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ABSTRACT

An evaluation of the Turkey Point Units 3 and 4 reactor vessel head and
internal 1ift rigs, load cell, load cell linkage and reactor coolant
pump motor 1ift sling was performed to determine the acceptability of
these devices to meet the requirements of NUREG 0612. The evaluation
consists of: (1) a comparison report of the ANSI W14.6 requirements and
the requirements used in the design and manufacture of these devices;
(2) a stress report in accordance with the design criteria of

ANSI N14.6; and (3) a 1ist of recommendations to enable these devices to
demonstrate compliance with the intent of NUREG 0612 and ANSI N14.6.

r!
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ABSTRACT

The requirements used in the original design, fabrication, testing,
maintenance and quality assurance were compared to the ANSI N14.6-1978
requirements for the Turkey Point Units 3 and 4 reactor vessel head and
internals 1ift rig, load cell, load cell linkage and reactor coolant
pump motor 1ift sling. A critical items 1ist per section 3.1.2 has been
prepared and a tabulation of ANSI N14.6 requirements that are, at
present, incompatible with the Turkey Point Units 3 and 4 lifting
devices has been prepared.
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SECTION 1
PURPOSE

The purpose of this report is to compare the requirements of the special
lifting rigs used to 1ift the reactor vessel head, reactor vessel upper
and lower internals, and the reactor coolant pump motor with the
requirements contained in ANSI W14.6 for special Tifting devices.
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SECTION 1
INTROUUCTION

The Nuclear Regulatory Commission (NRC) issued NUREG 0612 "Control of

Heavy Load at Nuclear Power Plants”[‘] in 1980 to address the control

of heavy loads to prevent and mitigate the consequences, of postulated

accidental load drops. KJUREG 0612 imposes various training, design,

inspection and procedural requirements for assuring safe and reliable

operation for the hand’ing of heavy loads. In the containment building,

NUREG 0612 Section 5.1.1(4) requires special l1ifting devices to meet the

requirements of ANSI N14.6-1978-"Anerican National Stardard for Special ‘
Lifting Devices for Shzgging Containers Weighing 10,000 Pounds or More l
for Nuclear Materials"“““. In general, ANSI N14.6 contains detailed ‘
requirenents for the design, fabrication, testing, maintenance, and
quality assurance of special 1ifting devices. In addition, ANSI N14.ob
required that when wire rope or chain is used in the design of a special
1ifting device, the wire rope or cnain shall be in conformance with ANSI
830.9-1971 “American National Standard Safety Standard for Slings. w31
The Turkey Point 1ifting devices which can be categorized as special -
lifting devices and which are contained in the'fcope of this report are:

1. Reactor vessel head 1ift rig

2. Reactor vessel internals 1ift rig

3. Load cell

4. Load cell linkaye

5. Reactor coolant pump motor 1ift sling.

This report contains the evaluation performed on these 1ifting devices
to determine the acceptahility of these devices to meet the above

requirenents.
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1.1 BACKGROUND

The reactor vessel head 1ift rig, the reactor vessel internals lift rig,
load cell, load cell linkage and reactor coolant pump motor 1ift sling
were designed and built for the Turkey Point Units 3 and 4 circa
1967-68, The actual design criteria is unknown for the 1ifting

devices. It appears that for the head 1ift rig, internals lift rig,
load cell, load cell linkage and the reactor coolant pump moter 1ift
sling that in most cases the design criteria used was that the resulting
stress in the load carrying members, when subjected to the total com-
bined 1ifting weight, does not exceed one fifth (1/5) of the ultimate
strength of the material. These items were not classified as nuclear
safety components and requirements for formal documentation of design
requirements and stress reports were not applicable. Thus, stress
reports and desigr specifications were not formally documented.
Westinghouse defined the design, fabrication and quality assurance
requirements on detailed manufacturing drawings and purchase order docu-
ments. Westinghouse also issued field assembly ang operating instruc-
tions, where applicable.
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SECTION 2
COMPONENT DESCRIPTION

2.1 REACTOR VESSEL HEAD LIFT RIG

The reactor vessel head lift rig[4] (Figure 2-1) is a three legged
carbon steel structure, approximately 35 feet high and 14 feet in dia-
meter, weighing approximately 25,000 pounds. It is used to handle the
assembled reactor vessel head.

The three vertical legs and Control Rod Drive Mechanism (CRDM) platform
assembly are pemmanently attached to the reactor vessel head lifting
lugs. The tripod assembly is attached to the three vertical legs and is
used when installing and removing the reactor vessel head. Ouring plant
operation, the sling assembly is removed and the three vertical legs and
platforn assembly remain attached to the reactor vessel head.

2.2 REACTOR VESSEL INTERNALS LIFT RIG 5

The internals lifting rig[5] (Figure 2-2) is a-&pree-legged carbon and
stainless steel structure, approximately 29 feet high and 12 feet in
diameter weighing approximately 13,000 pounds. It is used to handle the
upper and lower reactor vessel internals packages. It is attached to
the main crane hook for all lifting, lowering and traversing opera-
tions. A load cell linkage is connected between the main crane hook and
tne rig to monitor loads during all operations. When not in use, the

rig is stored on the upper internals storage stand.

The rig attaches to the internals packages by means of three engaging
screws waich are screwed into tapped holes in the internals flanges.
These screws are manually operated from the spreader assembly using the
integral tools. The screws are normally spring retracted upward and are

depressed to engage the tapped holes.
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2.3 LOAD CELL AND LOAD CELL LINKAGE

The load cell is used to monitor the load during 1ifting and lowering
the reactor vessel internals to ensure no excessive loadings are
occurring. It is installed between the load cell linkage and the
lifting device. The load cell is a strain gage (tension) type, rated at
300,000 pounds and built by W. C. Dillon and Co. The load cell linkage
is an assembly of pins, plates and bolts which connect the polar crane
main hook to the load cell.

2.4 REACTOR COOLANT PUMP MOTOR LIFT SLING

The reactor coolant pump motor 1ift sling (o] (Figure 2-3) consists of
a six (6) foot triangular carbon steel spreader assembly weighing
approximately one thousand (1,000) pounds. It has wire rope slings,
shackles and turnbuckles attached which form a three point lift
assembly. It is used to handle the reactor coolant pump motor.
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SECTION 3
SCOPE OF EVALUATION

The evaluation of these 1ifting devices consists mainly of three parts:
1. A detailed review of the ANSI N14.6 requirements
2. Preparation of a stress report

3. Recommendations to demonstrate compliance with NUREG U612,
Section 5.1.1(4).

Uiscussion of these items follows.
3.1 REVIEW OF ANSI N14.6-1978

A detailed comparison was made of the information contained in
ANSI N14.6 with the information that was used to design, manufacture,
inspect and test these special 1ifting devices.® The detailed comparison’
is provided in three parts: -
e .
1. Overall item by item comparison of requirements

2. Preparation of a critical item list per ANSI N14.6 Section
3.1.2, and

3. Preparation of a list of nonconforming items.
This detailed analysis is contained in Attachment A to this report.
3.2 PREPARATION OF A STRESS REPORT
Section 3.1.3 of ANSI N14.6 and NUREG 0612 Section 5.1.1(4) require a
stress report to be prepared. Special loads and allowable stress cri-

teria are specified for this analysis. . The stress report is Attachment
8 to this report.
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3.3 RECOMMENDED ACTIONS

An obvious result from the previous evaluations is a list of items that
can be performed to demonstrate to the NRC that these special lifting
devices are in compliance with the guidelines of ANSI N14.6 and

NUREG 0612 Section 5.1.1(4). These recommendations are identified in
Section 6.
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SECTION 4
DISCUSSION OF EVALUATIONS

4.1 STUDY OF ANSI N14.6-1978

A review of ANSI N14.6 identifies certain analyses to be performed and
certain identifications that are required to be made to demonstrate
compliance with this document. These are a preparation of a stress
report in accordance with Section 3.2 and a preparation of a critical
items 1ist in accordance with Section 3.1.2. The stra2ss report is
Attachment B to this report. The critical items 1ist has been pre-
pared per Section 3.1.2 and is contained in Appendix A to Attachment A.
This list identifies the critical 1>ad path parts and welds, the mater-
ials of these items, and the applied non-destructive volumetric and
surface inspections that were perfommed. (Details of these non-destruc-
tive processes and acceptance standards are 2vailable at Westinghouse
should they be needed.)

. » )
A detailed item by item comparison of all the requirements of ANSI N14.6
and those used for the design, manufacture and inspection of these )
lifting devices is contained as Table 2-1 of Afiachment A. The compari-
son shows tnat these devices meet the intent of the ANSI document for
design, fabrication and quality control. However, they do not meet the
requirements of ANSI N14.6 for periodic maintenance, proof and func-
tional testing. Thus, a tabulation of those ANSI N14.6 requirements
that are incompatible with these 1ifting devices was prepared and is
Appendix B to Attachment A. Included in Appendix B to Attachment A ave
recormended actions that may be used to demonstrate acceptability to the

NRC.

4.2 STRESS REPORT

As part of the invoking of the ANSI N14.6 document, the NRC requested
utilities to demonstrate their compliance with the stress criteria with

some qualifying conditions. Attachment B is the stress report for these
devices performed in accordance with the criteria of ANSI N14.6. A
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discussion is included which responds to the WRC qualifying conditions
of NUREG 0612. Al11 of the tensile and shear stresses with the exception
of the tensile stress at the minimum section of the internals engaging
screw, item 23, meet the design criteria of Section 3.2.1.1 of ANSI
N14.6, requiring application of stress design factors of three and five
with the accompanying allowable stress limits of yield and ultimate
strength, respectively. In the engaging screw, the tensile stress
slightly exceeds the criteria that three times the calculated stress
must be less than the yield stress. However, the conservative c.iterion
that five times the calculated stress must be less than the ultimate is
met.

Application of Section 3.2.1.1 of ANSI N14.6 criteria to pins subject to
bending, structural members subject to buckling and bending loads, and
various parts subject to bearing loads, result in some stresses exceed-
ing this criteria. However, when using more appropriate criteria, the
resulting stresses are acceptable.

4.3 RECOMMENDAT IONS

The recommendations identified in Section 6 require a review of the -
existing Turkey Point maintenance and operating instructions to ensure
that they contain information relative tc¢ the identification, mainten-
ance and periodic testing required by ANSI K14.6. The extent of the
periodic testing is also addressed and the recommendations identify
procedures which are intended to fully meet the intent of NUREu U612 and
ANSI N14.6 with the least amount of perturbation to the refueling
sequence.
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SECTION §
CONCLUSIONS

The following conclusions are apparent as a result of this evaluation:

The ANSI N14.6 requirements for design, fabrication and quality
assurance are generally in agreement with those used for these
special 1ift devices.

The ANSI N14.6 criteria for stress limits associated with certain
stress design factors for tensile and shear stresses are adequately
satisfied with the exception noted in Section 4.2.

These devices are not in strict compliance only with the ANSI N14.6
requirements for acceptance testing, maintenance and verification of
continuing compliance. Recommendations are included to identify
actions that should enable these devices to be considered in compli-
ance with the intent of ANSI N14.6.

5
The application of the ANSI N14.6 criteria for stress design factor
of 3 and 5 are only for shear and tensile 10ad1ng conditions. Uther
lvading conditions are to be analyzed to other appropriate criteria.
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SECTION 6
RECOMMENDAT IONS

The following recommendations address the areas of ANSI N14.6 which are
incompatible with the present 1ifting devices and which are considered
most important in demonstrating the continued reliability of these
devices. They consist of suggestions and propesed responses to identify
compliance to the NRC and future considerations.

6.1

6.2

6.3

Review the existing operating procedures to include consideration of
ANSI N14.6 Sections 5.1.3 through 5.1.8. These sections include
requirements for: scheduled periodic testing; special identifica-
tion and marking; maintenance, repair, testing and use. Westing-
house remarks on addressing these sections are listed in Attachment
A, Appendix B, Items 7, 8, and 9.

A proposed response to the requirement of ANSI N14.6 Section 5.2.]
requiring an initial acceptance load test prior to use equal to 150
percent of the maximum load is as follows: *

The head 1ift rig was load tested and inspegcted at assembly to -
approximately 100 percent of the load. The internals 1ift rig and
the R.C. pump motor 1ift sling were not required to be load tested.

A proposed response to ANSI N14.6 Section 5.3 which requires,
annually, either a 150 percent maximum load test or dimensional,
visual and non-destructive testing of major load carrying welds and
critical areas follows. (Since the 150 percent load test :s very
impractical, the approach identified in the following reconmendation
is to perform a minimum of non-destructive testing.)
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Reactor Vessel Head Lift Rig:

assembly to the platform assembly, visually check the clevis to

leg fillet welds at the bottom end of the legs and the support

lug to ring girder fillet welds on the platform. Raise the

vessel head slightly above its support and hold for 10 mirutes. |
During this time, continue to visually inspect these welds. If
no problems are apparent, continue to lift.

}
Prior to use and after reassembly of the head 1ifting riy sling !
!
i
!
|

Reactor Vessel Internals Lift Rig

Prior to use, visually inspect the rig components and welds
while on the storage stand for signs of cracks or deformation.
Check all boited joints to ensure that they are tight and
secure. After connection to the upper or lower internals, raise
the assembly slightly off its support and hold for 10 minutes.
If no problems are apparent, continue to 1ift, monitoring the
load cell readout at all times. .

Reactor Coolant Pump Motor Lift Sling & -

Prior to use, visually inspect the rig components and welds for
signs of cracks, deformation, kinks, or frayed ends. Check all
bolted joints to ensure that they are tight and secure. After
connection to the pump motor, raise the assembly slightly off
its support and hold for 10 minutes. Ouring this tiue visually
check the spreader welds. If no problems are apparent, contiaue
to lift.

The above actions do not include a non-destructive test of these

welds because:

a. Access to the welds for surface examination is difficult.
These rigs are in containment and some contamination is
present.
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6.4

b. All tensile and shear :ztresses in the welds are well within
the allowable stress with the exception of the internals
engaging screw.

¢. The items that are welded remain assembled and cannot be
misused for any other 1ift other than their intended func-
tion.

d. To perform non-destructive tests would require:

(1) Removal of paint around the area to be examined which is
contaminated.

(2) Performance of either magnetic particle inspection or
liquid penetrant inspection and

(3) Repainting after testing is completed.

(4) Cleanup of contaminated items. *

Performing non-destructive tests on these welds every refueling p
would increase the critical path refueling tinme.

Dimensional checking is not included since these structures are
large (about 14 ft. dia. by 35 ft. high) and the results of dimen-
sional checking would always be questionable. Other checks on
critical load path parts such as pins, are also not included since
an examination of these items would require disassembly cf the
special 1ift devices.

Recommend that a periodic non-destructive surface examination of
critical welds and/or parts be performed once eve-y ten years as
part of an inservice inspection outage.
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6.5 Recommend that a modification be made to the load cell to be adapt-
able to both the head and internals 1ift rig. Thus, monitoring of
these loads during movement can be accomplished at all times.

6.6 Recomaend that no changes be made to the reactor vessel internals
1ift rig should the stresses, discussed in Attachment &, be con-
sidered excessive by others because:

a. The design weight used in the stress calculations is based on
the weight of the lower internals. The lower internals are only
removed when a periodic inservice inspection of the vessel is
required (once/10 years).

b. Prior to removal of the lower internals, all fuel is removed.
Thus the concern for handling over fuel is non-existant in this
particular case.

c. Normal use of the rig is for moving the ubper internals, which
weigh less than 1/2 of the lower internals. The design weight
is based on 1ifting the lower internals. ,Thus all the stresses
could be reduced by approximately 50 percent and considered well
within the ANSI N14.6 criteria for stress design factors.

6.7 Recommended that the internals lift rig sling bDlock be cnanged to a
forged block with welded side Tugs to reduce the number of welds,
should the NRC require yearly surface inspection of welds.

Ch
(e 5}

Recommended that plates be added to the sides of the spreader (item
14) to reinforce it. Plates should be of sufficient size to satisfy
the emperical equations for structures loaded in combined compres-
sion and bending, as described in the ASME Boiler and Pressure
Vessel Code Section III, Appendix XVII.
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SECTION 2
INTRODUCTION

ANSI N14.6-1978-"American National Standard for Special Liftiny Devices
for Shipping Containers Y2ighing 10,000 Pounds or More for Nuclear
daterials" contains detailed requiremer‘s for the design, fabrication,
testing, maintenancc and quality assurance of special lifting devices.
NUREG 0612 "Control of Heavy Load at Nuclear Power Plants", paragraph
5.1.1(4), specifies that special 1ifting devices should satisfy the
guidelines of ANSI N14.6-1978. Subsequently the Nuclear Regulatory
Commission (NRC) has requested operating plants to demonstrate compli-
ance with NUREG 0612. To demonstrate compliance with this document, a
detailed comparison of the original design, fabrication, testing, main-
tenance and quality assurance requirements with those of ARSI N14.6 is

necessary.

Thus, the ANSI N14.6 document has been reviewed in detail and compared
to the requirements used to design and manufactgke the reactor vessel
head 1ift rig, the reactor vessel internals 1ift rig, load cell, load -
cell linkage and the reactor coolant pump motor 1ift sling. This
comparison is listed in Table 2-1. >

2.1 BACKGROUND

The reactor vessel head 1ift rig, the reactor vessel internals lift rig,
load cell, load cell linkaye and reactor coolant pump motor 1ift sling
were designed and built for the Turkey Point Units 3 and 4, circa
1967-63. The actual design criteria is unknown for the Tifting

devices. It appesrs that for the head 1ift rig, internals 1ift rig,
load cell, load cell linkage and the reactor coolant puimp motor Tift
sling that in most cases the design criteria used was that the resulting
stress in the load carrying members, when subjected to the total
combined 1ifting weight, does not exceed one fifth (1/5) of the ultimate
strength of the material. Westinghouse also required non-destructive
tests and inspections on most critical Toad path parts and welds both as
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raw material and as finished items. These requirements of desiyn,
manufacturing and quality assurance were identified on detailed ;
manufacturing drawing and purchasing odoCuments.

Westinghouse also issued field assembly and operating instructions,
where applicable.

2.2 COMPONENT DESCRIPTICN
2.2.1 Reactor Vessel Head Lift Rig

The reactor vessel head 1ift rig[]] is a three Tegged carbon steel
structure, approximately 35 feet high and 14 feet in diameter, weishing
approximately 25,000 pounds. It is used to handle the assembled reactor
vessel head.

The three vertical legs and control rod drive mechanism (CRDM) platform
assembly are permanently attached to the reactor vecsel hced lifting

lugs. The tripod sling assembly is attached to the three vertical legs
and is used when installing and removing the reacfor vessel hcad. %
During plant operations, the sling assembly is remcved and the three
vertical legs and platform assembly remain attached to the reactor

vessel head.

2.2.2 Reactor Vessel Internals Lift Rig

The reactor vessel internals Tift rig[Z] is a three-leyged carbon and
stainless steel (. ture, approximately 29 feet high and 12 feet in
diameter we . 4 roximately 13,000 pounds. It is used to handle the
upper and .. zr . or vessel internals packages. It is attached to
the main crane hook for all lifting, lowering and traversing opera-
tionz. A load cell linkage is connected between the main crane hook and
the rig to monitor loads during all operations. Uhen sot in use, the
rig is stored on the upper irternal: storage stand.

588388:1/122182
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The rig attaches to the internals packages by means of three engaging
screws which are screwed into tapped holes in the internals flanges.
These screws are manually operated from the spreader assembly using the
integral tools. The screws are nomally spring retracted upward and are
depressed to engage the tapped holes.

2.2.3 Load Cell and Load Cell Linkage

The load cell is used to monitor the load during lifting and lowering
the reactor vessel internals to ensure no excessive loadings are
occurring. It is installed between the load cell linkage and the
lifting device. The load cell is a strain gage (tension) type, rated at
300,000 pounds, built by W. C. Dillon and Co. The load cell linkage is
an assembly of pins, plates and bolts which connect the polar crane main
hook to the load cell.

2.2.4 Reactor Coolant Pump Motor Lift Sling

- -
The reactor coolant puwp motor lift sling[3] consists of a six (o) -
foot triangular carbon steel spreader assembly Qeighing approximately
one thousand {1,000) pounds. It _ wire rope glings, shackles and
turnbuckles attached which fona a three point 1ift assembly. It is used
to handle the reactor coolant pump motor.
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TABLE
REQUIREMENTS OF
LIFT

2-1
N OF THI

TURKEY POINT SPECIAL
Description of ANSI Ni4.6 Requirement

Scope and Definitions - These sections
define the scope of the document and
include pertinent definitions of
specific i1tems

Design

Designer's Responsibilities - This section
contains requirements for preparing

a design specification and its' contents,
stress reports; repair procedures; limi-
tations on use with respect to eaviron-
mental conditions; marking and nameplate
information; and critical items list.

ANSI N14.6 AND

DEVICES

Actual Special Lift Device Requirements

These sections are definitive, and not
requirements.

A. No design specification was written con-
cerning these specific requirements.
However, assembly and detailed manu-
facturing drawings and purchasing
documents contain the following
requirements:

(1) Material specification for all of
the critical load path items to ASTM,
ASME specifications or special
requirements listed.

(2) A1l welding, weld procedures and
welds to be in accordance with ASME
Boiler and Pressure Vessel (ode -
Section IX or Westinghouse
specifications

(3) Special non-destructive testing for
specific critical load path items to be
performed to written ana dpproved
procedures in accordance with ASTM or
specified requirements
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TABLE 2-1 (cont)

CUMPARISON OF THE REQUIREMENT OF ANSI Nl4.6 AND
TURKEY POINT SPECIAL LIFT DEVILES

ANSI N14.6
Section

Description of ANSI N14.6 Requirement

Actual Special Lift Device Requirements

(4) A1 coatings to be performed to
strict compliance with specified
requirements.

(5) Letters of compliance for materials
and specifications were required for
verification with original specifi-
cations.

A stress report was not originally
required but has been prepared and is
Attachment B.

Repair procedures were not identified.

. No limitations were identified as to

the use of these devices under adverse
environments.

Markings and nameplate information was
not addressed except for the reactor
coolant pump motor 1ifting which
identifies MAXCAPACITY & TOOL (Drawing)
Number,

Critical item lists have been prepared
for each device ana are identified as
Appendix A to this Attachment A.
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TABLE 2-1 (cont)

CUMPARISUN UF THE REQUIREMENT UF ANSI N14.6 AND
TURKEY PUINT SPECIAL LIFT DEVICES

ANST N14.6
Section

Vescription of ANSI Nl4.b6 Kequirement

Actual Special Lift Levice Requirements

Design Criteria

Stress Uesign Factors - These sections

contain requirements for the use of stress
design factors of 3 and 5 for allowable
stresses of yield and ultimate respec-
tively for maximum shear and tensile
stresses; high strength material stress
design factors; special pins; wire rope
and slings to meet ANSI b30.9-1971; anu
drop-weight tests and Charpy impact test
requirements

1. The actual design criteria is
unknown for the lifting devices. It
appears that for the head 1ifting rig,
internals lift rig, load cell, and the
reactor coolant pump motor 1ift sling
that in wost cases the design criteria
used was that the resulting stress in
the load carrying members, when sub-
Jected to the total combined 1ifting
weight, does not exceed one fifth ot
the ultimate strength ot the mater-
ial. A stress report (Attachment B)
has been generated which addresses the
capability of these rigs to meet the
ANS] design stress factors.

2. High strength materials are usea in
some of these cevices (mostly for
pins). Although the fracture
toughness was not aetermined, the
material was selected based on it's
tracture toughness characteristics.
However, the stress design factors of
ANST NI4.6 Section 3.2.1 of 3 and 5
were used in the analysis and the
resulting stresses are acceptable.

3. Where necessary, the weight ot pins
was considered tor hanaling.
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TABLE 2-1 (cont)

COMPAKISON OF THE REQUIREMENT OF ANSI N14.6 AND
TURKEY POINT SPECIAL LIFT DEVICES

[
ANSI N14.6

Description of ANSI N14.6 Kequirement

Actual Special Lift Device Requirements

4 r . - 5

Section

v Design Considerations - These sections

il contain considerations for; materials of

to construction, lamellar tearing; decontam-

3.3.8 ination effects; remote engagement provi-
sions; equal loaa distribution; lock -
devices; position indication of remote
actuators; retrieval of device if disen-
gaged; and namep'ates.

3.4 Design Considerations to Minimize Decontam-

3.4.1 1nation Efforts in Special Lifting Device

504 g Use - These sections contain fabrication,

wélding, finishes, joint and machining
requirements to permit ease in '
decontamination.

4. Wire rope is used only in the design
of the R.C. pump motor 1ift sling.,
However, the wire rope is of a special
design and thus this device is
considered a special lift device.

5. Drop weight and Charpy impact tests
were not required nor performed.

Decontamination was not specifically
addressed. Lamellar tearing was not
considered but the designs of these
devices are not susceptible to this
type of joint deterioration. Even
distribution of the load is evident
from these designs. Locking plates,
pins, etc. are used throughout these
special lifting devices. Remote
actuation is only used when engaging the
internals 1ift rig with the internals,
however, no position indication of
engagement was provided. However, all
these items were considered and the
designs reflect these requirements.

Decontamination was not specifically
addressed. However, the dgesign and
manufacture included many of these

items, i.e. lock devices, pins, etc.
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TABLE 2-1 (cont)

COMPARISUN OF THE REQUIREMENT OF ANSI N14.6 AND
TURKEY POINT SPECIAL LIFT DEVICES

or water pools

QNSé'Nld.b Description of ANSI N14.5 Requirement Actual Special Lift Device Requirements
ection
3.5 Loatings - These sections contain provisions| The requirements for coating carbon
3.5.) for ensuring proper methods are used in steel surfaces are contained in a
to coating carbon steel surfaces ana for Westinghouse process specification
3.5.10 ensuring non-contamination of stainless referenced on the assembly and detail
steel items. drawings except for the reactor coolant
pump motor 1ift sling. (The coating
requirements for the reactor coolant
pump motor 1ift sling are contained in
purchasing documents and require proper
preparation and application of an epoxy
paint.) This specification requires a
proven procedure, proper cleaning,
preparation, application and final in-
spection of the coating. These require-
ments meet the intent of 3.5.1 through
3.5.8. No provisions were included in
p . o |these designs for consideration of
decontamination materials or the use of
non-contaminating contact materials for
use in stainless steel parts.
3.6 Lubricants - These sections contain No specific lubrication requirements
3.6.1 requirements for special lubricants to have been identified. However, neolube
to minimize contamination and degradation of is recommended for use with the engaging
3.6.3 the Tubricant and contactea surfaces screws in the internals 1ift device

which are under water and silicone
grease for the load cell pins which
are out of water,
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TABLE 2-1 (cont)
COMPARISON UF THE REQUIKEMENT OF ANSI N14.6 AND
TURKEY PUINT SPECIAL LI ™ LEVICES

ANSI N14.6
Section

Description of ANSI N14.6 Requirement

Actual Special Lift Levice Kequirements

4
4.1
4.1.1
to

4

.12

Fabrication
Fabricators Responsibilities -Thes

sections contain specific requirements
for proper quality assurance, document

e

control, deviation contrcl, procedure

control, material identification
and certificate of compliance.

Inspectors Responsibilities -These
sections contain requirements for
a non-supplier inspector.

Fabrication Considerations -These

sections contain special requirements
for ease in decontamination or control

of corrosion.

A formal quality assurance program for the
manufacturer was not required. However
all the manufacturers welding procedures
and non-destructive testing procedures
were reviewea by Westinghouse prior to
use. All critical load carrying members
require letters of compliance for mat: rial
requirements. Westinghouse performed
certain cnecks and inspections during
various steps of manufacturing. Final
Westinghouse review includes visual,
dimensional, procedural, cleanliness,
personnel qualification, etc. and
issuance of a quality release* to ensure
conformance with drawing requirements.

Westinghouse Quality Assurance personnel
performed some inprocess and final
inspections similar to those identified

in these sections. (Also see conments to
Section 4.1 above)

General good manufacturing processes
were followed in the manufacture

of these devices. However, the
information definea in these sections
was not specifically addressed.

i

* These remarks are not applicable to the Reactor Coolant Pump Motor Lift Sling
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TABLE 2-1 (cont)

COMPARISON UF REQUIREMENT OF THE ANSI N14.6 AND
TURKEY POINT SPECIAL LIFT DEVICES

by reviewing records and witness
of testing.

2:?{_N14.6 Description of ANSI N14.6 Requirement Actual Special Lift Device Requirements

ion

5 Acceptance Testing Maintenance, There wasn't any aesign specification
and Assurance of Continued for these rigs and functional load
Lompliance Owner's Responsibilities - testing was not originally required,

5.1 Sections 5.7.T and 5.7.2 require the or performed. *However, the Westinghouse

.11 owner to verify that the special Quality kelease may be considered an

to lTifting devices meet the performance acceptable alternate to verify that

5.1.8 criteria of the design specification the criteria for letters of compliance

for materials and specifications
required by the Westinghouse drawings
and purchasing documents was satisfied.
*Al though proof and functional testing
was not required, the site assembly
instructions require, after initial
assembly on site, the following for the
reactor vessel head lifting:

Raising the rig, assembled to it's
respective attachment, slightly above
the supporting surface to be free hang-
ing for one-half hour. Lowering the rig
to its support and perferming visual
inspection and the appropriate nonde-
structive testing.

* These remarks are not applicable to the Reactor Coolant Pump Motor Lift Sling
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TABLE 2-1 (cont)

COMPARISON UF THE REQUIREMENT OF ANSI N14.6 AND
TURKEY PUINT SPECIAL LIFT DEVICES

ANSI N14.6
Section

Description of ANSI N14.6 Requirement

Actual Special Lift Device Requirements

Section 5.1.3 requires periodic functional
testing

Section 5.1.4 requir=:- operating procedure

Sections 5.1.5, 5.1.5.1 and 5.1.5.2 require
special identification and marking to

prevent misuse.
r v .

Sections 5.1.6, 5.1.7 and 5.1.8 require
the owner to provide writter documenta-
tion on the maintenance, repair, testing
and use of these rigs.

Since waintenance and inspection proce-
dures are written, if these procedures
do not contain this requirement, then
these procedures should be revised to
include a visual check of critical welds
and parts during lifting to comply with
this requirement for functicnal testing.

Operating instructions for the reactor
vessel internals 1ift rig were furnished
to the utility and operating procedures
were prepared and are used.

It is obvious from their designs

that these rigs are special lifting
devices and can only be used for their
intended purpose. Specific identifi-
cation of the rig can be made by mark-
ing, with stencils, the rig name and
rated capacity, preferably on the
spreader assembly.

Since operating instructions and
maintenance instructions have been
written by the owner, these should

be reviewea to assure that they contain
the requirements to address maintenance

logs, repair and testing history, damage
incidents etc.
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TABLE ¢-1 (cont)

LUMPAKISUN UF THE KEQUIREMENT UF ANSL NI4.6 AND
TUKKEY POINT SPECIAL LIFT LEVICES

ANST NI4.6
Section

bescription of ANSI NI4.6 Requirement

Actual Special Lift bevice Kequirements

Sl
and
b3
Sl s}
to
Seiid
and
T R
to
Ss3:8

Acceptance lesting ana Testing to Veritfy

Continuing Compliance - These paragraphs

require the rigs to be initially testea
at 150 percent maximum load tollowec by
non-destructive testing ot critical load
bearing parts anag welds ana aiso annual
150 percent loaa tests or annual non-
destructive tests ana examinations;
qualification of replacement parts.

The heaa 1itt rig was load tested at
field assembly. It 1s suggested thal a
check of critical welas anag parts be
incluged 1n the maintenance procedures
tor a!l three aevices. Preferably,
since these devices have been in use at
least once per year tor over ten years,
that a visual check during initial lift
when possible should be acceptable.
Further note that with the use of the
loaag cell tor the internals, lifting

and lowering is monitorea at all times.
However, the loaa cell, which 1s used to
monitor the internal lift rig loads at
all times, cannot exceed the rated loaa
by 20 percent without being inaccurate.
Ihis would preclude monitoring ot a load

- test wilth the present equipment.

Keplacenent parts siould be in accorda-
ance with the origina! or equivalent
requirements.




o
sy
@
o
™
i
e
——
o
o
o
oo
~

eL-2

TABLE 2-1 (cont)

COMPAR.SON OF THE REQUIREMENT OF ANSI N14.6 AND
TURKEY POINT SPECIAL LIFT DEVICES

ANSI N14.6
Section

Description of ANSI N14.6 Requirement

Actual Special Lift Device Requirements

5.4
5.4.1
to
5.4.2

mMaintenance and Repair - This section
requires any maintenance and repair to be
performed in accordance with original
requirements and no repairs are permitted
for bolts, stuas and nuts.

Non-destructive Testing Procedures,
Personnel Qualifications, and Acceptance

Criteria - This section requires non-
destructive testing to be performed in
accordance with the requirements of the
ASME Boiler and Pressure Vessel Code

' r L] L -

Special Lifting Devices for Critical
Loacs - These sections contain special
requirements for items handling critical
loads.

Maintenance and repair procedure should
contain, as much as possible, require-
ments that were used in the original
fabrication. The critical items list of
Appendix A contains the original type of
non-destructive testing. The procedure
should also define bolts, studs and nuts
as non-repairable items.

Liquid penetrant, magnetic particle,
ultrasonic and radioyraph inspections
were performed on identified items.
These were in accordance with ASTM
specifications, the ASME Code, and
Westinghouse process specifications or
as noted on detailed drawings and pro-

vide similar results to the requirement
of the ASME Code.

It is assumed that compliance with
NUREG 0612, Section 5.1 has been
demonstrated and therefore this section
is not applicable to these devices.




SECTION 3 |
DISCUSSION

The reacior vessel head and internals 1ift rigs, load cell, load cell
linkage and reactor coolant pump motor 1ift sling generally meet the
intent of the ANSI N14.6 requirements for design and manufacture.
However, they are not in strict compliance with the ANSI N14.6
requirements for acceptance testing, maintenance and verification of
continuing compliance.

Although no specific design specification was written, the assembly and
detziled manufacturing drawings and purchase order documents contain
equivalent requirements. A stress report has been prepared for these
devices and the design criteria is considered satisfied. These devices,
for the most part, were manufactured under Westinghouse surveillance
with identified hold points, procedure review and personnel qualifica-
tion which adequately meet these related ANSI requirements. Acceptance
testing was not performed. However, an initial Jift test was conducted
for the head 1ift rig followed by the appropriate non-destructive -
testing following site assembly. Although the reactor coolant pump
motor 1ift sling is called a sling, it is not aéétandard catalog item.
Thus, it cannot be considered to be reviewed in accordance with the
requirements of ANSI B30.9-1971.

It is anticipated that a 100 percent load test, performed on each
device, followed by a visual check of critical welds would be sufficient
to demonstrate compliance. This may require modification of existing
Turkey Point onerating and maintenance procedures.
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SECTION 4
CONCLUSIONS

The review of the ANSI N14.6 requirements and comparison with the origi-
nal Westinghouse requirements has shown that these items are generally
in agreement for the design, fabrication and quality assurance of the
lifting devices. However, the 1ifting devices are not in strict compli-
ance with the ANSI N14.6 requirements for acceptance testing, mainte-
nan-e and verification of continuing compliance. These specific
requirements that are incompatible with the 1ifting devices are dis-
cussed in Appendix B with suggested actions. Westinghouse's objective
was to provide a quality product and this product was designed, fabri-
cated, assembled and inspected in accordance with internal Westinghouse
requirements. In general, Westinghouse requirements meet the intent of
AHSI W14.6 but not all the specific detailed requirewents.

58888:1/120082 4-1




APPENDIX A
CRITICAL ITEMS LIST PER ANSI N14.6-1978

1. GENERAL

Section 3.1.2 of ANSI N14.6-1978 specifies that the design specification
shall include a critical items list, which identifies critical compo-
nents and defines their critical characteristics for material, fabrica-
tion, non-destructive testing and quality assurance.

“Critical items list" is further defined in ANSI N14.6, Section 2 as:

"critical items list. A list that specifies the items of a
special 1ifting device and their essential characteristics
for which specified quality requirements shall apply in the
design, fabrication, utilization, and maintenance of the
device."

Load carrying members and welds of these special 1ifting devices are
considered to be the critical items.

[ -
Tables A-1, A-2, A-3, A-4, and A-5 are the critfcal items 1ist of parts
and welds for the reactor vessel head 1ift rig, the reactor vessel
internals 1ift rig, load cell and load cell linkage, and the reactor
coolant pump motor 1ift sling respectively. These tables include the ’
materia) identification, and the applicable volumetric and surface
inspections that were performed in the fabrication of these special
lifting devices. In some instances, non-destructive testing was not
specified since the material selection and strength result in very Tow {
tensile stresses and thus, non-destructive testing was not justified. g

The material selection for critical load path items was made to ASTHM,

ASME or special material requirements. However, the non-designed iteis
of the reactor coolant pump motor 1ift sling were selected based on

58388:1/120682 A-1 |



their load carrying capacities. The material requireaments were supple-
mented by Westinghouse imposed non-destructive testing, and/or special
heat treating requirements for almost all of the critical items.
Westinghouse required all welding, welders, and weld procedures to be in
accordance with ASME Boiler and Pressure Vessel Code Section IX or
Westinghouse specifications. Westinghouse required certificates, or
letters of compliance that the materials and processes used by the manu-
facturer were in accordance with the purchase order and drawing require-
ments. Westinghouse also performed final inspection on these devices
and issued quality releases for the internals and head lifting rigs.
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TASLE A-1

REACTOR VESSEL HEAD LIFT RIG
CRITICAL ITEMS LIST OF PARTS
PER ANSI N14.6-1978

[
; Itea(d) Description |[Material Non-destructive Testing
f Material Finished
L
!
{ 1,7,10,13 Pins ASTH A434 Ultrasonic Magnetic
14 Class 8D Particle
2 Clevis Plate |ASTM AS15 Ultrasonic
Grade 70 Magnetic
Particle
3 Leg ASTM A36
B Ring Girder ASTM A285
Grade C
5 Support Lug ASTH AS515 Ultrasonic
Grade 70 Magnetic
. Particle
6,9 Clevis ASTM A237 Ultrasonic Magnetic
Class A " Particle
8 Arm ASTM A306 Ultrasonic Magnetic
Grade 70 Particle
11,12 Sling Assembly|ASTHM A105 Ultrasonic Magngtic
Link and Lug (Class 2 Particle
15 Lifting Plate |ASTM A514 Ultrasonic Magnetic
Particle
(a)see figure A-1
58888:1/120682 A-3



TABLE A-2
REACTOR VESSEL HEAD LIFT RIG
CRITICAL ITEMS LIST OF WELOS
PER ANSI N14.6-1978

Item(@) | Weld Hon-destructive Testiny
Description Root Pass rFinal
2,3 Clevis Plate to Leg Visual Magnetic
(fillet) Particle
4,5 Ring Girder to
Support Lug (fillet) idlagnetic Particle
11,12 Link Lugs to Link Radiograph
(full penetration) Hagnetic Particle

(alsee figure A-1.
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7:1/2" DIAMETER PIN @

SIDE PLATE

@ 8" DIAMETER PIN

@ i UPPER CLEVIS @

4" DIAMETER UPPER
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CLEVIS @

4" DIAMETER PIN (7)

(5) surPORT LUG

RING GIRDER @

CLEVIS PLATE @

ﬁ 3172" DIameTER PN (1)

Figure A-1. Reactor Vessel Head Lift Rig

58888:1/120682 A-5



TABLE A-3

REACTOR VESSEL INTERWALS LIFT RIS,
LOAD CELL AND LCAD CELL LINKAGE
CRITICAL ITEMS LIST OF PARTS

PER ANSI N14.6-1978

l
Tten(?) Dascription Material Non-destructive Testing
Aaterial Finished
¥y Hook Pin ASTHM A434 Ultrasonic | Magnetic
Class BD Particle
3 Upper Adapter Pin
7 Removable Pin
2 Side Plate ASTM A515 Magnetic
Grade 70 or Particle
ASTM AS516 :
Grade 70 @
3 Top Lugs ; g
12 Sling Leg i
| &
10 Side Lugs | :
L Upper Adapter ASTM A540 iU]trasonic Magnetic
Grade B24 | Particle or
| Liquid
| ! Penetrant
I
l6 Lower Adapter
!5 Tension Cell 17-4 pH Ultrasonic | Liquid
| H=-1100 ' Penetrant
19 | Block SA-105 Class 1 or 2|Ultrasonic | Magnetic
' or Particle |
SA-266 Class 1 or 2
or l
SA-508 Class 1 or 2

(a)see figure A-2

58888:1/122182

A-6



TABLE A-3 (Cont)

REACTOR VESSEL INTERNALS LIFT RIG,
LOAD CELL AND LOAD CELL LINKAGE
CRITICAL ITEMS LIST OF PARTS
PER ANSI N14.6-1978

Description Material Non-destructive Testing

Material Finished

Upper Sling ASTH A270

Leg Pin Type 304,
Center Ground
Condition A

Lower Sling
Leg Pin

14A Spacer Block SA-105 Class 1 or 2|Ultrasonic | Magnetic
or Particle
SA-266 Class 1 or 2

or :
SA-508 Class 1 or &

148,C,0 | Spreader ASTM A515 Grade 70
Assembly or ASTM A516
Grade 70

15 Nut ASTM A276
Type 304
HR and PKLD,
Condition A

18 Leg Leveling ASTM A276
Sleeve Type 304
HR and PKLD,
Condition A

20 Supporting Ring ASTM A276

Leveling Sleeve Type 304
HR and PKLD,

Condition A

22 Guide Sleeve ASTM A276
Type 304
HR and PKLD,
Condition A

(2)see figure A-2
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TABLE A-3 (Cont)

REACTOR VESSEL INTERWALS LIFT RIG,
LOAD CELL AND LOAD CELL LINKAGE
CRITICAL ITEMS LIST OF PARTS

PER ANSI N14.6-1978

;Item(a)

Description

Material

Non-destructive Testing

Material Finished

16

23

19

2]

17

Leg Adapter

Engaging Screw

Coupling
Support Ring
Outer Tube

Leg Outer
Tube

ASTM A276
Type 304
HR and PKLD,
Condition A

ASTM A276
Type 304
HR anc PxLD,
Condition A

ASTH A312
Type 304

ASTM A312
Type 304
Seamless,
Cold Finish,
HT TR

ASTM A312
Type 304
Seamless,
Cold Finish,
HT TR

(a)see figure A-2
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TABLE A-4
REACTOR VESSEL INTERNALS LIFT RIG,
LOAD CELL AND LCAD CELL LINKAGE
CRITICAL ITEMS LIST OF WELDS
PER ANSI N14.6-1978

' 1tem(d) | Weld Non-destructive Testing
g Description Root Pass Final
8,9 Top Lugs to Sling Block Magnetic Particle | Magnetic Particle
| (full penetration)
9,10 Side Lugs to Sling Block Magnetic Particle | Magnetic Particle
(full penetraton)
14 Spreader Assembly Visual Magnetic Particle
, (fillet)
16,17 Leg Outer Tube to Leg Liquid Penetrant | Liquid Penetrant
Adapter (full penetration)
17,18 Leg Outer Tube to Leg Liquid Pgnetrant | Liquid Penetrant
| Leveling Sleeve .
(full penetration)
21.22 Support Ring Outer Tube Liquid Pénetrant | Liquid Penetrant

to Guide Sleeve
(full penetration)

(a)see figure A-2.
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Figure A-2. Reactor Vessel Internals Lift Riy
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TABLE A-5

REACTOR COOLANT PUMP MOTOR LIFT RIG
CRITICAL ITEMS LIST OF PARTS AND WELOS

PER ANSI N14.6-1978

Iten(d) Description Material Non-destructive Testing
Material Finished

1 Spreader ASTM AlU6 Grade B Magnetic
Particle on
Welds uUnly

2 Side Plate ASTM A106 Grade B

5 iMaster Link Alloy Steel Forging Radiograph

6 Sling Improved Plow Steel

Assembly Grade

7 Shackle Alloy Steel Forging

8 Turnbuckle Alloy Steel Forging

9 Eye Hook Alloy Steel Forging i

(a)see figure A-3
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APPENDIX B
TASULATION OF ANSI N14.6-1978 REQUIREMENIS INCOMPATIBLE
WITH THE TURKEY POINT LIFTING OEVICES

1. GENERAL

The comparison of the various ANSI N14.6 requirements and those of these
lifting devices has shown that these devices are not in strict compli-
ance with all the ANSI N14.6 requirements. Listed below is a tabulation
of those sections of ANSI N14.6 considered most important in demonstra-
ting the continued load handling reliability of these special lifting
devices. Associated Westinghouse remarks are also listed and could be
used as suggested actions and/or responses to demonstrate compliance to

the NRC.

la. Requirement:
Para. 3.1.4 - requires the designer to indicate permissible
repair procedures and acceptance criteria for the repair.

1b. Remarks: : :
Any repair to these special 1ifting devices is considered to be ‘
in the form of welding. Should pins.~bolts or other fasteners
need repair, they should be replaced, in lieu of repair, in
accordance with the original or equivalent requirements for
material and non-destructive testing. Weld repairs should be
performed in accordance with the requirements identified in
NF-4000 and NF-5000 (Fabrication and Examaination) of the ASME
Boiler and Pressure Vessel Code, Section III, Division 1 Sub-

section NF.
2a. Requirement:

Para. 3.2.1.1 - requires the design, when using materials with
yield strengths above 80 percent of their ultimate strengths,

58888 :1/120682 B-1



to be based on the material's fracture toughness and not the
listed design factors.

2b. Remarks:
High strength materials are used in these devices. Although
the fracture toughness was not determined, the material was
selected based on it's fracture toughness characteristics.
However, in lieu of a different stress design factor, the
stress design factors listed in 3.2.1 of 3 and 5 were used in
the analysis and the resulting stresses are considered
acceptable.

3a. kequirement:
Para. 3.2.6 requires material for load-bearing members to be
subjected to drop-weight or Charpy impact tests.

3b. Remarks:
Fracture toughness requirements were not identified for the
material used in these special lifting devices. However, the
material selection was based on its fracture toughness
characteristics. .

4a. Requirement:
Para. 3.3.6 requires an indication that an actuating mechanisim
is engaged.

4b. Remarks:
The reactor vessel internals 1ift rig employs a long handled
tool to engage the rig and the internals. The tool depresses a
spring loaded tube and turns the engaging screw into the inter-
nals. Although no specific position indication is identified,
the visual difference in the top of the spring loaded tube is
considered sufficient indication that the internals are engaged.
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Sa.

5b.

ba.

6b.

Requirement:

Para. 4.1.6 requires a formal quality assurance program for the
manufacturer and para 4.1.7 requires certification and iderti-
fication of materials.

Remarks:

A formal quality assurance program for the manufacturer was not
required. However, the manufacturers welding procedures and
non-destructive testing procedures were reviewe. by Westing-
house prior to use. All critical load carrying members require
letters of compliance for material requirements. Westinghouse
performed certain checks and inspections during various steps
of manufacturing. Final Westinghouse review includes visual,
dimensional, procedural, cleanliness, personnel qualification,
etc. and issuance of a quality release to ensure conformance
with drawing requirements. No information that a quality
release was issued for the reactor coolant pump motor 1ift
sling has been found, although Westinghouse performed the final
inspection. : 4

Requirenent: i

Para. 5.1 lists Owner Responsibilitie§ and 5.1.2 requires the
owner to verify that the special lifting devices meet the
performance criteria of the design specification by records and
witness of testing.

Remarks:

There wasn't any design specification for these rigs and load
testing was not originally required or performed. However, the
Westinghouse Quality Release may be considered an acceptable
alternate to verify that the criteria for letters of compliance
for materials and specifications required by the Westinghouse
drawings and purchasing document were satisfied. Although
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proof and functional testing was not required, the site assem-
bly instructions require, after initial assembly on site, the
following for the reactor vessel head 1ifting:

Raising the rig, assembled to it's respective attachment,
slightly above the supporting surface to be free handing for
one-half hour. Lowering the rig to its support and performing
visual inspection and the appropriate nondestructive testing.
No other checks of welds and/or dimensions after assenbly was
required of the other special 1ifting devices.

7a. Requirement:
Para. 5.1.3 requires periodic functional testing and a system
to indicate continued reliable perforance.

7b. Remarks:
Since maintenance and inspection procedures are available if
these procedures do not contain this requirement, then these
procedures should be revised to include g visual check of
critical welds and parts when possible during 1ifting to comply
with this requirement for functional teszing.

8a. Requirement:
Para. 5.1.5, 5.1.5.1 and 5.1.5.2 require special identification
and marking to prevent misuse.

8b. Remarks:
It is obvious, from their designs, that these riys are specific
lifting devices and can only be used for their intended purpose
and parts are not interchangeable. Specific identification of
the rig can be made by marking with stencils, the riy name and
rated capacity, preferably on the spreader assenbly.

58888 :1/120682 B8-4



Ya. Requirement:
Para. 5.1.6, 5.1.7 and 5.1.8 require the owner to provide
written documentation on the maintenance, repair, testing and
use of these rigs.

9b. Remarks:
Since operating instructions and maintenance instructions have
been written by the owner, these should be reviewed to assure
that they contain the requirements to address maintenance logs,
repair and testing history, damage incidents and other iteus
mentioned in these paragraphs.

10a. Requirement:
Para 5.2.1 requires the rigs to be initially tested at 150
percent maxinmum load followed by non-destructive testing of
critical load bearing parts and welds.

10b. Remarks .
The head 1ift rig was load tested and *inspected at assembly to
approximately 100 percent of the load. The internals 1ift rig
and the R.C. pump motor 1ift sling weme not required to be load

tested.

11a. Requirement:
Para 5.2.2 requires replacement parts to be individually quali-

fied and tested.

11b. Remarks
Replacement parts, should they be required, should be made of
identical (or equivalent) material and inspections as origi-
nally required. Only pins, bolt and nuts are considered
replacement parts for the reactor vessel head and internal 1ift
rigs. Some of the items comprising the reactor coolant pump
motor 1ift sling are catalog items and should they need
replacement should be as identified in table B-1.
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12a. Requirement:
Para 5.3 requires testing to verify continuing compliance and
anaual 150 percent load tests or annual non-destructive tests
and examinations to be performed.

12b. Remarks
These special 1ifting devices are used during plant refueling
which is approximately once per year. During plant operation
these special 1ifting devices are inaccessable since they are
permanently installed and/or remain in the contaimaent. They
cannot be removed from the containment unless they are disas-
sembled and no known purposes exist for disassemdly. Load
testing to 150 percent of the total weight before each use
would require special fixtures and is impractical to perfom.
Crane capacity could also be limiting. It is suggyested that a
check (visual) of critical welds and parts be conducted at
initial 1ift when possible prior to moving to full lift and
movement for all three devices. Preferaly, since these
devices rave been in use at least once per year for over ten
years, that a visual check during initial 1ift would be
acceptable. Further note that with the 3§e of the load cell
for the internals 1ift rig, all 1ifting and Towering is
monitored at all times.

2. SUMMARY

The requirements for periodic checking and functional load testing
appear to be the ANSI N14.6 requirements that are most difficult to
demonstrate compliance. It is almost impractical to perfora the 150
percent load test prior to each use. It is suygested that the proposal
to the NRC include a 100 percent load test, similar to the original
check-out test to be performed with a minimum of nondestructive testing,
(visual-only) in the critical parts and welds.
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BILL OF MATERIALS FOR THE WON-DESIGNED ITEMS OF THE

TASLE B-1

REACTUR COOLANT PUMP MOTOR LIFT SLING

Description Rated(6)
Load Value
No. (1) | Item Vrawing(2) Catalog7) (Pounds)
3 "Y' Bolts 7/8" "U" Bolts + | (5) "u* Bolts - G-450 |  -----
Cable Saddle 1-1/2" Dia. Wire
7/8" Dia. "U" Bolt
Wire Rope Clips
5 C}]:y Oblong | 2-3/4" x 9" x 18" | (3) 2-3/4" x 9" x 16" | 211,500
n
o Sling 1-1/2" x 11'4" L] 81,000(2)
Assembly (Total inc. turn- | 1-1/2" x 11'4" 6 x 37
buckle, shackle, Improved Plowsteel
etc.) 6 x 37 I.W.R.C. 3 Bridle
improved plow Sling wwith Mechanical
I.W.R.C. 3 Bridle | Connections "
Sling (7'6" sling
len§th only incl. i
eye :
7 Shackle Anchor Safety (8) 2" size 70,000
Shackle G-213 or S-213
8 Turnbuckle 2" x 6" Jaw & Eye (5) G-227 Jaw & Eye 37,000
Turnbuckle Turnbuckle
2" Dia. thd., 24"
take-up Class 8
9 Sling Hook | TAYCO A-73 (3) S1ing Hook 38,750
No. A-73 1" Dia.
Chain with 2-1/2"
Dia. Eye
NOTES:

(1
(2)
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(3)

(4)
(5)
(6)

(7)

Taylor Chain Co., Inc., Alloy Steel Chain Assemblies, Attachments,
Revised 4/80

Pennsylvania Sling Co.
Croshy Group, 950 General Catalog, June 1981.

Rated load value: The maximum recommended load that should be exerted
on the item. The following terms are also used for the tera Rated
Load: "SWL", "Safe Working Load", "Working Load Limit", and the
"Resultant Safe Working Load". A1l rated Toad values are for in-line
pull with respect to the centerline of the item. Inicmation is from
catalogs identified in (3), (4), (5).

Ord2ring Information

Sling assembly per Westinghouse Drawing AED SK ©18J044 TXK, SUB 5
composed of the items in table B-1 including the following requirements:

a. The safe working load of this sling assembly is 81,000 1b. and a
safety factor of 5:1".

b. Perform 1ift test at assembly of 121,500 pounds (61 tons).

¢. The master link is to be magnetic particle inspected after load test
to the requirements of ASME Boiler & Pressure Vessel Code. Section
V Article 7. Acceptance standards are to be to ASME 84PV Code
Section III Subsection NF 5341. Radiograph.inspection nay be
substituted for magnetic particle inspection to ASME 84PV Code
Section V, Article 2 with acceptance standard to ASME B&PV Code
Subsection NF 5320. *

d. A certification is required for load testing, non-destructive
testing and material used in this assembly.
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ABSTRACT

A stress analysis of the Turkey Point Units 3 and 4 reactor vessel head
and internal 1ift rigs, load cell, load cell linkage and reactor coolant
pump motor 1ift sling was performed to determine the acceptability of
these devices to meet the design requirements of ANSI N14.6.

56873 :1/120682 iii




ACKNOWLEDGMENT

Acknowledgment is hereby made to the following individuals who contrib-
uted to the structural analysis preseated in this report.

M. Matusz, P.E.

. W. Richard, P.E.
F. Hankinson, P.E.
C. Peduzzi

58878:1/120682 ¥



Section

APPENDIX A

APPENDIX B

APPENDIX C

58878:1/010433

TABLE OF CONTENTS
Title
ABSTRACT

INTRODUCTIUN
1.1 Background

COMPONENT DESCRIPTION

2.1 Reactor Vessel Head Lift Rig

2.2 Reactor Vessel Internals Lift Rig

2.3 Load Cell and Load Cell Linkage

¢.4 Reactor Coolant Pump Motor Lift Sling

DESIGN BASIS
3.1 Design Criteria
3.2 Design Weights

MATERIALS
4.1 Material Description &

SUMMARY OF RESULTS
5.1 Discussion of Results
5.2 Conclusion

DETAILED STRESS ANALYSIS - REACTOR
VESSEL HEAD LIFT RIG

DETAILED STRESS ANALYSIS - REACTOR
VESSEL INTERNALS LIFT RIG, LOAD CELL
AND LINKAGE

DETAILED STRESS ANALYSIS - REACTOR
COOLANT PUMP MOTOR LIFT SLING

Page

iii

5-1
5-1
5-6

B-1

C-1



Figure

5-2

5-3

58378:1/010683

LIST CF ILLUSTRATIONS

Title
Reactor Vessel Head Lifting Rig
Reactor Vessel Internals Lifting Rig

Reactor Coolant Pump Motor Lift Sling

vii



Table

4-3

5-1

5-2

5-3

58878:1/010483

LIST OF TABLES

Title

Reactor Vessel Head Lift Rig
Macerial Properties

Reactor Vessel Internals Lift Rig,
Load Cell and Load Cell Linkage
Material Properties

Reactor Coolant Pump Motor Lift Sling
Material Properties

Summary of Results - Reactor Vessel
Head Lift Rig

Sumnary of Results - Reactor Vessel
Internals Lift Rig, Load Cell and
Load Cell Linkage -

Summary of Results - Reactor Coolant
Pump Motor Lift Sling

Comparison of Design Loads and Rated

Load Values of the Non-Designed Items
of the R.C. Pump Motor Lift Sling

ix

Paye

4-2

§-3

5-7

5-21

5-23




REFERENCES

1. George, H., Control of Heavy Loads at Nuclear Power Plants
Resolution of Generic Technical Activity A-36, NUREG 0612, July,
1980.

2. ANSI N14.6-1978, "Special Lifting Devices for Shipping Containers
Weighing 10,000 Pounds (4500kg) or More for Nuclear Material,"
American National Standards Institute, New York, 1978.

3. ANSI B5-30.9-1971, "Slings," American National Standards Institute,
New York, 1971.

4. MWestinghouse Drawing 685J249 - Head Lifting Rig General Assembly

5. Westinghouse Drawing 685J291, Turkey Point Units 3 and 4 - Internals
Lifting Rig General Assembly

6. Westinghouse Drawing AED-SK-618J644TXK - Handlirg Sling Spreader for
Motor SV-44-A1 Pump General Assembly g .

7. Lin, C. W., "Approximate Evaluation of Dyramic Load Factors for
Certain Types of Load Factors for Certain Types of Loading," ASHE
Paper 70-WA/NE-2.

8. Biggs, J. M., Introduction to Structural Dynamics, McGraw-Hill, New
York, 1964.

58878:1/122882 xi



9. Gwinn, Jr., J. T., "Stop Over-Designing for Impact Loads," Machine
Design, 33, pp. 105-113 (1961).

10. ASME Boiler and Pressure Vessel Code, Section III, Division 1,
“Nuclear Power Plant Componeits,” American Society of lMechanical
Engineers, New York, 1980.

11. Manual of Steel Construction, Seventh Edition, American Institute of
Steel Construction, New York, 1973.

12. Timoshenko, S., Strength of Materials, Part 1, Elementary Theory and
Problems, D. Van Nostrand Company, Inc. Third Edition April 1955,
pp. 263-279.

13. Fastening and Joining, 4th Edition, Machine Design, 1967.

58878:1/120082 xii



SECTION 1
INTRODUCT ION

The Huclear Regulatory Commission (NRC) issued NUREG 0612 "Control of
Heavy Load at Nuclear Power Plants“[]] in 1980 to address the control
of heavy loads to prevent and mitigate the consequences of postulated
accidental load drops. NUREG 0612 imposes various training, design,
inspection and procedural reguirements for assuring safe and reliable
operation for the handling of heavy loads. In the containment building,
NUREG 0612 requires special lifting devices to meet the requirements of
ANSI N14.6-1978 "American National Standard for Special Lifting Devices
for Shippin? Containers Weighing 10,000 Pounds or More for Huclear
Materials". 2] In general, ANSI N14.6 contains detailed requirements
for the design, fabrication, testing, aintenance and quality assurance
of special 1ifting devices. In addition, ANSI N4.6 requires that when
wire rope or chain is used in the design of a lifting device, the wire
rope or chain shall be in conformance with ANSI B30.9-1971 "American
National Standard Safety Standard for S1ings“.E?] The NRC has
requested operating plants to demonstrate compliance with these
requirements.

.
This report contains the stress analysis performed on the Turkey Point
reactor vessel headlift rig, reactor vessel internals lift rig, load
cell, load cell linkage and reactor coolant pump motor 1ift sling to
determine the acceptability of these devices to meet these requirements.

1.1 BACKGROUND

The reactor vessel head 1ift rig, the internals lifting rig, load cell,
load cell linkage, and reactor coolant pump motor lift sling were
designed and built for the Turkey Point Units 3 and 4, circa 1967-68.
The actual design criteria is unknown for the lifting devices. It
appears that for the head lift rig, internals Tift rig, load cell, cell
linkage and the reactor coolant pump motor 1ift that in most cases the
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design criteria used was that the resulting stress in the load

members, when subjected to the total combined lifting weiyht, does not
exceed one fifth (1/5) of the ultimate strength of the material. These
items were not classified as nuclear safety components and thus
requirements for formal documentation of design requirements and stress
reports were not applicable. Thus, stress reports and design
specifications were not formally documented. Westinghouse defined the
design, fabrication and quality assurance requireients on detailed
manufacturing drawings and purchase order documents. Westinghouse also
issued field assembly and operating instructions, wheie applicable.
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SECTIOI 2
COMPONENT DESCRIPTION

2.1 REACTOR VESSEL HEAD LIFT RIG

The reactor vessel head lift rig[4] is a three legged carbon steel
structure, approximately 35 feet high and 14 feet in diameter, weighing
approximately 25,000 pounds. It is used to handle the assembled reactor
vessel head.

The three vertical legs and control rod drive mechanisim (CRUM) platform
assembly are permanently attached to the reactor vessel head lifting
lugs. The tripod sling assembly is attached to the three vertical legs
and is used when installing and removing the reactor vessel head.
During plant operations, the sling assembly is removed and the three
vertical legs and platform assembly remain attached to the reactor
vessel head.

2.2 REACTUR VESSEL INTERWALS LIFT RIG

The reactor vessel internals lift rig[sl is & threb-legged carbon and
stainless steel structure, approximately 29 feet high and 12 feet in
diameter weighing approximately 13,000 pounds. It is used to handle the
upper and lower reactor vessel internals packages. It is attached to
the main crane hook for all 1ifting, lowering and traversing opera-
tions. A load cell linkage is connected between the main crane hook and
the rig to monitor loads during all operations. When not in use, the
rig is stored on the upper internals storage stand.

The rig attaches to the internals packages by means of three engaging
screws which are screwed into tapped holes in the internals flanges.
These screws are manually operated from the spreader assembly using the
internal tools. The screws are normally spring retracted upward and are

depressed to engayge the tapped holes.
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2.5 LOAU CELL AND LOAD CELL LINKAGE

The load cell is used to monitor the load during iifting and loweriny
the reacter vessel internals to ensure no excessive lcadings are occur-
ring. It is installed between the load cell linkage and the lifting
device. The load cell is a strain gage (tension) type, rated at 3U0,000
pounds, built by W. C. Dillon and Co. The load cell linkage is an assen-
bly of pins, plates and bolts which connect the polar crane main hook to
the load cell.

2.4 REACTOR COOLANT PUMP MOTOR LIFT SLING

The reactor coolant pump motor 1ift s11ng[6] consists of a six (&)

foot triangular carbon steel spreader assembly weighing approximately
one thousand (1000) pounds. It has wire rope slings, shackles and turn-
buckles attached which form a three point 1ift assembly. It is used to
handle the reactor coolant pump =otor.

58878:1/120682 2-2



SECTION 3
DESIGN BASIS

3.1 DESIGN CRITERIA

NUREG 0612, paragraph 5.1.1(4) states that special 1ifting devices
should satisfy the guidelines of ANSI N14.6. Further, NUREG 0612,
5.1.1(4) states: "In addition, the stress design factor stated in
Section 3.2.1.1 of ANSI N14.6 should be based on the combined maximum
static and dynamic loads that could be imparted on the handling device
based on characteristics of the crane which will be used. This is in
Tieu of the guideline in Section 3.2.1.1 of ANSI N14.6 which bases the
stress design factor on only the weight (static load) of the load and of
the intervening components of the special handling device".

it can be inferred from this paragraph that the stress design factors
specified in Section 3.2.1.1 of ANSI N14.6 (3 and 5) are not all inclu-
sive. Also, it can be inferred that the specified .ANSI N14.6 stress
design factors should be increased by an amount based on the crane dy-
namic characteristics. The dynamic characteristics of the crane would
be based on the main hook and associated wire ropa¢ liolding the hook. |
Most main containment cranes use sixteen (16) or more wire ropes to
handle the load. Should the crane hook suddenly stop during the lifting
or Towering of a load, a shock load could be transmitted to the con-
nected device. Because of the elasticity of the sixteen or more wire
ropes, the dynamic factor for a typical containment crane is not much
Targer than 1.0. The maximum design factor that is recommended by most
design texts[7’8'9] is a factor of 2 for loads that are suddenly
applied. The stress design factors required in Section 3.2.1.1 of ANSI

N14.6 are:

3 (weight) € Yield Strength
5 (weight) € Ultimate Strength
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The factor of 3 specified, certainly, includes consideration of suddenly
applied loads for cases where the dynamic impact factor may be as high i
as 2.0. Thus, we feel that the use of the design criteria in ANSI H14.6

satisfies the NUREG requirement.

To provide flexibility on stress design factor, the summary tables list
the stresses with stress design factors of 1, 3 and 5. Thus, any stress
design factor may be easily applied to satisy any concerns.

3.2 UVESIGN WEIGHTS

The following design weights were used in the analysis of the lifting
devices:

3.2.1 Reactor Vessel Head Lift Rig

(A) Design Weight for Lower Clevis and Pin (Items 14 and 15) is 253,000
pounds ‘ o

(8) Design Weight for rest of Lift Rig is 278,000 pounds
s

3.2.2 Reactor Vessel Internals Lift Rig, Load Cell, and Load Cell
Linkage

The design weight is 260,000 pounds which is the total weight of the
lifting device and the lower internals.

3.2.3 Reactor Coolant Pump Motor Lift Sling
The design weight is 81,000 pounds which is lTarger than the total weight

of the 1ifting device and the reactor coolant pump notor. It is the ,
safe working load identified on the assembly drawing. ‘
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SECTION 4
MATERIALS

4.1 MATERIAL DESCRIPTION
The materials and material properties for the reactor vessel head 1ift

rig, the reactor vessel internals 1ift rig, load cell, load cell linkage
and reactor coolant pump motor 1ift sling are listed in Tables 4-1, 4-2

aﬂd 4-3~
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TABLE 4-1

REACTOR COOLANT HEAD LIFT RIG MATERIAL AND MATERIAL PRUPERTIES

Yield Ultimate
Strength Strenyth
Iten(d) Description Materials Sy (ksi) Sult (ksi)
1 3 1/2" Diameter Pin ASTH A434 110 140
7 4" Dia. Bottom Clevis Pin Class BD 110 140
10 4" Dia. Upper Clevis Pin 105 135
13 7 1/2" Dia. Pin 100 130
14 8" Dia. Pin 100 130
25,15 Side Plate ASTM A515 or 38 70
Support Lug GR70
3 Leg ASTM A36 36 58
4 Ring Girder ASTH A285 30 55
GR. C ;
- .
6,9 Upper Clevis ASTM A237 50 80
Clevis CL A
8 Arm ASTM A306 35 70
Gr. 70
11, 12 Clevis Plate Link ASTM A 105 36 70
Link Lug CL 2

(a)5ee figure 5-1
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TASLE 4-2
REACTOR VESSEL INTERNALS LIFT RIG MATERIAL AND MATERIAL PROPERTILS

Description

Materials

Yield
trength

v (ksi)

Ultimate
Strength

Sult (ksi)

11

13

10
12
| 14,8,C,D

Hook Pin

Upper Adaptor Pin

Removable Pin

Upper Sling Leg Pin

Lower Sling Leg Pin
Side Plate

Top Lugs

Side Leg

Sling Leg
Spreader Assembly

Upper Adaptor

Lower Adaptor

Tension Cell

ASTM A434
CL BD

ASTM A434
CL BD

ASTM A 276
Type 304 Centen
Ground Cond. A

ASTM A-515
Gr. 70

or &
ASTM A-516
Gr. 70

ASTM A-540
Gr. B-24

17-4 pH H1100

100

105

30

38

38

120

115

139

135

75

70

70

135

140

(2)see figure 5-2
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TABLE 4-2 (Cont)
REACTOR VESSEL INTERMALS LIFT RIG MATERIAL AND MATERIAL PROPERTIES

i
\
Yield | Ultimate
Strength Strength ‘
Item(d) | Description Materials Sy (ksi) | Sult (ksi)
9 Block SA-105 CL Tor 2| 36 70
or
SA-266 CL T or 2 | 30 60
or
SA-508 CL 1 or 2 | 35 70 s
14A Spacer Block
15 NUT ASTM A-276 38 82
Type 304 HR+PKLD,
Cond. A
18 Leg Leveling Sleeve .
20 Support Ring Leveling
Sleeve
22 Guide Sleever * L {
16 Leg Adaptor ASTH A276 43.9 86.5 |
Type 304
HR+FKLD, {ond. A |
23 Engaging Screen ASTM A276 36.8 80.9
HR+PKLD, Cond. A
19 Coupling ASTH A312, 30 75 |
Type 304
17 Leg Outer Tube ASTM A312 38.0 83.4
Type 304

Seamiess, Cold
Fanish and Heat
Treat

21 Support Ring Outer Tube l

(a)see figure 5-2
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TABLE 4-3
REACTOR COOLANT PUMP MOTOR LIFT SLING MATERIALS AND
MATERIAL PROPERTIES

Yield Ultimate
Strength Strength
Itenld) | Description Materials | Sy (ksi) Sult (ksi)
] Spreader (pipe) | ASTM A106 35 60
Grade B
2 Side plates ASTM 212 36 58
Grade A
(a)see figure 5-3
-
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SECTION 5
SUMMARY OF RESULTS

Tables 5-1, 5-2, and 5-3 summarize the stresses on each of the parts

which make up the reactor vessel head and internals 1ift rig, load cell,

load cell linkage and reactor coolant pump motor 1ift sling, "
respectively. A1l of the tensile and shear stresses, with the exception | |
of the tensile stress at the minimum section of the internals 1ifting |
rig engaging screw, item (23), meet the design criteria of section

3.2.1.1 of ANSI N14.6, requiring application of stress design factors of

three and five with the accompanying allowable stress limits of yield

and ultimate strength, respectively. Application of the ANSI N14.6

criteria to pins subject to bending, structural members subject to

buckling and bending loads, and various parts subject to bearing loads

result in some stresses exceeding this criteria. However, when using

more appropriate criteria, the resulting stresses are acceptable.

5.1 DISCUSSION OF RESULTS

5§.1.1 Application of ANSI N14.6 Criteria

L .
The design criteria of section 3.2.1.1 of ANSI N14.6, requiring applica-
tion of stress design factors of three and five with the accompanying
allowable stresses, are to be used for evaluating load bearing members
of a special 1ifting device when subjected to loading conditions
resulting in shear or tensile stresses. Application of these design
load factors to other loading conditions is not addressed in ANSI

N14.6. However, these two stress design factors have been used to
determine the stresses of the load carrying members when subject to
other loading conditions, viz. bearing, bending, buckling. This is an
extremely conservative approach and in some cases the resulting stresses

exceed the accompanying allowable stress limit.

In the internals 1ift rig engaging screw (item 23) the tensile stress
slightly exceeds the criteria that three times the calculated stress :
must be less than the yield stress. However, the conservative criteria '

58878:1/122882 5-1




that five times the calculated stress must be less than the ultimate is
met and thus the engaging screw is considered acceptable.

For items 11, 13, 15, 22 and 23 of the internals lifting rig, the
bearing stress exceed the criteria that three times the calculated
stress must be less than the yield stress. However, all the bearing
stresses meet the conservative criteria that five times the calculated
stress must be 1ess than the ultimate stress and thus the parts are
considered acceptable for bearing.

The bending stresses in the internals 1ifting rig pins (items 3, 7, 11
and 13) were calculated using the conservative approach shown in the
Machine Design Fastening and Joining Issue. This approach, coupled with
the use of the ANSI 14.6 stress factor for this condition, results in
bending stresses exceeding the allowables. However, the acceptance
criterion for pin design is shear stresses and the results of all shear
stress calculaticns are below acceptable limits. The bending stress

calculations are included for reference. g
The bending stress in the internals 1ifting rig spacer blocks (item .
14-A) does not meet the criteria of section 3.2.t0, However, this is a
1ocal fiber stress. Even if the fiber stress reached the yield stress,
and it doesn't, the rest of the cross-section could assume the

additional load. This localized stress can be considered under section
3.2.1.2 which states that the stress design factors of 3.2.1.1 are not
intended to apply to situations where high load stresses are relieved by
slight yielding. The shear stress in the block is extremely low and

well within the section 3.2.1.1 criteria.

Structural elements loaded in compression anc¢ bending are analyzed by
the empirical equations of the ASME and AISC rules. Buckling stresses
are expressed as the ratios of actual stresses to the allowable stresses
with the acceptable ratio being < 1.0. These equations do not deter-
mine the limiting stresses of members in buckling but indicate whether
or not the calculated stress is or is not within the allowable values.
Instead, the ultimate load carrying capability of the member is the
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determining factor in the structural member's acceptability. Timoshenko
notes that the ultimate load for short struts is equal to the material
yield point, Calculation of the ultimate load results in this load
being 1.3 times the nominal design 1oad and thus, these members are
considered acceptable.

5.1.2 Pin Bending

Several of the internal 1ifting rig pins do not meet the ANSI N14.6
criteria (3 and 5) when analyzed for bending stresses. In calculating
the bending stresses in pins, it is assumed that loads from the outside
lugs are linerally distributed and from the inside eye are uniformly
distributed along the pin. Further, the assumption is made that span to
diameter ratios are large enough such that the assumptions inherent to
simple beam theory are valid (Neither conditicn is met, however, by the

actual joint geometry).

Pin deflections and local yielding of the pin, lugs, and eye cause the
loads to be non-uniform and their centroids to ‘shift towards the inter-
faces between the lugs and eye, i.e., the shear planes in the pins.

This concentration of load near the shear planes reduces the effective -
bending arms at which loads are applied thereby reducing the bending

moment.

The calculated bending stresses are thus over estimated and are tabu-
lated for reference. Shear stresses in the pins are the governing para-
meter for pin strength. Using shear stresses as the criteria for pin
design results in all pins meeting three times the calculated stress
being less than the yield stress and the ANSI criteria of 5 times the
calculated stress being less than the ultimate stress. Thus all the
above pins are considered acceptable.

5.1.3 Structures Loaded in Compression and Bending
The spreader assemblies of the reactor vessel internals lift rig and the

reactor coolant pump motor 1ift sling de not meet all the ANSI N14.6
critecia (3W and 5W) when analyzed for combined axial compression and
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bending (buckling) or bendirg loadings. Structures loaded in combined

compression and bending are analyzed by the empirical equations of

e (10] ASME Boiler and Pressure Vessel Code Section III, Appendix
XVII. (Sare as the AISC M) Part 5 rules). Ratios less than 1.0
indicate the calculated stress is within the allowable values; greater
than 1.0, the stress is greater than the allowables.

When comparing the spreader arm to the above criteria, the acceptable
ratio < 1.0 is not satisfied. However, these empirical equations do
not identify the maximum stress for this loading condition. When the
ratio is >1.0, these equations identify an unacceptable design
condition. If we were designing a new structure, the material and
member size would be changed to ensure these ratios would be satisfied
for all loading conditions. However, these calculations are being
applied to an existing structure and since these conditions are not
satisfied then the ultimate load carrying capability !nust be determined.

The column under consideration is relatively short (-— 44.12).

[12]

when the compressive strength reaches the material yield point. (The
s

Timoshenko states that experiments show that short columns buckle

horizontal 1ine on the figure below).

YIELD POINT

EULER CURVE
E =30 X 106 psI

4412
>—

e/r : ~80
COLUMN BUCKLING

CRITICAL STRESS
oo e, sy e e i e A . S
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Therefore the total stress

o= ; + ; = Direct Stress + Bending S*ress

must be less than or equal to the material yield stress.

Since the column is loaded eccentrically (i.e., M is proportional to P,
so the two could be equivalently replaced with a load P displaced from
the column centerline by a distance e) as the column bends the effective
lever arm of the load increases. For this condition

o";—"’;—e- secant E'I%

For this particular column (internals 1ift rig spreader)

the expression [secant ;I ;-]

is essentially 1.0 for even 5 times the nominal So0ad and the equation
reverts to f

.00 BN
i S D R

For the case of the internals 1ift rig spreader;

%= 3290 psi and J = 25,135 psi
Then the total stress is:
= 3290 + 25,135 = 28,425 psi

“total

which is less tnan the material yield strength (Sy)
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Then to find the ultimate column load, let %

S Sy = 38,000 psi

a
Then the maximum column load is the ratio of

38,000 _
ez = 139

°max/°total

Thus the ultimate column load is 1.3 times the nominal value.

The internals 1ift rig spreader members are considered acceptable for
this condition of combined stresses for axial compression and bendiny.

Similarly, the ultimate load for ‘he reactor coolant pump motor 1ift
sling is 3.7 times the ncminal value and also considered acceptable.

5.1.4 Rated Load Values of the Reactor Coolant Pump Motor Lift Sling

Since most of the components that comprise the reactor coolant pump
motor 1ift sling are non-designed components appljcation of the criteria
of section 3.2.1.1 of ANSI N14.6 to these components arec not appropri-
ate. Therefore, Table 5-4 has been prepared from catalog information
and 1ist the various load conditions. Noting thag'the safety factors
are based on the ratio of the ultimate strength of the material to the
rated load value, the sling is acceptable for five times the design load.

5.2 CONCLUSION

Application of the ANSI N14.6 criteria of (3 and 5) to these special
lifting devices results in acceptable stress limits for tensile and
shear stresses with the exception of the internals lifting rig engaging
screw. Application of this criteria to all structural members subject
to other types of loadings tend to result in oversimplified conservatism
and with some stresses exceeding the accompanying allowabie limits.
However, when using the more appropriate criteria for those cases not
addressed by the ANSI N14.6 criteria the stresses are within the
appropriate allowable limits. '
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TABLE 5-1

SUMMARY OF RESULTS

REACTOR VESSEL HEAD LIFT RIG

[tem(a)

Calculated Stresses (ksi)

Material Qliowable

Part Name (ksi)
No. And Material Designation w'bJ 3W 5W Sy(C’ ORTALY
1 3-1/2" dia. pin Shear 4.8 14.4 24.0 110 140
ASTM A434 Bearing on Head Clevis 8.8 26.4 44,0
Class BD Bearing on Clevis Plate 8.3 24.9 41.5
Bending 17.0 51.0 85.0
2 Clevis Plate Shear Tear-Out at Pin Hole 4.1 12.3 20.5 38 70
. ASTM A515 Bearing on Pin 8.3 24.9 41.5
Grade 70 Q&T Tension at Pin Hole 4.1 12.3 20.5
3 Leg Fillet Weld on Clevis weld allowable = 18(e)
ASTM A36 Plate to Leg - Shear «» 4.0 12.0 20.0 |
Tension 7.8 23.4 39.0 36 58
4 Ring Girder Total Shear 2.4 7.2 12.0 30 55
ASTM A285 GRC Combined Tensile 3.5 10.5 17.5
Firebox Weld of Ring Girder to
Support Lug 2.4 7.2 12.0

(a) See figure 5-1 for location of item number and section

éb; W is the total static weight of the component
c) S
y

(d)

S
(e) S%l

is the yield strength of the material (ksi) '
t is the ultimate strength of the material (ksi)

ess limit for fillet weld from AS

1980 Edition, Table NF-3292 1-1, page 43

58878:1/010483
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TABLE 5-1 (cont)
SUMMARY OF RESULTS

REACTOR VESSEL HEAD LIFT RIG

Calculated Stresses (ksi)

Material Allowable

Itemd) | part Name . (ksi) :
No. And Material Designation W(D] 3w 5W Sy'¢! Suit 'Y
5 Support Lug Tension at Pin Hole 5.8 17.4 29.0 38 70
ASTM A515 GR70 Shear-Tear-Out at Pin Hole 5.0 15.0 25.0
Normalized Bearing on Pin 1.9 e 37.5
and Tempered
6 Clevis Thread Shear 3.4 10.2 17.0 50 80
ASTM A237 Bearing on Pin 6.7 20.1 33.5
Class A Shear Tear-Out at Pin Hole 4.3 12.9 21.5
Tension at Pin Hoie 4.3 12.9 21.5
Tension at Thd. Relief 2.1 6.3 10.5
7 4" Dia Pin Shear 4.1 12.3 20.5 105 135
ASTM A434 Class BD | Bearing on Support Lug 7.5 22.5 37.5
Min. Tempering Bearing on Lower Clevis 6.7 20.1 33.5
Temp. = 1100°F Bending 14.3 42.9 71.5
2 ® .
8 Arm Thread Shear 3.4 10.2 17.0 35 70
23T¢0A306 Thread Tension 9.2 27.6 46.0

(a) See figure 5-1 for location of item number and section

(b) W is the total static wei

(c) Sy is the yield strength

ght of the component and the lifting device
of the material (ksi)

(d) Syjt is the ultimate strength of the material (ksi)
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TABLE 5-1 (cont)
SUMMARY OF RESULTS
REACTOR VESSEL HEAD LIFT RIG

Calculated Stresses (ksi) Material A lowable
Item(d) Part Name value (ksi)
No. And Material Designation - [wiD) 3W 5w syl¢ SRTALY
9 Upper Clevis Thread Shear 3.4 10.2 17.0 50 80
Bearing on Pin 6.7 20.1 33.5
Shear Tear-Out at Pin Hole 4.3 12.9 21.5
Tension at Pin Hole 4.3 12.9 21.5
Tension at Thd. Relief 2:1 6.3 10.5
10 4" Dia Upper Clevis | Shear 4.1 12.3 20.5 105 135
Pin Bearing on Link Lug A 21.9 36.5
ASTM A434 Class BD | Bearing on Upper Clevis 6.7 20,1 33.5
Min. Tempering Bending 14.1 42.3 70.5
‘Temp. = 1100°F
11 Link Bearing on Hook Pin " * ,4.3 12.9 21.5 36 70
A105 Tension at Pin Hole 4.0 12.0 20.0
Class 2 Shear Tear-Out at Pin Hole 4.0 12.0 20.0
Tension at Cylindrical Section 5.3 15.9 26.5

(a) See figure 5-1 for location of item number and section

(b) W is the total static weight of the component ¢ad the liftina device
(c) Sy is the yield strength of the material (ksi)
(d) Syjt is the ultimate strength of the material (ksi)
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TABLE 5-1 (cont)
SUMMARY OF RESULTS
REACTOR VESSEL HEAD LIFT RIG

[tem(ad) Part Name

Calculated Stresses (ksi)

Material Allowable

CL-¢

Yalue (ksil
No. And Material Designation 3W Sy(CI Surt 'Y
12 Link Lug Tension at Pin Hole 14.7 36 70
A105 Shear Tear-Out at Pin Hole 14.7
Class 2 Bearing at Pin Hole 21.9
Shear at Root of Lug 4.8
Combined Tension at Lug Root 11.1
13 7-1/2" Dia. Pin Shear 9.6 100 130
ASTM A434 Bearing on Hook 13.8
Class BD Bearing on Side Plate 18.6
Bending 32.1
14 8" Dia. Pin Shear 8.4 100 130
ASTM A434 Bearing on Link 12.9
Class BD Bearing on Side Plate 17.4
Bending 26.4
”.
15 Side Plate Bearing at 7-1/2" Hole 18.6 90 100
ASTHM A514 Tension at 8" Hole 16.5
Shear Tear-Out at 8" Hole 16.5

(a)
(b)
(c)
(d)

See figure 5-1 for location of item number and section

W is the total static weight of the component and the lifting device
Sy is the yield strength of the material (ksi)

Syit is the ultimate strength of the material (ksi)
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TABLE 5-2
SUMMARY OF RESULTS REACTOR VESSEL INTERNALS LIFT RIG,
LOAD CELL AND LOAD CELL LINKAGE

A S

Calculated Stresses (ksi) Material Allowable
item(3) | part Name Value (ksi
No. And Material Designation wibl 3W 5W Syt SRTARL
! (Hook) Pin Shear 3.0 9.0 15.0 100 130
ASTM A434 Bearing on Hook 4.4 13.2 22.0
Class BD Bearing on Side Plates 10.1 30.3 50.5
AISI 4340 Bending 9.3 27.9 46.5
Hot Rolled
and Quenched &
Tempered
2 Side Plate Tension at 7.515 Dia. Hole 10.1 30.3 50.5 ASTM A515
ASTM AS515 GR 70 Bearing at 7.515 Dia. Hole 10.1 30.3 50.5 38 70
or Shear Tear-out at 7.515 10.1 30.3 50.5
ASTM A516 GR 70 Dia. Hole ASTM A516
Q&T Tension at 4.385 Dia. Hole 9,2 27.6 46.0 38 70
Shear Tear-out at 4,385 9.2 27.6 46.0
Dia. Hole
Bearing at 4.385 Dia. Hole 10.6 31.8 53.0
3 (Upper Adaptor) Shear 8.8 26.4 44,0 105 135
Pin Bearing on (Upper) Adaptor 9.6 28.8 48.0
ASTM A434, Class Bearing on Side Plate 10.6 31.8 53.0
BD, AISI 4340 Bending 42.4 127.2 212.0
Hot Rolled and Q&T

(a) See figure 5-2 for location of item number and section

(b) W is the total static weight of the component and the lifting device
(c) Sy is the yield strength of the material (ksi)

(d) Syt is the ultimate strength of the material (ksi)
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TABLE 5-2 (cont)
SUMMARY OF RESULTS REACTOR VESSEL INTERNALS LIFT RIG,
LOAD CELL AND LOAD CELL LINKAGE

Calculated Stresses (ksi) Material Allowable
Item(d) Part Name Yalue _
No. And Material Designation wib) 3W 5W Sy\¢) Sujt &
4 (Upper) Adaptor Tension at 4.387 Dia. Hole 10.6 31.8 53.0 120 135
ASTM A540 Bearing at 4.387 Dia. Hole 9.5 28.5 47.5
Grade B-24 Tension at Thread Reiief 7.0 21.0 35.0
Thread Shear 11.2 33.6 56.0
Shear Tear-out at 4,387 9.1 27.3 45.5
Dia. Hole
5 Tension Cell Tension at Threads 19.4 58.2 97.0 115 140
17-4 pH ss H-1100° | Thread Shear 11.2 33.6 56.0
6 (Lower) Adaptor Tension at 4.387 Dia. Hole 10.6 31.8 53.0 120 135
Bearing at 4.387 Dia. Hole 9.5 28.5 47.5
Tension at Thread Relief - 7.0 21.0 35.0
Thread Shear *: .2 33.6 56.0
Shear Tear-out at 4.387 9.1 27.3 45.5
Dia. Hole
7 (Removable) Pin Shear 8.8 26.4 44.0 105 135
ASTM A434 Class Bearing on Lower Adaptor 9.6 28.8 48.0
BD, AISI 4340, Bearing on Top Lugs 10.0 30.0 50.0
Hot Rolled, Q&T Bending , 42 .4 127.2 212.0

(a) See figure 5-2 for location of item number and section

(b) W is the total static weight of the component and the lifting device
(c) Sy is the yield strength of the material (ksi)

(d) Sy1t is the ultimaie strength of the material (ksi)
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TABLE 5-2 (cont)
SUMMARY OF RESULTS REACTOR VESSEL INTERNALS LIFT RIG,
LOAD CELL AND LOAD CELL LINKAGE

Calculated Stresses (ksi) Material Allowable
Item(a) Part Name Value (ksi)
No. And Material Designation - | wib) 3w 5W sylct Surt'd!
8 Top Lugs Bearing on Pin 10.C 30.0 50.0 ASTM A515
ASTM A515 GR 70 Tension at Pin Hole 9.8 29.4 49.0 38 70
or
ASMT A516 GR 70 Shear Tear-out at Pin Hole 9.6 29.4 49.0 ASTM A516
Q&T Tension at Weld 4.9 14.7 24.5 38 70
9 Bl ock Tension in Block 1.5 4.5 7.5 SA 105
| SA105CL Y or 2 36 70
or
ASTM A266 CL 1 ASTM A266
CcL1 30 60
CL 2 35 70
or
SA 508 CL 1 or 2 SA 508
CL 2 35 70
». 4 CL 2 50 80
10 Side Lug Tension at Pin Hole 5.6 16.8 28.0 ASTM A515
ASTM A515 GR 70 Shear Tear-out at Pin Hole 5.6 16.8 28.0 38 70
or Bearing on Pin 9.1 27.3 45.5
ASTM A516 GR 70 Shear at Lug Root Weld 1.9 8.7 2.5 ASTM A516
Q&T CL 2 Combined Bending and Tension T4 16.5 26.0 38 70
at Lug Root Weld

(a) See figure 5-2 for location of item number and section

(b) W is the total static weight of the component and the lifting device
(c) Sy is the yield strength of the material (ksi)

(d)  Syrt is the ultimate strength of the material (ksi)
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TABLE 5-2 (cont)
SUMMARY OF RESULTS REACTOR VESSEL INTERNALS LIFT RIG,

LOAD CELL AND LOAD CELL LINKAGE

Calculated Stresses (ksi) Material Allo »hle
Item(a) Part Name Yalue (ksi
No. And Material Designation wib) W 5W sylc] Su1¢l9)
" (Upper Sling-Leg) Shear 7.5 22.5 37.5 30 75
Pin ASTM A276 Bearing on Sling Leg 11.8 35.4 59.0
Type 304 Cent. Bearing on Side Lug 9.1 273 45.5
Grd. Cond. A Bending 28.8 86.4 144.0
12 Sling Leg Bearing on Pins 11.8 35.4 59.0 ASTM A515
ASTM A515, GR 70 Tension in Leg 5.9 Wit 29.5 38 70
or Tension at Pin Hole 12.0 36.0 60.0 ASTM A516
ASTM A516, GR 70 Shear Tear-out at Pin Hole 12.0 36.0 60.0 38 70
13 (Lower Sling Leg) Shear 7.5 22.5 37.5 30 75
Pin ASTM A276 Bearing on Sling Leg- 11.8 35.4 59.0
Type 304 Bearing on Spreader 6.1 18.3 30.5
Cent. Grd. Cond. A | Bending 5.3 105.9 176.5

See figure 5-2 for location of item number and section

W is the total static weight of the component and the 1ifting device
Sy is the yield strength of the material (ksi)
Sylt is the ultimate strength of the material (ksi)
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TABLE 5-2 (cont)
SUMMARY OF RESULTS REACTOR VESSEL INTERNALS LIFT RIG,
LOAD CELL AND LOAD CELL LINKAGE

Calculated Stresses (ksi)

Material Allowable

[teml@) |  Part Name (ksi)
No. And Material Designation wib) 3w 5W Sy'¢! RTALL
14 SPREADER SA 105
36 90
14-A Spacer Block Bending 16.3 48.9 81.5 ASTM A266
SA 105 CL 1 or2 Shear 3.4 10.2 17.0 30 CL1 60 CL)
Q&T, or Bearing 6.1 18.3 30.5 35 CL2 70 CL2
ASTM A266 SA508
CL Yor?2 35 CL1 70 CL2
or 50 CL2 80 CL2
SA 508 CL 1 or ?
Q4T
14-8, Spreader Nominal Compression W 9.9 16.5 38 70 (a)
‘ Assembly Buckling 1.2 NA NA Raf}y < 1.0'9
ASTM A515 GR 70 Kelds (max. shear stress) 11.1 33.3 55.5 18
or
ASTM A516 GR 70 " »
(a) See figure 5-2 for location of item number and section

W is the total static weight of the component and the 1ifting device
Sy is the yield strength of the material (ksi)

Sylt is the ultimate strength of the material (ksi)

Stress 1imit for fillet weld from ASME Boiler & Pressure Vessel Code, Section III, Division 1 -
Subsection NF 1980 Edition, Table NF - 3292.1-1 page 50
Stress limit ratio's for buckling from ASME Boiler & Pressure Vessel Code, Section III,

Division 1

58878B:1/010683
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TABLE 5-2 (cont)

SUMMARY OF RESULTS REACTOR VESSEL INTERNALS LiFT RIG,

LOAD CELL AND LOAD CELL LINKAGE

Iten(ad)
No.

Part Name
And Materiai

Calculated Stresses (ksi)

Material Allowable
(ksi)

Designation W(o)

Value
W

SytT! SATILY

15

NUT

ASTM A276

Type 304

HR & PKLD. Cond. A

Thread Shear
Bearing on Spacer
Block

35.7
43.5

3gle) g2(e)

16

(Leg)

‘Adaptor

ASTM A276
Type 304

.HR & PKLD. Cond. A

Thread Shear
Tension at Tareads

35.7

43.9(e) | gg.5(e)

17

(Leg)

Outer Tube

ASTM A312

Type 304

SMLS CF and HT. TR.

Tension

30.9

51.5

38.0(e) | g3.4(e)

18

(Leg)

Leveling Sleeve
ASTM A276

Type 304

HR & PKLD. Cond. A.

Tension at 6.60 Dia.
Thread Shear

- w
.
SN

30 75

(a) See figure 5-2 for location of item number and segtion
(b) W is the total static weight of the component and the lifting device

fc) S
(d)

S
(e) Tgége

58878:1/010483
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TABLE 5-Z (cont)
SUMMARY OF RESULTS REACTOR VESSEL INTERNALS LIFT RIG,
LOAD CELL AND LOAD CELL LINKAGE

8L-S

Calculated Stresses (ksi) Material Allowable
Item(ad) Part Name Yalue (ksi)
No. And Material Designation - wWib) 3W 5W sylc) Surt' @
19 Coupling Thread Shear 4.0 12.0 20.0 30 75
ASTM A312 Tension at Thread Relief 4.5 13.5 22.5
Type 304
SMLS CF & HT Tr.
20 (Support Ring) Thread Shear on 7.000-8UN 4.0 12.0 20.0 30 75
Leveling Sleeve Thread
ASTM A276 Tension at THD. Relief 5.6 16.8 28.0
Type 304 Thread Shear on 5.500-12UN 4.9 14.7 24.5
HR & PLKD. Cond. A. | Thread '
21 (Support Ring) Thread Shear 4.9 14.7 24.5 30 75
Outer Tube Tension at Thd. Relief 8.4 25.2 42.0
ASTM A312 Tension at Weld 6.5 19.5 32.5
Type 304
SMLS CT & HTTR r ",

(a) See figure 5-2 for location of item number and section

(b) W is the total static weight of the component ana the lifting device
(€) Sy is the yield strength of the material (ksi)

(d) Syt is the ultimate strength of the material (ksi)
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TABLE 5-2 (cont)

SUMMARY OF RESULTS REACTOR VESSFL INTERNALS LIFT RIG,

LOAD CELL AND LOAD CELL LINKAGE

Item(d)

Calculated St-esses (ksi)

Material Allowable

Part Name Value e (ksi) o

No. And Material Designation wib) W 5W Sy\c? SRTALY
22 Guide Sleeve Bearing on Engaging Screw 13.6 40.8 68.0 30 75

ASTM A276 Nominal Compression Below 8.3 24.9 41.5

Type 304 Engaging Screw

HR & PKLD. Cond. A
23 | Engaging Screw Bearing on Guide Sleeve 13.6 40.8 68.0 36.8(e; | go.gle)

ASTM A276 Tension at Minimum Section 13.5 40.5 67.5

Type 304 Thread Shear 5.1 5.3 25.5

(a) See figure 5-2 for location of item number and section

(b) W is tne total static weight of the component

(c) Sy

(d) S
(e) T”gge

is the yield strength of the material (ksi)

58878:1/010483
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Figure 5-2 Reactor Vessel Internals Lifting Rig

58878:1/120682 5-20

PRI Sy p—




12-5

TABLE 5-3
SUMMARY OF RESULTS
RCACTOR COOLANT PUMP MOTOR LIFT RIG

Calculated Stresses (ksi) Material Allowable
ltem(a) Part Name Value (ksi)
No. And Material Designation H(b) W 5W Sy(c) Sult(d)
1 Spreader Compressive Buckling 5.2 15.4 25.7 Fc (e} . 19.35 ksi
Stress on Tube-to-Tube Weld 2.9 8.6 14.3 35 60
Stress on Tube-to-Plate Weld 1) ) JI 35.5
2 Plate Tension 1.9 5.6 9.3 36 58

(a)
(b)
(c)
(d)-
(e)

5887

See Figure 5-3 for location of item number and s;ction .

W is tne total static weight of the component and the 1ifting device
Sy is the yield strength of the material (ksi)

Sy1¢ ¥s the ultimate strength of the material (ksi)

Fc is the compressive buckling strength of the material (ksi)
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Figure 5-3. Reactor Coolant Pump Motor Lift Sling

58878:1/120682



TABLE 5-4

COMPARISON OF DESIGN LOADS

AND RATED LOAD VALUES OF THE NON-DESIGNED
ITEMS OF THE R.C. PUMP MOTOR LIFT SLING

(1) RATED LOAD VALUE - The maximum recommended load that should be

exerted on the item.
Rated Load:

Loads (Pounds)(6) E::::¥(4)
E:::d(]) Proof(2) Ultimate(3)

No.(7) | Item Design | Value Load Load

5 Master Link | 81,000 | 160,000 320,000 544,000 3.4:1

6 Sling 81,000 | 81,000'%) | 94,0000%) | 405,000 5:1(3)

7 Shackle 27,000 | 70,000 154,000 420,000 6:1

8 Turnbuckle | 27,000 | 37,000 74,000 185,000 5:1

9 Hook 27,000 | 38,750 71,500 131,750 3.4:0

NOTES:

The following terms are also used for the term
"SWL", "Safe Working Load", "Working Load", "Working

Load Limit", and the "Resultant Safe Working Load." A1l rated load
values, are for in-1ine pull with respect to the centerline of the

item.

(2) PROOF LOAD - The average force to which an item may be subjected

before visual permanent deformation occurs or a force that is
applied in the performance of a proof test.

(3) ULTIMATE LOAD - The average load or force at which item fails or no
longer supports a load.

(4) SAFETY FACTOR - An industry term denoting thecoretical reserve

capability.

Usually computed by dividing the catalog stated

ultimate load by the catalog stated working load 1imit and generally
expressed as a ratio, for example 5 to 1.

58878:1/120682
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TABLE 5-4 (Cont)

(5) This information is as stated on Westinghouse drawing AED SK 618J644
TXK Sub 5 as follows: "Safe working load of this sling assembly is
81,000 1b and a safe factor of 5:1." Catalog information is not
applicable.

(6) The rated load value, proof load, ultimate load and safety factor
information was obtained from the following vendor catalogs:

a. S.G. Taylor Chain Co., Inc., Bulletin AS-67 Alloy Steel Chain
Assemblies, Attachments for items 5 and 9.

b. Pennsylvania Sling Co. for item 6.
c. Crosby Group, 950 General Catalog, June 1981 for items 7 and 8.

(7) Refer to figure 5-3 for identification of items.
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APPENDIX A
DETAILED STRESS ANALYSIS - REACTOR VESSEL HEAD LIFT RIG

This appendix provides the detailed stress analysis for the Turkey Point
Units 3 and 4 Reactor Vessel Head Lift Rig in accordance with the
requirements of ANSI N14.6. Acceptance criteria used in evaluating the
calculated stresses are based on the material properties given in

section 5.

58878:1/120682 A-1
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APPENDIX B
DETAILED STRESS ANALYSIS - REACTOR VESSEL
INTERNALS LIFT RIG, LOAD CELL AND LINKAGE

This appendix provides the detailed stress analysis for the Turkey Point
Units 3 and 4 reactor vessel internals 1ift rig, load cell and linkage,
in accordance with the requirements of ANSI N14.6. Acceptance criteria
used in evaluating the calculated stresses are based on the material
properties given in section 5,

|
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APPENDIX C
DETAILED STRESS ANALYSIS - REACTOR
COOLANT PUMP MOTOR LIFT RIG

This appendix provides the detailed stress analysis for the Turkey Point
Units 3 and 4 reactor coolant pump motor 1ift sling, in accordance with
the requirements of ANSI N14.6. Acceptance criteria used in evaluating

the calculated stresses are based on the material properties given in
section 5.

58878:1/122882 C-1



SKETCH SHEET

SLSTINGHOUSE FORM 54202

Wl PROJECT YT
FJIP-93447 Turkey Point Units 3 and 4 V. o 20
"t CALCULAT IONS NO.

R. C. Pump Motor Lift Sling e,

‘“"‘cw’f% CHECKED BY & OATE
M. F. Hankinson /2'/;" J. M. Matusz QIMW‘% ‘e

PURFPOSE AND RESULTS:

1. The purpose of this analysis is to determine the acceptability of this
sling to the requirements of ANSI N14.§6.

2. The results show that all stresses are acceptable.

Original Issue M. Hankinsop
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Plus t0% for Contingencies —1,300 1|bs.
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T Establish Tension Valve In
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End |
|
r—-

(consery.)
| 4115

T

w= Rated Lift weight of RIG = %1,000 lbs.

wWith no Information to the controry, assume load S
OPProx\ma‘l‘clY centered,i.e.

P= Tension \n each vertical fope = 3

= 8,000 \bs. /3= 27,000 bS5,

a= cos’ 31,15-5); cos™ (M—):H'&.b(o.
' 4S +415 . NS4S

Tz Pl6wn@= 31000/.69C3= 39,109 105,
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SPREADER ASSY.

Horizontal Force on §Reqder
(See page 4) :

Pu

T COS 6 = 233109¢es (43.bb) =1L LAY \b

Let Fe = compressive force In speadef
$Ex=0: 2(36b)Fc-Pn =0

Fc= 2%2493 = 16,335 b
2(.760)

For 4" ScH 4o PIPE o©p= 4.500
wall = .137", 1D = 4.500-.237x2 = 4.02b"

A= AREA= /4 (4,52-4.026) 7 3.1741n>
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The compressive s+ress s fc

Fe= 1L33S1b = Si46 psi
31714 1n*

For ASTM AI06L GRB

0‘\1: Nield str.= 35 Ks'g
Tu = vltim Stn = b0 KSI

Check cempressive allowable

From AISC CODE SEC (5.1.3

-

s
Ces m_ﬂ.“ = /L&.ﬁ!hil‘zs_&m" ‘
VAR & 35,000 ps\
= \n1.%9

| Q=7I."13 In

Ibend=s I _(d%-d¥) = mlv500Y ‘{.ou,“'\) = 7232t
kY ey

f=RAD. oF &YR

s / A = [ 22X = 510
A 418 ..
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Since k8 £ Cc:
¢

Fq = Max Comp. STCESS

[

3

20779 |

5 4 a0l (k)
e

= [t-tm-:xs)‘_

3

L) MRS,

2 4 .09) ~.0017

5 4 3 (3019 — (30a5Y
f .19

s Csc.
Fy
ol
2(10.39)°

3
[ |
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I
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!
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A nalyre cochessivc sttess on Tube to Tube We!\d

\b)qql(paae s)

The lem}ﬂ'\ of weld will be \tngth f a half t“\'pse,

(proyection cf 1 of pipe)

/“\\\ . ? & b
L N 4.500 Lb . b= 115
n / ; ‘
N ¥ 4 l ‘
T S l -
—

ms d=b = 225 =.,333
atp b5

= 450

oy o
Sln"O

From Marks Handbook, 7 TH ED. Pages 2-1%
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The throat area »f the weld 1s!
At=(10.41)(20N.37) = 21.954 in*

The Compfessive force cn the weld

Fe= 16335(sin30°) = TIb lbs,

The Compressive stress on the weld

fFe= ZIE) = 286l psi
2.354 I1n™

Max allowabie stress ( AISC | Ttw ED, Takle .5.3)

Fe

« &
= Same a$ bvase me tal '

= .c,oFY Z L0 (35000)=121000
)., fcc Fe

Check Plate to Tube Weld

o~ ]
/ | 1a° 4500 = S.196

cos 30°

:K.\\ / 'L'b= 4.50
|| “\\N ‘ l a=1,54%7
t.___la =5196—s

2% = NS
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T= Shear'm3 Stress

= Xled ( Pa3€ i9)
L99% 1n* (Half of tube +o PL we (d)

- Eqb‘l, 170 psi

= 404S psl < 4 (Ty = .4(35000) = 14000

2 ¥ Q0=-3094 = ﬂ‘mﬁg)’“.,. 4oqs*
> L

3541 £ Sy7

<109y, Q&qsp\
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Tensile Strength of Plate - (Assume taken by top bolts)

Fve = 39,109 =27,000 = 12,104 (b,

/3‘1,|0‘1

/ A b5"Xx 1" = bSO

f1= Tensile Stress = Fub
A

| l 17,000 |
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b.SO It ©
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on the W drawing, The W drwuing ctates that the

of 5.1 with a Qmo? teet of 41 +ons (34,000 Pcm\ds\
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