
THF. TEXAS CITY [)ISASTl'R. 2'> 

The Texas City Disaster. 
A Staff Report.* 

Four hundrcJ and sixty.eight persons 
are· known to have lost their lives. over ,L 

hundred are still missing (July 1, 1947), 
and 3000 were injured as the result of 
fires and ammonium nitrate explosions 
aboard two ships docked at Texas City. 
T exas, April 16.17, 19•17. Property Jam. 
age and contingent losses are estimated at 
S67,ooo.ooo. 

The account of the disaster in this staff 
report is presented as follows: 

I. I nrrmluetion. 
II. Chn1nnlni::irnl Scquenn,. 

11 L Cnnd us ions. 

IV. 1.nsscs. 

V. D<·rails. 
A. Texas Ciry Terminal Railway C(). 
H. Monsanto Chemical Co. 
C. Oil Tank farms and Rdineries. 
D. Ciry of Tl'xas City. 
E. Miscellaneous Propertie:s. 
F. The Ammonium Nicrate F<'rtili-,cr. 

VI. References. 

I. Introduction. 
The terribf<: disaster resulted from the 

explosive decomposition of ammonium 
nitrate f<:rtilizcr under fire rnnditions. 

The trcmenJous '"iolence of the blasts 
resulted from the formation of large vol­
umes of dc:composition gases within the 
confined areas of the holds of the ships 
involn·d. 

The large loss of life occurred because 
of the immediate proximity of persons en­
gaged in the industrial activity of the port 
and its exposed properties. This rnncen. 
tration of population was augmented by 
firemen and a considerable number of 
curious persons who had been attracted to 
the scene by the pre-explosion fire. 

The huge pro11erty destruction occurred 

*S.-.- Se((ion VI fur sources of informati11n. 

bernuse of the Jirect exposure to blast 
damage of high valued industrial plants 
and facilities. Much of this property was 
particularly vulnerable to blast damage and 
self-propagated resultant fires because of 
the flammable nature of materials em. 
ployed in the processing activities or 
stored preparatory to shipment or use. 

II. Chronological Sequence. 
Prior to 8:00 A.M. April 16, the 7000. 

ton Liberty vessel S.S. Gra11dra111p haJ 
been loaded with approximately 2300 
tons of ammonium nitrate fertilizer. It 
was berthed in the North Slip, adjacent 
to ··Pier O,"' of the Texas City Terminal 
Railroad Company"s docking facilities. 
The vessel was owned by the Republic of 
France and operated by Compagnie Gene. 
rale Atlantique, commonly known as the 
French Line. It had arrived at Texas City 
on the morning of April 11. Loading 
operations had commenctd that afternoon. 
The ammonium nitrate fertilizer had been 
shipped to Texas. City ,·ia rail on govern. 
mcnt bills of ladin;: from three Midwest 
ordnance plants. The fertilizer was ship­
ped. handled and was being stowed in the 
Gr,md,-,1111 /' in I 00-pound, 6-ply. mois. 
tureproof paper bags marked: "fertiliztr, 
Ammonium Nitrate, Nitrogen 32.5%.·· 
The material had been stored in the ware. 
house on "Pier o·· and stevedores were 
loading the vtssel from this source. 

Approximately I ..fOO tons had been 
stowed in No. 2 hold and 880 tons in 
lower No. -4 hold when loading operations 
ceased at 5 :00 P.M. April 15. Other cargo 
in separate holds included cotton, binder 
twine, peanuts, boxed machinery, oil well 
equipment and 16 boxes of small arms 
ammunition. 

Loading operations wtre resumed about 
8:00 A.M. on the 16th in lower hold No. 
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Vertical photograph of Terminal before the explo•ion. Mon•anlo plant at left, with South Slip (where GraHdc-amfl was berthed) adjacent. The Iii~/, 
!-Iyer wa• in the Main (center) ,lip adjacent lo the longest fire-resistive warehou,e. Note relation to oil tank farms at lower right. 
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•I. No hrc: or ,mokc: \\ ,ls , i,iblc: at this 
timt JHorJini.: to suni,or,. Olll' trcw of 
four ,,ork,m.•;1 com,m:nccJ to ,tow ba.g, 
of tht f rttlm:r ,ilrc:ady III tht· hold on the: 
port ,1Jc: of till' ,csscl. A ~clonJ ere\\ of 
four ,.11 Jown nn tlK· ,tarho.trJ s1Jt to 
aw.1it furthtr supplic, trorn topside:. It is 
bclicn·d ont or mow of this idlc crcw 
:.moknl a ll' .irettc during thl• intcrY.tl. 
There: ,,.1s kno,,n to he ,rnokin1,: on till' 
m.1in dc.:,k. 

The First Fire. 
About 8.15, ~rnokc \\JS obscr\'cJ in 

lower No. I hold on the st,1rho.1rJ sidc: 
1ssu11w from ,Ill open spa,c aboul 8 imhcs 
"iJc ht:twc<.:n the hull anJ carro batt1.:m. 
Attcrnpts wcrt· ma,.k· to cxtin.i,:u1sh the 
hrc with drinking w.111:r anJ h.tnJ hr1; 
cxtin.gui,hcrs, but tlamc, wcrt· obscrn·d to 
incn:.1s<. alon.i,: the st,1rbo.irJ siJc. The 
:.hip's ,,histle was ,011111.lcd to ,1,:in. th1; 
alarm and all ('t"om ,, en: ordcrcJ out of 

the: hold. A ,hip\ lirc: hose ,,.1s lo\\cr1:J 
into th1: h,ttdi. but th<.· first rn.1tc (kno,,n 
as ,t'(onJ C'apt.1in on French sl11ps) or 
Jcrnl that no ,,atcr he. usnl a, it would 
J.1111,11,:t• thc: l,tr.i,:o (W.ttc:r ,,.1, ,l\ail.1blc.• 
and the ship\ fire pump orcr.11ing .It lull 
workin_c prt,,urc.) The h.ud1 ,us thtn 
co,crcJ. a t.irpaulin put in pl.Ile. ,10J ,,t:t 
Jo,, n, vent cowls wtrc: scalc:d, .inJ st,.1m 
introduced into '\o. 1 holJ throu_ch the.· 
inst.died st<.~1rn srnothcrin,g system. 

It ,,·.ts S: .'iO by thb time and the smoke 
continm:J to incrt':l,t JL-sp1t<.· ctforh to 
smotha the firt: A tdcphone .1larm of 
fifl' \\,IS rt:ct:i,cJ .,bout H 30 br the Tc:x.l\ 
C11, Fire Dq,;1rtmrnt Two hrc: trucks re­
sponded irnnwdiatd)', tollowed b} tht t,,o 
rem.1i11ing picu·s of app.iratus. A total of 
17 ,oluntccr firc:mcn responded out of 
the. tot.ii 50 mt:mlx:rs of tht: department 
Cn:w membt:rs of the G,,111Jc,1111p kit 
their ship anJ as,eirblcJ on the aJjoinin_g 

Teaes City firemen fighting the fire oboard the Grundrumfl prior to the explosion. Note 
one hose line in service, other1 being prepared. All 27 firemen who responded were killed by 
the blut. 
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pier to assist fi remen who strttched hose 
I incs from Jock.sic.lt.· hydrants. Photo­
graphs t.ikcn bc:twten 8: ,o anJ H:SO show 
one hose strtam in usc from the Jock with 
another line bein_g assembled, but it has 
not been possible to Jctcrminc precisdy 
what fire fi.t:htinµ \\'3S acrnmpltsheJ be. 
fore the cxplosion. 

Pressures were bcm_g built up within 
the ship's holJ as the hatch covers bkw 
off and an orange.brown smoke (charac. 
teristic of oxides of nitrogen) w~ ob. 
served. The hull in the way of the lire 
was sutncicntly heated to , aporm. watt:r 
running off the deck bdorc it rc-ad1<:d the 
surface of the slip. 

The First Explosion. 
T he explosion occurred ,1t 9: 12 A.M. 

Those on the pier fighting the fire and 
over mo others in the Yicinity were killed, 
the great majority instantaneously. Others, 
felled by the blast, were cremated by en. 
suing fires. 

The Gr,mtlr,1111p tomplt:tely disintewat. 
ed and fra~menb were thrown in all 
Jircct1ons 

Missiles, , ar} in}! in size from lar,Qc: st.-c. 
tions of ship \ p);1tc we1,l{hing tons to rnm. 
pact fraiments w<:1~hing less th,tn a 

pound, were thrown throu_gh thl air for 
thousanc.ls of feet, k, cleJ some structures, 
damag<:d others, pierced oil tank roofs. 
crushuJ automobiles, severed railroaJ 
tracks ,tnd buried thcmseh•es in the 
ground. I lcated missiles 1!,:llltc<l flamma. 
blc vapors ,it thei r sourct. while others split 
tanks and rckascd , .1por5 ,, h1ch were sub. 
sequcntl} 1gn1tcd from friction sparks or 
open lfamc:s in the; , 11C1111ty 

Explanation of Shock Waves. 
Concussion damages were most severe. 

T hey took three distinct forms. First, the 
1111tial shock wa,•c:s leveled such build. 
ings a~ W arehouse 0, the Mons.rnto 
warehouse building dircrtly across the slip, 

. --... .. - \ 
t , .. ;- ....._ . ...... ~ • 

... • .-_::,&., • :.liiiiiiiillll,, ~ . " 
.lrmr 

Damage to the liva,sto ry polystyre ne building of the Monsanto Company while fires we re 
still burning in the area. This build ing received direct explo,ion bla, t from tho Grandram/) 
acrou a d i,tanee of only 350 fl. 
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View of Monsanto property, showing wall failures in warehouse at right •nd damage to 
office building al left. 

anJ caused ,cn,R Jared concu"inn d.1m. 
a.i:t.:s to other ,tnKturc, ,, ithin rancl.'. Two 
prn·are ai q ,l.111<.:s \H rl.' kncl(kt:d o~I of the 
,ky, anJ thur occup.rnh k1lleJ 

It scenh ,uhst,rnlutcJ that the onl\' m,1. 
ior explo,1on was thL nitr.1tc cargo ,;t this 
hour. althouJ!h th<.:rt: were minor tank cx­
plos1ons 11nmed1att.:I} thcrc:.1fter Rn1drnts 
of the an:.1 who spc.1k of otlwr m,1ior 
blasts shortly after the 1nit1al cxplo,ion arc 
lxltnt.:J to ha,c conh"cJ the timt· Jitfor. 
cntial lxtwci:n thl.' ,ho,k anJ sound waves 
or to h.1, l.' bet:n mpl dieJ b) the p,1ttcrn 
of till sholk WJ\'CS themselves. 

Some of tht bfa,t dfo .. t w,1s JdkdcJ 
hy tht impact with ,ub,tantial m:Jrb)· 
strutturt·,. anJ smu: tht explosion <X­

rnrr<.:J 1n lower No. I hold of tht G,,111J. 
cu11p the horizontal lorn:s, as 1111t1allr 
applil:J a~ain,t the "Jtl·r in the ,lip. wi:rc 
Jeflc,tcd ,It .1 lu,!!h angle. These dllkdcJ 
shock \\".\\ cs formcJ ,1 ,ctonJ hi.ch pres. 
,ure dTell A ,cry Jcfin1tc p,11tcrn, in 
trnm of Ji,tantc from the sccne of the 
l.xplosi11n, i, l ,·iJenu:J hr Jamage, caused 
by the JdkdeJ wa,es. BudJin,i.:s alfo.teJ 
by such collrnssion ,, .1, t:s show the cffoct 
of Jownw.1rJ forces of h1.i.:h ma.i.:rutuJe as 
rnntrastcJ to budding, "here conwssion 

\,-.1, obnou,I) horizontal Many of these 
builJin,!!s werL clearly ,h1dJeJ from the 
lit rcd concussion forc<:s. 

Desprtc th,, Jefl1.-ct1on, ,utfirn:nt force 
was ,1pplicJ on the \\,llcr 1n the North 
Slip (Jcpth W ft) to Jrnc 11 shoreward. 
The ,olumt.' of \\Jtcr displaced w:1..-; ade. 
l1u,1k to lift a stc.:el bar_gt.' ( 11 ft. Jraft, 
1 ~O ft lonJ.:, 21-1 ft. wiJt.') anJ deposit it 
I Oil ft rnshorc.·. 

lkyond this, there w.1, evidence to sup. 
port the thesis that a third type of bl.1st 
J.11n.1,.:L occurrnl. This w,1s onasioncd hr 
tht nq::atl\ e pressure front or "acuum 
cre,1tcd b) the. JisplaceJ .ur at the con.·. 
Properties affcxtcd were tho,c: on the. outer 
rim of th" explosion.rockeJ area. The 
,,tluum effect ,-..1s manifested by upw.ird 
thrusts on roofs of builJincs. automobile 
cn,i:inc hooJs, and outwarl fracmrnt.uion 
of ,i:lass ,, rnJows, · 

Another result of th" first bl.1st was 
that tilt.' S.S. lligh Flia (.1 C.2 car,1to ,cs. 
sci of Amcm,111 rcJ.!iStl) ) was blown at ross 
the m.un slip whcrL 11 was bertheJ at 
Pru A to Ire .1,-:,unst the l.1l~rt}· shrp, S S 
II 1/rn11 8 Jo.cwt'. This wJ\ s1gn1hunl 
,,hen the lft"h f/Ju c.1u,i.:ht fire later on 
in the Jay 
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fires in Warehouses C , D, and E from the Bay side. Docking in front of Warehouses was wood plank on wood piles and supported oil pipe lines used 
for bulk shipments from this Terminal. 
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Fires Following the First Blast. 
The firc:s occasioneJ by this initial blast 

arc best portrayed photowaphically. The 
Monsanto plant w.1s literally cnJ.!ulfed in 
flames. In the main, these tires were 
caused by the iJ!nition of combustible hy­
drocarbons, especially in the pol}"St>•rene 
builJin~. the: dhylene puritir.1tion units, 
the process cc1uiprnent anJ control facili. 
ties of the alkylation unit, the Jistillation 
towers and the fourteen main storage tanks 
of bcnzol. fuel oil. anJ other low \'apor 
pressure hyJrocarbons. Ground 6res 
spread fire damage co piping anJ were fed 
by flammable li9uiJs which escaped from 
broken or melted lines. T he fact that the 
highest pressure on equipment in the plant 
was around I~ pounds was a fartor which 
must be credited, at least partiall}', with 
t~e fact that there were no separate: cxplo. 
s1ons ,n the Monsanto plant area. 

T he T erminal Warehouses O anJ A. 
and the frame rnmpress between these 
buildings, were immediately involved. 
Sulphur stored in Warehouse: A was i)-(nit­
ed, giving off noxious fumes. What other 
Terminal buildings were irnmediatdy in. 
' :oh·ed in fire cannot be definitely estab. 
l1shed bemuse of the: extent of r.:onrnssion 
damage, the subsequent explosion of the 
High Plyer. which destroyed evidence. and 
the heavy sm1lke which drifted with the 
20 mph wind over the: entire area. There 
were fires, however, on the water cd~e of 
piers as far as the south slip, presumably 
from oil pipelines that had parted by con­
~ussion or had been pierced by missiles. ft 
rs also positivc:ly established that six t;tnks 
in the Stone Oil Co. farm and one in the 
Richardson.Republic farm ignited. All 
other oil tank farm fires were: mused by 
the High Fl)'1!1' explosion. 

During the period between 9: 1.2 and 
1:10 A.M. the following morning. the 
scene was one of unparalleled tr.t}!c:dy. 
mitigated only by many exhibitions of per­
sonal sacrifice, individu.il heroism, and 
distraught initiati\'e. 

Rescue Activities. 
Rescue efforts ,vere the first order of 

business. Pirc lighting in the Monsanto 
and Terminal area was impossible. Even 
the Coast Guard cutter fri1 could not ap. 
pro.ich the Jocks for ctfocti,·e fire suppres­
sion following its 10:-10 /d,I. arrival from 
Galv<:ston. It picked up sun·ivors in the 
water and returned to its station. The 27 
Texas City firemen on duty at the Gra11J. 
r,1111 p were killed outright. T heir total of 
four pieces of fire apparatus was wrecked . 
Other volunteer members of the depart­
ment responded to the emer/.?ency follow. 
ing the explosion, but the water supply 
systems in both the Terminal and Mon­
santo areas were inoperative due to explo­
sion Jamage. Drafting water from the 
slips or bay was barred by tires and wreck­
age. Houston fi re equipment and man. 
power drove 50 miles to the scene fol. 
lowing commercial radio broadcasts of the 
disaster. Army tire-lighting crews from 
Fort Crocker were dispatched by the Com. 
manding Officer, who observed the smoke: 
and felt the explosion. There was no di. 
rect call for assistance to these or other 
neiJ.!hborin~ fire Jepartments on the 16th, 
although other communities also respond. 
c·d with pumpers and manpower on their 
own initiative. All lire.fi,::hting personnel, 
including local plant bri,1?ades, concen. 
trated on rescue work except at the Stone 
and Richards1>n-Republic tank farms 
which were sewe,1?ated from the main ex. 
plosion.damaJ.!ed area. Fire equipment, in 
the main. was parked in the school yarJ 
in the town during the first day. 

The uninjured crews on the High flyer 
and ll"'il1n11 8 . Keene found their position 
untenable due to the smoke and sul­
phur furncs, and abandoned their ships at 
10:30 A. M . The High Flyer could not be 
rno,·ed unJer its own power as its main 
turbine casinJ.! had been remo,·ed for in. 
sp<:ction. An anchor was lowered to hold 
the: vessel in place:. The K11me was also 
'"dead·· because of blast darna~es. Two 
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tu~s which were despatched from Galves. 
ton at 8: 50 arrived at the Texas City turn. 
mg basin at 9·50 A.M., but could not enter 
1hc harbor due to dense. smoke, fumes, 
and <lebrn. The tu,g~ picked up survivors 
and returned to G.1lveston. The. /r,.r re­
turned to Texas City at 3.00 P.M., but 
a1,tain could not enter any of the three slips 
for fir<; lighting and left at 7 :40 P.M. 

Fourth Army, Red Cross, and Salvation 
Army rescuc and medical workers rushed 
to the area. The ~mall Galveston Red 
Cross Chaptc.r was sendm.!-( help to the 
scene within thirty minutes. The rc-adily 
available serviccs of the fourth Army from 
hcadqu.uters at fort Sam Houston, Fort 
Crockett, Ellington held, San Jacinto Ord­
nance Depot, and thl Galveston District 
l:.nginecr we;r<; mvaluabk until the Red 
Cross could muster sufficient personnel to 
handle the emergency. (The tornado in 
Texas and Oklahoma on April 9th had 
drained normally a\'ailable Red Cross 
workers in the Southwest.) An indication 
of the dlic1ency of rcsrne work may be 
gle.mcd from the statistics of the Univcr. 
sity of Texas Medical Branch. Within the 
lirst live hours this one hospital m Gal­
veston handled 360 casualties. A de. 
activated hospital at Fort Crockett was 
placed in service by 6:00 P.M. and was 
handling patic.:nts (total admissions, 121 

persons) The Fourth Army sent 9000 lbs. 
of blood plasma from Austin, medical 
personnel (69 officers, 50 nurses and 232 
enlisted men), plus surgical equipment, 
food, gas masks, heavy road and rnnstruc­
tion equipme:nt, and similar emergency 
relief supplies. Army aircraft brought 
needed medic1ncs from St Louis supply 
centers. Army specialists in gas J.!an,grene 
were Rown to the scene. General Wain­
wright, commanding the Fourth Army, 
had joined Governor Jester of Texas at 
the scene by 1:20 P.M. to speed all possi­
ble relief to the area. There was no lack 
of succor for the vicltms of the d1sastt:r on 
the part of relief organ11at1ons and the 
Army despite the lack of an mtej:rated 

community disaster plan. However, the 
existence of a Disaster Plan would have 
speeded the or_ganizat,on of the several 
agenrn.-s involved. 

Further Trouble Brewing. 

While rescue: work was procc.:eding, fur. 
ther trouble was brewing for the already 
heavily damaged port. The Gmntlcamp 
blast earned away the hatches of the High 
Flyer, jumbled the cargo, spran,t; the 
steam Imes, distorted and deRectt:d the 
superstructure ,ind decks, besides injuring 
the captain and crew mcmbc·rs. There was 
no fire observed on this ship, however, 
until approxunatcly 6:00 P.M. of the 16th. 
It is not d11T1cult to imagine that Rames 
from the: burn111g piers and warehouses 
sprtad to the: 11,gh fl)Cr, reaching the 
car,go through the opc.:n hatchways. Sul­
phur in holds No. 2 and No. I (total 
2000 tons) was observed burning about 

/. ,, An1.-/r• J•,rr l>rpl, (apt <:,mt,n. 

Tho tomains of tho Kcerrf! in the Main Slip. 
The lli,:lt J,/yer exploded as it lay again.♦ the 
Kee11c, having boon blown acrou tho slip from 
Pier .. A " by the Cr1mdromp bl,ut. 

six o clock It was known that the ship 
had abo been loJded with 860 tons of 
ammonium nitrate 1n hold No. 3. A call 
was made to Galveston at 8:00 P.M. for 
four tugs with oxy.acetylene cutting equip­
ment and µ,as masks bl'Cause authorities 
were apprehensive concerning the txplo­
s1on potential in tlus sl-cond situation. The 
tugs arri,·ed at Texas City between J t :00 
and L l :20 P.M. Personnel boarded the 
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I., hil'lr 1'1tr /Jr1,1, ( •ll•I, ( ,,n/111 

General view of wredoge on Pier A, showing remains of tho fire-resistive warehouse. In 
center, wreckoge is former Pier "O," ond note that outer end is under water. Seotrain crone 
morh edge of Monsanto property. The G11111dramp was docked in slip next to Pier "O." 

lli,11.h r/11·1 ,111J rnaJc s<:\f.:rJl ,lllc.mrts to 
rnt tht .ind1or ch,un (fin,tll} sur(<:<:Jing) 
and to mon: till ,<.:ssel. The l.lltt-r effort 
could not b<: ;1cc.ompltsh<:d bc:taus<: to\, 
lines failed, the two \'CSsels were pmmcd 
and fouled. and the smoke:, fire., and sul­
phur fumcs had hecomc so heavy th,tt the 
area had to be c.:vacuatcd. White smoke 
was observed .1bout thb llmc issuing from 
the No. 3 hatch. Efforts wtrc ,1b.11;Joncd 
to lo" thc \'esscl from th<: slip at 12:'>5 
AM on 1he morning of the 17th 

The Second Explosion. 
Th<: 11,.~1, rl1.-,· <:xploJ<:J Jt 1:10 A.M. 

As f.tr ,ts c.,in be acrnratdy JetumineJ. 
only one ,1JJ1t1onal life ,,as lost Jue. to this 
second explosion. 

Th<: 11,gl• l·l;er 1,kc. the G1.111,lt-.1111p. 
completely J1sinttw,11<:J. Th,tt portion of 
the II 'd.ro11 B. K.-t11t ,1baft No 1 hatch 
was :1bo destroyed. The "n:thd and re­
maini n.i-: forw.ird portion of the Keu1e. 
whid1 had .1 rnr,1.:0 c.on,1sting only of 115 
tons of flour, m.t} be sttn 1n the photo­
waphs. 

Missiles were aga111 hurled through the 
a,r for thousands of fed. T<:stimony b} 
tyc.w1tncsscs ,·en fies that cxteedingly hi~h 
temperatures had btu1 re,1cheJ. as some of 
the pittt:S of metal obsen·ed 1n the ,lir were 

"red hot. resembling ;t firework:, display. 
Large: sc.:wons obscr\'c.:d on thl 1,:rounJ 
similarly showed the etftlts of trcmtn­
Jous heat anJ wc.:rc warped JnJ t,, 1sted 
into grottsquc shapts. It was thc m1ss1ks 
from the 11,gh FIJe, which caused the 
se,erc dama1,:e and fires m the oil tank 
farms tn the Humblt and Rich,mlson areas 
south of the ma,n Terminal facilities. 

Concussion forces were a_g.un sevt:rc 
R<.:infonxd concrete Warehoust:s A anJ B 
were reduced to rubble, c.:xc.:ept a small por­
tion of Ward1ousc B on thl short tnd, 
\\h1th remained ,tandmg. W .1rd1ouses C. 
D, ,111d l:. (unprotccte<l steel) were. col. 
lapsed furthc.:r, on.i-:1nal dam,11,:e hann,; 
been from firb st.irttd by th1. Gr 111dc,1111p 
txplos1on and from cxpowre to tht od 
fires burning along the wallr iront A 
structural stet! wain convtyor whid1 (00-

ncued the re111forc<.:J concrtlc grain cle. 
,,1tor "1th W.m.:houst B (o,c.r th<. roof) 
,us coll.1pse<l. Other bu1IJmgs in the 
Terminal ,m:a, damaged by the first explo­
sion, were demolished by the second. 

Fires After Second Explosion. 
Fires .l!a1ned 11npctus m the Terminal 

area following the 1/1,11.h FIJI:, c:xplos1on, 
but the most s<.:nsational new fires occurred 
1n the od tank farm arc-as. In till Humble 
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Pipe Linc Co. property four t.inks were 
ignited immediately and fou r .1J<l1tional 
tanks fired from these exposure fires, 1n 
the Stone farm two more tanks were 
ignited. m the Republic Refinery one lank 
was ignited, wh1lt in the C.irbide and 
Carbon Terminal property an ,duminum 
tank containing isopropyl acetate and one 
steel tank burned. 

All day durin.it the 17th, rcsrne opera 
tions proceeded without measurJble efforts 
at fire control. The ravished .irea was 
beyond salvage. Fir<!!> still burrung in the 
Mon~anto and T erminal Buildings slowed 
rescue workers aml spread gradually 
among the rubble of twisted steel and 
flamrnablt contents T he tanks wut 11.im. 
ing torches and the crude oil fires burned 
with a black smoke which could be ob­
served for miles around. A spectacular 
"boil over" occurred on the 19th, which 
is shown in the illustrations. Lack of 
water supplies in the H umble Company 

/.>4,1 f,.._,.,, f,,, /J,-pc. l.•pt Cunl,n 

Jr,-a prnentc<l any attempt at fire control 
until the morning of the 20th, when a 
tank of bunker oil which burned slm, ly 
was c:xtini,;uishc:d ,, 1th foam. Water was 
drafted from the South Slip for tlm pur. 
rose and foam powder brought from other 
rt:fineric., w.1s used, a., H umble's fo,1m sup. 
plies had been ruined by ht:at. 

Additional Rescue Work. 
Ckanmg up the dchns-strcwn are.i had 

to precedt: much of tht r<:scue operations. 
Mayor Trahan of Tcx.i, Cit}' on the morn. 
mg of April 17 appointed a special com. 
m1ttee rcpresc.:nting uch of the industries 
.tfTcctcd to supen isc relief and rc.:scuc opcr. 
ations under tht· d1rt"tt1on of the dud en. 
.itmcer for the Pan Amt:rican Refining 
Corporation Governor Beauford Jester 
dc.'Clared a · state of eml'rgcncy" and desig. 
nate<l the State Department of Public 
Safety to coordinate all police and rtscue 
activities. 1 here was some confusion of 

Wredage in foreground wea spheroid, simile, to undemege d one at right. Smoke in beck­
g round from fire on Humble Ferm. 
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authority, but the c::mergency situation was 
\O urg<:nt th.it individual puticipants nor. 
mally JiJ the n<.:cessary without unJuc con. 
cern as to authorization Army and cl\il. 
ian bulldozers, cranes, <lump trucks and 
similar heavy duty eciu1pm<:nl worked effi. 
ciently and speedily 10 remove wreckage 
so that buried bodies might be retrieved 
and the single access roJd clc:.1rcd for use. 
Assistant C h1cf Dowdy was placed 1n 
tharge of th<.: remaining local volunteer 
firemen, who speedily m:c1vcd replace. 
mcnt apparatus from the War Assets Ad. 
ministrJt1on. Efft'ttl\·e fire fighting in the 
Termin.tl area was not st.utcd, however, 
until the afternoon of the 18th, when 
Houston and Pasadena sent apparatus and 
manpower to the scene. Water was draft. 
cd from the slips, as the underi::round sys­
tem still could not be used. The Coast 
Guard cutter Jr1.r was used to pour watt:r 
from the bay on th<. smoldering piers Ju r­
ing the 18th. lsolatcd fires were still burn­
mg 1n the Mons.into property Jurin,!,: the 
18th also, ,l burning benzol t,rnk provid­
ing the wcatcst volumc of smoke. No fire 
fighting was attempted in this area and the 
flames only subs1dcd as their fuel wa.s 
consumeJ. 

By tht morning of the 19th, de-an-up 
work had progresseJ admirably and fire 
fighting was sy~tcmat1c in the Terminal 
aru. Mo\l of the bodies that were to bt: 
locateJ had been removed to mortuaries. 
The buildings 1n the City had been in­
specteJ anJ those unsafe were placarded. 

Ill. Conclusions. 
In a disaster of this natun .rnd magni­

tuJe, evaluation of the pnnc1p.tl contrib­
uting factors prc:senh difficulties, but the 
following recommendations arc offered for 
those who, in studying Texas City, desir<. 
lo prevent similar disasters in their own 
communities: 

( l) The ··1mp1Mihlt · h:tppencd nAain at 
Texas Ci1y. l.arge tires and explusium rnnunu­
ally emplw,,ze tht nct·d for prep.m:dncss and 
throw 1hc ,11gm.1 uf fully 1n10 the fact~ of 

LrlS -"'"'''"· ffr, n,.p,. Capt. Conlin. 
One of the Humble Oil tanks burning two 

days after the explosion of the Iii~!, /ilyer. 
Ignition attributed lo hot missiles. 

1hose who rcpc,11ctlly ,ay " It c.10·1 happen 

here." 
( 2) Prompt dc1cciion nnd reporung of fires 

remn,n the chief kc,ys to control. ( Delay rn 
1ran\mi1uni:- the alMm of fire on the Gr,11ul­
r.1111p, a11cmp1s 11> 6.11:ht the lire without callin1t 
,he fire dcp,mmcnt. aml pour Judgmc:m in prQ­
hih111ni:: the use uf hnsc ,trcam, set the srnge for 

1he tr.tgcdy.) 
( 3} Chcmu:,tl produces must he continually 

anJl)'zed tO dc1crminc their firc and explosion 
haz,uds. Fire dcp:irtmcms must ~eJrch out 
cl'lcmical hnJrds "11hin 1hcir prnll'Ction wnl-S. 
(Thc expln~1vt• \"Wlcnct· of ammonmm nitrate 
explosions w ,1, a mancr of record. hut cvt:n the 
experts errcJ somewhat in e"alu.11ing ii$ ha2-
.1rds under fire conditions.) 

( •1) !)pl-cial prot,-ction faolitic, rcquirc:d by 
the inhcrc:nt narurc of certain indu,trial enter• 
prises must be provided to safeguard life and 
propert}' which mi,11:ht be exposed. (The lack of 
rc-adili• availahl,· marine towing equipment, the 
lack of ,l por1 w.udcn w J:mcrn h,indling of 
hazardous mate1"1als wcrt· serious deficiencies at 
Texas City.) 

( ~} More m1ct rndusmal zoning is ob­
viously required, especially where an explos1(>n 
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l.o ln,,./f't fur /)r111. < upt. l unl1n 

Generel view of domoga in Monsanto pion!. One of the 190 H. distillation towers at right 
foreground. olkylotion lowers at roar, propane lonh in left center, and wreckage of low-pres­
•ura hydrocabon tonk! in center foreground. 

porcnttal exists. (The 5000 cmplo>·ees of the 
concentrated industrial art·a surrounding the 
pcm f.toliut-, ,H Tcxas City were innocent vic­
cims in the d1sam:r.) 

( 6) Dependence on csrnbli,hcd lirc pro1cc.­
uon f.1Cil111t~ in explu,ion hazardous area, i~ 
danKerous. ( \Xirh 1hc Termin.11 and MonsJntO 
fire rrmccuon srs1cms knoc.ked out b)· the first 
blast tlft-crivc lirc lightin,i.t was dcl.iyed (even 
after rt'5cue operation, h.1d been csst·mially com­
plc1ed) hecause there wa, 110 or,1:Jnized plan tu 
draft '-,Her from the b,1y and to uttlm: pumper 
equ1rmcm .ivai table.) 

(7) Open ,1re,1s hcrwccn structures "ill 
m1ng,1tc txplo,wn d.1m,1gc and arc 1hc only lo,i:­
ic.11 method n1hn than subtcrr.1ncan construc­
ttun. (The lessons at Tcx.1s Cuy were similar 
w 1hnst nf \X'orld \X'ar II in rlu, rt~i,cu. Rcan­
forc.cd umcrcte buildin,1:s wuhin 200 feet of the 
cxi,tu,ions f.uled, while thow 700 fret away 
w t:rt· only dama,1:etl and did not colJ,1psc. Con­
cu,sion forces wcr,· less ,nerc on rountk·,I ,ur­
fdcc, unJ unentumhcrcd structural ,tcd ) 

( 8) Opcrauon.11 pramcc, in indumi,tl ,,.,. 
rnp.11100, est.1hli,hnl for convenience nr urili1y 
hue c11untcrpnised Ill ,.1ft:t)' must he rc-cx.1m-
1nc·d. (D1,,1bling the JJ,xh FIJ,r <luriniz lo.1d­
in1t of ha,ardou, d1cmical was a ,erinus Jet 

k1d1ng to the wcund fot.11 tire ,ind expln,111n.) 
(9) Prup<:r m1r,1ize tif petroleum products 

rem,nns of urmmt ,mpunancc ( At Tcx.1, C11y 
the i11,t.1ll,1twns we:rc reasonably well planncJ 
anJ only about 22 pt·r cent of the petrokum 
stnred wuhin .1 1112 mile rad,u, was losr hy 
fire,) 

( 10) Pnrr upcr.111011.il pnxeJurcs JnJ duck-
1n,i: facil111es require renewed lire s.tft:t)' an.ti}·· 
,i,. lktter surer\'ision, incr<:,1wd rrotcuinn 
fJcil111cs, .tnd impru\'ed tire protntinn un sh1p­
hoartl are needed. (Tcxa~ Cny s di-.1s1er fol­
lowed twu ,hir ftn.:s .,nd tht: l.n, An.i;elt" cxpln­
""" nf June 22, 1917, i, .trt indic.1tinn that tlw 
end i, nm ycr.) 

( 11) Mo,t import.tot, preplanning ai;:.1inst 
dis.l\tcr cunfu,iun 111c11rp11ra110,1: rcg1u11,tl lire 
ddcn,e or1,:a11i1auun 1s uhligawrr. (The lack ol 
,ud1 pl,tnnin.~ ".1, ~ severe h.rndic,1r at Tcx.1, 
Cit)', ovcrcumc· uni)' hr inJiviJu.11 1m11.11ivc ,md 
pcrsun,11 heroism uf those on rhi: ,ci:ne ) 

IV. Losses. 
On June 22, 19 17, 67 Jays followin1,: 

lhL disaster, 1 txas ( ity committed its 63 
unknown <lt.HI to 'God's grauous merq 
and protection." These d1arrtd and brok­
en bo<lics brou,.:ht to 168 the known \ ic. 
l11ns of the blJst~. 0\'Cr l 00 other~ arc 
still missing The Red Cross reported 
3000 injured. of whom more than 800 
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were hospitalizd and 380 were still con. 
fineJ on June I, 19-17. Two thous.1nJ 
people were givc:n sheller following th<: 
<l.unag<:s to homes in the nty .1nJ I 5,000 
pcoplt: were fed during the cmer_gc.nq 

period of several Jays. 
Doll.1r losses .ire still inJdinite .1n<l in. 

sur,mce da1ms not fully ,1JjusteJ. B.1.~c:J 
on 1nform.1t1on av.1dable to the N.F.P A 
the follow1ni,: C\timates ar<: ~" en belo,, · 

Proflul) DJm.1.,,• 
Mum.111111 <.h1.·m1c.il C11111r;1n)· . . • • • . . • . • . . . • . . . • • • • . . • 
TcX,l\ Citr Tcrmtn;ll R.111\\,lf Co. • ........•...•. 
Dwdl1011, anJ cont1.·m,. ·1 cx,1, Cuy • . • . ..•. , 
l\krc.11111lc, c11y, .ind school rrorert) Tcx.1, Cay •••••.••.•• , •, 
l\larint hulls • • • . . . • . • . . . . • . • . •• , . •,, 
Humble P,rc I.inc Co111r,1ny . . . . . • • •••... • • • • • 
Rl·rublu: Rcfimn~ Comr.111)· • . .••.• , • • • • • 
1.uJlo\\ l\l.1nufac1unn11 .rnJ S,1lc, C11. • . . .••....••• , • • • 
Aut11m11bdc ( 1100 ,.ir,) ,and .1mr.11l (2) 
Sl1r, .ind turn,n11 b.1,111..... . • . • • • • • . . • .•••.•.•• , • 
R;1droaJ rollin11 ,uKk • • • • • • · 
Sourhporr-Republ,c l crmin.1I Co. . ....••••. , , , • • • 
Sid R1durJ,un Rdi11111.iz Cu. . ..•••••.......• . .• · · , , • 
P.111-A1m·m.1n Rt:li11111.I( Cu (Oil D01.b) ..•..•.. 
Gr.1111 111 dn.1wr ••.•• . .•..••• • • · · • • · • • • 

$11 ~50,000 
11.-l)O.OOO 

, _ ~00.000 
2.000.000 
l.~Oll,000 
1,200.000 
1.000.000 

900.000 
7~0.000 
600,000 
~()(),(1()(1 

300.00() 
300.000 
;,00,000 
300.000 
150.000 
200.000 

C.1rh1dl· ,1nJ C.1rhnn C:hcmiul Co. (Tcr111in,1I 1.1nb) • • ••..• , , • · · 
Sc,ur.110 I.inc, ( LnaJ11111 a.uw) . . . • . . . . . • . . . • • • · • · · · · 

Suh-tnrJI .. ••...•••••......•..••••••...•• • •..•. • • • • • . • ..•.. $3R.8CI0,000 

Bu ,111, 11 lnlt rmp1io11. o,,/;,ir /l, mm.,/ .,ml I 11riJ, 111.1/ Exper,Jiture, . ••• $10.000.000 
Suh-1or.1I . • • . • • . • • • . . • . • • . • . • • • • • • • • . ....••.•....• , • • . Sl0.000.000 

u/,. AaiJu11. lt"o,km,11·, Cnmp,·11,.111,m /1tr11r.lllr<' L,1.11 l i,1i111,11,·, 
Mon•;nmo Company 1.:mrl111•cc, ( Lift .and \Vorkmcn's Comp<.:m,rnon 

I nsuranct." cslimJ1c) . . . . . • . • • · · · · · · ~.tlOO.OOO 
Otha life.- insur,rn,c c,um.uc.l • • • • • . . • . • • • . • • . • . . • • . • . . . . 2,000,000 
Othc.-r \\. orkm1.:n·, Compc11,J11m1 ln,urJn<<: t-,rimJrt.l . . . • • • . .. , • • 1,000.000 
Tcx.1s Ctty Volunc<:t:r F,rc Dt·p.1mnt:111 .1c"Jcn1 in,ur,1ncl· c,um,uc... :-~.ooo 
Olhl·r .1C{ldcn1 1n,urJ0(t t·,11111Jtc •.•... . • , •.• , ..• , , .•.. •, •. • • • I n.ooo 

Sub-total • • • • . • . . • • • • • . • • . . • • . • • . . • • . . • • • . . . . . • • . . • • . • • • . • . 8.200.00U 

Total .. . ................................... . $67,000,000 

. . 
:,,;,,..~~~ 

"- . 
~ -- JO,"i--.,.!'!,.c "~.-'- • ':I": ..,,. 
~ ~ ......_ ~------. --~"'"--
l.u~ .lncdr, EUc IJr111. C filfPI. lunJ,n. 

The 1tael barge which was carried 100 feet inshore by the displaced water in the slip 
where the Grtmdramfl exploded. 



l ·, .5. i rm1 Air F,11cn. 

View of Texas City Railroad Terminal property from an altitude of 5000 ft .. taken two weeks after the disaster. (See other similar photos of oil tenk 
ferm areas and the Monsanto Plant.) 
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V. Details. compress building, built in I 91 5, which 
was a one.story, sprinklered frame struc-

A. Texas City Terminal Railway Co. ture. 2:?.6I0 sq. ft. in .irea anJ rontaining 
The Texas City Terminal Railway (om. a small boiler plant: ( 2) the reinforced 

pany is jointly owned by the Santa Fe, concrt•te J.!rain elevator. L 7 L ft. hiJ.!h and 
Missouri-Kansas.Texas, anJ the Missouri the twelve adjoinillj.! reinforct:J concrete 
Pacific Linc.:s, and the Terminal is served tanks 98 ft. hiJ!h and 2-1 ft. in diameter, 
by th<:se railro.1ds. The property was oper. crecttd in 191 o: ( 3) the one.story shop, 
ated as a rail terminal and ro-~scssed ware. generator and pump house of mixed con. 
house anJ J ock facilities. Pier anJ tcr. struction crerteJ Jurinj! L 904-10: (·I) the 
minal warehouses data, J!i\'cn below, show steel J.!Win rorweyor, I H ft. wide and 790 

that t~tal Aoor area was 1,067.-12-t sy. ft. ft. lont.:. cxtendinJ! from the }!rain elevator 
(abou 2-1 ~l acres) under cover. to the· roof (anJ .j(,() ft. alon}! the roof) 

0th ;r buildinJ!S included: ( I ) the idle of Warehouse· ll. supporteJ b}' stc:cl frame. 

Texas City Terminal Railway Warehouses. 

Ware- Date 
house Construction Features Erected Dimensions Total Floor ArH 

0 ~ced frame, sheet iron walls anc.l roof. 
Two fire Ji vision walls. One story. Not 
sprinklered. 19 1•1 155ft. hy 1180 fr. 136,,Jo0 sq. fc. 

A Rt·inforced concrete. Two /ire division 
walls. One: story. Autom,uic sprinklers. 1912 155 ft. by 880 f1. 136.400 sq. ft. 

B Reinforced concrete. Three fire division 
walls. Two srnrics. Auwmatic sprin-
klers. t 929 1 w ft. hy 1160 f1. 278,400 sq. ft. 

C Steel frame, brick anJ mt·ral walls, con­
ncte tile on seed truss ronf. Two /ire 
walls. One story. Automaric ,prinklers. 1910 JOO ft. by 750 ft. 75,000 sq. ft. 

D Same as Whs,:. C l'.XCcpc noc sprin- f 
~lerc<l. 1911 100 fc. hy no ft. 75.000 sq. t. 

E 

No. l 

No. 2 

No. 3 

No.,1 

No. 5 

No. 6 

Same as \lG'hse. C c:xcept nor sprin- f 
klercJ. Llncerrnin 120 ft. by 520 ft. 62.-too sq. 1. 

Not<, - The ahuvc warehous.,s, loc;11ed on the wacerfroni. s!'"'J 1>n filled e~1.1h. 
\lG'harf ,1prons were 16 ft. to 7 2 ft. wide. uncovt·rcd, wond flooring on wood pr

1
1i_n,-: 

over "'all:r, c:xcept fur p:1r1i:tll}· co,·c:red ~~ron alt111,i: north side of Whse. B, w 11ch 
h,1J concrete llollr on wood ,llirJcrs and r1 lrngs. 

Frame siJcwalb with hri<"k end walls. 
wooJ joist roof. ; lire walls of 16 in. 
hrkk. One story. Autom.uic sprinklers. 

Seed fram,: and m,:1:tl wall.< with tile 
on stt·d frame: r,>of. On" storr. Not 
sprinklt-rcd. 

S.une as No. 2. 

Same as No. 2. 

S:.tmc ,1s No. 2. 

Wood frame ( except ,mt• stonc· , ·en<-<·r-
eJ end wall) with mt·t:tl w,111s ~n~ 
roof. One story. One suhs1anc.lard <l1v1-
sion wall. Automatic sprinklers. 

190-t 

190·1 

190-1 

190·1 

190-1 

1904 

~6 ft. by 102-1 fc. 77,82'1 sq. ft. 

IOO ft. by 250 ft. 25.000 sq. ft. 

100 ft. by 250 ft. 25.000 sq. ft. 

JOO ft. by 250 f1. 25,000 sq. f1. 

100 f1. by 250 f1. 25.000 sq. ft. 

90 f1. by 1400 ft. 126.000 sq. ft. 

Total I .067.424 sq. fc. 



L . s. Ar1111: ·"'" f (Jtt•·1. 

Vertical photograph of the Monsanto plant and adjoining Terminal properly two weeks after the e.plosion. This picture and other U. S. Army Air 
Forces photographs were taken to study the concussion damage effects and to compare them with bomb damage inflicted in Europe and Japan during 
World Wu 11. 
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work (eredeJ 19'9) . .1nJ ('>) ,l locomo­
L1ve sheJ of stet! fr.1mc.., met.11-cl.iJ con­
struction. 

The otl piers were wooJ anJ extenJeJ 
1032 ft. into 1111: bay on wooJ pilm,g. 
Sm.11ler slructu res incluJtJ .1 remforceJ 
concrete gr,un Jryer houst (16 ft. by 26 
ft.). ,1 f rnme stucco Jock supenntenJent's 
ollitc ( 2 '> ft. by 80 ft.). ,mother small 
olhce of fr.1me construction near the el<:­
vator, two fr,une, metal-cl,iJ ,11110 sheJs 
anJ m1sccll.rneous sm.111 bu1IJ1ni:s. · 

Water supplies for fire prott:tt1on con­
s1stt<l of one t 00,000-gal. clcvateJ ( l 00 
ft.} _gravity tank which supplteJ tllL auto­
mat1t sprinkltr systems .u,d the pri, .itc 
hyJrants ( except that 8 hyJrants near 
\\'Jrthouses Nos. 2, 3, I, '> were fcJ from 
a second I 00,000-gal. tank used princt­
pally for domestic purposes). The m,iin 
fire: service tank was supplied by .i. 600-
~pm clectnc motor-<lri,·cn scr\'ice pump 
takmg suction from a 300,000-~al. con­
crete reservoir, "hich WJS filled from two 
private wells having 230 .tnd 2-10 _gpm 

r 

I,, fhirln ,.,,,,. /Jq•t. l.1Ip1. ( ,,,./,n 

View of reinforced concrete column fa ilure 
in Ware house "B." 

tap.1c1t} t:lcctrt<' pumps. ScconJary sup­
pl tcs were from two t 000-gpm t k-ct rte fir<: 
pumps also t.1king suction from the n:st:r­
vo,r. A good system of 6 and 8.in. marns 
suppl icd sprinkler S)'Stems anJ pri, .1te h}'­
drants. There was no connc:ct1on to public 
w.1ter sources ur 111.1ins. A total of 88'\0 

Hl'I 
Show, parl of fire resistive W arehouse B, 

which remained uprig ht . 

sprinkler lm1ds wtr~ installed tn the pro­
tccteJ buddings and pressure from prim,1-
ry supply was 12 lbs. on top line. 

B. Monsanto Chemical Co. 
TlllS plant w,c, butlt by the Defense 

Pl.int Corpornt1on 111 19a to .iugmc:nt the 
supply of st}rene 111 the ,,artimc synthetic 
rubbtr program, at a cost of approxim.itel} 
St 8.000,000. It w.i.s purchased by the 
Monsanto Chemic.ii Co in 1916 anJ was 
in operation .it the t1m<. of the disaster. 
producin!,? ~tyren1.: .ind pol}'styrene pl.1stic 

proJucts. 
Well 1.iid out on .i. rectan,gular water. 

front tratl approximately 1300 ft. by 1 no 
ft. ( 13 1 1 .icres) . the propt.:rty was for­
rntrly occupicJ by a sug.ir rctint:ry anJ 
some of the olJt:r utility and otlice struc. 
tun:s wt:rt: on.i,:tnall) p.irt of this enter. 
prise. Thc -:onstruction wa, d1idly struc­
turnl stt:el ,111d 111,1'Cll1f} for maior builJ. 
1111,:s ,10J opt:n ,tcd framework for process. 
111~ units. Spactng of structures was aJe. 
yuate for sJfet). and lire protection me,ts­
urcs h.i.J been thoughtfully planned .ind 
executed The sC\ert:: Jam,1ge done to the 
installation c.111not be a,mhcd to ,tny foil-
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ure to provide adequate resistance or pro. 
tection from explosion or fire, an<l, as a 
matter of ju<l_gmc:nt, it was obvious that 
even greater damages might have r<:sulte<l 

had not construction an<l layout been su. 
perior. The fire protection provi<leJ was, 
nevcrthele:ss, rendered ineffective by the 
initial explosion . 

Main Unit Groupings of Monsanto Structures. 

Name 
I. Pulystyrcnt Building 

Adjuining Warehouses 

2. Stc:am Plant and Power 
House 

,. Office Building 

St·rvicc: Building 

Laborawry 

4 . \X1arehoust· 

I nstrumcnt Shop 

5. Ethylc:nc Purilicat1on 
l ' nits 

6. Alkylation l init 

8. Cracking Unit 

9. Dchydrogt·nation Unit 

to. Pump H ouse 

Damage• 
T 11tal C- F 

TntalC- F 

Total C-F 

Major C 

Major C 

Total C- F 

Total C-F 

TotalC- F 

Major ((I Light 
C-M- F 

M;qor exc<:pt w 
tanks 

C- M- F 

Towers: L'nit I, 
Major: Unit 2, 
Considerable; 
Unit 3. Slight. 
Towers withstood 
C. damaged by 
Mand F. Control 
houses heavily 
damaged by C. 

C and M 
Moderate 

C and M 
Light 

C-H eavy to 
building, light to 

contents 

Description 
A fi\'C:-story masonry :ind stet-I .structure 
(form<:rly the sugar house of the old sugar 
refiner)') used in plastic prod union and for 
srnrage. 

Warehouses adjoining wc:rt: one and two­
.story mas,mr}' and Steel strunures, the one 
sror)' ~enion extt:nding along th<: wa1crfront. 
The latti:r building was only 300 ft. from 
the G·,,111dc,1111p. 

One srnry masonry and stcd lrni !ding ad­
joinin,; l'ol>·s1yrcne Building on the east, 
rnncrcte swck. Bui lding 500 fret from 
Gr.mdc,1111p. 

Thrcc-s[ory masonrr .ind steel with concrete 
roof and floors . 
Two-srory masonry and stet:! with third 
story in prun·ss of cons1runion. 
One story, hrick, wood joist. 

One story masonry and sted directly behind 
Polystyrt·nc Building. 
One story, hrick. wood joist also 1->ehind 
Polyscyrcnc Building. 

Two 60 ft. fractionatini:: cowers supported 
hy s1ecl framework, two heater buildings 
with st<:d framework and refracwry h<:att:rs. 
six compn:ssor units in a steel frame. asphalt 
prorecrc<l. mcral building, an<l a masonry 
and stcd control house. 

40 ft. unit supported hy hi:avy structural 
steel framework with converter equipment 
reactors, and control house. Four 500-barrel 
swragc tanks, one 250-barrd swragc cank. 

Two sep,irati: wwer groups 190 ft. in height, 
each havin~ two vacuum fracrionating col­
umns 16~ ft. high, JO ft. in diameter w ith 
six smaller wwers, al l emhraced in steel 
framework. F.ach group has irs own auxiliary 
equipment, control room, and horizontal 
tanks adj.Kent rn the base: of the: wwer. Pip­
ing considerable. Auxiliary equipment in­
cludes t:xchangers, pumps, an<l condensers. 

Twenty low pressure. high temperarure 
cracking units in structural steel framework, 
with control room of masonry cunstruc1ion. 

A series of catalytic cracking furnaces and 
chamhcrs and steam superhcatcrs in steel 
framework with masonry enclosed comrol 
and instrument room. 

Brick-steel joist building housing nine sea 
warer pumps for domestic use. Fire pump 
( 1000 GPM steam unit) located in separate 
subterranE:an structure on harbor bank. 
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II. Tankagct l:lcnzol 

Other Lar>:e Aunnsplwri.: 
Pressure Tanb 

Propane Prt-ssurc Tanks 

Total C- P 

T vtal C-F 

Light C 

Three 10,000-harrel tanks nf henzol on ease 
.ind nnrth sides of art·a destroyed. 
A t,l!al of l•I siruated chrouAhouc the pl,1nc 
dtcstroycd. Contained lnw prt·ssure hydro­
.:arhons. 

Smull Atmospheric \'Mied Hc.1vv t,> 

Eight t,1nks (510 harrcls cap:icity each) on 
concrete pillars. wntaininA propane:, with­
scnnJ hl:tsts and exposure tires. 
Approximately 25 tanks. hnriznnt.11 ;1nd ver­
cical types. located adjact·111 to pr0<:essin~ 
unics. Heavicsc damage tel . j vertical tanb 
nt·ar Distil lation L"nics. 

Pressure Tanks 

12. Fire Ot·p,mm<:m and 
Foam Hous<: 

LiAht C- M.:.F 

TotalC Turnlly Jescroyc:d: hu ildinp of l ight con­
srructic,.ln. 

*C- Cnncmsion D.1magc,: F- Firc D.1maAcs: M-.Missile D,unages. 
tSe<: also P.trt C. this scnion. nn mainr canka_gc. 

C. Oil Tank Farms and Refineries. 
The nearest refinery processing and ser. 

vice equipmc:nt within a mile and a half 
radius from th<: T exas City Terminal are,1 
was fortunately two.thirds of a mile dis. 
tant. By virtue of this fact alone, the dam. 
age to the actual processing units of the 
Republic,Slone, and Richar<lson·s Refinin,g 
Companies was lirnitc<l. Concussion darn. 
ages in the Republic process area was the 
most severe of the three, but was not sufti. 
cient to halt operations. A missile from 
the High fly1:r. wcighinJ; over a ton, vir­
tually slicc<l the.: 2-story, brick, wood.joist. 

ed otticc building in · half. fortunately. 
vital and hazardous areas were not struck. 
T he refinery area proper of the Stone Oil 
Company suffered serious damage only at 
one of the.: shell stills which was struck by 
a missile from the G'ra11Jra111p explosion, 
causing ignition of release<l vapors. This 
fire was extinguishe<l before serious com. 
plications ensue<l. Th<: Richardson refin­
ery facilities sustaine<l only superficial 
damage from the shock waves and missiles. 

A summary of the petroleum tankage in 
the area and the damage sustained by fi re 
is given below. 

Approximations of Stods in Tanks ( 10,000-barrel or Lerger Capacity) and Their Fire Damages 
in the Farm and Refinery Areas W ithin 1'/i-mile Radius of Teminal.• 

( Qua111ities expressed in -12-gal. barrels) 
Ignited Direct from 

Explosion Miuiles 

Type Hydrocarbon 
Natural Gasoline ( 1-t lb. and 

lighter) .. .... .. .... ... . 
Gasoline and Naphthas .. ... . 
Crude Oil ............ .. .. . 
Kcwsene and Gas Oil .. .... . 
Topped Crude and Miscella• 

ncous Other . . ..... . .. .. . 
Residual Fuel Oil . .. ... ... . 
Benwl, Other Aromatics ... . . 

Total ...... .. . . .... . 

Stock of Oil 
in Tanks on 
April 16th 

12,500 
293.000 
995,000 
·131.250 

68,950 
2.\,000 
29,600 

1.853,300 

N o. of 
Tanks 

4 
2•i 

25 
26 

l ·1 
.j 

5 

102 

Stock No. 
Qty. Tanh 

None None 
:U00 2 

232,900 6 
None None 

None None 
Nnne None 

29,600 5 

265.900 13 

Ign ited from Expos­
ure Tank Fires 
Stock No. 
Qty. Tanks 

None None 
None None 

159,900 -I 
5.600 

None None 
None None 

1-15,500 5 

*Figures secur1:d from report by G eorge Armistead. Jr. Smaller tanks (less than 10.000 bar­
rels) not included. 
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Several observations arc m order con. 
cerning the statistics given above. 

I. The total capacity of the I 20 major 
tanks was 6,32 I, 500 barreb, but I 02 of 
these were only 29 per cent full (1,8'.53,-
300 barrels) on the day of the txplosion. 

2. On the basis of stock susceptible to 
fire loss in these tanks (1,853,300 bar. 
refs), only 22 per cent burned (411,100 
barrels). 

3. On the basis of total major tanks 
subject ( 120), only 15 per cent ( 18) 
were ignited by either dircc:L blast damage 
or exposure. 

4. Of the 18 maior tanks which ignit. 
cd, 8 were directly ignited following the 
G1·a11dra111p explosion, 6 following the 
High Flyer blast, and .f additional due to 
exposure conditions after the second blast. 

5. The high loss of crude oil was prin. 
cipally caused by the burning of the 8 
tanks in the Humble area where tankage 
was over 50 per cent full, and 80 per cent 
of this fuel was burned. 

6. The losses of low.flash point fuels 
were low ( except for benzol ) , p rincipally 
because of distance factors. Benzol losses 
were high because of their close proximity 

NFPA. 

Thi, photo w,11 taken wlthin seeond, of • 
boilover in a erude oil tank in the Humble 
Tank Farm. Thi, ignited • lank of bunker oil 
praviously not involved. 

\JP◄ . 

Fire-resistive grain elevator on the Terminal 
property ( damaged more than photo illus­
trate,) and eollapsed eonveyor. 

to the blasts and it is reasonable that any 
other flammable liquid in those tanks 
would have been ignited. There is little 
relation, therefore, between relative flam. 
mability and losses; it is obvious instead, 
that location and the missile trajectories 
influenced losses. 

Other ,nteresung factors concerning the 
oil tank fires can be briefly mentioned: 

1. The damage of the oil facilities was 
of three types: 

( .i) Concussion: tank roofs of wood or 
sheet steel were pushed down ( rafters and 
other supports failing through overload) 
and shdls of empty tanks were dented, but 
forces applied horizontally were not suffi. 
cient to cause collapse. 

(b) Missiles: hot and cold missiles, 
weighing from a few ounces to nearly 100 
tons, fell in farm areas. In nearby areas, 
tra1ectories were flat, incr,,asing toward 
the vertical as range incr,-ased. At 2 .½ 
miles the missiles fell almost vertically. 
Tank roofs, thin.walled pipes, upper shell 
courses of large tanks were perforated. 
Few missiles striking tanks on a horizon. 
tal plane had sufficient force to pierce tank 
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I 1 

,,, 

Nf'l'A. 

Wredago of piping at base of ethylene 
purification fractionation towers in Monsanto 
plant. 

shells. Where explosive mixtures existed, 
explosions resulted, followed by fire. 

(c) Fires: most of the fires arc believed 
to have been caused by heated missiles 
(above ignition temperature of flammable 
li9u1<l vapors) especially in nearby Ter­
minal farm areas (and in the Monsanto 
plant). This is supported by the fact that 
only hot missiles could have ignited 
wooden wharf planking, wood roofing of 
tanks, and pile clusters in the surrounding 
regions. Evidence also supports the theory 
that hot missiles were in greater abun­
dance following lhe J/1gh Flyer blast and 
more fires in n<.'arby farm areas resulted 
from this explosion than from the Grantl­
camp. (It will be remembered that the fire 
is known to have burned for seven hours 
before the High Flyer blast and only one 
hour prior to the Gram/camp explosion. 
This would result in high temperatures 
developing in the former case. Also the 
fire is known to have involved several 
holds on the Flyer rather than No. 4 only 
on the Gra11dcamp.) 

2. Whether tank roofs were blown 
off or collapsed inside following a con­
siderable period of burning was influenced 

by the force of gas explosions which, in 
turn, was influenced by the volume of 
li9uid in the tank at time of ignition. The 
higher percentage of volume of li9uid, the 
less the violence of the gas expansion. 

3. Boilo\'er occurred in one observed 
case in th<. Humble Farm, resulting in the 
spread of fire from a tank of crude oil to 
a lariae tank containing bunker oil which 
otherwise would not have been partially 
lost. (The bunker tank was subsc9uently 
extmgu isheJ.) 

•I. Sc\'eral "empty" tanks were c.xplod­
ed by hot missiles or friction sparks. Frag­
mentation from these detonations was not 
serious, few portions being carried beyond 
dikes. 

:;. Where inadequate vents were pro­
vided. tanks subject to heat from fires were 
distorted from internal pressures. ln the 
Carbide and Carbon Chemical Co. tank 
area this was particularly noticeable. An 
aluminum tank containing 1sopropyl ace­
tate (flash point 40° F.) burned and 
melted to the ground, presumably due to 
the lack of a Rash arrester. Adjacent 
tanks, including three identical aluminum 
tanks, were distorted as well as lifted from 
their foundations. 

NFP,I. 

Feiluro of brick wall in Monsanto Pump 
HouH. 
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D. City of Texas City. 
The closcst Jwdlmg proputies were 

approximat<.:ly a half mil<: from the core 
of the explosion. Such segregation was in­
Jeed fortunate for, while the Jamages sus­
tained were scriow,, the J1stanc<: factor 
mu.st be looked upon l1!> a m1t1gating de. 
m1.:nl. Other c1t1es are not so fortunatdy 
zoneJ. 

Frame bung,tlow type.single .ind double 
family structures were Sl\ crdy battered, 
many totally collapsing, in an arc.--a rou_ghly 
.¼ mile from the Terminal docks. This 
hc-ancst Jamage included approximately 
I 2 blocks, wh1Ch contained perhaps I '.iO 
homes. Beyond this arc.-a ant.I within a 
radius of a m1k, damage to dwellings was 
ch1eAy to roofs, windows, and porches, 
although many were so strutk by the con­
cussion waves that they were rendcreJ un­
safe for occupancy. Walls shifting off 
their foundations ,ind thrown out of align­
mc:nt were: chiefly responsible. l:kyond 
the mile raJius and up to ,tpprox11nately 
l ¼ miles, window glass damage was 
extensive and some missiles pierced roofs. 

Concussion damage in the closer build. 
mg was too complete to determine ho,, 
the forces were applied, but in those some 
distance away evidence .showeJ downward 
pressure zones formed a dec1deJ pattern, 

I ,, ,.,.,,.,,.1 ,·,,,. IJrs1t. Cupt. Cunli11. 

while even farther from the source.: of th<: 
blast, the n<.:gat1,·e pressure effett (uplift. 
ing of roofs) was r<:aJdy J1scernible 

The school budding was locatcJ about 
a m1k from the Terminal Damage to th1, 
2-story structure was of 1nter<:st .• 1s t:\'Lr}' 

partition inside was Jestroyed, wlule the 
britk exterior walls wcrt: not d,tma_gcJ. 
The school was in session and while man}' 
chi!Jren were iniureJ, none were killeJ. 
and tc.1clKr~ e, arnateJ the chdJren from 
the budding anJ till area promptly. 

In the mercantile district many budJ . 
ings of brick wood-101st, brick veneer, and 
stucco construction were heavily Jamaged, 
the hi.s.:her buddin~s anJ those of largest 
arc-.i sulft:nng the weatest loss. T wo 1hc. 
atres sufTerec.l roof collapse, while several 
2-story mc:rcantdes hac.l simi!.tr damage. 
Plate glass loss ,us cxtn..mely heavy 
throughout the business district. 

In a survey of all dwdling anJ business 
buildm_gs, 539 were conJemneJ as unsafe 
out of a total of I 500 inspectcJ. 

E. Miscellaneous Properties Involved. 
I. The Vessel,. 

The S. S. Grc111d,-.u11p (French LinL) 
totally J1sintegratcJ from the explosion. 
The ship was built in 19-12 and was for. 
merly the S. S. BWJillllm N. C111IJJ. A 
Liberty type, the vessel was l22 ft. long. 

Damage to dwellings in the residential area of T e~a, City over a mile from the nplosions. 



had a gross tonna,c1: of -, I"'(,, .111d h.1d ~ 
rnrgo hatch<:s. Car.co on hoard the vess(·I 
inrlu~kd 2.'i.W.69 tons oi ammonium ni­
trate, 380 bales of cotton. I 6 rns<:s of am­
munition and unknown yu,111tili1:s of 
bindn twine. tobacco, shelkd pc.1nuts. 
machin<:ry and drill stem. 

Th<: S. S. High Flyer (1.yk<:s Bros. 
Steamship Co .. Inc.) a lso total!\· disintc­
grat<:d from the <:xplosion ab~ard that 
vcssd . The ship w,1s built in 19-i-l and 
was a C2 type. with a kngth of _.UR ft. 
and a ,i.:ross tonna.ce of 62 l -f. Th<:re were 
five:: cargo hatches and, at the time of the 
t·xplo.~ion, contained 96 l tons of am. 
monium nitrate, 87 1 tons of knocked 
down box cars and :WOO tons of sulphur. 

The S. S. Ir' il.ro,1 8. J.: <'<'Ill:' ( Lykes Bros. 
St<:-.unship Co .. Inc. ) . is considered a total 
loss. although the bow portion remained 
visible. This \'<:ssd was a Liberty ship of 
the same type as the S. S. Gr.m,h.1111;, and 
had a rnrgo of -l-i 5 tons of Aour when the 
explosion occurred. 

2. The Turning Basi n and Slips. 
Major obstructions in the turning basin 

were r<::1110\'C:d by the Corps nf Engin<:ers 
at an estimated cost of S I 5,000. The larg­
est item removed was a 35-ton portion of 
a ship's hull, undoubtedly from the High 
flyer. Other pieces of bc::nt. twistl·d and 
ragged stcel plate w<:ighing from l .1 tons 
to ; ~ ton w<:re lifted from the bi1Sin at 
points up to 600 feet off the bay end of 
"Pier" B. where the ilvera_cc depth is .'>5 ft. 

Soundin;..:s taken in the main .~lip be­
neath the 1-liJ!.h FIJl!r anchornge reveal ii 

crater (, .~ ft. Jeep. T he pre-explosion 
depth was .'>-1 fcet, with the I.1st pn:\·ious 
drcJging completed in Dcn:mber, I 9.:i6. 
No unc:xplo<lcd ammonium nitrnl<: could 
he found in this slip following several 
days of ex1,loration by .1 Ji\'er. Soundings 
taken in the North Slip when the Gr.1J1.!. 
1.1111 p exploded did not re\·eal any sub­
stantial cr,1t<::r; rnther soundings showed a 
dcpth of only 20-25 ft. in ,1 position near 
the stern and 30-33 ft. at the bow end. 

-19 

( Hold No. -1 where ex,,losion Ot"rnm:d 
was aft of midship housc.) The: ditkn.-nre 
is acrnuntable due to the lifting of tlw 
w,lter in this slip and its rcsettlin;..: plus 
the Jc:struction of the cart'h foundation of 
"Pier O." 

3. Oil Shipping Facilitie•. 

Almost all of the waterfront .irea was 
arrangc::J for hulk shipment and retl·ipt oi 
petroleum except on '" Pier 0 ... where th<: 
Gr.111.t.-.1111p \\'as Jocked. Extensive pipe 
lines to tanker loaJinc and unlo,1dinc 
herths fmntnl at "Pier/ C and 0. Woo~! 
piling supportcd the piping at this loca­
tion. Fire caused cxtcnsin: damage in this 
area. but it could not be determined whilt 
pn:cisc st·t1ue1K<: of t\·ents preceded their 
outbreaks. It is known that missile Jam. 
aµe on some pipes released oil, which was 
subse9uently ignited and undoubtedly 
contributed to the extensi,·e damage to 
these facilities. Tht· oil dock e<Juipmcnt at 
the South Slip was almost totally ruined. 

The w<:11.segregatcd oil shipping units 
of the Pan American Relining Corpor.1tion 
bdow the South Slip and facin,I'.! on thc 
channel were comparativcly undilmageJ. 
A few small tires in this arc::a destroyed 
approaches and art belie\·ed to have Mi,c­
inated from burninl-! oil on the w.1ter·s 
surface from spills in the South Slip's 
facilities. 

4. Sealrain Loading Crane. 

Damage to this installation was c.1useJ 
by flying missiles which struck the ~led 
supportin,c legs with such force a,; to 
henJ main rm·mbers. throwing thc- struc­
ture out of alignment. 

5. Mola•ses Termin41. 

Three tanks, located in a group Jircrtly 
opposite .. Pi1:r O" were collapsed by the 
concussion. One of thc:sc had ii rapacity 
about I 0.<)00 barrels. while the other two 
were ~000 barrel size. Small wooden 
huildings were abo collapsl'd. There w,is 
no tire obs<:rved in this are,1. 
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b. Roedway,. 

Only .1 single ,Lccc:ss road scr. iced the 
Tc:rminal area. This road passed dir<:ctly 
in front of "'Piers" and the North and 
Main ... lips. The c:xplosaon of th<. Gr,md. 
c.1111 p l,lused the barJ,:<: Leghom II to be 
GL~t across this ro.idway and littered the 
arc.-.1 with heavr debris which made it un­
usable for traffic. The collapse of the 
wain con\'eyor from the H,gl• Tl)er blast 
similar!, cut the road to traffic and again 
cast lu:,Lvy stec:I ob1ects across tht: singlt.· 
artery. The ctkch of this damagt' hand1. 
c,1pp<. I rt:scuc act1v1t) mc.,asurably. Bay St 
. ind South St. in the town wen.' also badly 
pock .marked and c,1,ed by hca\'y missiles 

7. Railroad Rolling Stod. 

A ,urny sho,,ed that 360 frt:ight cars 
(mostly of the box car typt) wt:re Jc. 

stroyed or hc-avily damaged. Many con­
tained 0our and were ignited by hot mis­
siles which penetrated roofs or cau~ht fire 
from adj.1c<:nt burning structures. 

8. Automobiles and Airc:raft. 

No accurate <0unt of the number of 
autornohilt~ destroyed is available, but 
estimates run to 1100. Most of these be-

/lu,,au 11/ M,nn, 

longed to t:mployet:s working in the am. 
mediate: vicinity and to those curious pt"O­
plc who came to the dock area to witn<.>Ss 
the pr<:-<:xplosaon lirt on the Gr.mtlc.1111p. 
Jn addition, the Texas Crty lire depart. 
ment trucks, cars bclon,-:ang to volunteer 
members .ind a hoi;t of other vehicles an 
the area at tht tame of the 1-/1,f!,I• NJer 
bl.1st were ,uetked. Two aircraft \HT<: de. 
stroyed b)· the concussion waves ,ts they 
llc:w ovt:r the. terminal when the first ship 
exploded. 

F. The Ammonium Nitrate Fertilizer. 
t. Produc:lion . 

The .11nmon1um nitrate fcrtal1Lt:r an­
vohed at 1 exas Caty was produced ,It the 
!Ima Ordnance Plant, Burlington, IO\\l ; 

the Cornhu,kers Ordnanct Plant, Coplant, 
Nebraska, and the: Nt:braska Ordnance 
Plant, W Jhoo, Nebraska These facal1t1cs 
are operated on a contractin~ bam b)' th<: 
Lmergcnq I xport Corporation for the 
Ordnance Department, United St,1tt:s 
Army. 

Bas1c,1II)' the production techniquc:s fol. 
lowed at these facilitit:s, whach arc Jctually 
~rainini pl.mis, are to procc:-ss ammonium 

Showing method of loading ammonium nitrate fertiliier eboard ,hip. Note 100 lb. peper 
beg, and c:onc:enlra ted piling. Broken bag• are visible in originel print in left foreground. 



THE TEXAS CITY DISASTER. 

nitrate liyuor receiveJ in tank cars by : 
(I) lancing (to J issolve the crystallized 

ammonium nitrate); ( 2) tvaporatinJ! - -
maximum temperaturc allowable. 325° F. 
( to change the I iljuor to a molten form) : 
(3) graining (to proviJc proper granula. 
tion) : (•I) waxin[-! (to minimize moisture 
absorption by the granules) : (5) adJing 
day (to assist in providing a free flowin;.: 
proJuct): (6) bagging. The finished prod. 
uct is required to meet the following gov. 
ernment speci tications : 

.Moistun, co ntent . .. . ....... . 0.25% maximum 
EthC"r so luhle material (wax) .. 0.,5%± 0.;~% 
\).i,ucr i11s~1luhle material 

(clay) . . . ... . . . . . . .. .. .. 3.50%±1.00% 
Total nitrogen .. . . . . .... ... 32.50% minimum 

Granulation specifications called for re. 
9uirc I 00 per cent minimum pass through 
a U. S. Standard No. 8 sieve, 55 per cent 
minimum through a No. 35, and 8 per 
cent maximum through a No. 100 sieve. 
The ammonium nitrate liquor used was 
also governed by strict government specifi. 
cations as follows: 

Ammonium nitrate, minimum . . . . .... 70.0% 
Acidity .. . . . .. . . . .. . .... . ..... . . . None 
Alkalinity. maximum .. . . . . . ...... .. 0.05% 
Phenol ..... . . . . . ... . .... . .. • . . .. . Nooe 
Nitrites .. .... . .. .. . . . . . . .... . . .. . None 
Ethn so luble material. maximum . ... .. 0.10% 
Watt•r-insoluble material , maximum .. . 0.30% 
Ferrocyanides, maximum . . . . .. . . .... 0.10% 
Pyridine, maximum . . . . ... .. ... . ... 0.005% 
Thioq·.1nates, maximum .. . . ... . • ... . 0.0 I% 
Sulphates, maximum . . . . .. . . ... . ... . 0.50% 
Chlo ri Jes, maximum . .. .. . .. . .. .... . I. 50% 

The wax used was purchased from a 
single company and had the following 
manufacturers· specifications: 
Hydrometer indication at 160° F. (API) . 43-46 
Flash point (ASTM 092-46) ... . 470° -490° F. 
Fire point (ASTM D92-46) . ... . 540° -560° F. 
Viscosity, S.U. at 210° F. (ASTM 

D88--1·1) ... . .. . . ... . . . . . . .... .... 47-50 
Oil rnmcm (ASTM D721-4·1) . . ..... 11-14% 
Mdting point (ASTM D87-42) . . 139°-145° F. 
Penetration, needle (ASTM D~-25) ... . . 50-70 
Color . .. . . . .. ... ..... . . . ... ....... Brown 

All the plants used a kaolin-type clay 

which containeJ less than I per cent mois. 
ture and was grounJ so that 9- per cent 
woul<l pass a 200.mesh sieve. 

It may be observeJ from this informa. 
tion that the material was of stan<larJ 
,!.!rade and tests of s;1mplcs of all the box. 
car lots shippeJ to Texas City faileJ to 
reveal any decomposition or chemical 
changes in the materi.d. These tests were 
conducted by the Emergency Export Corp. 
and the Bureau of Explosives, Association 
of American Railroads. The processes at 
each plant were examined by chemical 
engineers of the U. S. Bureau of Mines 
and it appeared unlikely that any materials 
other than normal constituents could have 
been incorporated in the product. 

The only observations of possible signif. 
icancc to the fi res and explosions at Texas 
City with regard to the manufacture proc­
esses employed arc: 

J. The paraffin wax was in direct con. 
tact with the ammonium nitrate, a strong 
oxidizing agent. Under conditions of high 
heat ( as by fire), chemical reactions which 
would be self.sustaining would result be. 
tween the two materials. 

2. The paper bagging was a readily 
ignitable material and tests on small sam. 
pies filled with the fertilizer showed that 
it would ignite when subject to a heat of 
300° F. for five or six hours. A steampipe 
would provide this much heat under cer. 
tain conditions. The bagg ing when 110 1 

Jilled with fertilizer <lid not ignite in simi­
lar tests. 

3. The multi-walled paper bags were 
so constructed that the second sheets from 
the outside and inside were impregnated 
with an asphaltic material to provide 
moisture resistance. This material would 
increase the heat of combustion. 

4. The labeling on the bags gave no 
indication that the material was hazardous 
and did not conform strictly to regula. 
tions in that the name '"Fertilizer" pre­
ceded the designation "'Ammonium Ni­
trate," instead of vice versa. 
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Stowage of ammonium nitrate fertilizer 1n 
ship's hold, showing cargo battens. 

'I. Tht: mallrial, ht:111µ in ,L tml· gr,1nu. 
l.ir form. wulJ t:,t\ily <:,tap.:: from th.:: bag. 
. ..:,nµ if tl1L· l.tttc:r \I as d.1111,t!!td. 

2. Handling. 

1 he anunoniurn nitr,llt' kr1di1.tr 11.1, 
,h1ppl·d to Tn:.1, ( itr \i,1 r.1il on ,LtO\trn. 
mcnt bill, of l,1.!m,c dt:,i,c11.11t:d ·" "Futi­
l1Zlr ( 011pou11J (1\l.mut.1durcd tu11l1ztr) 
'\,()IB\, Dr), 111 paptr lia.i.:, (hrttllZ(:r 
p,1dt Ammonium N1tr.1tc) (NOIBl'< 
,tanJ, tor ' not othc:rn I'<: 111Jn:<:d b, 
n,1rnc.") I he. m.11cr1,1l \1,t, ton,1].!nt.:d to 
thc.· • Fn.mh ",uppl) < ouncil f ran\lt D1\1 
,1011" .111J \\,1s ,ton:J 111 W.1rt:!1ou,t 0 
pt'ndin,I! ,hipmu11 .,broad 

Lo,1J111c on the: G, t"d, ""/' \1,1, ,1nom 
pl"hcd hr ,tnc:dorc:s 11 ho apparent!} Jud 
no ,pc:ci.ilizn! knowlc:d,I!<: of the fire and 
lxplosio11 h.11.,ml, of the.- m.1tu1,tl. Crc:w 
ll1(;11ll1t:r, of I hc.· c,.1i1d, ,1111 /' \\ hu ,u rl iH:J 
(,uc.n 0111 of the.· tot.ti ,ompltmc:nt of 11) 

,1111tlarly d"playt'd 1,cnor.111,c. of tl!L hu. 
,1rd, of ,tmmon1u111 111tr,1tc. kr11hzc:r 1\ll 
t!10,t: 11ho tt:,t1hcd .11 tlK 11lht1,il l S 
(oa,t G1urd 1nt1uiry .dso ,ho\1t:d ,L l.1c.k of 
knowlnl.cc.· 111 Ilic rt:.i-:ul.111ons µ01c:rning 
h.inJling of the 111,1tc:rial .ts publl'ht.:d by 
th<: BurL1u of I\Ltr111l lnspt:ll1on and 
N,t\l}-:.tt1on. l 5. Dc:partmc:nt ot Com. 
11Krlc ,ind till· I' S (oa,t (,u.ud. 1'h<.:~<.: 
rulv, .irt: co11t,t111<;d 111 Rc:J..:ulat1ons Go\ 
l'rtlll1,Lt I xplos11 c:s and ( Jt ill r D,111,l!t:rous 
Art1cks on Bo.irJ Vt:sstls and .1rc: d,tteJ 
A pri I 9. 19 11 • The e:ss<:nt 1,11 pro\ ismns of 
thot: rq:ulat,on, a~ atfrn .unmonium 111. 

tmte, folio\\. \\ 1th 1nJ1c.1t1ons of l0mpl1. 

.tnc.t: or non-compltantt: 111 tht uses ol 1he 
two Tt:x,l, Cit} txplo'lons: 

Regulations 

l. Tht· ,uh,r.111« ,'1.tll n11t l,t· 
,111,, ul In tftt: ,,lllll" c.0111-

p.trllm·m or hul,I. 
(.1 I In \\h1,h txpln,tH, 

.ut ,rn,,u.l. 

Compliance­
Texas City 

'-•1 v1ul.ttu1n, 
( ,111,tll ,1rm, 

.1111rnunu1on 
lt1 'lp,1r.llc. 
hnlt! 011 th, 
C, 111dt.1111pi 

( h) In\\ lmh ,1<111, 111 otht·r 's, \·tol.1111111 
4..urru,ivt llc.1u1d, .ire: 
,111\Hcl. .,II ,hlor,irt, 
.111.I 11rh, r rutr.m ,. 

(< I In ,,!11th fl.1111111,,hil 's, \111l.111nn 
hqu1.I, ,1 rt ,rn,H,l. 

(,I) In \\h1th u11run ,ul 's11\111l,uu111 
ph11r 111 l,uik, or th.1r 
u1,d .ire.· ,rciwt..·d. 

• Th, ,uh,r.tmt· ,hall 1111r h,· 
,t11\\ttl 111 ,I hnld nvt..r nt 
11r11kr 1111,· 111 "h1th ,ulph11r 
in hulk " ,rownl. 

-1. Th~ ,ul,,r.111tt ,h.tll n11r ht 
\IU\\ l d I fl J"H U X 1111 II\ I u 
rt.odd)' t11111hu,11l,lt 111,llt·· 
11.11' ~11d1 .,, (l XII k p111d-
uc.1,. 

\..n ,·111l.uu111 
(,1ilph111 Ill 

'l p.ir,llt 
hultl 1111 rh, 
II hf/it1) 

"\,4.1 \ u,l,11111n 

1. ,\II t11nt.11mn ,h.tll h, 11,1.:111, \'1111.1111,n 
1111 l,,1krn,1: "' ,,1111,,1: ,11n-

ta11u.r, "r lnnr.1111cr, rh.11 
)!l\'l t.., Hit nu.• ol l<.·~1 k1 n~ or 

"t1111,1: ,It.ill he pl.1,~d 11n 
ho.ir,I rhc \c,,d 

' :-.Juppu 1, 1t·,1uirul ru ,.:iH· V111l.u11,11 
\\lllttn riut1hc.,1l111n an .ad. 
,-.111u· 10 1h, \~"d n,1.:.ud-
1ng rhe d1,,r~H.tc,:rr"t1l, ut ., 
d.lflJ,,::lrttlt'\ l,il(J,:11. 

<,. :-S:11 ,n111k1n,1: dunn.~ lnt<lm_i: V111l.111u11 
t1pc.:r,1t1uns.. 

The three ,pc.·ufi< v1ol,111011, art' utcd 
a, contrihutm,c f.ittor, to the. lire:~ Jnd 
c.·xplo"om aboard the G1.111,lc.1111/1 .111d 

11,,,h l'/rtt 

3. Charocleri,tics Following Ignition. 

Ammonium nit rail·. l,kc any 111tr.1fl', ,up. 
pl1t, oxr,i.:en when h(.1ted and thu, pm. 
Sl·,,e:, h.u,irdou, <fU,tlrtrt"> whc.n \1tw<::d 
from the Im: propag,1tion .1nJ <:xplo\lon 
pott:nt1.tl \ 1<..11 potnh Dccompo,it1011 of 
.unmontum 111tmte into ammoni,1 and 
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111tril alid i~ rapid ahon: J •6' F. ( H 1-
NO:,-+HNO:: + NH::). Nitril aliJ act­
ing on or,!!anir m:ttl-rial rl'l<:asc:s oxy.i,:u1 to 
torm nitrous ariJ .inJ thc:n in surrc,ssion 
nitro,i:c:n. w.1tt-r an,I nitro,!!<:n tc:troxiJc:. an 
C:\'l'n mort· \·i,corous oxiJiiing rc,tJ,:<:nt. 
Tht- rc:act ions and r<:H·rsibll' rc:act ions of 
thl' dn'Oln!'osition pro,luns arc too com­
plt-x dit-mil,tlly for d<:t,tilt-d c:xpl,1n,ttion in 
this articlt-. It is ~i,!!nitic111t. how<:\'(:r. that 
I hc:y a r<: arrumpanicd hy exotht·rmir IK·ats 
which ljuickly hrinJ,: about an l'xplosion 
pot<:ntial. Oihc:r fariors (besiJt·s tunp1:ra­
t11rt·). atTc:1 till,!! nplosion haiarJ anJ re­
marks conr<:rning th<:ir part in the dis,tstu 
a rl' I ist<:J: 

Factors Favoring E.plo­
sion Under Fire 

Condiiiono Remarh 

I. :St1,·11gth of dct11nati1111 No pre· -t: xp lo,i,,n 
11npub<: the· ,1:rt-.t1l·r de·tonari,,11 impulsi:, 
the· i lll)'lll><· the gr<·.11.-r .,r Tl'x,,., Ctr)'. 
rJ14.• c. Xl''"''"n h,t1.1rcl. 

"l Dc.·ll!\IIY of ,1uw .. 1,-:t-- H1,:h 1.ft.11,111c.·, rn.:~ 
rh, hrghl·r illl' d,·n"tl' <:111 ,n h11hl- t1f h11cl1 
t i ll' rn11r,· v,olt-111 th~ ,lups. 
l "Xpl tl'•,inll. 

>. l'a, k.1,1:111,1: loo"· 111.1 • P:1J1<·r h.1,1: hrc:.1 k.i,l.!c 
tl'n .,I wl11d1 " ,uhJl'<t rmtc:d .11 T, x,,, ( II)'. 
, .. ,-:rc.·.llc.:t ((111(:lflllll,l· 

(IOI) IIU. rc.,"l' c.·xplt,. 
,inn pncc.·1111.il. 

I. 1'.1rtit le· , i 1<· th,· 
Mn.ol lc·r 111<· p.irt ,dt·, 
ii>< ,-:rt·.11cr t ht· ,·xpl11-
"1111 h.11.,n.l. 

' · r\fuisturc ('011rnu- tht· 
lnwcl' l he.: 11111i :--tu rt· 
uin,c.:11(. the ,:rt·,Ul·r rh<: 
t·xpln,u,n h.11.1rtl. 

(,. l n1 p11r1r1<·, - .1<id,. 
11x1d1;·,1hlc- 111,1 rn1.1 h. 
ur~.1nit: m.1u-riab in. 
l n .. ·.1,t· c.:xrdo,ion haz• 
. ml whil,· .olk.,la or ,,I. 
k.rhm· l'.lrth tnid to 
tlc..··"'c..·n" r 11c.:. 

Gr,11111l.11ion ,11u1rd-
1n_L! ro Gt 1\·c..·r11mc..·1H 
,pc.-ci ti(.I I It 111,. 

Drr. u 11,t·.1 '""·' h Iv 
1.·1,;d wi·., t h1..·r <1 ;1 
April I 6. 1-. with 
.! 11 ~I J> H . ;-..; :-,; \X' 
\\'Jilli. 

~u k11<1wn unpuri­
llt·,. Par., if, 11 wax 
l'P:lling and :r,phahic 
h.,,1: ,0:11111.i: ,11i1r 
r,,,,ihili,11.., kn,",·n . 

Ammonium 11itr,1tt· will prop:t,l!atc: its 
own 1:xplosion waH·. UnJcr conJitions ;1.~ 

a) T c-xas Citr whi:rc the: hi,!!h con(tntra­
tion~ of small i:rnin. trc:at<:J fertilizer wer<: 
s towt·d within' the- confined space in the 
holds of ships anJ suhjtct to firc-s. the in­
t<:nse hc-at of Jc-composition coul<l lo.i:ically 

be cxp1:ctt·J to muse: ,1 \·iol<:nt c:xplosivc 
rt.1.rtion. It rn.1r ht st,llccl condusiH·h­
that Jin.:s r.tustJ° the t·x1,Jo,ions .u1d th,;t 
they 0trurrt·J witlwut .111 irnp.1ct force: or 
detonator. \X'h.1t C,tmcd tht- fire in th<: 
Cr.111.l,·.1111 /' will nu·l·r bt· known with cc:r. 
t.1intr. IL rt·,tsonably rnulJ h:1n· origi. 
nat<:J from nothin,l! more spi:rtacul.u th:1n 
a lar<:lt-ssly Ji,l,trdnl ci,!!.tr<:tt<: or m.ud1 or 
rossihly i,t!ll1tion of ha,i:,l!ill,!! folio\\ in,!! 
prolon.i,:t·d cxposur<: ( fi\·t· or s,x hours per­
haps ) to stc:.un pipc:s read1ing a hl':tt of 
approximatdy 5<>0° F. The tire: on th<: 
JI '.l!.h F/_1.-r wJ.~ CJ used hy exposu rc- con,li. 
tions .1nd most ,,rol-,ahly rnuld h;tn· bc:t·n 
prt\'<:ntcd ii th<: shil' Jud hn·n withJr,1\1·11 
from the J,tll},!er ,trc:a Jurin,!! the: nint.hour 
period hc:twc:<:n the Jirst t·xplosion (9: 12 
.\.M. ) and the: first indication of fire on tlw 
JI,.~/, Fly,·r (ahout (,:00 P.~1.) or C:\'C:11 
later (prior to I : Io .\.M. ) ii fire-fighting 
i.Kilitit-s h.1J hc-tn arnilabk- and prope:rly 
utilized. 

4 . E,plosion Prevention Practices. 

It ll'llttld be ,i:ood practirc: to a,lort the 
followin.i: pr<:C.tutions to JHl·n ·nt am,th<:r 
disa~tcr i111·ol\'1t1/.,! ,11nmoniu111 nitrate fer. 
ti ltzcrs: 

l. Exl"rc.i,t.· ,tii"-·1 (tHltfnl 11,·1..·r purity ,tr ,,11i11t 
11f 111.untl.u.tun: ,,, pn·,·c.:nl l ·nm.tm1n,ui11n 
" ·itl, .rruk oxid1✓.1hk ur,1.;.1111< ( 1:irhnn,1-
'-cou:-) m;1t1.n.ll~. 

__ In mixnl 1<-rrrlill·rs ( ,., .. ,up,·rph,,<plut,·, . 
a111111t111lwn nitr.111..-. .1nd t1r,1.:.1n1( llll·.tl."'- J. 
ntuir.ili;,.uinn will ht· n:c.tuin.·,1 to ,\\'11ul 
h.1z.1nl ,,f ,,,nnr.tneou, 1.a,:,nuu111. ( Trc..·,H ­
muu ,.; th1.· ,upc:-rplh1,rh,11c.· \\ ith .llllllhllll,I 

h,1' hn 11 "'''"''ful if ,IJ'J'h"d prup,·rl) . I 
... ~ttir:tCt. ,,t the..• matcri.ll 111 w.trc..h,,u,c.·:,r. ur 

,ww,;,a.:,· <1n ,h,ps shuul,I follow pr,·,l·nr rl·· 
c.1uirt..·rn1..·11t~ !--t..._l!rt.-".l!at111n fnun or.t.:.tll1t . 
,1tidic nx1.liL,1hk. hi,1:hlr u,mhusrihle 11r 
c.·xrl,,~n·t· lll.11(.·ri.ih .tnd ,,, •r,1,Cl' Ill ,c.:p.tr.th.· 
tire..· .u<.,h fn,n1 l.1r_a.:c.. c.unn·ntr.u1u11, nt 
Pr,l111.1n· ,omhu,cihlc- 111.11 .. n.11-. In .1Jd1-
1icm. \ "l.'1Htl,1t111n. lirn1t ,tt111n of .1mnunt, 
,rnn:d in ;t ,in~lt· arc:.t .ind .u.'c.'u,s1h1l1t\' for 
firt· fi.t:luin.t: ,hould h,· ,,.n,1ehn·d. Aut"• 
ru.uk :,.pnnkl<..'r protldtun 1, rc..,:omn11..:ndt d 
iur .rll ,tur,r.t:l' wJrdmu"·' h,111Jling the 
on:ua,.d. ~r"r~j.!c ,h,,uld m.1111t.1in ,af.. 
rk,iranr~ lrt1rn ,<t,·.1111 lorw~ .,n,I d,·uri,.rl 
W l rlll,C. 

I. H.1ndli11.t: 111 tr.111,it n ·<1111n·, the ,.,ml' rrt -
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caution!i a,gainsc contamination as in stor­
age. 

5. Packa>:ing should he in metal drums or 
tij:ht wondcn casks to prevcnc accidcncal 
spi llaJ:c. Any drums or casks split or 
hmktn in handling or storage should be 
n:movcd and spillage disposed of imme­
diately in a safe manner. 

6. L.,hdin~ rcquircmcncs should include 
mark111i-:, in n,nformance wich scandar<ls 
presently r,·commcndcd for oxidizing ma­
terials. indic 11ing the hazardous properties 
of ch ... dwmical. 

., Dcwnawr., should not be used to break up 
caked matl'rials. 

R. Sirin no smoking rules should be enforced 
during storage and handling. and che use 
of anr open flame dt'viccs prohibitcd. 

5. Fire Fighting Operations. 

1n case of fire, immeJiate application of 
water in lar;.:c yuantities is probably the 
best proceJure, even though a large water 
loss may result, as the ammonium nitrate is 
highly soluble in wat<.:r. As ammonium 
nitrate is dissolved in water a cooling 
cffcct is produced (unlike many chemicals 
which produce heat when dissolving in 
water). 

Carbon dioxide. foam and other extin. 
;.:uishment a;.:cnts of the smothering type 
arc ineffective, because ammonium nitrate 
proviJcs its own oxygen for combustion. 
Steam is of no value whatsoever. 

As in the case of any nitrate fire of 
major proportions, caution should be used 
in applyin;.: hose streams, as the sudden 
formation of sk-am may cause minor ex­
plosions which will scatter the burning 
material. Nevertheless, hose streams. ap. 
plieJ from a consic.lcrable Jistance or from 
behind some barricade, apparently arc the 
only practical method of fi~hting such a 
fire. 

Automatic sprinkler protection for 
bui!Jings where ammonium nitrate is 
storcJ is highly desirable, as it provides 
prompt application of water in case of fire 
without exposing fire fighters to personal 
danger. However, as in the case of any 
commodity, the nitrate should be placed in 
piles of moderate size and height to per­
mit effective action by the sprinklers. 

Gas 1rn1sks should be worn by fire fight­
ers, as the oxides of nitrogen are toxic. 

6. Previous Major Fires and Explosions. 

1906, Witten, Germany: Explosion involving 
ammonium nitrate, TNT, and pocassium 
nitratl'. Cause unknown. 

January 14, 1916, Gibbstown, N. J.: Explosion 
of fnnn•n[nttc snlution t1f amn1onium nitrate 
durin,: crysrnllization. 

July 30, 1916, Wurgendorf, Germany: Explo­
su1n ,,( nunpnund 80% ammoniunl nitrate, 
12% TNT and -1% nitroglp:erin and grain 
mill. Sun on metal drums caused decomposi­
tion. 

September 15, 1916, Oakdale, N. J.: Explosion 
durin,: manufacture· of ammonium nitrate in 
c.:rrst,l llizing pans. 

October 4, 1918, Morgan, N. J.: Explosion of 
9,000.000 pounds of pure ammonium nitrate 
and 12.000,000 pounds of amaml ( a mixture 
of 80% ammonium nitrate and 20% TNT). 
Fire helic:ved responsihlc for causing explo­
sions. 

April 12, 1920. Stolberg, Germany: Explosion 
of mixture of ammonium nimne, powdered 
aluminum and TNT being converced from an 
t'xplosi\'c inw fertilizer. Materia l had caked 
and c:xpl<>sion resulted from a11empts co 
break up mass. 

April 19, 1920, Brooklyn, N , Y.: Steamer Ha//­
/ried-d1Iorate fire involved 8460 ca~b co'"!· 
tainin~ •l,230,00U pounds of ammon,um m­
rrat<=, Approximately 3900 casks hurned. 
Minor explosions hue none st=vcrc enouj;h co 
cause., ship co disintegrate. 

April 26, 1921 , Kr_iewold, Germa~y: Explosion 
of ammonium mcracc rn cwo railroad cars be­
lieved caused by attempts ro blast caked 
mass. 19 persons killed. 

September 21, 1921, Oppau, Germa~y: E~plo­
sion of 5000 short cons of ammonium mtrate 
and ammonium sulfate following d}·namite 
blas1ing of caked materials. 586 killed. 1952 
injured, and 2138 buildings destroyed. 

April 4 , May 3, 1925, Musde Shoals, Alabama: 
Two separate fires involving railroad cars 
conl3ining ammonium nitrate in wooden bar­
rels. No report of explosion. 

May 7, 1925, Emporium, Pennsylvania: Explosion 
in an evaporating pan during reproctcssing 
One killed. 

VI. References. 
Special acknowledgment and thanks 
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izers." [11d11,1ri.il .i11.L Engineaing Ch,·111i,1ry. 
(Dt·e<:mlx:r. 19-16. ) 

Di,.,,t..,-. A111c.-rican Na1ion.il Red Cross. (June. 
] <),I':.) 

F.11"',.-~,·nn U .. 11101".1! o/ Ob,11·uow11, {ro111 T11rn­
i11x /J,1;;,,_ Ch,mnd /m111 (;.t!n·<!rm _ll.1rhm· 1,1 

T,·x., , Ci1y. 1',x.1,. ti. S. Army St·rv1~e Forces. 
Corp, of Engi ne<:r,. G,1lvt·ston D1s1nu. ( J\lay 
9, 19.1-.) 

f.xp/,,,ihi/111 .11ul /.'ire fl.t:.,trd ,,/ /IJ11111,mi11111 
N i11· .. 11<· /.'crtili:<'•·. Ci rnrlar No. "'19. t :. S. 
Dept. of A,i:riculrurt·. ( J\l.irdi, l')-15. ) 

Exp/,,,;,.,., or o,h,•r D.111.~<l'fJII\ Artirfrr ()JI 

l,11,ml l ' ,•1.1.!,. t :. S. Dept. of C11mmc·r<'<:. 
H11rc;1u of J\farinc lnspenion and N.1vigati11n. 

/.'ir,, .1111I f.xp/o,io11 /1.1:.,1,-,I, o/ ll111111011i1111t Ni-
11·.11t· Fn1,li: ,·1· 13.11, ,. R<:,c.rrch Bulletin No. 
20. Underwri1ers' l.ahor:11orics ( I ')·10). 

/111,,1i.~ .ai,.111 o j ni,.111c,· .,1 'J',x..1 r LitJ. J't x.,,. 
April 16, 19.J7. lf. S. Dept. of the Interior. 
Hurt·au of !\lines. 

Kct·pers. HuAh V . Address. 5hr annu.d meet· 
in,.:. NFPA. (J\lay 28. 19•1:.) 

,\ftJ1u1{dc/11re o/ A1n11unti111n Nitr,lh' Pertilize:T 
r,/ 1he T rpe 1h.11 l:xploJ,·d JI T.. ., . .,, Ci1y. 
Tc.,·.,_,. L". S. D<-pt. of the Interior. Bureau of 
J\lines. ( May 21. l'J,I;.) 

,\f.1/" ,,/ T,x.,r CitJ. Slu111·i11.~ D,1111,11:,· C.111,al 
h y .'lpril 16-1 7. /1).J~, F.xp/o,i-,11. Sanhnrn 
Map C:o. 

Oh1t'rr..11i,n1.r f<,.L11i11x f1; lh,: T cx,lf Ci11, Dir.,,. 
1.-r. Texas Siar, Dcpl. of Health. ( J\lar l. 
19·1'.'.) 

Oh,,rr~lli1011 o f Tt..s.11 Cit> Di,~1 ,1t·r. Lo" An• 
gel<:, Harhor. Dt·pt. (M,;r 20, l<Jr.) 

Pr,·/1,1r,1ti1111 o f llm1111111i11111 Nitr.llc /or( '" .1.1 ,1 
Fatilha. Technirnl liullctin Nn. 912. U. S. 
Dl'pt. nf Agriculture. (Jun<:, 19-16. ) 

Prrtt·«•diux , o/ the Mcrch.1111 ,\l.11i11c C111111cil. 
( .'SC:G. (Junl', 19·1-. ) 

I~, /,., ,, . D1,.1<t.-r,·. Hq.. Fourth Armr. Fon 
S,11n Houston. Tt·xas. ( Mar 12, l<J•I~.) 

" Report on Tt"xas Cit>•·" f.'.trlory ,\111111,1I l?aord 
(June·. l'>-17). Assndat,d Fanory l\luwal 
Fire Insurance Cos .. Jnspt·ctinn D,pr. 

S11,-,·,•y l,y the lfrpre.1<·111.Jtin• ,,/ 1he Pnrt Pm-
1t·a1011 c,,11111u11e,· o/ T,·x,1< City. G·.,11",•11011. 

P11n lll'll.-11r. B<.111111rm1. The Commim:e. 
(J\1,1)' 19. 19-17.) 

Th,· T1tx,11 CitJ Oi,.i,1cr. Repon. Monsanro 
Ch1:mical Co. (April W. 194:. ) 

T.,x,11 Ci1r Expfo,,io11. P,,,-Ji,1/ l(eport ui D.i111-
-'X<', ll. S. Army Ser\'iCc: Forces, Corps of En­
,1:inet·rs. Ga!Vc.'.sron Disrrict. (April 27, 19·17.) 

T,·x.1 1 Ci11·. Tex.,,. Oi,.111,·r. Fire Prtv(•mion 
and Enj:ineerin,i: Bureau of Texas and the 
Nation.ti Bnard of Fire t_;nderwrircrs. 

Tc_, . .,, Citv Tor111i11,1/ 1?.1ilw.1y Cn. lnsp,·ction re­
port. Fin: Prt·vt·mion and En,i:inct:rin,1: Bu­
reau of Texas. (March 9. 19·1).) 

In ac.lc.lition, letters from the: following 
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Burler. William T .. l .' . S. Coast Guard. 
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Export Corporation. 
Comt·,1:rs. C. N .. Oil Insurance Association. 
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D<:panrnenr of Fire-. 
Culht·rson. Okn, Railroad Cr>mmissinn r,f 

Texas. 
D.ivis. H. H., Fire- Prevention and En,i:inwrin,i: 

Hurt-au of Texas. 
Davis. R. 0 . F. .• U. S. Dc·parrmt·nr of Agricul­

tunc. Agriculrural Rc·st·,tr.h Adminisrrarinn. 
Fisher, P. L.. Carhidt· .ind C.irhon C huniutl, 

Corporation. 
Grnss. Harrr. Citr nf Los Angele., . Department 

of Fire. 
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tnn. Texas. 
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Hoh, I. M .. Uni1ed Stales Maritime Commis­
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nann,. Navy Department. 
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Hazardous Cht·micals and Explosivt'S, 


