INTERSTATE COMLERCE COMMISELON

WASIIINGWCL

e k| -

REPOKT NO. 3489
DENVER & RI0 SRAUDE WHSTERN KAILROAD
TN R ACCIDENT
AT LOUVIERS, CCLO., ON

OCTOBER 19, 1952

- u et wr



Report Wo. 3489

SUMMARY
Dates Octover 1%, 1952
Railroad: Denver & Rio Grande Western
Location: Louviers, Colo,
Kind of acclident: Boiler c4plosion
Train involved: Freioht
Train nunber: 67-3
Locomotive number: 37073
Consist: Loconotive, 31 19&69@ and €4 empty
cars, and caboose
Speed: 15 n, p. hoe
Operation: Frelght movement
Track: Prectically level and tangent
Time: 11:10 &, m,
Casualties: L killed
Cause; Overiected crowun aheel resulting,

from low water



INTERSTATE COILIERCE COMMISSION

REPORT NO, 3489

IN THE MATTER OF MAKING ACCIDENT INVESTIGATION
REPORTS UNDER THE LOCONOTIVE INSPECTION ACT
OF FEBRUARY 17, 1911, AS AMENDED

DENVER & RTO GRAIDE WESTERIT RAILROAD

December 2, 1952

Accident (boiler explosion) at Louviers, Colo,, on October 19,
1552, caused by overheated crown sheet dve to low water,

REPORT OF THE COMNISSIONL

PATTERSON, Commissioner:

On October 19, 1952, about 11:10 a,m., at Louviers, Colo,,
the poliler of Denver & Rio Grande Western Rallroad locomotive
3703 exploded while the locomotive was hauling a frelght train
at an estimated speed of 15 miles per hour., The engineer, fire-
man, brakeman, and & trespasser were killed.

luncer authority of section 17 (2) of the Interstate Commerce
Act the above-entitled proceeding was referred by the Commission
to Commissioner Patterson for consiceration and disposition,



DESCRIFPTION OF ACCIDENT

Denver & Rio Grande Western Rallroad locomotive 37073, haul-
inz southbound freight trouin No. 67-3, departed fron Burnhom
yards in Denver, Colo., at 10:25 a,m., October 1%, 1952, end »ro-
cecdca without any known unusual incident to a point egpproacning
Louviers, Colo,, a distance ol 19,5 miles, where, at avout
11:10 a.m,, the boller of tne locomolive exploced willle the
train was moving at an estimated speed of 15 miles per hour,

The train consisted of 31 loaded and G4 empty ecars oud a
caboose, 4241 adjusted tons, The tonnaze rating or the locouo=
tive in this district was 5300 tors, The enzineer, fireman, and
bralzeman were on duty in the cab of the loccomotive at the time
and a fourth unauthorized occupant of the cap, designatca os a
trespasser., The accideat occurred on practically level tanzent
tracl,

The force of the explosion tore thc boiler from the running
gear and hurled it and the attached cab forward and sligntly to
the rizht, The boller half turned in the alr &snd «li_hted on
its top nearly parallel with the track and just outside the right
rall and plowed forward 35 feet, splintering or breaxing off ine
enads of 10 ties. The boller came to rest approximately 260 fect
from the peint of explosion, buried 3 to 4 feet in cinders and
dirt; it was headed in reverse dircction to tie tralr movencnt,
with fircbox 9 feet and smokehox 4 feet from west rail, and lcan=-
ing 35° from the track axis.

Parts of the locomotive were scattered 1n various direc-—
tions, Pilcces of gratcs were bDlown over 75 feet from point of
explosion; 200-pound scctions of center anc siac bars over 100
feet; asnpan supports as Tar as 350 feet; hot pleces of arch
brick were thrown as far as 450 fecet to - the sides and rear and
started fires in adjoining stubble fields, which ourneé over
saveral acres, The front end door end both halves of [firc door
werc blown or'f. Alr and water pipes, plcces of Jacket and asn-
pan, sand boxes, part of headlight case, pleccs of reverse gear
ana arch support, and othor wreckage were scatitered from scene
of explosion to the resting place of boilcer. Both right-of-way
fenccs were blown cdown, and some telephone wires were broken,
The cab was crushed against the boiler oaclt ncad, One 2lr puunp
and the feedwater heater buncic ware torn from the front cnd
ring, and safety valves, saturated steam turrct, and overhcad
boller checks were torn from the ovoiler,

The force of the explosion brokec the heavy hingecd casting
forming the articulated connection butween the front and rear
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engiiucs o. the locowmotive and brecke botn roar sectilons of nain
fraucs over the trailing 2xle, Tae front englne anu enzine truck
bicame s .nuratet frou the rear englue and continued forward for
nearly 1300 test on a 79 pcreent asconding graue befores coming
Lo & stop, The froat two-thirds of the train remasiwed attacacd
to e tocder, trailing truck, @«nd rcar cngine and noved rorward
to a point more tran 200 fect beyond the boiler bofore cornding Lo
rest, All locomotlive and car whesls roemaincd on the ralice
Where tne frout end of the tender stoed on a trock 1111, omall
Luliles were washed Into cacn sice or the eabankmont by s=troans
of wa2tcr from tunc broken comnsetions ir inspirator pipliay and

at frownt cne ol left tank losc,

e »oar steaem pipes wore pwlled out of expunclor joints
at rear valve chamders, The roar cxhaust pipes wera brokorn,
the left plpe remaldning o runaing gpear and the rignt on the
boiler. All front llve and exurust stean plp;ﬂ reacined on
poil.r, When hlown from 1ts Tramc Tzstenings btine ooirlor sheared
6 1~l/¢o inch bolls at each: rooy cxo.nslon pod; 3 1-1/4 ivch
bolts «l cach rront expansion pady 26 1-1/4 insh dolts &t o adle
over rear ¢ylinders and oproke 3 1- L/? inen osoleés at 1ot cnd of
strap sceuring bholler to osclilllating taole orn frount framc boetween
No, 1 &und 2 dravir: wheasls,

There were slight deproesasions in volll rails saowing cract
location of rcar drivirg nad bradling truck wheeis ot intent
or 2Xplosion; 'irce bent lengths of rall were subscauently re-
newod,

'he four occupants of thoe loconotive cab were ©ill.d,

DESCRIPTIQI OF LOCOIOTIVL

Locomotive 3703 was & simple articulated 4-6-6-~4 type, com-
pany!s classification L=105, wish tractive cfforl of 105,000
pounds, It was bullt by Baldwli Locomctive Works in April, 1938,
All cylinders wer.e 23 inches in diamctor with 32-inch qLLOA(
driving whecels 70 incrnes in ciancter with full tirces; total
weilzght on driviag wheels in working orocr 437,939 pcunds, and
welzht of locomotive 641,500 poundés, The rectangular tender
with cist steel watcr becttom frinmc nnu a capzclty of 20,000
gallons of water and 26 toas of coal and weighed 354,000 pounds
when loaded, Tho locomotive vas coulpped with maldwin row.r
reverse gelr, Auericon multiple freav cnd throttle, Stendard
modificd Type B stoker, Ecouomy vertical fircdoor, v-stibulc
c*b, Walschoert valve goar, Elesco tugentlal stcam drier,
Franilin Type E-2 radial puffcr, lOCOMOtLVu valve pllot, «nd
Elesco {cudvater pump end necter,
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The bollcr was a s%raisht-top four-course type with widce
radial-staycd firebox, builderts o, 62142, The inslde diamcter
of {irst course was $92-3/4 inches, ant fourth course 100-1/8
inches. The barrel shects were of silicon mangancse stoel, 7/8
inch talck ir first two courses, 25/32 inch in third, arnd 15716
inch in fourth. The boller carricd 255 pounds working prassure, .
anG had €1 2-1/% inch und 232 3-1/2 inch filues with poaeds fusion
welced to oack flue sheet, A new first course had becen appliad
on . hruary 20, 1946, It was stoker fired ard cquipped with
Type E ruperheatcer; Hulson grates; tarce NMicholson thnermic
syphons; a orick arch supported by the two rcar syphous and &
Gaincs wall,

inride of mud ring and the combustion chamboer was 96 inchegs lon~,
Tune firebox was of five-plece construction, with the side sheets
welded to tho crown sheet and inside throat cheet, The door
sheet flange was rivetcd to crown aad sice sheets. Door, side,
anG tnroat shceets were riveted Yo tne mud ring. The one-pioce
comrustion chomber was welded to flonies of ccnmhbustlon cnamoer
syphon, vack fluc shect and othoer firehbox sheets, All fircoox
sneets were 2/8 inch thick except flue sheet and throot slicet
which were 1/2 inch taick,

The firchox was 108-1/4 innnes wide, 224 incnes long ac

All fircbox shects werc original, MNuxerous patches with
fucion welded butt joilnts had ocen eapplicd, Crown shreb 1w a
pateh in right rront corncr just outside of syphon, & stay rows
wicde and 12 Jong; one in l.ft front correr outslde of syphon,

8 rows widc end 18 long; and anosicr outslde of Llcft syphon,

L yows widc cnd 17 long: also 2 small patch baelr of 2och Tiree-
box syphon. Each side shect had two diamond-shaped patches,
those in 1.7t slde were adjacent end to end, onc 7 stay rows
high oy 15 lonz, the other 5 rous by 5 rors. Thosc in riguat
sheot were similar, one 8 rows hipga and 10 lorg, whil . the enalle
cr onc included only 4 stuybolts. Thce ingsice bhroat chect had
{four patches; a lerge one acrors centcer, 8 stay rows nifgh and

14 louyg, including diaphraxm for both fircbox sypnoas, braced

by ++ staybolts., The upper part of loft throat choewt kruckle
had o patch 4 rows wide by 7 higup the upper rignt knuckle had
onc 5 rows wide by § higi, andé above thiot anotacr patceh 1 row
wide by 7 lon;, There was © paceh In roofl of compustlion cocmnr
back cr its sy»horn 5 rows wide by 5 long. All oricianl Tir.box
welds were fusion butt welds roliforrsced on water oidc; thosc
made loter were welded fron fire g1do only. ’

Therc wore Lwo Nacholson tnermlce syphons in the flrebow and .

one syphon in combustlion zhambder, Syvhon vater spr.eo was 2 ilncn-
es, nccks wors 6=1/4 inchos incice dicmcter, and shects 2/8 irch
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thick, All seams bctween syphons and crown shect were welded and
reinforceced. Therc were numerous patches in the syphons; the front
syphon had a patch in upper part of barrcl, 6 stay rows long and
included 1 row of staybolts on right side and 2 rows on lcft,

The ncck had beun rcenewed from within 2 lnches of diaphragm to

th: stayed portion, including 3 stays on right side and 7 on lefte.

The right firebox syphon had a two-plcce barrel patch, the
lower one 11 rows long and the upper one 5 long, cach ineluding .
onc row of staybolts on lnner faco ana two rows, at outer, Therc
were also two patches 1n front flange &bove neck, the lower one
being 4 rows long, the next adjacent above it 3 rows long, and
exch had one row of staybolts at inside and two at outsidc,

Thc neck had becn rcnewed from 8 inches above diaphragm to in-
clude 5 staybolts on outer and 8 at inner walil,

The left fircbox syphon had a patch in front half of top
inside flange 2 rows wide by 26 long, A patch in lower part of
barrcl was 10 rows long and had 2 rows of stays on inner and 1
row at outer wall, The neck had been renewced from 12 inches
above dlaphragm nd included 6 stays at inner and 10 in outor
wall,

The crown shect, lncluding the top of combustion chamber,
was supported by 28 longitudinal and 79 transverse rows of
driven—-head stays, The first 8 longitudinal rows at each side
of center werc rigid, except the front 4 transverse rows of
expunsion stays, and were originelly l-inch body, 1-1/8 inch
straight thread 1n wrapper shcet, and 1-3/16 inch tapcred
thrcead in crown sheet, The 9th longitudinal row on cach side
consisted of cxpansion stays wlth tapercd threads in crown
shect, The outer 5 longitudinal rows on cach side of crown
shcet were flcxible stays with l-inch straight threads, Stays
in syphon flangecs were 1/16 inch larger than adjacent ones,
Due to scveral rencwals since the fircbox was bullt, many stays
werce 1/16 to 1/8 inch larger than original application, Side
shcecets were supportcd by rigld staybolts, except in breaking
zoncs at front and back ends, where flexiblc stays were usecd,
All stays in the firebox sheets were spaced approximately 4 by
L inches,

Company drawings showed thc top of combustlon chamber to
hove been lovel, while the fircbox crown shnect sloped downward
6-1/4 inches from the crown shcet-combustion chamber seam to
the door sheet.



EXAMINATION OF BOILER AFTER EXPLOSION

Approximately 90 squarc feet of the crown sheet had been
overhceated, The line of demarcation was clearly defined, It
cxtended back from the flue sheet between 11lth und 12th longl-
tudinal rows of stays on each side of center linc to 37th transe
verse row of stays, thence inward toward front end of firebox
syphons, curving around them in about 34th row anéd then curving
back bctween the syphons to 40th transversc row. The shects
cbove this line were a distinet bluc color. No overheating was
ohserved on flanges of syphons. The upper part of rear flue
shecet showed distinct signs of overhcating to approximately 1
inch bclow top of second full row of supcrhecater flues, or
about 8 linches below the top of conbustion-chamber crown shact,

The initial failurc of thu ecrown shcet occurrcd in the
34th transversc row of stays back of flue sheet, or just ahead
of firebox syphons., In that arca thce shect pulled from the
stays, sagged downward snd thinncd to 3/32 inch in scveral
places whilc tcaring transvcerscely along that row from ccenter
of saect to beyond euch sypiion. Then the tear followced the
35th transverse row on each side and outward to the 10th row
from center, TFrom this point the right tecar followed an ir-
rcgular dlagonal path downward and feorward through right side
shect, throat shcect knucklc, and into right sidc of combustion
chamber below center line, ending ncar the 21lst stay back of
fluc shcet and 16th stay to rizht of centcr. The left end of
tear also progressed downward and forward in a similar fashion,
cnding ncar the 21st stay back of fluc shect and 20th stay to
left of center,

The portion of crown shcet between the front cnds of firce—
box syphons tore back from the initlal rupture in 34th trans-
verse row through the inncer flange of ecch syphon to the 43rd
transverse row, then folded downward and bent back sharply., A
large area of crown sheot, partly from firebox and partly from
combustion chamber and just aheuwd of the initial rupture, pullcd
from 1ts stays and folded downward ageinst the combustion cham-
ber syphorn, the folds running from thce cnds of the tears in
sidecs of combustion chumber upward and inward to the top flanges
of combustion chambor syphon in 18th row of stoys back of flue
shect, or approximately at longitudinal centcr of the syphon,
This largc shcet also tore across back cnd und forward Along
both sides of top syphon flanges, with »n irrcgular tear cxtond=
ing outward 20 inches from hack cnd of syphon toward the left
and nenrly closcd off the entire cross-—-sccetionad arca of com=
bustion chamber, Thcre were two smoll tcars in this shecet near
fold on right sidc, and an 18-inch tcar cxtending forward from
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its cdge In tnc 12th longltudincl row of stays to left of cen=
tery At the right and loft sidces the tears cnd pulled shect
cxtended well down bclow the overhcated arcas

The crown shect pulled from o Lotal of 530 stays, Three
crown stays on right side¢ in the overheated arcea were fractured
end broke whoen the sheot dropped. The inside walls at top front
corncers of both fircbox syphons and both walls of combustion
chanber syphoon at top back corners werc pulled from a total
of' 59 staybolts whoun the crown shccet folded down, There was one
broken wnd onc fractured staybolt in the right syphon, The mud
ring was bulged outward at centoer approximatoly inches on
cach sido,

The greatest heating and stretching of crown sheot appearcd
to have been ln the arca about 7 rows in width betwecen back end
ot combustion chamber syphon and front cnds of fircbox syphons,
Ferc scveral stay holus were enlarged to 1 inch greater dlamcter
chan the correaspondlng stays, without tearing thc shect, Ends
of steys in the ovevhceatcd aret were blue in color and approxie
nately 15 percent were cupped to a maximum depth of 1/4 inch,
but hcads were sheared from most of thesc stays, In the over-
necated areca the throads on stays and in vheots appeared to have
becn In good condition beforc the ciplesion, Hoeads of undam-
aged stays in the flrcbox were well driven, of propcr thickness,
and in go00d condition, Staybelt heads in scverc cutting areas,
as on sildcs of riar syphons, worc protected by a scmie-circular
bead of weld,

There was other distortionof fircbox shiets, probably
causcd by impect when the boilcer struck the ground. The come
bustion chambcr-crown shect was pushed dowrward .considerably
in the arva to the riﬁht of top center linc, thce grentcst de-
flection bcing about inches locatcd 6 rows to right of center,
In that vicinity the top flue=shoeet flange was bent downword,
tnd flues in right top corner wurc distorted elliptical shape,
The third large fluc to right of center iIn top row pulled cn-
tir.ly out of the sheet, and othcers in that arca were looscned
and pullced to a varylng dcegrec. In the entire back flue shcet
£ tothl of 124 largc and 17 small flucs were loosened at welds
around thc beads, the majority ovcing on the right side, At the
“ront fluc shect 13 flues in two lower rows showed signs of
loosuning, There was a longitudinal crack in combustion-
chembor crown shoet oxtending forward from syphon approximately
20 inches, nearly to flue shect. The wrapper shect appeared to
be flattened on right side above combustion chamber, On October
23 when the boiler was loveled at the stceam dome to check the
location of water glasses and gope cocksg, it was found that the
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left back corner of mud ring was 4 inches lower than right back
corner, and that the slope of right side of mud ring was 5-5/l
irnches, leit side 4-7/8 inches., Prints showed 6-inch slope

nward toward the rear, There was a 1ight, irregular deposit

of scale on parts of sheets and stays which reached 1/32 inch .
in thickness. .

APPURTENANCLS AS FOUND

Wrecraye of the locomotive was immedlately protected after
thie accident to prevent tampering with or removal of any appur-—
tenances. As far as is known, none of the appurtenances were
chanssc¢ in any way, except that both tender water valvces were
closcd soon after the accldent to prevent loss of all the water
in the tender cistern, and left tank hose was removed to allow
movement of tne tender to clcar the lire,

Safety valves: The boiler was equipped with three 4-inch
Consolidatea open—type safety valves, direct connccted to the
boller at rear of the moin steam come, Vhen the boller fell
the'left safety valve nipple was pulled out of the sheet and
Lhe cecater and rilght nipples were brolen, The outer cases of
two 0f thesc valves were distorted and one had a small section
broken off, The rip;los wore renewed, and awll three safety
valveg were applicd to D&ROW locomotlv 3700, of the same class
ag 3703, Conpany records showed that safety valves were set to
open at 255 pound% 258 pounds, und 200 pounds. On the first
test the firs vmlve opened at 250 pounds, partly closed at
247-1/2 pounds, wnd scobed at 245 pounas, On the second tcest
this valve opencd at 250 pounds and closcd at 247 pouncs. The
Tire was forced, and the steam pressure in the boiler could not
be ralsed bﬁvond 256 pounds, During this test thc sccond and
{hird valves did not open, After the adjusting screw on the
first valve was bightened, the second valve started to blow at

"&0 pounds, opened fully dt 263 pounds, and closed at 240 pounds,
The case of this valve had been distorted. After the adjusting
screw on the sccond valve was tipghtencd, the third valve which
aau a pieee broken from tne outoer case opcned alb 275 pounds
«nd thon elosgsed gradually at 260 pounds,

Steam gaze:  The boiler was equipped with one Asheroft 6-3/4
inch illuminated double-cial steam gage, graduated to 400 pounds,
located to company starndard 67 inches above the cub deck and 12
inchaes to the left of center oi th: back head, The gage was
broken from the "rackcel and only fragments were found., The
steam gage siphon valve was broker off flush with the back hecad



top knuckle, Opoening into the boilor was 1/4 inch in ¢iumetoer,
clean, and unohstructed, The siphon velve ond plpe wers not
found,

Water level indicating devices: A carricrts scondard waior
coluan, with tubular type vater plass and five Prine double-
scat cd gaje cocKs attached, rvas mounted on the Dnrler aroh ncad
16 iuclices to thac right of zseuter wnd @ tuduler type wotoer lims
was mountcd on tile lest 31dc of the Dark, head lk—s/k 1no g to
whe. left of eccater,  The water—=placss surrds wer. Oliwace on
pancl=lons vislon type witn 1l- lf 1 oh clear radingz, oad woere
llbt d with 1-1/2 irgh escaps piver, This couinwnt w.s avplicd
in cccordance with the carrieprts spen s rications,

. e colwnn was meGoe of ctoecl tuoirns, 27 luches lon,, with
cncés tapped for S-1/4 inch brass [ittings The steam pl,c con=
ncetion fitcing entered the roof shaet 10- ]’° inches w. vl of
thu hack head KuUbklb end 1l inches to the right of cunter and
naa A opening into the bollor 1-3/4 ircnes in diomew e TG
bottom conncetion fittin, enturcd the hoek nend 1O iaerii v to
thic right of coenter anc 4-2,8 lrchies brlou narker platoe on ooek
head indicating one highosl part of the crown snoecty the fittine
xtenced horizontelly into tlie water =poce 2-1/4 inch.s ond had
an op.ning 3/k incn in diamctor.

The top ena botiom watir=colunn lbtinse w.re hroken off
fluca with the boiler, Both opcalnzs iuto sShe ooller wore round
clean and unoLstiucted, The 1-1/2 inch 0. D. copp.r stuam plpe
connceting Jhe column and top fitiliyg wos proken ol'f at bata
cna.s and was bont and crushoed, but 1t apporontly waes open -ha
unobsuructed prior to tne cuinlosion, T column was sowawidt
damacdy the top brace ritting was prllacd out at Lhe tirends and
tie fiteing wes broken, but the interior of celwin wnd #ll open-
inzxs into it wore [found clean, The column droin vilve was
curricr's 3/4einch dowrle=scated type; 1t vas broen from the
colunn, but vwas found in good condition and in closed porition
against the working s.at, Thoe drnin pipe was not found,

A carrvicr's brass ®ooco narko r® o5 attachiod to 1oft sice of
the woeter columt which read: "anver wmust show hord on level track
vhen apvrozciiing 3% araacY, with wn arrow nolntia, to woater loeval
cven with the 2nd pgage cock, also ".dter mast ghow nor. £oln, up
37 grade'", with an arrow pointii, to wiater 1l-vel cvea with the
th nafu COCLl,

.0 Tie top .nd bottom valves of risnt watlcr plass werc brolin
7 {lusn gith thewabter column; both openinzs iuto the coluan
tere 1/2 1nch in diamcner and were rouna clean, Both watcor-plass

t -11"


http://lnon.es

valves werce found widc open, stems badly bent, and all openlngs
cloan, The 11/16 inch O, D, copper pipe comnceting thc Lop
watcr-2luss fitting to the top watcr-glass valve was broken and
crushed, but apprarwntly was open betrore the accident, The
brok.n cnds of the watcr glass and the rubber gaskets were found
in the packing nuts and were apparontly in good conditionr prior
to the explosion,

The drain pipc valve, broken from the bottom fittir.,, was

found closcd ard in good conditionj the arain plpe was not founc,

The lowest roading of the right wrater glass, which corronpond.cd
uith bottom gase cock, was 4=5/8 inches above the rofircac:s on
the marker plate on back head whicli Iindicated the nelght of tue
hirghest part of thc erown shect,

The lcft water-pglass top valve fitting centerca the rool
shoet 18 inches ahecd of the back hcead top knuckl: end 5-1/2
inches to the left of center ond had opvning into the boller
5/8 ineh in diancter, The bottom Titting cnterced the deck head
16=3/4 drch.s to the left of center and 1-1/2 inchos bolow the
markcr plate on the back huad) had opeining into the boiler 5/6
inch in diamcter and oxtonded horizontwlly into the wator spice
5-5/8 inchus. Both fittings were broken off 1lu-l with tho
bollcr; both openings werce clean and unobstruct.d. Th. 11/16
inchh 0, D. coprcer stecam pipe was hroken off at top of wat.r
glags, but remalned attach.d teo the top valv.y thoe pip. was
badly bent and crushed, but was clean ana open at the vnds and
aprurently in good condition before the explocion, 2otl vator-
vlass velves werce 1Tound wide open, Top valve w.s Drokoir off
at the bornet und che stem on bottom vielve wos DLGLY ount,

The valves had 1/2-incil openings and w.re founc cleen 4nd un-
ohstructed, Thr cnd of water glass cnd gasket woere wlocing
v top puckiin, nut. The broken end of tuc wuter Jlor-, nd
gusket were found in bottom packing nut and apuviraitly asd
been in good concicion before the explosion, The 3/C-iach
water=-glass drain plpe, vith valve closced, was {foundé 1a nood
condition, The lowest reading of the loft water 3locs wus 4
inches apove the reference on the wnarker plate on hick hod,

Gege cocksy Tive Prime double-sunited type ot /¢ cocks worc
spaccd 3 lnches apart vertically ana hid owening,s into the
water column 3/8 inch in diamcter which were tound clesin, All
gage cocks ware broxen off flush with the vater colwm ana all
stems were bont at ncuarly right anglces, The gage cock dripper
rPipes were bent but otnerwisc in z20o0d concition., ALl g ¢
cocks wore founu in closed position and opcnings woere cloon
and unohstructed.  Bottom gage cock was locotud 4=5/8 inehis
above refervacce on the murker plate on hack heaa,



Although the boller was badly distorted, it was moved to
the D&RGW Burnham back shop and leveled by the top of the steam
dome., As the crown sheet was badly damaged, the top of the ovack
flue sheet flange, which had been butt-welded to the crown sheet,
was used to determine the highest part of the crown sheet, Level
readings taken &t thls time indicated that the highest part of
the crown slieet was 3/4 inch lower than reference on the marker
plate on the boller back head, The 5/8-inch varlation between
lowest readings of right and left water glasses could have deen
due to distortion of the fireoox,

Injector: The locomotive was equipred witn a Hancock K=NL
inspirator mounted on the rear end of the main frame under the
right side of the cap., The right tank hose anc short inspira-
tor feed pipe were Intact. 'The overflow valve was found intact
and closed, The operating rod had been carried away with the
cab, The lnspirator main steam pipe and regulating steam plpe
werc torn off at the top of the inspirator, and the delivery
plpe fitting was broken at the insplrator, The regulating valve
was broken ofi at the inspirator and pulled off of its steam
pipe. This valve and 1its extcnsion rod to the cab were not
found., The telltale valve remalned attached to the lnspirator,
but the warning pipe was torn otf and found on the boller. All
insplrator plpes, except the fced plpe, were damaged but were
apparently open and in good condition vefore the acrident, A
Hancock Type K-NL vertical operating valve was mounted on the
right side of mud ring anead of the cab, It remained on the
boller connected to the maln steam supply pive from the satu-
rated steam turret and to the two steam pipes supplying the
injector, Thc operating valve was not damazed except the handle
was bent when the operating rigging was torn off during the ex-
plosion, This valve was found in closed position after the
accldent, but the insplrator stcam valve at the turret and the
main turrct shut—off valve were fournd wide open, All insplra-
tor plpes were found to conform with manufacturer'!s recomnenda-
tlons as to size and materizl,

The inspirator znd ilus onerating valve were tested on loco-
motive 3700, It started and delivered water to the boller at
110 and 125 pounds pressurc with 1o inches of 108° ¥, water in
the clstern, The warnlng feature operated properly. Then the
tender was filled to two-thirds canacity which was the probabvle
amount of water at the time of the accident, ana the insplrator
was tested as follows: On th: first test of 1 minute duration,
starting from 195-pound boller pressure with all valves wide

' open, the boller water level was ralsed 1-1/16 inchus and tie
pressure droppet to 182-1/2 pounds., On tho sccond test of 1
minute duration, starting from 220-pound bhoiler pressure, the
boiler water level was raised 1-1/8 inches and the pressure
dropped to 215 pounds, On the third test of 1 mlaute duration,
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starting from 242-pound boiler pressure, the boiler water level
was railsed 1-1/4 inches and the pressure dropped to 220 pournds,
On the fourth test of 1 minute duration, starting from 240-
pound poller pressure, the boller water levcl was raised 1-1/4
inches and the prossure dropped to 222-1/2 pounds.

After these tests the tubes were removed from the inspirator '
and found to be 12,000 gallon ratcd capacity, which was the larg-
est slce possiblce in this tyrpe of insvirator, All tubes were in
good concition othcer than a slight roughness beyond the throat
or the forcer tube, which apparcntly did not interfere with
proper operation. The dellvery linc check was bullt integral
with the insplrator, and the valve was found to bas frae and
haa 1-1/8 inch 1lift,

Foedwater pumpt  The locomotive was eculpped with an Elesco
type Cr=2 feedwater pump with cylinders 9-1/2 x 6-1/2 x 10
inches. Tils pump was located on a bracket at left silde of
boiler. The stcow supply throttle valve was located under the
supcrheated steam turret at the icft side of smokebox and con-
trolled from tne cubdb by a long extension rod., After the accl-
dent, this valve was found one turn open, wnlle rully open
rosition of the valva was four turns, The main shut-off valve
in the¢ superheated turret ard also the shut-off valve 1n the
steom line at thn pump wore found wide open, The steam supply
plpe and its valves werce removed and found to be in good condi-
tion and unobstructed. The water pump feed pipe and delivery
pipes were torn ofi at the fTime of the explosion, but were
tested and found open znd unobstructed, Indications were that
the pump was beling properly lubricated by the mechanical lubri-
crtor, -

This fcedwater pump was tested on loconotive 3700, On the
first test of 2 minutes duration, starting from 200-pound boller
pressurce with pump throttle valve open one turn, the boller
water lcvel was raised slightly over 7/8 ineh and the pressure
dropped to 180 pounds, On the second test oi 2 minutes dura-
tion, starting from 230-pound boiler pressure and with throttle
valve open one turi, the boiler water level was raised 15/16
inch and the pressure droppced to 215 pounds. On the third test
of 2 minutes ducation, starting Trom 245-pound boiler pressure
und. throttie valve open one turn the boller water level was
raised 13/16 inch and the pressure éropped to 230 pounds, On
the. fourtn test of 2 minutes duration, starting from 240-pound
noller pressurce with throttle valve wide open, the boiler water .
level was raiscd 1-3/4 inches and the pressurc dropped to .
217-1/2 pounds,




Feedwater pump gaget: The Asheroft 5-inch Tecédwater pump gage
was found on left side of boiler buck head in cab, still con=-
nected to a section of pipe. This pipe was found open, The
gage was tested on a deadweight tester ard wes accuriite at prese—
surcs up to 300 pounds, but 5 pouncs low at 350 znd 400 pounds,

Feedwater heater: The locomotive was cquipped with an Elesco
K=00 closed=typc heater located on brackcets at the top of the
smokchox front cnd ring, It wos torn off and all water and stean
pipe joints were broken at the time of the cxplosion. The outur
nousing was hroken, a section was missing, and some of the tubes
were bent., A 200-pound cold water tost was placed on the heate
bundle wlthout doveloping any leakage, The tube ncaders were
then removed and the lrtcrlor of the tubes was found unobstructced,
allowling a frece water pascage from the focdwater punp to the
beoller,

Maln turret: The main turret was nour.ted, with two flangce
connections, on top centor lire of the boller in front of cab
anc supplicd with caturated stcam through two 2-3/4 inch inside
clameter dry pipes from the mein stean cone. The maln turrct
was broken from the boller &t flangc studs, and 21l valves and
conn.ctions were brokm off or pulicd out of the threads. The
nain turret valve was found in full opor position witii the stem
Ladly bent, All openings and the interior of th: main turret
were found clean und unoostruntod,

bBoilcr choecks: A Hancock 3=inch deunle combiration stop and
vertical choeck valve was mowltced on top of the first boiler
shell coursc. The two bollur checks werc c¢xamined and found in
700G concltion, body passagas unosstructed and openings clean.
The 11ft of the right cheek valve was 5/8 inech and 1ift of the
left valve was 1/2 inch. Both stop valves w.re found in fully
open position of 13/16 inch. Both stop velve stoms were badly
Lvent and the 2-inch aclivery pipes were brolen off at the
flange conncetions, Company prints show<d the 1lift of the
right chueek valve as 5/8 inch and the left valve 3/8 inch,

Delivery plpest The Z=inch dclivory vipes hitwoen the fecd=—
watcr pump and boilwr chceck and belween the injocctor and the
boller check werce found distort.d but otheririsce in fo00d condi-
tion, opcn and unobstructed,

Blow-off cocksi The boiler was coulpped with two 2-inch Wile-
son blow=off cocks, Ouc was locatco ncir the rislit front mud
ring corncr and was not opoerative from the cab, =8 1t was uscd
for blow=down or fill-up purpos.s only. Tne ovacr, locatcd at
1cft baeck corncr of mud rine, wus operatcd from cab py mcans of
an c¢xtension rod and nandlc. both cocxs were found attached to



boil<r and in good condition with valves open, but the cab ¢x=
tension rod and operating lever wepe torn off of the left cock,
and thc right lever appecarcd to have becen struck by some object,

« Spccilalticest The boller was caulpped with an Elcsco ta gantj.a"
steaim dricr in the steam dome with a 2-inch eloctro-pneumatlic
discharge valve, Typce C-2, mounted on left side of boiler. The
Cischargc was piped to a separator on top of the boiler, where
steam was vented upward while water and sludge were plped down

end discharged at sldc of rail below left front mud ring corncer.
The cxterral piping and murfler werce torn off, but thce discharge
valve was found intect on thic hoiller. It was removed and applicd
1o D&RGW 3700 for tast. . The marual shut-ofr valve was fowd in
wlde open position, but under pressurcs up to 275 pounds thoere

was no leakape from discherge valve., When the test button in

cab was pressced aend rcleased, the valve opencd and closed properly,

The locomotive was cquippoed witn locomotlve, valve pilot
which was inopcrative ot time of explosion due to wheel having
been removed for repairs,

The boillcr was not equlpped with low watcr alerm or fuslblc

rluis.

Fecdwater tank, tank valves, hose znd stralner boxas: The
fredwater tank was a rectangular cast stecl water bottom type.
Tink valves were closed by the conductor and some uniknown per-
son after the accldent, At the time of this investig«ation the
tank contrined 21 inches of water, Tne tank was drailned and
the interior was found clean with all swash plates in good
conditlon, The cylinurical typc stralners, 10~1/2 inches in
ciameter and 18 inches long with 1/4-inch holcs spac<d 1/2 inch
epart, In the right undé left tank wells at front end of the cast
stecl bottom, wore found in good condition wnd cleun, except a
rmall amount of straw at bottom of left tank well which did not
restrict the flow of waeter., The right tank valve, a Cranc 3=1/2
inch, and the left tank valve, a Cranc 4-inch type, werce located
below the tank wells and were provided with cxtenslon handlics to
thce outer cdge of the tank, netr the cab gongways. The tank
valves were dismantled end found to bo clean and in p00d condi-
tion, The right and left tank hocce in tn order nomed wore 4
ind 4-1/2 iunches in dlancter ond were found clean and in gcood
condltion, Tank hose straincer boxcs were not caulpped with
strainers, but wers found clezn and unobstructed, .

Boilecr and tender watcer conaitiont Therc was no water in the
bollcer after the acciacnt, Mo mention of poor watcr conditions
vas madce by enginecrs on 20 dally inspection and ropulr reports
covering DERGW 3703 at difrcrent terminels since October 3, when
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the hoiler was last washed, The water in the boller was chonged
twicc at Burnham enzinchouse bcetuecn its last arrival at 7:3
p.m. October 17 and the morning of Oertober 19 when 1t wos dis
pateched, The boller was first blown down through both blow-

off cocks to allow ripairs to the front end multiplc throttle,
When it wis fillced and heated from a direct steamlng systa,

it wos fouud that the main steom come gasket was leaking, The
bollcr was again vlown down, gaskoetb annuul, , and boller'rec-
Tillcd

A sappic of the water remoining in 3703 tender cistern
showed 2,2 hardness nnd 11.5 disrolved solids.

INSPECTLON AND R# PAIR REPORTS

The last annual inspcctlon was made at Salt Lake Clty, Utah,
on November 8, 1951, The lnst monthly inspceetion, a quarterly,
was nadce at Pucblo, Color:do, on Octobur 3, 1952, at which time
the noller was last washed,

“Hﬂ dally inspretion And ropmir reports from all terminals
1ch anul“u DERGYW 2707 in the 90 61v" rrerceding the accldent
wcr xaminud It.ms portoaining to appurtenances involved in
1 neclanat are listed below,

From Pucbleo, Cclo,, in 45 daily rceports sincc July 23, 1952¢

Scrt. 11, reported oy Inspector:
Mater wmr v1ll not pisk up Wutb.n
Reralre d by ni.chinist,

Approved hy foroman,

Sept. 15, r.ported hy en incer:
“Foodwaber pump does not work,
Repair-d by machinist,
Approvoed by foroman.

Scewb,. 1o, reported hy envinuors

®Gouzc to witer pump don't wori. Clean
both woter glasses, cunlt sec watoer."”

Repnired by m’chiniot wlth netatloun, "Wo
gauie in stoclk,™

Approvzd hy [forvmin, '

Sent, 21, reported My rigincor:

"Air puaps end woter pump not settlng
enough o1l .
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Heading on sheet shows condition of ailr
compressors "Good" and condition of
water pump "Good".

Repaired by macninist.

Approved by foreman,

Oct. 13, rcportced by engincer:

"Weld bolt on injector so can put injector
on,"

Repailred by machinist,

Approved by forcman,

From Burnhanm cngiachousnc, Denver, Colo., in 15 dailly

reports since August 15, 19572

Avgust 15, rcportcd by inspectort

"Drain valve to front vator punp cyl, lcaking

Rupairced by mochinist,
Approv.d by foreman,

Auzust 24, rcport.d by inspector:

"Gewze cock union leaks, No tag on water
puap handlc,"

Repaircd by machinicat,

Approved by foroemar,

August 29, reportcd by inspcctor:

"fest out water punp & injector, No water
in tank,"

Work donr by machinist,

Approved by forcmin,

August 31, rcportced by cnzincers

"Jater pump dontt supply boilcr when working
eng, hard."

This itcm signed of{, "No out of linc condi-~
tion fouwnd" by forcmnan,

Scpt. 5, rcported Ly inrvpector:

%pck, nut to R, top watcr gleass cock leaking.®
Repalred by inspcector,

Approved by {orcomin,

From Grand Junction, Colo,, no pertinuent items found in

2 dally rcports,

From La V.ta, Colo,, no portincent items found in 18 dailly

rcports,
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rom Sallda, Colo,, no pertincnt items found in 17 daily
reports,

1C59~From Minturn, Colo., in 13 daily reports sincc July 28,
9523 ,

Auzust 9, rceportcd by engincer:
. "Lubricator pipc broken 2t water pump.”
Hepoired by mochinlst,
Approved Dy leadmin,

Auzust 12, rcport.d by nmoachinist:

TPiten caps on wutcr pump dlscharse valves,”
Repaircd by machinist,

Approved hy forem n,

SUMLARY O 1WVLIDWITCE

The engincor vho operated DERGW locomotive 3703 on & frelght
troin from Pucblo, Colo, to ﬁLPVb¢, Colo,, on its lost complete
trip, «rrivirng ot Burahim cnginchousc @it 7:30 p.m, October 17,
stoted he hadsuscd this *OOOMOuiVb svvcrfl times in the prcvious
month and thot it did not sterm very well; however, on the last
trip it stecmed frecly, He had tonnaze r"’flnm out ncver ha to
use tne inspirator, as the fooéwater pump kept onc-hnlf to
thrce=-fourths glrnss of woter in pollcr ot -1l tincs, e hnd

tested tne insplretor hefore stortinzg the trin ’ﬁﬂ found it -
operoted nut*sf“c+ovily All woter level Jadic (Liry devices
were in pood ceondicion, wers well illumincted; nd grve unil-

form rc.ding... There was no smokce or sterm in tno cub, The
throttle O“ugv opcn ot the top of tne nill A% Falaer LgnC; ne
finc 11y vorked 1t neorly shut, but it lcex.d romc, he stoncd
he would not wnve obhyscted if cnllcd to Cﬁfrntc the locomotive
agoin efter »op virs wore mcde to the throvile,

The Jiremn on 3793 on Octobher 17 <trted ke viis nervous
on tht dat . hecnuse wnen he lost firced 37072 o SLDbcmacr 7
it did not St am well Orn thnt dote the {ccdw.ter punp sup-
plicd the D2iler caslily, o it < 2ali. dud on Octeher 17, On
the lattor trip the voiler stacmud recly, Sne Le aoled that
a safcty valve starbtod to open oncee just ¢s bac ftoom wige

h-nd ncarcd the red mark on the éiul hc cpuencd the wotor pump
valve wider Lo provent tais. Tae ¢ cdwator puap goge Tluc-
tuated normally with coceh stroke, Hc hed to work tuc pump to
capacity only once, even whcea making good time wilth the tull
‘ tonnage The woter glasses were cloan, well illumincted, ond
showcd uniform rendings. He tested all appurtennnces beforc
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lecving Pucblo and found them functioning properly. He used
the blow=oft cock scveral times, He never noticed nny dig-
chirrge Trom the tangentlial dricr., Therce were no lenks in the
firebox «nd the Yollcr did not foonm, .

Thrce enginchouse foremen, the firebulldcer, A mhchinist,
a hostler, and a hostlcr helper toestificed with respect to work '
pertorm.d on locomotive 2703 rnd stoted thet thce locomotlve

and devices functionced normelly ot time of departure, The cone-
ductor and rear brakcman statcd the.t members of the enginc croew
cppearcd normel nd in pgood splrits prior to the accident,

CAUSZE CI" ACCIDLNT

It is found thnt this ~celdent 7w cuuscd vy an overacdta:d
crown sh ct due to low water,

Daved ot Washingtor., D, Ce, this Zrna duo
"C? s 1

t '

By the Commission, Commlssloner Pattcerson,

SEAL GECRGE V, LAIRD,
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