. Pi Kood in the ?J!arch 194?, issde of t1Procee6ings A.S.C.X,"points out 
that of $3 plant locations chosen since 1940'by six of our lrlrgler companies, 
only 23 are in cities of over 100,000 population. The 35 plants of General 
Electric in this group also show a marked trend toFzrds smaller plants. Nany 
of the 83 are in heavily industrialized states, but the trend to smaller 
cities is worth-while. 

Possible action would include: 

? Announcement of a national policy for plant location or relocation, 
and sge.industry to comply where feasible ti siting all new or relocated 
facilities. 

b. Make concessions in tax legislation to assist owners in construc- 
tion of new plants or relocated plants for the manufacturing of selected 
items. 

c. Modify ICC freightrates and regulations to equalize transportation 
costs where location selected for protective or strategic reasons involves 
increased transportation costs. 

d. Zoning regulations to preclude building of critical plants in certain 
areas. This would invclve legislation on a national scale, with strong 
opposition. Incidentally, we have, of course, city zoning now. 

e. Subsidies to assist in construction or operation or both. 

f. Government ownership. 

Those are about in.the order of desirability. 

I have used up my time, g entlemen and will be unable to discuss the 
fifth and last part covering transportation. 

COLONEL HOEFFER: Ke have time for a f& questions. (No response) 

Thank you very much. 

(29 March 1948--450)s. 
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