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In our letter dated February 7, 1975, we advised you that we found
your planned approach of upgrading the yard crane system in lieu of
structural nodifications to be an acceptable approach to resolve the
safety issues associated with the hiandling of the spent fuel cask at
Yankee-Rowe. We also advised you chat we need additional information
on your planned modification to the yard crane system to complete our
evaluation, Responding to our request you advised us by letter dated
March 31, 1975, that you will submit the details of yard crane modi-
fications as soon as they are available.

To facilitate our review of your pending additional information, we
request that you provide the results of your evaluation of the planned
nodified yard crane system in comparison with the positions given in
the enclosed document "Branch Technical Position APCSB 9-1 Owverhead
Handling Systems for Nuclear Plants'", including your deterninations

as to how the modified design meots the functional intent of these
pesitions, Your evaluation should alse include sufficient detailed
information on the crane design, testing and maintenance requirements
50 that we may also perform a comparison, Ihere the detailed information
has alreudy been submitted, you may make specific reference to the
previously submitted material. We understand that in any case you will
not ship :ny fuel until all modifications to the yerd crane systen

have been completed.

Sincerely,
pon Original signed by :

Robert A. Purple
ru;so L —
R OL‘/‘*.L./TI' muES

Robert A. Purple, Chief
Operating Reactors Branch #1
Pivision of Reactor Licensing

Enclosure:
Uranch Technical Position APCSH
9-1 Overhead liandling Systens
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" BRANCH TECHNICAJL, POSITION APCSE 9-1
OVERHEAD HANDLING SYSTEMS FOR NUCLEAR POWER PLANTS

BEACKGROMD

Overhead handling systems are used for handling heavy items at nuclear power
plants. The handling of heavy loads such 2s a spent fuel cask raises the
possibility of damage to the load and to safety~related equipient or structures
under and adjacent to the path’'on wihich it is transported should the nandling
system suffer a breakdown or malfunction,

Two methods are used in nuclear power plants to prevent damage to safety
featuves or relcase of radioactive raterial due to dropping of heavy loads,
such as a spent fuel cagk. One is protection by physicel design of the
facility to preclude damage to spent fuel and safety-relat.” svetems if a
heavy load should be droppad., The other is to provide an «.. Jd handling
systen that is designed sc. that a connected load would not fall in the event
of a failure or malfunction.

An overhead handlinpg systenm includes all the structural, mechanical, and
electrical components that are neeccded to 1ift and trapsfer a lcad from one
location to another. Primary load~bearing components, cquiprent, and subsystens
such as the driving equipcent, drum, rope receving, control, and braiing

systems require special attention. Proper support of the roup2 drune ensures

that they would be retained and prevented from failing or disanraring from

the braking and control system in case of a shaft or bearing failure. If the
hofsting system (raising and lowering) includes two mechanical holding

brakes, each with better than full-load stopping capacity, that arce autcratically
activated when electric power ie off or when wechanically tripped Ly overspeed

or overload devices, a critical load will be safely held or casntrolled in case

of failure in the individual load-bearing parts of the hoisting cachinery.
Failure of the bridge or trelley travel to stop when power ¢ chut off or an
overspeed or overload condition due to malfunction or failiic in the drive
syster can be prevented and controlled by appropriate safety and linmit

devicres and brake systems,

Since the crane industry has not yet developed codes or standarcs that adequately |
cover the design, operation, and testing for a "single failure-proo!" ecrane,
the APCSB has ceveloped a branch position to provide a consistent basis for
reviewing equipnment and components f{or such overnead handling cystezs. The
position below delineates accepteble codes and standards and suppletents

them with specific recozmendations on features that will prevent, control, or
stop inadvertent operation or malfunction of the mechanical supporting and
moving components of the handling system.
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"B. BRAMCH TECENTCAL POSITION

Overhead handling systems intende~d to provide single failure-proof handling

of loads’ should be designed so that no single failure or malfunction will
result in dropping or loosing control of the heaviest (eritical) loads to

be handled. Such handling systems should be designed, fabricated, installed,
inspected, tested, and operated in accordance with the following: ’

1. Ceneral Performance Specifications

a. Scparate performance specifications snvuld be prepared for a perumanent
crane which is to be used for cons’raction prior to use for plant
operation. The allowable design stress linits should be identical
for both cases, and the sum total of rimultaneously applied loads
ghould not result in stress levels causing any permznent deformation
other than that due to localized stres: concentrationc.

b. The operating environzent, incluling maxinmum and nininum pressure,
temperatuvy , humidity and rates of change of these parancters,
should be specified to determine the venting and drainage required
for box pirder scctions. 7The specifications should also state the
corrcsive and hazzardous conditions that may ocecur curing operation,
Fracture toughness for the stcel structural materials should .¢
considered, Plate thickness, with a margin for the lewest operating
temperatures, should determzine the type of steel that can be used
with or without toughness tests., The selection of steel materials
will be reviewed on a case by casc bases.

c. The crane should be classified as seisuic Category 1 and should be
capable of retaining the maximum design load during a safe shutdown
earthquake, althouph the crane rmay not be operable after the scisnmic
event. The vridge ard trolley should be provided with neans for
preventing them {rem leavinp their runways with or without the design
load during operation or under seismic loadings. The design rate
load plus operational and seismically~-induced penduluz and swingping
load effecte on the crane should be considered in the design of the
trolley, and they should be added to the trolley weight for the cesign,
of the bridge. g

d. All weld joints for load-bearing structures, including those susceptidle
to lamellar tearing, should bte inspected by nondestructive examinations
for soundness of the base metal and weld metal.

e. A fatigue analysis should be consider=d for criticel load-bearing
structures and cozponents of the crane handling system, The cumulative
fatigue usage factors should reflect effects of eyclic loadiags from
both the construction and operating periods.
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f. Preheat ani postheat treatment tenperatures for all weldmen%s should
be specified in the weld procedures. For low-alloy steel, the
recoxmendations of Regulatory Guide 1.50 should be followed.

Safety Features

a. The automatic and manual controls and devices required for normal
crane operation should be designed such that a malfunction of these
controls and devices, end possible subsequent effects during load
handling, will not prevent the handling system from being raintained
at a safe neitral holding position.

b. Auxiliary systems, dual -omponents, or ancilliary syste.s should be
provided such that in case of subsystem or component fai.ure the
load will be retained and held in a stable position,

¢. Means should be provided for devices which can be used in repairing,
adiusting, replacing failed components or subesystems when failure of
an active cocponent or subsystem has occurred and the load is
supported and retained in the safe (cemporary) position with the
system irmmobile., As an alternative to vepairing tae cranc in pslace,
rzeans may be provided for moving the handling system with load to a
laydown arca that has been designed for accepting the load and =aring
the repairs.,

Ecuipment Selection

a. Duval load attaching points should be provided on the load block or
1ifting device desigmed so that each attaching point will be abdble to
support a static load of 3W (W is weight of the design rated load),
without permanent deiormatiun other than that due to localized stress
concentrations in arcas for which acdditional waterial has been
provided for wear.

b. Lifting devices such as iifting beams yokes, laddle or trunnion type
ks, slings, toggles, or clevises sk uld be of redundant design

h dual or auxiliary devices or cozbinations thereof. Each device
should ve designed to support a static load of 3W without percanent
deforration.,

e. The vertical noisting (raising and lowering) mechanisza which uses
yope and consists of upper sheaves (head block), lower sheaves
(load block), and rope rceving system, should de desigmed with

redundant ceans for hoisting. Maximum hoisting speed should be no
greater than 5 fpm.
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The heat and load blocks should be designed to maintain a vertical
loed balance adbout the center of 1ift from the load block through
the head block, and should have a dual reeving system, The load '
block should maintain alignment and a position of stability with
either system and be able to support 3W and maintain load

stability and vertical alipnment from the center of the head block
through all hoisting components to the center of gravity of the load.

The design of the répe reeving system should be ducl, with cach systen
providing separately the load balance on the head énd load blocks
through the configuration of ropes and rope equalizers. Selection

of the hoisting ropc or running rope rhould consider the size,
construction, lay, and means or type of lubrication to raintain
efficient working of the individual wire strands es the rope passes
over the sheaves during the hoistir g operation, The effects of impact
loadings, accecleration and crmergency steps should be included in
selection of the rope and reeving system., The wire rope should be

6 x 37 lron VWire Fope Core (IWRC) or comparable classification,

The stress in the 1+*ad line to the drum during hoisting at the
raximum design speec with the design rated load should not exceed 204
of the manufacturer's rated strenpth of the rope. he static stress
in rope (load is stationary) should not excced 12-1/2 »f the
canufacturer's ratced strength, Line speed during hoisting (raising
or lowering should not exceed 50 fpm.

The maximum fleet angle from drum to lcad sheave in the load block
should not exceed 3-1/2 degrees at any point durins holsting and

there should be only one 180° reverse bend for cach rope leaving

the drum and reversing on the first or lead sheave orn the load block,
with no other reverse bends other than at the equalizer i{ a sheave-
type equalizer is used. The fleet angles for rope between individual
sheaves should not exceed 1~1/2 degrees. Equalizers wmay be beam or
sheave type. For the recormmended 6 x 37 IWRC classifi:etion wire
rope, pitch diameter of the lead sheave should be 30 tirves rope
diereter for the 180° reverse bend, 25 tives rope diameter for running
sheaves, and 13 tires rope dismeter for cqualizers. The pitch diaccter
is tcasured from the center of the rope in the sheave groove through
the sheave center. The dual reeving system may be a single rope

fror cach end of a drum terminating at a beam~type load and rope
stretch equalizer with each rope designed for total leoad, or a 2-rope
system may be used from each drun or scparate drums with a sheave cor
peam eqalizer, or any other combination which provides two separate
and complete reevini systenms,

2
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The vertical hoisting system couwponents, which include the head block,
rope reeving system, load bleck, and dual load attaching device,
should each be designed to sustain a load of 2W (W is the weight of,
the design rated load). A 2V static load test should be performed

for each reeving system and load attaching point at the canufacturer's
plant, Each reeving system and cach one of the load attaching

devices should be assembled with approximately a 6 inch clearance
between head and load blocks and should 'support 200% of the design
rated load without degradation of the components or perzanent
deformation other than that due to local:zed stress concentrations.
Measurements of the geometric configuration of the attaching points
should be made before and after test followed by nendes* s..Lave
examination, which should consist of combination of megnetic particle,
ultrasonic, radiographic, and dye penectrant examinat “ons to verify
the soundness of fabrication and assure the integri'y of this pertion
of the hoisting system., The results of examinatiors ehould be
documented and recorded for the hoisting system fcr each overhead
crane.

Means shouid be provided to sense such items as elecctric current,
temperature, oversjced, overlording, and evertravel. Controls
should be provided to stop the hoisting movement within 3 inches
raximum of vertical travel through a combination of clectrical power
controls and mechanical brakinp und torque control systens should
one rope of the dual reeving systeu fail.

The centrol systems may be designed as cenbinatio. 2lectrical and
techanical systems and may include such items as contractors, relays,
resistosrs, ans thyristors in couwbination with mechanical devices and
rechanical braking systems, The electric controls shoul:d be selected
to provide a maxizum breakdown torjue 1init of 175% of the required
rating fcr a.c. motors or d.c. motors (series or shunt wound) usec
for the hoisting crive motors. Compound wound d.c. motors should not
be used. The control systems proviced should consider hoisting
(raising and lowering) of all loads, including the design rated Joad,
and the effects of inertia of the rotating hoisting sachinery such

as motor armatures, shafts and couplings, gear reducers, and drums.
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4. The rmechanical and structural components of the hoisting system
should have the required strength to resist failure should "two-
blocking" 1/ or "loed hangup" 2/ oceur during hoisting. The designer
should provide means to absorb or control the kinetic energy of ’
rotating machinery in the event of two-blocking or load
hangup. The location and type of techanical brakes and controls .
should provide positive and reliable weans .v stop and hold the

: hoisting drums for these occurrences. The hoisting systcem should
be 2ble to withstand the maximum torque of the “riving motor, if a
palfunction occurs and power to the driving motor cannot be shut off
at the time of load hangup or two-blocking.

k. The load hoisting drum on the trolley should be provided with
structural and rechanic safety devices to prevent the drum from dropping
disengaging from its holding brake system, or rotating, should

the druz or any portion of its shaft or bearings fail,

1. To preclude excessive breakdown torque, the horsepcwer rating (HP)
of the electrical rotor drive for hoisting should yrovide no more
than 110% of the calculated NP requirement to hoist the design rated
load at the maxinmum design hoist speed.

£, The rinizum hoist brakinpg system should include one power control
braking system (not rmechanical or drag brake-type) and two mechanical
holdirg brakes. The holding brakes should be activated whenm power is
of f ar? should be autonatically tripped by mechanical means on
overspeed to the full holding position 4f a mzalfunction occurs in the
electrical brake contrels. Each holding brake should be designea to
125% « 150% of zmaxizun developed torque at the point of application
(locaticn of the brake in the mechanical drive). 7The minimun '
design requirezents for braking systems that will lLe oper.ble for
epergency lowering after a single brake failure should be two
holding brakes for stepping and controlling drus rotation. Provisisug
should te made for nanual operation of the holding brakes. Ezergency
brakes cor bolding brakes wnich are to be used for manual lowering
should be capable of operation with full load and at full travel and
provide adequate heat dissipation. Design for manual brake operation
during c-ergency lowering should include features to limit the lowering
speed to less than 3.5 fpm.

"vo-blocking' is an inadvertently continued heist which brings the losd and
head block asserblies into physical contact, thereby preventing further covement
of the load block and creating shock lecads to rope and reeving system.

"Load hangup" occurs when the load block or load is stopped during hoisting by
entanglerent with fixed objects, thereby overloading the hoisting system.
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The dynamic and static alignment of all hodsting machinery components
including gearing, shafting, couplings, and bcarings should be
vaintained throughout the renge of loads be lifted with zll s
conponents positiored and anchored on the trolley wachinery platform.

Increment drives for hoisting may be provided by stepless controls

or inching moter drives. DPlugging 3/ should not be permitted.
Controls to prcvcnt plugging should be included in the electrical
circuits and the control system., Floating point 4/ in the
electrical power system, when required for bridge or tolley wovement,
should be provided only for the low st operating spceds.

To avoid the possibility oi overtorque within the concrol system,

the horsepower ratirs of the driving notor and gear reduccr for
trolley and bridge motion of an overhead bridge crane should not
exceed 110% of the calculated requirement at maximum speed and

with the desipgn rated load. Incremental or fracticnal inch

rovements, when required, should be provided by such items as variable
speed or iInching rntor drives., Control and holding orakes should

each be rated at 100% of maximum drive torque at the point application.
1f two mechanical brakes are provided, one for control and one for
holding, they should be adjusted with one brake in each system for
both the trolley and bricge leading the other and sheuld be activated
by relcase or shutoff of pewer. The bLrakes should also be mechanically
tripped to the "on" or "holding" position in the event of a
ralfunction in the power supply or an overspeed condition, Provisions
ghould be made for manual cperation of the brakes. The holding

brake should be designed so that is cannot be used as a foot-operated
slowdown brake. Drag brakes should not be used. Opposite wheels on
bridges or trolleys which support the bridge or trelley on the runways
should be matched and have identical dismeters. Trolley and bridge
epecd should be linited, A maximum speed of 30 fpm for the trolley

and 40 fpon for the bridge is recommended.

3/ Plugping is
for the pur

4/ The point in

are off, and

>
~
- -~
~

ae momentary applicati n of full line power to the drive motor
se of promoting a limited movement.

e lowest range of movement conLrol at wvhich power is on, brakes
tors are not encrgized.

o
>
.o
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The complete operating control system and provisions for emergency

the main cab on the bridge. Additional cabs located on the trolley

or 1ifcing devices should have complets control systems similar to .
the bridge cab. Manual controls for the bridge may be located on

the bridge. Remote corntrols or pendant controls tor any of these
motions should be the same as those p-ovided in the bridge cab

control panel. Provisions should be rade in the design for devices

for cmergency control or operations. Limiting devices, mechanical ‘
and clectrical, should be provided to indicate, coatrol, and prevent
overtravelling and overspeed or hoist (raising or lowering) and for
trolley and bridge travel movemoni, Buffers for bridge and trolley
travel should be included. :

|
:
.
\
|
controls for the overhead crane handling systenm should be located in
|
|

Safety devices such ar limit type switches provided for wmalfunction,
inadvertent operation, or fail -e should be in addition to and scparate
from the control devices proviucd for operation.

The operating requirements for all travel rmovements (vertical and
horizontal movements, or rotation, singly or in combination) for
permanent plant crancs srould be clearly defined in the operating
manual {or hoisting and for trolley and bricge travel. The designer
should c¢stablish the maxiuvum working load (MWL). The MaL should not
be less than 85% of the desipn rated load (DRL) capacity for the new
ceranc at time of operation,. The redundancy provided, design factors,
selection of components, and balancz of auxiliary-ancilifary and duel
{tems in the design and manufacture should be taken into account in
setting the maximum working load for the critical load handling crane
system(s). The MWL should not exceed the DRL for overhcad crane
handling system.

When the permanent plant crane is to be used for construction and the
opevating requirements for construction are not {dentical to those
required for permanent plant service, the construction operating
requircments should be definel secparately. The crane should be
designed structurally and mechanically for the construction loacs,
plant service loads, and the functional performance requirements for
each. At the end of the construction period, the crane handling
system should be adjusted for the sarformance requirerments of perranent
plant service. " The conversion or adjustment may include the
replacement of such items zs motor drives, blocks, and reeving system.
After ccrstruction use, the crane should be thoroughly inspected

ueing nondestructive examinations and should be perfeormance tested.

I{ the load and performance requirements are different for constructic:
and plant service periods, then the crane should te tested for both
phases. The crane integprity should be verified by the designer and
manufacturer and load testing to 125% of the design rated load
required for the operating plant should be done before the crane is
used as perzanent plant equipment.




u.

C €

9=

Installation instruction should be provided by the manufacturer.
These should include a full explanation of the crane handling
system, its controls, and the limitations for the system, and should
cover the requirezents for installation, testing, and preparation
for operation.

Mechanical Checks, “rsting, and Preventative Maintenance

a.

A complete mechanical check of all crane systems as installed should
be made to verify the method of {nstallation and to prepare the

crane for testing. During and after installation the proper ass-..ly
of electrical and structural components should be verified. " .c
integrity of all control, operating, and safety systems is to be
verified as o satisfaction of installation and design requircments.

The crane designer and crane nanufacturer should provide & mznual of
{nformation and procedures for use in checking, testing, anc crane
operation. The manual should also describe a preventive maintcnance
program based on the approved test results and informaticn obtained
during the testing; it should {include such items as servicing, repair,
and replacement requirements, visual examinations, inspections,
checking, measurerents, problem diagnosis, roadestructive examination,
crane performance testing, and special instr .ctions,

Information concerning proof testing on ccumponents and subsystems as
required cand perforced at the panufacturer's plant t> verify
component or subsystenm ability to perform should be available for the
checking and testing performed at the place of installation of the
crane systen. :

The crane system should be preparcd for the static test of 125% of rhe
design rated load. The tests should include all positions of hoisting,
lowering, and trolley and bridge travel with the 125% rated load and
other positions as recormended by the designer and manufacturer.
After satisfactory cozpletion of the 125% static teer and adjustments
required as a result of the test, the crane handling system should

be given full performance tests with 100% of the design rated load
for all speeds and motions for which the syctes is designed. This
should include verifying all limiting and safety control devices.

The crane handling system should demonstrate the ability to lower

and move the design rated load by wanual operation and with the use
of emergency operating controls and devices vhich have been included
in the handling systen.
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Thé conplete hoisting machinery should be allowed to two-block

during the hoisting test (load block limit and sefety devices

are bypasued). This test shc'ld be conducted without load and

at slow speed to provide assurance of the integrisy of the design,
equipment, coc.trols, and overload protecticn devices. The test
should demonstrate that when the maximum torque that can be
developed by the driving systen, including the inertia of the
rotating parts at the overtorque condition, will be absorbed or
controlled prior to, two-blocking.

The complete hoisting machinery should be tested for ability to
sustain a load hangup condition by a test in which the load
block attaching points are secured to a fixed anchor or excessive
load. The drum should be capable of one full revoluticn betore
starting the hoisting test.

The preventive maintenance program recommended by the designer and
manufacturer should also prescribe and estevlish the Mwl for which
the crane will be used. The maximum working lcad should be plainly
marked on ecach side of the crane for cach hoisting unit, It is
recommended that critical load handling creanes should be continuously

-y

waintained at 95% of DRL capacity for the M4l capacity.

Regulatory Guide 1.50, “Control of Preheat Jemperature for Welding of

Low~Alloy Steel.'

"Table of Engineering, Manufacturing, and Operating Standards, Practices,

and References,'

attached to this position,
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ENGINEERING, :wNUFACTURING, AND OPERATION STAMN...RDS,
PRACTICES, AND REFERENCES

Association of Iron and Steel Engineers (Std. No. 6). Ceneral items for
overhead cranes and soecifically for drums, rceving systems, blocks,
controls, and electrical, mechanical, and structural components.,

American Institute of Steel Construction, '"Manual of Steel Construction."
Runway snd bridge design loadings for impact, and structural supports.

American Soclety of Mechanical Engineers. References for testing, materials,
and mechanical components.

American Societv for Test.ing Materials. Testing and selection of materials.

American National Standards Institute-:(Al0, 23, B6, B15, B29, B30 and N45
series N series of ANSI standards for quality control). ANSI conscnsus
standards for design, mwanufacturing, and safety,

Institute of Electrical and Electronies Engincers. Electrical power and
control systems.

American Welding Society (D1.1.72 - 73/74 vevisions)., Fabrication
requirements and standards for crane structure and weldnents.

Edison Electrical Institute. Electrical systems.

Society of Automotive Engineers, "Standards and Recommended Practices."
necomuendations and practices for wire rope, shafting, lubrication,
fasteners, materdials selection, and load stability.

Crane Mar ifacturers Association of .‘merican (CMAA 7). Guide for preparing
functfonal and performance specificatiens and component selection,

Rational Electrical Maznufacturers Association. Electrical wmotor, control,
and component selections,

Wire Rope Technical Board and their manufacturing members. Selection of
rope, recving system, and reeving efficiencics.

Materials Handling Institute and their member associations and association
members such as American Gear Manufacturing Association for gears and gear
reducers, Antifriction Bearing Manufacturers Association for bearings
selection, ete,

Welding Research Council, "Control of Steel Conztruction to avoid Brittle
Fracture," and Bulletin {168, "Lamellar Tearing."
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