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This document describes the design of the |Ift and *ransfer equlipment for the
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ANTRODUCT |ON

Inspections of the TMI-2 reactor Internals, which were performed through
the control rod drive mechanisms, have revealed physical condl!tions rarging
from no apparent damage to the upper portions of the plenum assembly to
sever damage to the reactor's core. Based on both known and expected physical
conditions, special methods and tools are belng developed to remove the
plenum assembly (PA). The Initial 7 1/4™ of plenum assembly |Ifting wi||
be accomplished using hydraul lc Jacks positioned at the component axes.
Subsequent plenum [Ifts Into the refueling canal for transfer to storage
will be accomplished using the TMi-2 polar crane, selected components of
the Internals | 1fting equipment, and spec!al purpose equlpment el ther purchased
or manufactured for this task.

EBURPOSE

The purpose of this document Is to Identify existing and describe the design
of new |1ft and transfer equipment for the final |Ift and transfer of the
TMI-2 PA to Its storage location In the flooded deep end of the refueling
canal. In addition, design basis Information Is provided for the equlpment.

BASIC DESICN INFORMAT|ON

3.1 The design of the final |ifting equipment |s governed by the Bechtel
and BAW documents |Isted In the references.

3.2 The final 11ft equipment has been designed to meet the NUREG 0612,
Reference 13, and ANSI N14.6, Reference 14, stress criterla. The
minimum load safety factors are 3 on yleld and 5 on ultimate. A dynamic
load factor will be applied to the static design load. The components
must be load tested to 1.5 times the design load. The methods of
analysis will be those glven by the AISC Manual, Eighth Edltlon, Reference
15. In using these methods to meet NUREG/ANS| stress criterla, the
allowable AISC stresses will be modifled as follows:

Tension: Ft < .33 Sy £ .20 Su
Ft £ .25 Sy £ .15 Su; for pln connected member

Shear: Fv £ .22 Sy £ .13 Su
Bearing: Fp < .50 Sy < .30 Su
Compression: Use .56 Fa
Bending: Fb < .37 Sy £ .22 Su
Non-load bear|ng members w!|| be designed to meet al iowable AISC stresses.
3.3 Baesed on the character!stics of the TMI=2 polar crane def Ined In Reference
1, & dynamic load factor of 1,15 Is to be used. The resul tant design
rated load Including the dynamic load factor Is 25 tons for each of

the three | Ift points for a total design rated load of 75 tons. Equlpment
tests are dlscussed In Section 7.0 below.
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3.5

51-1146739-04
Page 4 of 11

The minimum allowable force In a I1fting pendant to prevent damage
to the I1fting equlpment should the plenum assembly hang-up and then
break-away while making lowering adjustments w!th the |oad positioners
or the polar crane Is 2W-50,000. "W" |s the largest load In a pendant
at the start of the final |1ft operation.

The minimum load at the polar crane load cell +to prevent the weight
of the tripod from creating excessive compression load In the pendant
rod Is X-1800. ™X" Is the load at the polar crane load cell with
only the tripod and pendants attached.

Therefore, to provide procedural controls to prevent damage to the
I1fting equipment use the X-1800 criterlia when Installing or removing
the Iifting arms and the value of 2W-50,000 when making ad Justments
during plenum assembly removal operations.

Based on the clearance between the keyway on the plenum assembly and
the keys on the reactor vessel and the |IF, the plenum assembly can
be tiited 0° 15' and 0° 45' respectively without causing binding between
the keyway and the keys.

A summary of the stress analysis glven In Reference 3 Is as follows:

3.6.1 Plenum assembly |1ft polnt (rib)
Actual (Calculated) (KSI) Allowable (KSI)

Bearing 25.30 27.00
Shear 2.53 6.60
Bend!ng 8.02 11.10

3.6.2 L1fting pendant components

(04)

Actual (Calculated) (KSI) Allowable

Adaptor P|ates

Tenslon 4.28 6.00
Shear 3.03 5.28
Bearing 8.42 12.00
Bending 2.08 8.88

5-1/4" Dlameter Tripod
Pin (App! led Force 53,0304)

Tension Ncgllglblo --

Shear 1.22 15.60
Bearing 2.53 36 .00
Bend!Ing 5.60 26 .40

3" Diameter Tripod Pln
(Appl led Force 3,0308)

Tension Nogllglblo e
Shear 0.21 15.60
Bear Ing 0.25 36.00

Bend!ng 1. 26.40
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Pendant Rods
( Tenslon 9.81 9.90
Shear (clevlis) 4.44 10.40
Shear (threads) 3.00 6.60
Bearing (clevis) 8.25 24.00
Bending (durling 8.40 11.10
up-ending)
Transfer Block
Tension 13.54 20.25
Shear (connecting pin) 11,91 17.55
BearIng (connecting pin)11,95 40.50
Bending Negl igible -
Lifting Arm
Tenslon 3.63 27.00 (04)
Shear 5.56 17.55
Bearing 25.20 40.50
Bending 15.96 29.70

4.0 EQUIPMENT

The following major Items of equipment are required for the plenum assembly
final |ift and transfer operation:

! 4.1 1IEM RESCRIPTION QUANTITY SQURCE

4.1.1 Polar Crane 1 GPUN

4.1.2 Hand! Ing Extension 1 GPUN

4.1.3 Internals Handl Ing 1 GPUN
Frame (Tripod)

4.1.4 Internals Indexing 1 GPUN
Fixture (IIF)

4.1.5 Defuel Ing Work 1 GPUN

Platform Support
Structure with Necking

4.1.6 Internals Storage 1 CPUN
Stand

4.1.7 Video Inspection/ 1 GPUN
Monltoring Equ!pment

4.1.8 Load Pos!tioner 2 GPUN

4.1.9 Elevation Monltor 1 GPUN

4,1.10 Fixed Length Pendant/ 1 BAW

\ L1fting Arm Assemb!y
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JIEM RESCRIPTION QUANTITY SOURCE
4.1.11 Load Pos!tioner Pendant/ 2 BaW
Lifting Arm Assemb|y
4.1.12 Shepherds Hook on & Long 1 GPUN

Pole

Equipment Indi:ated to be provided by GPUN Is assumed to meet the
design criteria and to be avallable without further changes to support
and/or perform the hand! Ing cperations described In Reference 4.

5.0 MATERIALS DESCRIPTION

Components of the plenum |Ifting equipment that will be used In water are
stainless steel. Components that will not be used In water are elther
al loy and/or stalnless steel as shown on References 6 through 10.

EQUIPMENT DESCRIPT ION

6.0

6.1

6.2

General

All existing PA handl!ng equipment designs were reviewed for use In
the removal of the TMI-2 plenum assembly. Due to the transients
experlenced durling the accldent, the structural Integrity of the plenum
[1fting lug bolts Is questionable. Therefore, dlfferent attachment
points on the plenum assembly are required and as such, new pendant
and |Ifting arm assembl les wil| be provided.

Pendant rods, adaptor plates, |ifting arms and, In the case of the
positione:~ pendant, Hydra-Sets are assembled to comprise new |ifting
pendant assembl les. The |Ifting arms are held In such a position

by the latching and unlatching system (LUS) that they can be placed
under 3 ribs In the PA cover. After the |Ifting arms are In position
and the pull rod In the LUS for each of the pendants Is pul led to
a8 new position, the Iifting arms automatically lock under the PA rlbs.
After the pendant Is slightly ralsed, the lock plate will clear the
rib and the lock plate and pull rod will be positioned to prevent
disengagement of the |Ifting arm assembly. After transfer operations,
the pull rod Is then positioned to perm!t movement of the I1fting
arm and It will then automatically dlsengage when unloaded and pushed
downward. As a contingency, the |Ifting arms when not under |oad
can be manually dlsengaged by |I1fting with a long handled tool through
the 2 Inch dliameter hole provided on the |1fting arm.

Final 1ifting of the PA wil| be performed using the equlpment |Isted
In Section 4.0 and the plenum assembly will be moved to the Internals
storage stand located In the flooded deep end of the refuelIng canal.

Lifting Equlpment

The B&W supplled | I1fting equlpment consists of one fixed length pendant
assemb!y and two load pos!tioner pendant assemblles. The pendant
assemb| les are attached to the exlisting handling fIxture (tripod)
at & radlus of 71-1/2 Inches from the crane hook swlivel center|ne.
The fixed length pendant Is positioned 15° from the PA Y axls towards
the Z ax!s. The load pos!tioner pendants are separated by 120° from
the fixed pendant and each other,

(04)
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The pendant assemblles are approximately 17 feet long from the tripod
pin to the bottom of the |Ifting arms with the load positioners extended

6 Inches.

The pendant assenblles are I||ustrated on Reference 8.

The pendant assembl les conslst of the fol lowIng components:

6.2.1

6.2.2

6.2.3

Adapter plates and spacers

Three adapter plates and twelve spacers as shown on Reference
6 will be needed to attach the pendant assemb!les to the
tripod. The adapter plate Is attached to the tripod by
means of the tripod's 5-1/4 Inch and 3 Inch diameter pins.

The spacers center the adapter plate on the connecting plns.
The Jaw end connector at the upper end of the pendant or
load positioner Is attached to the adapter plate by means
of 2 Inch dlameter high strength pin. The 2 Inch pin will
be centered 71-1/2 Inches from the center!ine of the pol ar
crane hook. Although the adapter plate Is attached to the
tripod Independently of ihe actual pendants, the adapter
plate Is considered part of the pendant assembly.

Pendants

Three pendants rods made of 2-3/4 Inch dlameter stalnless
steel bars as shown on Reference 6 wi!ll be required. One
of the pendant rods Is 14 ft+ 5 3/4 Inches long and Is for
the fixed length pendant assembly, The other two pendant
rods are 10 ft 7 1/4 Inches long and will be used with load
positioners to provide length adjustment. The flxed length
pendant has a Jaw end connection at both ends. The adjustable
length pendants have & Jaw end connectlon for connecting
to the transfer blocks and an eye end connectlion for connecting
to the load positioners. Each »endant ;s connected to a
transfer block by means of a 2-1/8 Inch diameter pin and
the transfer block Is connected to the I1fting arm by another
2-1/8 Inch diameter pin at right angles to the first. Thls
system prevents the transfer of any bending moments to the
pendant rods.

Lifting arm assembl les

Three |ifting arm assemblles as shown on Reference 8 wll|
be required. Each assembly consists ot a transfer block,
a |ifting arm, a spacer plate, 2 lock plate assembly and
8 cable pin assembly. The pendant loads are carrled through
the transfer blocks and the |ifting arms Into the bottom
side of three of the ribs on the cover of the PA. Also,
the |1fting arm, when In *he loaded position, rests on the
top of the adjacent rib which eliminates the rotational
twist on the rib belng |ifted. The lock plate assembl les
provide & positive means to prevent the I1fting arms from
becoming dlsengaged during subsequent |Ifting operations.
The operation of the lock plate assemblles |s descr!ibed
In Section 6.2.4 below.

(04)



6.2.4

51-1146739-04
Page 8 of 11

Latching and unlatching system (LUS)

The LUS equipment Is shown on Reference 9 and 10. The components
are the cable and pull rod assembly and the cable block
assembly for each of the pendants and the termlination plate.

The cable and pull rod assembly consists of a cable connected
to the pull rod by a connecting pin at the cable block assembly.
The other end of the pull rod Is attached to the lock p!late
attached to the |Ifting arm. The other end of the cable
Is free to perm!t pulling the cable and pull rod assemb|y
by using a shepherds hook on a long pole. The length of
the pull rod Is determined by the distance from the lock
plate pin In Its locked position to the cable block assembly
pin connection with the p!n connection In the slot marked
"Lock"™ on the cable block assembly. The final position
of the cable block assembly will be set during equlpment
checkout to account for any small varlations In the length
of this pull rod. Each cabie Is made up from two sectlions
of cable. The first section which 's connected to the pull
rod by the pin connection In the ceble block assembly, Is
57 Inches long. The second sectlon, which Is connected
by @ quick connect cevice to the first section during the
final assembly, passes through Its designated opening In
the termination plate and Is terminated with a four Inch
dlameter loop. Its length Is determined by the dlstance
from the first section to the four Inch loop.

The cable block assembl les consist of two gulde plates,
and two spacer plates. There Is a cable block assembly
for each pendant. The two gulde plates are separated by
the two spacer plates. As the gulide plates and spacer plates
are belng assembled, the bolt making the pin connection
between the pull rod assemblv and the first section of the
cable assembly Is fitted Into the slots In the gulde plates.

The assembly Is attached to the pendant by bolts and cable
block "C" clamps.

The termination plate assembly as shown In Reference 7 conslsts
of the termination plate and two bottom plates. The termination
plate assembly Is attached to the adapter plate for the
"A"™ | ifting pendant which Is near the "X" axlis of the PA.

The operation of the latching and unlatching system Is as
follows:

o Lifting equipment has been assembled and attached to
the tripod In the assembly area Inside the reactor
bullding. The pin connection in the cable block assembly
Is In the slot marked "instali™.

o The pendants are lowered onto the PA cover ribs wlith
the pin connections in the Install siot In the gulde
plates. In this position, the |ifting arms are held
In place by the pull rod.

(04)
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o Once the I|ifting arms are In position, each of the
cables asre pulled to the first stop and released.
This operation may be performed by 1ifting on the pull
rod assemblles. The |Ifting arm will automatically
lock under the PA rib and the pull rod wlll then drop
Info the slot position marked "Lock™ after a slight
upward movement of the pendant. The lock plates will
then be positioned to prevent the IIfting arm from
becoming dlsengaged.

o After the PA has been transferred to the Internals
storage stand, but while the |Ifting arms are still
loaded, each of the cables are pulled to the second
stop and released. The pin connection wlll then drop
Into the siot position marked "Unlock"™ and the lock
plate will be positioned to permit the Iifting arm
to rotate and dlsengage.

o The pendants are lowered slightly with the polar crane
to disengage the |Ifting arms. After the |ifting arms
are dlsengaged, each of the cables are pulled to the
third stop and released. The pin connection will drop
into the slot position marked "Remove™ and the |Ifting
arm will be held In a position to permit Its removal
from the PA,

Load positioners

An Integral part of the |Ifting pendants Is the load pos!tioners to
be provided by GPUN. Since these are to be provided by GPUN, the

description of the positioners may vary from that glven below.

The load positioners will Indicate the load, load direction (up or
down) and distance traveled. Each positioner wiil have 12 Inches
travel and be capable of re-positioning (ralsing or lowering) 6 Inches.
The positioners are capable of remote operation with remote |oad/movement
Indication. Two positioners are required, one for each positioner
pendant assembly.

Accessory equlpment

In addition to the major equipment Items, as described In 6.1 through
6.3 above, support or accessory equipment [tems such as monitoring,
viewing, and |Ighting equipment may be needed for the plenum fInal
I1ft and transfer to storage. In many Instances, equlipment used In
previous operations should be adequate to be used for the flnal |I1ft
and transfer operation. The equipment required will depend upon the
results of the Inspections performed during the Inlitial |1ft.

6.4.1 Leve! and load monitoring equlpment

During the plenum final |Iift, component levelness, and |oad,
will be monitored to minimize the possibillity of component
binding and to ald In !ts correction [f necessary. Plenum
levelness wil| be monitored by the device described In Section

4.4.4 of Reference 11,

(08)
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8.0

6.4.2

6.‘.3
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Cable Pulling Equlpment

A shepherds hook attached to 2 long handlied pole will be
needed to pull the cables In the LUS described In 6.2.4
above and to manually disengage the |ifting arm, If required.
ViewIng equlpment

Based on the results of the Inltial Inspections, observations

may be accompl Ished visually or by CCTV cameras. The cameras
are described In Reference 12.

Each pendant assembly will be load tested to at least 37.5 tons. This
value represents 1.5 times the design rated load of 25 tons, see 3.3 above.
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