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TRANSPORTATION OF A 451 TON GENERATOR STATOR AND A 234 TON
GENERATOR ROTOR FROM HARTSVILLE, TN, TO LOS ALAMOS, NM/

H.J. Boenig, J.D. Rogers
Los Alamos National Laboratory
Los Alamos, NM, 87545

Abstract

A 1430 MVA steam turbine generator was acquired from a
cancelled nuclear power plant in Tennessee o be used as the
pulsed power and energy storage unit for the Confinement Physics
Research Facility being built at Los Alamos, NM.

The transportation from Hartsville, near Nashville, TN, to Los
Alamos, NM, of the two largest single pieces of the genarator, a
451 t stalor and a 234 t rotor presented a special challange.

Details o' the move, by barge from Hartsville to Catoosa, near
Tulsa, OK, by rail from Catoosa to Lamy, near Santa Fe, NM, and
by road from Lamy to Los Alamos are described. The greatest
ditticulty of the successiul mouve was the crossing of the Hic Grande
nver on an existing reinlorced concrote bridge. The two-iane wide
road transporters for the stator and rotor wore fitted with outriggers
o provide a four-lane wide vehicle, thus spreading the loed over
the entire bridge widlth and meeting acceplable load distribution and
bridge salety factors.

1. Introduction

Inthe summer of 1987 Los Alamos Nat onal Laboratory (LANL)
acquired all componants of a 1430 MVA steam turbine generator
which was part of a cancelled nuclear power plant owned by the
Tennessea Vallay Authonty (TVA). All the generator componenis
wara in storage at Hartsville. Parl ol the contract agreemant was
that LANL raemove all genarator parts from the storage site by the
end of Srptember, 1987, axcapt for the stator and rotor, which were
10 be removed by the end cf 1987,

Shortly after acquring the ganetator, LANL accepted compati-
liva bidding for two {ransportation contracts. One companv won the
contract 1o transport the stator and rotor fro.n the stoiage sita in
Hartsville to Los Alamos and to place tha stator and rotor on the
foundaton. Anothar company raceivad a contract to mova all the
ramaining genarator parts to the Los Alamos generator sita. These
parts includad componaents with an individial waight up to 78 t for
a lotal waght of about 1250 1. About 20 heavy, cversized pieces ol
the ramaining parts, such as the baanngs, and casings, foundation
sole and base plales, lube oil tanks and excitation lranslormer,
wore transpartad by truck from Hartsville to the naarest rail head
at Gallatin, TN, and by rait to Alamosa, CO, and then by road
trans artaes to Los Alamas. Tha lighter of the ramaimng pinces
wiri@ hansported dizactly by truck from Hartsville to Los Alamos,

Al the crating of the pinces al Haaville was dene by Los
Atamos porsonnel, otten utlizing the ongmal boxes which bad boon
usod for transpotting thee procos trom the genoetator manulaclurors
plant in Switzotkand to Hirtaville,

2. Preparation for the Move

2.1 Genaral.  Belote the contract wih TVA was signed,
CANL bogan invostigating aconomicil mathoda ol mioving the stator
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and rotor to Los Alamos. Realizing that for heavy loads water
lransportation is the cheapest means of hauling and recognizing that
Hartsville had no rail connection, it was decided that the generator
components should be brought by barge to either Houston, TX,
or Catoosa, the ports nearest to New Mexico. Discussions with
personnal from dilfarent railroads confirmec that the railroad tracks
from Houston or Catoosa to the Santa Fe area were capable of
accommodating the load, provided a Schnabel car arrangement vvas
used for the stator. The most difficuit section of transportation was
obviously tha transportation over land, requiring the crossing of the
Rio Grande river.

Saveral months before the transportation contract was
awarded, LANL contacted the New Mexico 3tate Department of
Transportation and all municipal, federal, and Indian Reservation
authorities along the route, notitying them of the expected move. In
addition, LANL hired a consultant with expartise in hauling of super-
heavy loads to make a route feasibility study for the stator{1]. Since
the rotor was considerably lighter than the stator it was assumed
that it would be possible to transport the rotor over any route which
woula parmit the transport of the stator. The feasibility study gave
a detailed route description and identified two potentially successful
routes for crossing the Rio Grande. One route would have required a
low water crossing and the other one would utilize the existing Santa
Clara bridge at Espafola, NM. A preliminary analysis of the bridye,
an 11 span reinlorced noncrete bridge, each span equalling 85' long,
indicated that a transporter could be dusigned to support the stator
load. Such a transportor would usae all four lanas 1 width and would
span at lnast two sactions of tha bridge. This would be the heaviest
load aver transporied over such a reinforced concrate highway

tidge. Tho New Maxico State Department of Transportation was
providad with a possible transportar design tor crossing the bridge
as wall as a bridge analysis for this transporter, and ten‘atively
approvecd the transporter configuration. The teasibility sludy was
made available to the saven companias bidding on the stator and
rotor mova. All biddars chose In thair proposals the rivar crossing
ovar the Santa Clara bridge, utii'zing a transportaer similar to the one
dasigned in the laasibility study,

Tha succossiul biddar was roquestad to obtzin all the
nocossary parmits lrotn local, state and fedaral authorities lor the
thraa soctions of the move, by water, rail and road. Tha contractor
which LANL selociod fur tha move chosa to usa tha barge tranapornt
to Catcosa and negotiated the rail route via Oklnhoma, Kansas,
Toxas and Now Maxico.

2.2 Rond Transporters Description. To gt the
transportaton permit from the Now Mixico State Departmant of
Transportation, the succassiut bidder porformed a detailnd route
survey,identitying bndges and culvetts along the route and othar
ntatioroncos such s low bodge cloarness, potantial traflic ligt
etoroncan, ete The contraclor nlected to mova the rotor on a
hoay duty plattorm taalor, having 10 axles with 16 wheals por axle
110 o, doubla widn Schouetde tailer), The tlor wis 219 wadr,
moasuind 44°4% 0 longth botwoen the conters of tha outar axlng,



had a weight of 90 t and produced a wheel loadirg of 2.25 Ywheel
with the 234 t rotor and 36 t shipping container. For the stator
transporter a Schnabel car arangement was chosen, consisting of
wo sections of heavy cuty platform traiters, each having 10 axles
with 12 wheels/axle (600 t capacity Nicholas trailer). The stator was
to be hanging betwecn ihe ransporter sections. The weight of the
trauler sections was 227 t. With the weight of *he stator including two
transport covers of 451 t, the total weignt of the transporter was 678
!, resulting in a wheel loading of 2.8 twheel. The stator transporter
measured 20'4" wide and 150’ long. The minimum height of the
transporter was 158" and the height could be raised by 26" using
the trailer’s hydraulic system.

2.3 Bridge Crossings. The traffic plan submitted to the
New Mexico State Department of Transportation included metnods
of crossing each bridge or culvert. Small bridges less than 40 long,
which could not support the transporter load, would be crossed by
means of a 40’ long portable bridge. Weak, longer bridge and culvert
structures up to a length of 120" were planned to be spanned by a
120’ long portable bridge. The 40’ long bridge was going to be used
3 times during the move, the 120’ long bridge 14 times. Two box
culvert structures along the route were longer than 120" and were
shored.

For the Rio Grande bridge crossing the contractor presented
tha New Mexico Stale Department of Transportation with a
transporter layout similar to the one which had been tentatively
agreed upon. However, the contractor used existing, sometimes
modilied equipment. Girders, as oulriggers, 100" long, 8' high, and
2" wide, were placed parallal to the road transporter, each on 6
dollies, each dolly having 8 wheels and a 20 t load capacity. With
a superstructure built over the stator, connacted to the stator and
girders, load from he road transporter was shiftad 1o the outriggers.
To achieve further improvemant in uniform load distribution, two
dollies wera placed under the center ol the stator and 32 wheals
of the road transportar wera hydraulically lifted olf the ground.

Crossing a bndge, the venicle would have 352 whaels, 32 of
which making no contact with the ground, and a total width of 51",
The oulriggers, suparstruciure and support struts ware designed to
be used hoth for the rotor and stator transporter. The total weight
of tha vehicle including the stator was about 760 1.

Although tha Namba Rwver at Pojoaque. NM, could have baen
forded naxt to the highway bridge, the contractor chose to use the
sama brudge vatucla as dasigned for the Rio Grande bridge for this
crossing, thus avoiding potentially difficult right of way negotiations.

The consultant for LANL porformed an indepth analysis for
tha stator and rotor vehicles crossing of both bridges, which were
presented 1o the Stata Highway Departmant. It was calculaled that
the lowest factor of salety against banding fatlura of any of the Santa
Glara bridge girders was 1./6. Whila the last details for recaiving
tha ropd permit we re sl boing negotiated, tha tirst two legs of the
move ware bequn

3. Move by Water from Hartsville to Catoosa

The rotor and stiator wore storod in two tomporary buddings
approximately one quatter miln away from the loading dock on the
Comhorand Fliver  The rotor, 649 long and 6170 dianeiorn, was
stored ana mtrogen Mled plastic biag  Aflter disassembing the
storagsn builkhing, the 234 1 rotor was hited by a 600 t jacking frame
intQ a stupping contamar, Tho contamar was lited by the criane onty
A 192 wheal haavy duty plattfonm transportation triler and rollod
onto tha barge to the alt aed with the hoin of a pime mover  The
rotor contamar was blocked on supports on the barge dock and the

transporter removed for the stator transport. The generator stator
with a diameter of 13'8" and a length of 40" was in storage, blocked
on a metal beam stiucture, with adequate ground clearance to ailow
the same mulli-wheel tiansporter to be driven under the stator.
The transporter's built-in hydraulic system could raise the stator
oft its support blocks. With the assistance ol the prime mover the
transporter, including stator, was rolled onto the barge and placed
centrally on the barge in line with the rotor. Alter securing both Icads
to the barge, the barge started itls voyage down the Cumberland,
Tennessee, Ohio and Mississippi River, and up the Arkansas River
lo Catoosa.

4. Move by Rail From Catoosa 10 Lamy

In Catoosa the stator, mounted on the transporter, was rolied
ol the barge and driven to a rearoy ra’i head. The stator end
covers, which protected lhe end wirdings during storage, were
mechanically not strong enough to support the stator. These covers
were replaced by special transportation covers, which were rented
by LANL from the generator manulacturer. Thase transportation
covers were bolted to the ends of the stator. With the transportalion
covers, the total stator weight amountod to 451 1. In addition, 34
lie rods were inserted betwveen the transportation covers under the
stator to support the weight. Then the stator was lilted by the 600
t jacking frame and placed between the two halves of a special
railroad car called a Schnabel car. The Schnabel car is Jdesigned
tor rail moves of large turbo generators. This special car was rented
by LANL from the generator manulacturer. The rotor was rolled off
the barga with the same transporter and the rotor container was
lited onto a flatbed rail car. The route for the specia! train from
Catoosa o New Mexico was planned, considering ralroad bridge
loading and clearances. The route led north through Oklahoma to
Paola and Hutchinson, KS, Amarillo, TX, and Albuquerque, NM, to
Lamy. A considarably shorter route betwean Catoosa and Amarillo
did not allow transport of the staior due to weight restnctions. The
train arrived in Lamy in Dacember, 1987. Figura 1 shows the 20 axle
Schnabel car. The stator and the rotor wara lifted olf the railroad
cars by the portable 830 t jacking frame and placed naxt lo the
railvoad tracks on conurete blocks. Bolh components *~mained in
Lamy for four months awailing warmar we athor, which wouki allow
travel ovor Irost free roads.

Fig. 1. Twonty axlo Schnabel el car for stitor tansport
Y

5. Move on Road From Lamy to Los Alaimos

Far the 65 mide long road transport 1o 1os Aamos the havhng
proceduin, as approverd by the Highway Departmont, was followed



exactly. The 120 wheel heavy duty transporter was rolled under
the r:tor container and the load secured lor transportation. The two
sacticns ¢! the road Schnabel car were attached to the transportation
covers of the stalor.

The stator and rotor travelled logether on the route at a speed
ol 3 to 5 miles per hour except during the bridga crossings and on
route sections with extremely steep slopes. On lavel roads or roads
with a declining slope lhe stator transporter was moved by two 650
hp prime movers, one puling and ona pushing. The rotor transporter
was pulled and pushed by two 525 hp prime 1novers. For inclining
slopes an additional 525 hp prime mover was added in front of each
transporter. The greatest slope of the route (8.5 %) occured at a
section baetween the Rio Grande and Las Alamos. During this route
section (hree prime movers pulled and one pushed the staltor up the
hill at a speed of about 2 miles per hour.

The total distance from Lamy to Los Alamos was iraveled
in 8.5 days. Travel was restricled 1o daylight howxs. The entire
route was lravelied over mountain roads at an elevation between
5600' (Ri» Grande bridge) and 7400° (outskirts of Santa Fe and
Los Alamos). The use ol the portable bridges was an economical
solution lor crossing weak bridge and culvert structures and slowed
the convoy only minimally. Each portable bridge consisted of four 6
wide sections. Onae section of the 120’ long bridge had a walght of 28
\, and was lifted from a truck by two cranes and then put In place. To
assemble the bridge, cross over it with the canvoy, disassemble the
bridge into 4 sections, and ‘oad each section on a truck required 75
minutes. During the second to last day of the lip, the 120’ portable
bridge was usad 8 timas. Figures 2 and 3 show the rolor and stator
transportar crossing the portable 120° long bridge.

Fig. 2. Rolor vansporier crossing a portabin bridge.

Two days ware neaded for aach maor brkige crossing, onn
day lor tha 1otor and ona day for the stalor transportar. Assmnbling
e outiggers and the supmstructre and chacking the winght
distnbution with portable scalos placad undor the tiins of the vohx:ile
toquitedd mast of ann day (Fig  4)  The aclual move across the
berign was accomplished in a few minutas  Tha rast of the day was
spont deiinsanmbhing ard taturming the vahicia to tha normal road
ranaport contiquration . Waork wan facilitaled by ton fact that both
bredgna could b closed o tratfic to allow sulficion], undisturbd room
lor the ngging activty

the Now Maxco Slate Deparlinont o, Transpottabion grantod
e wanspott poreat o tha heetvy hawling  company  undor the

Fig. 4. Assambly of oulriggers and suparsiructura lor Rio Grando
bridga crossing.

condition that any damage lo roads and road structures would
be corincted by the haulor. To assess bridge damaga o the
Namba and Santa Clara bridgaes, the authorities requestad that the
hauler instrumant the two brikiqos to maasure strain, displacamant
and rotation of various structural aiemonts of tha bridgas. It was
ngrand by all parties involved, afinr a subcontraclor for the bridge
instrumentation could nol ment the dradiine, that LANL would do
tha instrumaentation, bacause tha equipmant and axparlise waere
available at Los Alamos. The data ol the bridga instrumantation
shownd thitt no dnmage was causnd by the loads as maost readings
toturnedd to thair initinl valuna aftar the loads had bean tomoved [2)
Figura 5 shows a stikin gauga mading tiken from [2] on a beam of
tha Santn Clra brkdgn diring the atator move

Now Maoxico State Departmant of  Transpeiation parsonnnt
accompamnd tha convoy dunng the antirg lnip,  ansessing 1o.ad
alacn, bridge and culvort damagn  Tho damage was mimmal,
limiloed only to the asphalt sutlaco i a tow locations, and this wis
ispinexd by tha transportation contractor,

Onee tha siator ard tolor attived in L og Alamon, both umits wern
tomporinly Storkd on concrota bincks, hocauso the conainiclion
ol the gonetor foundation wing not yol complote The two



transponation covers of the stalor were removed, returned to the
generator manufactuier and replaced by the storag? covers. During
the entire move from Hartsville to Los Alames, including the storage
petiods at Lamy and Los Alamos, the stator and rolor were aiways
pressurized with dry nitrogen gas to avoid any cor.densation.
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Crossing of the Santa Clara Bridge

Time Location  Position

{min:s)

748:56 o] Prime mover entars instrumented span

’50:57 D Front traller enters instrumented span

751:14 E Dolligs entar instrumanted span

754:50 F Dollies leave instrumentod span

755.01 G Rear Irailer leaves instrumented span

Fig. 5. Strain gauge reading on a beam of the Santa Clara bridge
dunng the stator move.

6. Eraction of Stator and Rotor
onto Foundation

In Juna. 1963 the linal move of tha stator and rotor from
tha tamporary storage site onto tha genaerator foundation block
oncurted. A 700 t gantry ctane was erected ovar the genaralor
‘oundation. To accoraplish lilting of stator and rotor with the same
crann locaton, a ralroad tiack was built over the stator 'oundation
opening, axtending 50 i hne with tha stator. The (olor Shipping
comtaingr including rotor was maoved from the temporaty storage
sita o tha genatator foundation site unde: the crane on a 192 whoal
plattorm transporinr and parked parallet lo the gonarator foundation
U=ing tha crane, tha rotor wits liltnd out of tha shipping comtaine.r
and placed on two trolley s, nding on tha railroad tracks and tocatod
aver the stator oponing. The rotor then was pushaed lorward on the
toundaton and paraed in hine with the stitor opemng. vhe stator was
transported on the sama 192 whaeal teansportor to tha ganerator site
and placed undar the crane. The st GSumes werg removed and
the ondcasing: holtad 1o tha stale The tomporary tad track over
thn stator foc Lien apeting Fad alteady baon iomoved Fyg 6§
shows tha hinal 504 it of the stater onto the foundation. The stator
wias positinnnd wittunt 1/8 of an inch ol its desied final location
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Fig. 6. Final lilt of stator lrom transport vahicle onto foundation.
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7. Summary

A 451 t generator stator and a 234 { generalor rotor were
successiully transported from Hartsvile, TN, to Los Alamos, NM.
A special transporter was designed i6 move the stalor and rotor
over two mullispan highway bridges. The stator move was probably
the heaviest pieca ol equipmant ever tlansported over standard
reirforced concreta highway bridges.
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