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INTRODUCTION

In response to the NRC Letter of December 22, 1980,
"Control of Heavy Loads" this report provides the
results of Rochester Gas and Electric's review of the
handling of heavy loads at our R. E. Ginna Nuclear
Power Plant.

Two reports, dated February 1, 1982 and March 2, 1983,
have previously been submitted in response to Section
2.1 of Enclosure 3 of the December 22, 1980 letter. 1In
addition, the NRC issued a Safety Evaluation on this
subject dated January 18, 1984.

. This report contains the additional requested information

responding to Sections 2.2, 2.3 and 2.4 of Enclosure 3

of the December 22, 1980 letter. It identifies the
extent to which the controls for heavy loads at Ginna
Station comply with NUREG-0612 and the recommendations
proposed in order to satisfy the guidelines of NUREG~0612.

IDENTIFIED OVERHEAD HANDLING SYSTEMS

The heavy load overhead handiing systems within the
scope of NUREG-0612 were identified in our March 2, 1983
submittal and are listed below:

Outside Containment

1. Upper Intermediate Building Monorail
2. 7 1/2 Ton Screenhouse Crane (East)

3. 2 Ton Spent Fuel Handling Crane in
Auxiliary Building

4. Monorail in Basement of Auxiliary Building

5. Auxiliary Building Overhead Crane with
Main and Auxiliary Hooks

Inside Containment

1. 1 1/2 Ton Fuel Manipulator Bridge

2. 2 Ton Jib at Personnel Hatch

3. 3 Ton Jib at Equipment Hatch

4. 10 Ton Jib Over Pressurizer Access Hatch

5. Containment Building Overhead Crane With Main and
Auxiliary Hooks
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RESPONSES TO REQUESTS FOR INFORMATION IN SECTIONS 2.2,

2.3, AND 2.4 OF ENCLOSURE 3 OF NRC DECEMBER 22, 1980 LETTER

RESPONSE: The following pages list the questions and
provide the required information to Sections 2.2, 2.3,
and 2.4.
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SPECIFIC REQUIREMENTS FOR OVERHEAD HANDLING SYSTEMS
OPERATING IN THE VICINITY OF FUEL STORAGE POOLS

NUREG 0612, Section 5.1.2, provides guidelines concerning
the design and operation of load-handling systems in

the vicinity of stored, spent fuel. Information provided
in response to this section should demonstrate that
adequate measures have been taken to ensure that in

this area, either the likelihood of a load drop which
might damage spent fuel is extremely small, or that the
estimated consequences of such a drop will not exceed
the limits set by the evaluation criteria of NUREG

0612, Section 5.1, Criteria I through III.

Identify by name, type, capacity, and equipment designator,
any cranes physically capable (i.e., ignoring interlocks,
moveable mechanical stops, or operating procedures) of
carrying loads which could, if dropped, land or fall

into the spent fuel pool.

RESPONSE: There are two overhead handling systems in
the Auxiliary Building which are capable of carrying
heavy loads over the spent fuel pool. These cranes are
a 40 ton Shaw Box overhead crane with a 5 ton auxiliary
hoist and a 2 ton spent fuel bridge crane.

Justify the exclusion of any cranes in this area from
the above category by verifying that they are incapable
of carrying heavy loads or are permanently prevented
from movement of the hook centerline closer than 15
feet to the pool boundary, or by providing a suitable
analysis demonstrating that for any failure mode, no
heavy load can fall into the fuel-storage pool.

RESPONSE: There are no other overhead handling systems
in the vicinity of spent fuel pool. The 40 ton crane
main and auxiliary hooks can move over the spent fuel
pool after a series of electrical interlocks have been
defeated. The 2 ton spent fuel pool crane is located
over the pool. This crane is restricted to loads equal
to or less than 1500 lbs. by Ginna Station administrative
procedures. For further discussion see response to
Section 2.2-4.

Identify any cranes listed in 2.2-1, above, which you
have evaluated as having sufficient design features to
make the likelihood of a load drop extremely small for
all loads to be carried and the basis for this evaluation
(i.e., complete compliance with NUREG 0612, Section

5.1.6 or partial compliance supplemented by suitable
alternative or additional design features). For each
crane so evaluated, provide the load-handling-system
(i.e., crane-load-combination) information required.
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RESPONSE: For the two overhead handling systems in the
vicinity of the fuel storage racks neither has been
eliminated from further evaluation based on Section
5.1.6 of NUREG-0612.

For cranes identified in 2.2-1, above, not categorized
according to 2.2-3, demonstrate that the criteria of
NUREG 0612, Section 5.1, are satisfied. Compliance
with Criterion IV will be demonstrated in response to
Section 2.4 of this request. With respect to Criteria

'I through III, provide a discussion of your evaluation

of crane operation in the spent fuel area and your
determination of compliance. This response should
include the following information for each crane:

a. Which alternatives (e.g., 2, 3, or 4) from those
identified in NUREG 0612, Section 5.1.2, have been
selected.

b. If Alternative 2 or 3 1is selected, discuss the
crane motion limitation imposed by electrical
interlocks or mechanical stops and indicate the
circumstances, if any, under which these protective
devices may be bypassed or removed. Discuss any
administrative procedures invoked to ensure pioper
authorization of bypass or removal, and provide
any related or proposed technical specification
(operational and suxveillance) provided to ensure
the operability of such electr1ca1 interlocks or
mechanical stops.

c. Where reliance is placed on crane operational
limitations with respect to the time of the storage
of certain quantities of spent fuel at specific
post-irradiation decay times, provide present
and/or proposed technical specifications and
discuss administrative or physical controls provided
to ensure that these assumptions remain valid.

d. Where reliance is placed on the physical location
of specific fuel modules at certain post-irradiation
decay times, provide present and/or proposed
technical specifications and discuss administrative
or physical controls provided to ensure that these
assumptions remain valid.

e. Analyses performed to demonstrate compliance with
Criteria I through III should conform to the
guidelines of NUREG 0612, Appendix A. Justify any
exception taken to these guidelines, and provide
the specific information requested in Attachment
2, 3, or 4, as appropriate, for each analysis
pexrformed.
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RESPONSE: (*2 Ton Spent Fuel Bridge Crane) The 2 ton
spent fuel pool crane is restricted to lifting fuel
assemblies, fuel components such as flow mixers, control
rods and sources, and their associated handling tools.
Since this crane only handles spent fuel, and related
items the crane has been eliminated from further evaluation
based on previous analysis [which satisfies NUREG 0612,
Section 5.1.2(4)]. Previous analysis, done in response
to SEP Topic XV-20, (Ref. 8) "Radiological Consequences
of Fuel Damaging Accidents', has shown that the releases
of radioactive material that could result from a fuel
handling accident in this area are well within 10 CFR
part 100 limits. This crane is also prohibited from
lifting loads greater than 1500 lbs. Thus, this crane
satisfies the criteria of NUREG-0612 and need not be
considered further.

RESPONSE: (40 Ton Auxiliary Bldg. Crane Main Hook) As
a result of the potential need to handle spent fuel
casks RG&E has decided to modify the main hook of the
40 ton auxiliary building crane. This modification
will allow the main hook to comply with section 5.1.2(1)
of NUREG 0612 (single-failure-proof). A description of
the modification has been submitted to the NRC with a
license amendment request dated January 18, 1984.

The auxiliary 5 ton hook on this crane along with the
main hook is restricted from moving over the spent fuel
pool by a set of electrical interlocks. The normal
hook travel is allowed right to the edge of the pool on
the east end and restricted to 3'-6" from the south
edge of the pool. The safe load paths of this crane
are shown on Attachment 1.

In addition to the existing electrical interlocks Ginna
administrative procedures and technical specifications
restrict the auxiliary building overhead crane from
movement over the spent fuel pool. The safe load paths
shown on Attachment 1 allow for the movement of
miscalleneous equipment and material into and out of
the decontamination area. These loads are generally
less than 1500 lbs. In addition, there are no specific
heavy loads which require movement in the area immediately
adjacent to the fuel pool. The area just east of the
pool is the transfer canal and the crane is used here
for inspection of the canal and removing miscellaneous
equipment.

* The 2 ton spent fuel bridge crane consists of a 2 ton
capacity bridge with (2) 1 ton hoists attached.
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SPECIFIC REQUIREMENTS OF OVERHEAD HANDLING SYSTEMS OPERATING

IN THE CONTAINMENT

NUREG 0612, Section 5.1.3, provides guidelines concerning
the design and operation of load-handling systems in
the vicinity of the reactor core. Information provided
in response to this section should be sufficient to
demonstrate that adequate measures have been taken to
ensure that in this area, either the likelihood of a
load drop which might damage spent fuel is extremely
small, or that the estimated consequences of such a
drop will not exceed the limits set by the evaluation
criteria of NUREG 0612, Section 5.1, Criteria I through
III.

Identify by name, type, capacity, and equipment designator
any cranes physically capable (i.e., taking no credit

for any interlocks or operating procedures) of carrying
heavy loads over the reactor vessel.

RESPONSE:- There are two overhead handling systems
inside the containment building which are physically
capable of carrying loads over the reactor vessel.
These cranes are a 1 1/2 ton fuel manipulator bridge
crane manufactured by Stearns-Roger Corporation and a
100 ton overhead rectangular service crane manufactured
by Whiting Corporation. The rectangular service crane
also has a 20 ton auxiliary hoist.

Justify the exclusion of any cranes in this area from
the above category by verifying that they are incapable
of carrying heavy loads, or are permanently prevented
from the movement of any load either directly over the
reactor vessel or to such a location where, in the
event of any load-handling-system failure, the load may
land in or on the reactor vessel.

RESPONSE: The remaining overhead handling systems
located in the containment building which are within
the scope of NUREG-0612 are incapable of carrying a
heavy load over or near the reactor vessel. These
overhead handling systems are listed below:

o 10 Ton Jib Over Pressurizer Access Hatch
0 2 Ton Jib at Personnel Hatch
o 3 Ton Jib at Equipment Hatch

Identify any cranes listed in 2.3-1, above, which you

have evaluated as having sufficient design features to
make the likelihood of a load drop extremely small for
all loads to be carried and the basis for this evaluation
(i.e., complete compliance with NUREG 0612, Section
5.1.6, or partial compliance supplemented by suitable






alternative or additional design features). For each
crane so evaluated, provide the load-handling-system
(i.e., crane-load-combination) information required.

eliminated from further consideration. This is the 100
ton crane load block in the unloaded condition. This
crane load block is used for handling numerous heavy
loads including those approaching the crane load rating
of 100 tons. In the unloaded condition, as opposed to
the loaded condition, the stresses in the mechanical
and structural components are negligible. Based on
this plus the presence of 2 electrical brakes and one
mechanical load brake, the random mechanical failure of
a major load bearing component when moving the crane in
the unloaded condition is not considered credible.

!
RESPONSE: One crane/heavy load combination has been

2.3-4 For cranes identified in 2.3-1, above, not categorized
according to 2.3-3, demonstrate that the evaluation
criteria of NUREG 0612, Section 5.1, are satisfied.
Compliance with Criterion IV will be demonstrated in
your response to Section 2.4 of this request. With
respect to Criteria I through III, provide a discussion
of your evaluation of crane operation in the containment
and your determination of compliance. This response
should include the following information for each
crane: ‘

a. Where reliance is placed on the installation and
use of electrical interlocks or mechanical stops
indicate the circumstances under which these
protective devices can be removed or bypassed and 1
the administrative procedures invoked to ensure
proper authorization of such action. Discuss any
related or proposed technical specification concerning
the bypassing of such interlocks.

b. Where reliance is placed on other, site-specific
- considerations (e.g., refueling sequencing),
provide present or proposed technical specifications
and discuss administrative or physical controls
provided to ensure the continued validity of such
considerations.

Criteria I through III should conform with the
guidelines of NUREG 0612, Appendix A. Justify any
exception taken to these guidelines, and provide
the specific information requested in Attachment
2, 3, or 4, as appropriate, for each analysis

c. Analyses performed to demonstrate compliance with
|
pexrformed. 1
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RESPONSE: RG&E's Ginna Plant has only two specific
loads which must be carried directly over the reactor

- vessel, the reactor vessel head and the upper internals

package. In response to this section load drop analyses
in accordance with Appendix A of the NUREG were performed.
Based on the modified safe load paths and procedures in
place, the consequences of a drop of the vessel head on
the flange from 16' and the drop of the upper internals
package from 15! on the core have been determined to be
acceptable. (These values represent the maximum lift
heights above the vessel allowed by plant procedures.)

- The Attachments No. 2 and 3 describe the analyses in

detail.

Ginna Station Administrative Procedure A-1305.1 diagrams
the area of the reactor vessel as a "Restricted Area"
when transferring heavy loads. This area is restricted
for the movement of all loads with the exception of the
reactor head, upper internals package and the reactor
coolant pump and motor parts. 1In some isolated cases
RCP parts are allowed to pass over the very edge of the
vessel flange. This load path is necessary because of
the physical restrictions in the containment building
and it is limited to the smallest area possible by
plant administrative procedures.
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SPECIFIC REQUIREMENTS FOR OVERHEAD HANDLING SYSTEMS

OPERATING IN PLANT AREAS CONTAINING EQUIPMENT REQUIRED
FOR REACTOR SHUTDOWN, CORE DECAY HEAT REMOVAL, OR SPENT
FUEL POOL COOLING ’

NUREG 0612, Section 5.1.5, provides guidelines concerning
the design and operatlon of load-handling systems in

the vicinity of equipment or components required for

safe reactor shutdown and decay heat removal. Information
provided in response to this section should be sufficient
to demonstrate that adequate measures have been taken

to ensure that in these areas, either the likelihood of

a load drop which might prevent safe reactor shutdown

or prohibit continued decay heat removal is extremely
small, oxr that damage to such equipment from load drops
will be limited in order not to result in the loss of

- these safety-related functions. Cranes which must be

evaluated in this section have been previously identified
in your response to 2.1-1, and their loads in your
response to 2.1-3-c.

Identify any cranes listed in 2.1-1, 'above, which you
have evaluated as having sufficient design features to
make the likelihood of a load drop extremely small for
all loads to be carried and the basis for this evaluation
(i.e., complete compliance with NUREG 0612, Section
5.1.6, or partial compllance supplemented by suitable
alternative or additional design features). For each

~ crane so evaluated, provide the load-handllng-system

(i.e., crane-load-combination) 1nformat10n specified in
Attachment 1.

RESPONSE: RG&E has investigated the operation of the
upper intermediate building monorail during plant
operation and has restricted the use of this monorail

to periods of time when the plant is in a cold shutdown
mode. The trolley on the monorail will be locked and
warnings posted. Systems evaluations below the monorail
have shown that a load drop during cold shutdown would
not effect any of the required decay heat removal
equipment. It is therefore concluded that the use of
this overhead handling system cannot effect safe shutdown
equipment or equipment used for decay heat removal or
spent fuel pool cooling.

For any cranes identified in 2.1-1 not designated as

‘single-failure-proof in 2.4-1, a comprehensive hazard

evaluation should be provided which includes the following
information:

a. The presentation in a matrix format of all heavy
loads and potential impact areas where damage
might occur to safety-related equipment. Heavy
loads identification should include designation



and weight or cross-reference to information
provided in 2.1-3~c. Impact areas should be
identified by construction zones and elevations or
by some other method such that the impact area can
be located on the plant general arrangement drawings.

For each interaction identified, indicate which of
the load and impact area combinations can be '
eliminated because of separation and redundancy of
safety-related equipment, mechanical stops and/or
electrical interlocks, or other site-specific
considerations. Elimination on the basis of the
aforementioned considerations should be supplemented
by the following specific information:

(1) For load/target combinations eliminated
because of separation and redundancy of
safety-related equipment, discuss the basis
for determining that load drops will not
-affect continued system operation (i.e., the
ability of the system to perform its safety-
related function).

(2) Wwhere mechanical stops or electrical interlocks
are to be provided, present details showing
the areas where crane travel will be prohlblted.
Additionally, provide a discussion concerning
-the procedures that are to be used for authorizing
the bypassing of interlocks or removable
stops, for verifying that interlocks are
functional prior to crane use, and for verifying
that interlocks are restored to operablllty
after operations which require bypassing have
been completed.

(3) Wwhere load/target combinations are eliminated
on the basis of other, site-specific considerations
(e.g., maintenance sequencing), provide
present and/or proposed technical specifications
and discuss administrative procedures or
physical constraints invoked to ensure the
continued validity of such considerations.

RESPONSE: The load/impact matrix sheets for the cranes
which are located above safety related equipment are
contained in Attachment 4. A discussion of the analyses
and results follows:

MF3J
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7% Ton Screenhouse Crane

The 7 1/2 ton overhead handling crane in the screenhouse
is limited to travel west of column line 5 by a locked
track switch which prohibits moving the hoist east of
column line 5. No safety related equipment is located
west of column line 5. Use of this crane east of

column line 5 is restricted to the lifts provided in
Attachment 4 and transfer of the hoist into this area

is controlled by the sShift Supervisor. The only safety
related equipment in this area are the service water

(sW) pumps and their associated electrical buses.

During normal maintenance operations in this area, only
one pump would be damaged if a motor were being overhauled.
Very infrequently, however, an entire pump assembly may
be pulled. Damage to all four SW pumps, considered a
very low likelihood, could be possible under these
circumstances. Even if it did occur, safe shutdown
would not be affected. Loss of SW under normal operating
conditions would require a plant shutdown. Even if all
service water were lost, previous evaluations have

shown that safe shutdown can still be achieved and

decay heat can still be removed. [References: NUREG-0821,
August 1983, and Appendix R Submittal, dated 1/16/84].

Margin is available in terms of alternative sources of
water. RG&E has .installed the capability to provide
cooling water to the Diesel Generator and Auxiliary
Feedwater System from the yard fire hydrant systems.
Procedures are also already in place to cope with a
loss of all sW. Thus, although damage to the SW system
is considered a very low probability event, RG&E can
cope with this loss through systems and procedures
already in place at Ginna.

10 Ton Jib Over Pressurizer

This jib is normally used when the plant is at cold or
refueling .shutdown. However, periodic in~service
inspection requirements have required the use of this

jib during operation to lift and remove one pressurizer
cavity concrete hatch cover. In order to prohibit a
potential load drop into the cavity during operation, a
modification to the hatch cover will be installed by

July 85. The modification will structurally prohibit

the block from falling into the pressurizer cavity. No
other heavy loads are lifted by this jib during operation.

- 11 -
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1% Ton Fuel Manipulator Bridge

This crane handles only fuel assemblies and their
associated handling tools. The analyses done under SEP
Topic XV-20 (Reference 8), as in the 2 ton spent fuel
pool crane, has shown that the postulated drop of a
fuel assembly from this crane satisfies section 5.1.2(4)
of NUREG 0612. ‘

2 Ton Jib Crane at Personnel Hatch

Systems analyses have been performed on the piping &
equipment below this jib for postulated load drops.
The following equipment could be impacted by a dropped
load if the load fell all the way to the basement.

B Accumulator Line to Loop A
Fan Cooler D and its Service Water Lines

The consequences of a load drop during various modes of
shutdown and during plant operation have been determined
acceptable with the criteria listed in NUREG-0612
Section 2.4.

Monorail in Basement of Auxiliary Building

The effects of load drops from this monorail are still
being evaluated.

3 Ton Jib at Equipment Hatch

The effects of load drops from this jib crane are still
being evaluated.

40/5 Ton Auxiliary Building Overhead Crane

The effects of load drops from this crane are still
being evaluated.

100/5 Ton Containment Overhead Crane

The load/impact matrix sheets in Attachment 4 detail
the analyses performed to date. Some additional
evaluations are still being evaluated.

- 12 -
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c. For interactions not eliminated by the analysis of
2.4~-2-b, above, identify any handling systems for
specific loads which you have evaluated as having
sufficient design features to make the likelihood
of a load drop extremely small and the basis for
this evaluation (i.e., complete compliance with
NUREG 0612, Section 5.1.6, or partial compliance
supplemented by -suitable alternative or additional
design features). For each crane so evaluated,
provide ‘the load-handling-system (i.e., crane-load-
combination) information required.

RESPONSE: 'As described in response to NRC Section
2.3-~3, the crane load block ‘for the 100 ton containment
overhead crane in the unloaded condition, has been
eliminated based on sufficient design factors of safety.

d. For interactions not eliminated’'in 2.4-2(b) or
2.4-2(c), above, demonstrate using appropriate
analysis that damage would not preclude operation
of sufficient equipment to allow the system to
perform its safety function following a load drop
"(NUREG 0612, Section 5.1, Criterion IV). For each
analysis so conducted, the following information
should be provided:

(1) An indication of whether or not, for the
specific load being 1nvest1gated, the overhead
.crane~handling system is designed and constructed
such that the hoisting system will retain its
load in the -event.-of seismic accelerations :
equivalent to those of a safe shutdown earthquake
(SSE). ,

(2) The basis for any exceptions taken to the
analytical guidelines of NUREG 0612, Appendix A.

(3) The information requested in Attachment 4 of
Reference No. 1.

RESPONSE: Systems evaluations and justification for

the operation of equipment has been addressed in response
to Section 2.4-2(b).

- 13 =
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@ 4.0 CONCLUSIONS
»  Structural analyses and systems evaluations have shown

that the following cranes at Ginna Station operate

safely and that the consequences of a load drop have
been determined to be acceptable using the criteria set

forth in NUREG 0612:

10
20
3.

40
5.

6.

7.

e

Upper Intermediate Building Monorail
7% Ton Screenhouse Crane (East)

2 Ton Spent Fuel Handling Crane in Auxiliary
Building

1% Ton Fuel Manipulator Bridge
2 Ton Jib at Equipment Hatch

10 Ton Jib Over Pressurizer Access Hatch (with
modification installed)

Containment Overhead Crane Lifting the Reactor
Vessel Head and Upper Internals

Containment Overhead Crane Load Block in the
Unloaded Condition

Additional evaluations are being performed on the
following cranes and their potential load drops:

1.
2.

3.
4.

' The results of these evaluations will be sent in as an

Monorail in Basement of Auxiliary Building

Auxiliary Building Overhead Crane with Main and

Auxiliary Hooks
3 Ton Jib at Equipment Hatch

Additional Load Paths for Containment Building
Overhead Crane

addition to this submittal by June 29, 1984.

MF3J
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: ’ Auxiliary Building Crane Travel
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FINAL REPORT

Reactor Head Drop Analysis

1.0 INTRODUCTION

This report documents the results of Cygna's pilot study analysis
of the reactor vessel head dropping onto the reactor vessel at
Ginna. The study is intended to form the basis for a response to
issues raised in NUREG-0612.

Two basic analyses were conducted. The first was an elastic
time-history analysis of the reactor head dropping uniformly onto
the vessel flange. The second was a plastic time-history analysis
of the reactor head dropping on edge (concentrated drop) onto the
vessel flange directly over a primary coolant nozzle. The study
concludes that core cooling can be maintained in the unlikely
event of either a uniform drop from fifteen feet or a con-
centrated drop from sixteen feet.

2.0 REACTOR VESSEL DESCRIPTION N

The Reactor Pressure Vessel (RPV) at Ginna consists of five basic
components. These components include (1) a hemispherical closure
assembly (RPV head), (2) a flange forging to receive the closure
head assembly, (3) an upper shell region containing the low head
safety injection and primary coolant inlet and outlet nozzles,
(4) an intermediate shell region, and (5) a bottom hemispherical
shell containing instrumentation nozzles (Figure !). The vessel
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is approximately 13 feet in diameter and is supported at six
points by the four reéctor coolant loop nozzles plus two lugs
which all rest on support pads. The six supports are located
approximateiy 8'-6"‘below the vessel flange and are spaced
circumferehtially at 60° intervals (Figures 2 & 3).

The reactor vessel flange is a machined forging welded to the
upper shell. The 14.5" thick flange is fabricated from SA-336
manganese-molybdenum steel conforming to ASME Code Case 1332-1
and is clad internally with weld deposited austenitic stainless
steel.

The upper shell of the vessel is a machined forging welded to the
reactor vessel flange and to the intermediate shell. The 9.0"
thick upper shell is also fabricated from SA-336 manganese-
molybdenum steel conforming to ASME Code Case 1332~1 and is clad
internally with weld deposited stainless steel. The upper shell
contains tq§ four primary coolant nozzles, the vessel supports,
and the two safety injection nozzles. The two 27.5" I.D. inlet
nozzles and the two 29.0" I.D. outlet nozzles are approximately
10" thick. These nozzle forgings are fabricated from the same
material as the upper shell and are also clad internally with
weld deposited austenitic stainless steel. The two safety
injection nozzles are welded into the upper shell. These nozzles
inject water into the vessel in the event of a primary coolant
failure. The centerline of both the safety injection nozzles and
the primary coolant nozzles are located approximately 6'-2" below
the top surface of the vessel flange.

The upper shell is welded to the intermediate shell which is
fabricated from A—508 Class 2 manganese-molybdenum steel. The
intermediate shell is 6.5" thick and is internally clad with weld
deposited austenitic stainless steel. '
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The bottom hemispherical head is welded to the intermediate shell
of the vessel. The 4.1" thick hemispherical head is forged from
a single plate of SA-302 Grade B manganese-molybdenum steel and

is clad inéernally with weld deposited austenitic stainless steel.

3.0 PROBLEM DESCRIPTION

During refueling operations the RPV head, which weighs 134,550
pounds, is lifted vertically from the vessel flange by the 100
ton containment overhead crane. Vertical alignment is maintained
during part of this lift by three guide studs approximately 15
feet high which are engaged in the vessel flange (Figures Y4 & 5).
After clearing the guide studs, the head is lifted for some
additional height (Figure 6) before béing moved laterally to the
south (over the refueling cavity floor), and eventually to the
head storage stand on the operating floor. '

While the RPV head is over the vessel, two types of drops can
occur. One is a uniform drop onto the RPV flange which is most
likely to occur while the RPV head is on the guide studs. The
other is a concentrated drop onto the RPV flange which can only
occur when the RPV head has been lifted above the top of the
guide studs.

In the analyses performed by Cygna, the uniform drop was based
upon the head falling 15 feet through air. This is the maximum
drop height for which the head would still be aligned on the
guide studs, thus insuring a uniform drop (Figure 7). After
clearing the guide studs, a uniform drop can no longer be
guaranteed. However, at this point, the head is now free to move
laterally to the south from its position directly over the core.
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For this reason, the concentrated drop was based upon the head
falling 16 feet, since this was the minimum height for which a
concentrated drop scenario could be postulated (Figures 8 & 9).

For both the uniform drop and the concentrated drop it was con-
servatively assumed that, in addition to the weight of the RPV
head, the total load dropped onto the RPV flange included the
weight of the lifting rig (30,000 pounds) and the crane hook
block (8,500 pounds). Thus, the total load dropped was 173,050
pounds.

As required by NUREG-0612, the head was conservatively assumed to
be rigid in all analyses; thus it absorbed no energy. Furthermore,
it was assumed that during the concentrated drop the entire load

struck the RPV flange directly above a primary coolant nozzle,
thus imposing the most severe conditions on a single nozzle.

0 4.0 ACCEPTANCE CRITERIA

During reactor shutdown, it is essential to provide cooling
water to the reactor core. As a minimum this requires that

the safety‘injection nozzles maintain structural integrity after

a RPV head drop event. Thus, the consequences of a head drop
over the RPV are acceptable if the analysis conservatively
demonstrates that the structural integrity of the safety
injection nozzles is maintained after a RPV head drop. There-
fore, it is essential that during a head drop event the reactor
support system be maintained, since this virtually insures the
integrity of the safety injection nozzles.

Unlike the safety injection nozzles, the primary coolant loop
nozzles are part of the reactor support system and are directly
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loaded during the head drop impact. The basis for determining
primary coolant nozzle integrity was developed from ultimate
strain behavior. The ultimate strain is the point at which a
material will rupture in simple tension. A reasonable acceptance
criteria fbr-maintaining primary coolant nozzle integrity is one
in which the peak equivalent strain (which is proportional to the

octahedral shear strain) in the vicinity of the vessel/nozzle
intersection does not exceed one half of the minimum ultimate
strain of the material. (It should be noted that in uniaxial
tension, the uniaxial ultimate strain is equal to the equivalent
ultimate .strain.) Since the peak ejuivalent strain at the
nozzle/vessel intersection is a highly localized strain resulting
from a combination of geometric discontinuity and strain con-
centration, limiting the peak equivalent strain to one half of
the minimum ultimate strain of the material should insure that
the actual impact kinetic energy is well below the kinetic energy
level that would produce complete plastic instability (collapse)
of the nozzle support.

The material from which the reactor vessel upper shell and
coolant nozzles at Ginna is fabricated has a minimum ultimate
strain capacity equal to 0.17 in/in for material 9.0 inches thick
(ASME Code Case 1236-2). Thus, to maintain nozzle integrity, the
peak equivalent strain in the viecinity of the nozzle/vessel
intersection shall not exceed 0.085 in/in during a RPV head drop
event. Should this strain level be exceeded, the nozzle would
not be considered functional from an analytical point of view;
however, reactor core cooling could still be maintained by the
safety injection nozzles, provided the integrity of these nozzles
can be demonstrated.

Under dynamic impact, strain criteria alone is not sufficient to
demonstrate material integrity since strain rate effects may also
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be important. Therefore, as an additional criteria to conserva-
tively demonstrate material integrity, strain rates should be
Q maintained at a level below 100 in/in/sec.

It is assumed that material flaws are small, and that at the time
of impact the vessel material is at a temperature which is equal
to or greater than the nil ductility temperature plus sixty
degrees fahrenheit.

5.0 ANALYSIS METHODOLOGY AND RESULTS

5.1 Basic Finite Element Model

The basic finite element model for both the uniform and concentrated
drop analysis consists of a 30° circumferential segment of the
RPV cutting directly through the centerline of a primary coolant
loop nozzle (Figure 10 & 11). The basic model was developed on-
@ the ANSYS computer program (Version 4.1B) and consists of (1) the
vessel flange, (2) the upper shell region, (3) a primary coolant
loop nozzle, (4) a vessel support, and (5) an extended inter-
mediate shell which incorporates an additional length to compen-
sate for the hemispherical bottom. By properly specifying the
shell boundary conditions at the edges of the 30° éegment, this
finite element model can represent the entire 360 degrees of the
vessel, provided that (1) one assumes that the actual vessel has
six nozzle supports instead of four (i.e., two nozzle supports
replace the two lug supports), and (2) the loads are uniformly
applied to the entire vessel. Thus, the 30° segment model gives
almost an exact solution for the case of a uniform head drop.
For the concentrated drop analysis, where a single impact occurs
directly above one nozzle, the 30° segment model is very conser-



vative since the symmetric boundary conditions imply that the
same load is applied to all twelve of the 30° segments comprising
the full vessel. Thus, in the concentrated drop analysis using a
30° segmént‘finite element model, a single nozzle (60° segment of
the vessel) Qill resist the impact of the entire head drop.

The 30° segment model is the minimum size finite element model
which could be used for the studies. It was intended that this
model would produce results which would form the basis for making
a decision as to whether to pursue a more refined analytical
resolution to the problem using a more'elaborate finite element
model, or to attempt a different approach, such as a probabilistic
(PRA) resolution to the head drop problem.

The basic geometry of the finite element mesh for the 30° segment
model was determined from the fundamental cylindrical'shell para; |
meter 4Rt, where R is the mean shell radius and t is the shell \
thickness. This parameter determines the magnitude of the 1
bending boundary length and is a measure of the rate at which a

uniformly applied circumferential disturbance "damps out" along

the meridional direction of the shell. For the reactor vessel,

this shell parameter is equal to 25 inches, and for the primary

coolant nozzle it is equal to 14 inches. From Cygna's

experience, when using simple shell elements, elements no larger

than approximately 0.4 43? should be used within the regions

where the highest bendings stress gradients are expected.

Consequently, for the reactor vessel shell, the minimum element

size selected was 8 inches, while for the nozzle a 6 inch minimum

size was used.

In the circumferential direction of the vessel, the element
length encompasses approximately 10° of arc, while in the nozzle



22.5° of arc was used. The 22.5° of arc was a compromise between

efficiency and acburacy but was considered adequate for the

@ accuracy required by the studies, since a model with 15° of arc
(the "accepted!" maximum) would have increased the model size by

50%. (As'hiil be discussed in Section 5.3 of this report, this

arc size was eventually reduced to 11.75° in the most highly

stressed regions of the nozzle.)

Thin shell finite elements were used for both elastic and plastic
analysis. Overall, more detailed behavior could have been
achieved using thick shell elements, however, this would have
required using three elements through the shell thickness which
would have tripled the size of the basic model and would have
made model development, analysis, and post-processing far too
time consuming and expensive for pilot studies. Thus, from a
cost, efficiency, and schedule point of view, the purpose of the
pilot studies dictated that thin shell elements be used. From
the standpoint of accuracy, the thin shell elements will error on
0 the conservative side since through-thickness shear deformations

are neglected in thin shell elements. This means that impact
energy which would have been absorbed in shear deformation must
now be expended in bending deformation, resulting in far higher
surface normal stresses and strains than would have existed in
the thick shell elements.

Initially, three thin shell quadrilateral finite element mesh
configurations Qere developed and tested statically to determine
the influence of certain mesh configurations on cost and accuracy.
All three meshes gave comparable results which indicated that the
model was stable and essentially independent of these configura-
tion changes.
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The nozzle supports were modeled with two quadrilateral elements
which had an equivalent thickness calculated to duplicate the
equivalent axial stiffness of the support from the nozzle to the

concrete support structure.

5.2 Uniform Drop Analysis

Desceription

The uniform drop analysis was performed on the basic finite
element model described in Section 5.1. This model (30° circum-
ferential segment) included one nozzle and its supporting pad,
and was made from quadrilateral shell elements. The element and
node numbers of this model for the upper shell, intermediate
shell and primary coolant nozzle are shown in Figures 12 thru 19,
To insure that the model was behaving properly, a static analysis
was performed.

To simulate the uniform impact of the RPV head with the vessel
flange four gap finite elements were used. These gap elements
connect nodes 6 through 9 to nodes 10 through 13, respectively
(Figure 13). A proportioned mass of the RPV head was placed at
nodes 6 through 9, and the finite gap between the RPV head (nodes
6, 7, 8 & 9) and the RPV flange (nodes 10, 11, 12 & 13) was made
to close within a prescribed time step so that the head would
impact the flange at precisely 373 inches/second (i.e., the
calculated velocity dropping through air from 15 feet).

An elastic dynamic impact analysis was then performed for a

total duration of 5.0 milliseconds using a time step 0.010 milli-
seconds. This small time step was required to resolve the
response of the vessel at the point of impact of the reactor head






and to insure an accurate representation of the propagation of
the compression wave through the smallest element of the vessel
shell.

As required by NUREG-0612, the head was conservatively assumed to
be rigid during impact; thus it absorbed no energy. In addition,
the head mass also included the mass of the lifting device and
hook block. All elements were assumed to remain elastic for the
uniform drop. |

Discussion of Results

When the RPV head is dropped from 15 feet above the vessel, the
uniform impact of the head with the flange initially produces
very high contact forces of extremely short duration (Figure 20).
As the flange begins to displace downward (Figure 21) the
compression stress wave propagates through the vessel shell,
eventually .reaching and displacing the bottom of the vessel as it
is reflected from the bottom edge (Figure 22). During this

time, high reaction forces develop at the nozzle support (Figure
23). These high reaction forces rotate and deform the nozzle to
produce high stresses in the bottom of the nozzle at the nozzle/
vessel intersection. The maximum equivalent stress anywhere in
the vessel model occurs at this location (element 60, node 35)
(Figures 13, 16, 17). The magnitude of this maximum equivalent
stress is approximately 200,000 psi, which is well above the
material yield point of 50,000 psi, and occurs at 2.36 milli-
seconds after impact (Figure 24). (The equivalent stress, or

Von Mises stress, is used to identify the onset of yielding in

a material subjécted to a general state of stress. When the
equivalent stress for a general state of stress exceeds the yield
point in simple tension, the material yields in the general state
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of stress.) The RPV flange does not yield during impact and, as
might be expected, general yielding is confined to the nozzle and
upper shell within the vicinity of the nozzle/vessel intersection.

It is not possible from this elastic analysis to determine the
magnitude of the maximum plastic strains which will occur in the
vessel during a uniform drop of the RPV head because the vessel
is highly indeterminate. As a consequence, the initiation of
plasticity within the vessel will lead to a complex redistribu-
tion of internal forces and an overall softening of the dynamic
response. However, the maximum plastic response of the vessel

during a uniform drop is bounded by the results of the concen-
trated drop analysis since the total impact kinetie energy of
the reactor head in the concentrated drop analysis is six times
the energy input to the uniform drop analysis.

5.3 Concentrated Drop Analysis

Description

The initial concentrated drop analyses were performed on the
model developed for the uniform drop. Using this model, a dy-
namic analysis was performed to determine the extent to which the
elastic quadrilateral elements exceeded the minimum elastic limit
when subjected to a heavy concentrated drop. Those elements
identified as potentially capable of developing plastic strains
were modified to triangular plasticity elements as required by
the element library of the ANSYS program. On the basis of
additional analyses, this model was further refined, eventually
evolving into the final model shown in Figures 25 thru 38.
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To simulate the concentrated impact of the RPV head with the
vessel flange, a single gap finite element connecting nodes 6 and

10, was used (Figure 31). Since the 30° segment finite element
model constitutes half of a single nozzle segment of the reactor,
only one half of the total mass of the RPV head was placed at
node 6. The finite gap between the RPV head (node 6) and the RPV
flange (node 10) was made to close within a prescribed time step
so that the head would impact the flange at precisely 385
inches/second (Figure 51), thus simulating a drop in air of the
center of mass of the RPV head through 16 feet.

Using a time step of 0.010 milliseconds, the nonlinear dynamic
analysis was then performed for a total duration of 13.0 milli-
seconds. Lower bound material properties were conservatively
assumed with no increase in strength taken for dynamic effects.
To insure that maximum energy was absorbed by the nozzle and
vessel, the support pad beneath the nozzle was required to remain
elastic during all plasticity analyses. As before, the head was
conservatively assumed to be rigid during impact; thus it
absorbed no energy. In addition, the head mass also included the
mass of lifting device and hook block.

Based on the results of this nonlinear dynamic analysis, it
became evident that the likelihood was high that the reactor
could maintain core cooling after a concentrated head drop from
16 feet, and that a PRA approach would be unnecessary. However,
the results from the pilot study models were not refined enough
in the most highly stressed regions of the vessel to effectively
determine the magnitude of the highest strains. Therefore, Cygna
initiated a number of model changes to further refine the finite
element mesh in the highly strained tensile region of the vessel/
nozzle intersection to insure that the high strain gradients in
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this region were not missed in the analysis. This refinement

resulted in the ratio of the smallest element dimension in the
direction of the strain gradient to the ﬂﬁz'being equal to 0.2.
A nonlinear dynamic analysis was then performed with the refined
model using éhe same time step and duration. The intent of this
analysié was to demonstrate that the vessel could inherently
absorb sufficiént strain energy through plastic deformation
without jeopardizing the structural integrity of a single nozzle
under the most adverse conditions and with the most conservative
assumptions possible.

Discussion of Results

When the RPV head is dropped from 16 feet above the vessel, the
concentrated impact of the head with the flange at a point

directly above the nozzle (node 10) (Figure 31) produces a nearly

a constant contact force of 10 million pounds for a duration of
approximately 11 milliseconds (Figure 39). As the flange begins

to displace downward (Figure 40), the compressive stress wave
propagates through the vessel shell, eventually reaching and
displacing the bottom of the vessel (Figure 41). In a local

region directly under the point of contact, large amounts of

plastic deformation occur, and a considerable amount of strain

energy is absorbed. 1In fact, 52 percent of the initial kinetic |
energy of the RPV head (Figure 42) is absorbed as strain energy
within elements 4 and 5 (Figures 43 & 44). The average strain

energy density within these two elements is 2500 in-lbs/cubic |
ineh. The local nature of this plastic deformation is obvious

from Figure 40 which shows the displacement of the nodes at the

top of the flange. The local nature of this high plasticity is
further illustrated by the fact that the total strain energy

absorbed by all of the adjacent elements (elements 6, 7, 8, 9,

-13-






10 & 24) (Figure 29) amounts to only 10 percent of the initial

kinetic energy.

The maximum }eaction within the nozzle support pad is slightly
greater than’ 16 million pounds and occurs at 5.5 milliseconds
after impact (Figure 45). This reaction is quite high; neverthe-
less, the support stresses remain within the elastic range, which
is consistent with the assumption made in the nonlinear dynamic
model.

The most highly stressed tensile region of the reactor vessel is
in the bottom of the nozzle at the intersection of the nozzle and
vessel shell. The maximum equivalent strain at the intersection
is 0.044 in/in and occurs within element 106 at 7.0 milliseconds
after impact (Figure U46). This maximum strain is well below the
acceptance strain level for nozzle integrity by a factor of 1.9.
However, due to the presence of the geometric discontinuity at
the intersection of the nozzle and vessel shell, a strain con-
centration will occur. This in turn will increase the maximum
equivalent strain at the intersection. Based on the ratio of
nozzle fillet radius to shell thickness, the strain concentration
factor is approximately 1.4. An estimate of the peak equivalent
strain can be made by multiplying the maximum equivalent strain
by the strain concentration factor. This results in an estimated
peak equivalent strain of 0.062 in/in which is well below the
acceptance strain for nozzle integrity by a factor of 1.37. The
peak strain rate of 22 in/in/second (15.5 x 1.4) occurs at 2.3
milliseconds after impact (Figure 47) and is well below the accep-
tance value for nozzle integrity. Therefore, the nozzle remains
intact.

The two safety injection nozzles are each located adjacent to a
primary coolant inlet nozzle. Their location corresponds closely
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with node 34 (Figure 31) on the finite element model. The
vertical and radial displacements and rotation of this node are

shown in Figures 48, 49 and 50. Based upon the magnitude of these
displacemen£§ and the layout of the safety injection piping, the
stresses in the safety injection piping should remain within the
elastic range during a concentrated head drop event, thereby

insuring the integrity of the safety injection system.

It has already been noted that the energy absorbed in plastic
deformation at the point of impact of the reactor head with the
flange is approximately 52% of the total kinetic energy of the
reactor head at the moment of impact. 1In the unlikely event of
an actual head drop, much of the remaining kinetic energy, which
has been assumed in the analysis to be totally absorbed by a
single nozzle and support, would be absorbed by the adjacent
nozzle on one side and lug support on the other. (A simple
static calculation shows that for a concentrated force applied
directly to the flange above a nozzle, 56% of this force is
reacted by the nozzle support directly beneath the applied force
and 22% is reacted by each of the adjacent nozzle/lug supports.)
In the actual situation, when the nozzle directly under the point
of impact begins to absorb energy in plastic deformation, the
adjacent nozzle and lug support would be absorbing energy
elastically. The plastic "softening" of the nozzle would result
in a significant redistribution of forces from the plastically
deforming nozzle to the adjacent nozzle and lug support. As this
redistribution continues, the adjacent nozzle and lug support
would begin to deform plastically and absorb large amounts of
energy. In addition, it is important to note that the mass of
the resisting structure (30° segment model) grossly underestimates
the effective mass of the actual vessel that would be mobilized
during the impact. By underestimating the active mass of the
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vessel, the ineftial resistance of the vessel is reduced and

vessel response (stresses, strains and displacements) is increased.
Therefore, since all of the energy which could be absorbed by the
adjacent supports has been neglected, and since the resisting=

mass ofhtp% adjacent portions of the reactor has been neglected,
and in view of the numerous other conservative assumptions

already mentioned, the calculated peak equivalent strain of 0.062
in/in is considered a very conservative upper bound.

<
6.0 CONCLUSION AND RECOMMENDATIONS

Cygna's analyses have conservatively demonstrated that the RPV
head can be dropped through air from a clear height of 16 feet
above the vessel flange while still maintaining the integrity of
the vessel support system. With the vessel support system intact,
core cooling is maintained, since, as an absolute minimum, the
integrity of the safety injection nozzles is assured.

Based on the results of these analyses, the reactor pressure
vessel can withstand the consequences of a postulated head drop
from a height of 16 feet. However, the present operating proce-
dures call for the head to be 1lifted to an elevation above the
operating floor level (i.e., a lifted height greater than 23
feet) before moving to the south over the refueling cavity floor
area.

Cygna recommends that the RPV head lifting procedures be modified
slightly to allow the head to move laterally to the south as soon
as the head safely clears the guide studs. The head should be
moved sufficiently to the south to completely .clear the area over
the vessel before proceeding vertically again. This recommendation
is made for the following reasons:
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The vessel can withstand a postulated head:'drop under this
revised prbcedure.

Moving the head away from the area directly over the core is
most consistent with the NRC's "defense in depth" philosophy
with regards to NUREG-0612.

The horizontal load path traversed by this revised procedure
is the same as for the current procedure. The head would not
be lifted over any different area.
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FIGURE 7: Reactor Head Uniform Drop






FIGURE 8: Nonuniform Drop of Reactor Head
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FIGURE 10:

ANSYS Finite Element Model for Uniform Drop
Analysis - Side View of Complete Model
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0 Figure 11: ANSYS Finite Element Model for Uniform Drop
" Analysis - 3D Hidden Line Plot of Complete Model
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FIGURE 13:

Node Numbers for the Flange and Upper Shell Portions
of the Uniform Drop Model
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FIGURE 14:

Element Numbers for the Extended Intermediate Shell
Portion of the Uniform Drop Model
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m FIGURE 16: Nozzle Element Numbers for the Uniform Drop Model
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@ FIGURE 17: Nozzle Node Numbers for the Uniform Drop Model



RG&E REACTOR PRESSURE VESSEL MOODEL, 30 DEGREE SEGHENT (SUE)

@ FIGURE 18: Support Saddle Element Numbers for the Uniform Drop Model
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@ FIGURE 19: Support Saddle Node Numbers for the Uniform Drop Model
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FIGURE 25: ANSYS Finite Element Model for Concentrated Drop
Analysis - 3D Hidden Line Plot of Complete Model
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FIGURE 26: ANSYS Finite Element Model for Concentrated Drop Analysis -
3D Hidden Line Plot of the Vessel Flange and Upper Shell
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FIGURE 27: ANSYS Finite Element Model for Concentrated Drop Analysis -
Side View of Complete Model
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FIGURE 28: ANSYS. Finite Element Model for Concentrated Drop Analysis -
® Front View of Complete Model
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FIGURE 35: Nozzle Element Numbers for the Concentrated Drop Model -
Side View
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FIGURE 36:
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0 Side View
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FIGURE 38: Node Numbers for the Lower Half of the Nozzle - Top View,
Concentrated Drop Model
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FINAL REPORT

Upper‘Internals Drop Analysis

1.0 INTRODUCTION

This report documents the results of Cygna's analysis of the
upper internals dropping into the core barrel of the reactor at
Ginna during refueling operations. The report is intended to
form the basis for a response to issues raised in NUREG-0612.

Three basic analyses were conducted. The first was an analysis
to determine the total impact kinetic energy developed by the
upper internals as it falls freely through water within the
reactor cavity pool and reactor core barrel. The second was a
non-linear finite element plasticity analysis of the upper
support plate of the upper internals performed to determine the
strain energy absorbed upon impact. The third was an elastic
buckling analysis of the fuel assemblies performed to determine
the additioni} strain energy absorbed when the fuel assemblies
are impacted by the upper internals. The total strain energy
absorbed through plastic deformation of the upper support plate
and elastic buckling of the fuel assemblies was compared to the
impact kinetic energy. The report concludes that a postulated
drop of the upper internals from a height of fifteen feet above
the core is acceptable.



2.0 UPPER INTERNALS DESCRIPTION

‘The upper internals package at Ginna is a cylindrical structure
consisting of top and bottom plates separated by a series of ver-
tical support columns (Figure 1) and the control rod guide tubes.
The top plate, called the upper support plate, is four inches
thick and approximately 128 inches in diameter. The bottom
plate, called the upper core plate, is one and one half inches
thick and approximately 108.5 inches in diameter. The plates are
structurally separated by 12 vertical support columns approxima-
tely 115 inches in length. The entire upper internals package is
supported by the outer edge of the upper support plate which sits
on an "O" ring at the top of the core barrel flange (i.e., the
upper internals "support ledge"), (Figures 2 and 3).

3.0 PROBLEM DESCRIPTION

During refueling operations, the upper internals are removed from
the core barrel using a special lifting device attached to the
100 ton containment overhead crane. The lifting device has three
support legs which-engage three threaded holes evenly spaced
along the outer periphery of the upper support plate. To insure
vertical alignment during the lift, the special lifting device
also has three vertical sleeve attachments that fit over three
widely spaced guide studs which are threaded into the reactor
vessel flange (Figure 4). The guide studs project approximately
15 feet above the top of the upper support plate.

At any time while the upper internals package is directly over
the reactor vessel, there is a possibility that, if dropped, the
upper internals could impact the fuel assemblies in the reactor



core. However, once the lifting rig guide sleeves are above the

top of the three guide studs, the upper internals can be moved
out of concentric alignment with the reactor vessel core barrel
(Figufe 5). With the upper internals sufficiently out of con-
centric alignment with the vessel, it is impossible for the upper
internals to impact the fuel assemblies. At a height of 15 feet,
the guide sleeves are approximately one foot above the top of the
guide studs. This is the maximum height for which concentric
aligﬁhgnt of the upper internals and vessel must be maintained
and is therefore considered the maximum height from which the
upper internals could still impact the fuel assemblies in the
reactor (Figure 6).

The weight of the upper internals was determined from the maximum
load cell readings recorded when lifting the upper internals
package during several recent refueling outages. It was conser-
vatively assumed that, in addition to the weight of the upper
internals (52,100 pounds), the total load dropped onto the fuel
assemblies included the weight of the 1lifting rig (12,000 pounds)
and the crane hook block (8,500 pounds). Thus, the total dry
weight used in the drop analysis was conservatively taken as
72,600 pounds.

4.0 ACCEPTANCE CRITERIA

The final basis for the acceptability of the consequences of a
postulated upper internals drop is that neither the fuel rods
shall rupture nor shall the fuel be crushed. Under these con-
ditions, no radioactive gases can be released. To prohibit fuel
rod rupture and fuel crushing, the following conservative
criteria were established:




1. The strain in the Zircaloy-4 fuel rod shall remain in the

elastic range after axial and lateral deformation. The
material maximum strain is limited to the yield strain of
0.0047 inches/inch. This is well below the allowable strain
used for design of 0.01 inches/inch.

2. The strain energy absorbed in the Zircaloy-4 guide tube shall
be limited to the energy absorbed prior to elastic buckling.
Energy absorbed during inelastic deformation shall not be
considered.

3. The strain energy absorbed by the upper support plate shall
be strain limited such that the equivalent strain in the
stainless steel upper support plate of the upper internals
shall not exceed one half of the minimum ultimate strain of
0.4 inches/inch. Thus, the actual equivalent strain in the
upper support plate shall not exceed 0.2 inches/inch.

If the above criteria are satisfied and the energy absorbed

during impact is greater than the kinetic energy of the inter-
nals at impact, the consequences of the load drop are acceptable.

5.0 ANALYSIS METHODOLOGY AND RESULTS

Three principal evaluations were performed. Figst, an analysis
was made to determine the total kinetic energy developed by the
upper internals falling freely through water (both in and out of
the core barrel) and impacting the upper internals support ledge.
Next, a-non-linear finite element plasticity analysis of the
upper support plate was performed to determine the strain energy
absorbed upon imbact with the upper internals support ledge.




Finally, an elastic buckling analysis of the fuel assemblies was

done to determine the additional strain energy absorbed when the
fuel assemblies are impacted by the downward displacement of the
upper internals. The total strain energy absorbed through
plastic deformation of the upper support plate and elastic
buckling of the fuel assemblies was then compared to the kinetic
energy of the internals at impact.

-~

5.1 Energy at Impact

The upper internals package was assumed to fall through a lifted
height of 15 feet, which is approximately one foot above the
height at which the lifting rig guide sleeves are decoupled from
the three guide studs. At this point, the bottom of the upper
internals is approximately five feet above the vessel flange
(Figure 5). The analysis assumed the upper internals would
initially fall through five feet of water above the vessel, fit
perfectly into the vessel core barrel (with only 1/4 inch clear
space all around), and fall through ten feet of water in the core
barrel before impacting the support ledge. It was conservatively
assumed that no binding or wabble would occur along either the
guide studs or the core barrel that would tend to reduce the
impact kinetic energy (or possibly even prevent impact).

To determine the impact velocity of the upper internals at the
instant it strikes the upper internals support ledge, the
calculation of the resisting (drag) forces acting on the upper
internals as it falls freely in water is required. The basic
expression for the resisting forces has the form

F = %CAQ\/Z



where e is the mass density of water, v is the velocity of fall,

A is a projected area on a plane perpendicular to the direction
of travel, and C is the drag coefficient which depends on the
shape of the falling object and confining conditions. Drag
coefficients were derived for three separate regions: above the
vessel, in the core barrel at the reactor coolant loop outlet
nozzle openings, and in the core barrel above and below the
nozzle openings (Figure 7).

To determine the resisting force acting during the free fall
above the vessel, only the gross area of the upper support plate
was used in conjunction with a drag coefficient for a solid cir-
cular disc of 1.0. The use of this drag coefficient together
with the gross area of only the upper support plate is reasonable
since the reduction in drag due to the opeﬂings in the upper
support plate is more than compensated by neglecting the drag on
the net area of the upper core plate.

The resisting force for free fall of the upper internals in the
core barrel was derived from first principles (i.e., the
equations of motion, continuity and momentum). In the deriva-
tion, the only portion of the upper internals on which resisting
forces were considered to act was the upper core plate.
Resisting forces acting on the upper support plate, support
columns and control rod guide tubes were neglected. Considering
the upper core plate to be a flat circular ring falling freely
within a fluid filled cylinder, the expression for the resisting

T-=-;-_- Z,IK —i- {A\/

where V and e are defined as before, A is the area of the core
barrel opening and 1‘ Z

ch"i
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force becomes




is the "drag coefficient". Within this expression for the drag
coefficient, A, is the area of all openings through which £fluid

can pass from one side of the upper core plate to the other, and
Cq is the discharge coefficient which accounts for the effects of
the vena contracta. The discharge coefficient generally raﬁges
between 0.5 and 1.0. A value of 0.8 is reasonable for the upper
core plate and was used in the analysis.

When the internals enters the core barrel, the net flow area of
the upper core plate for the region of the core barrel above the
outlet nozzles results in a computed drag coefficient of 5.4.

As the upper core plqte falls past the openings for the two
outlet nozzles, the net flow area is increased and the drag
coefficient becomes 2.1. The value 2.1 is conservative since it
assumes that for the entire nozzle depth water can flow around the
upper core plate through an area equal to one half of the nozzles
open area. This is the maximum area and occurs only when the
upper core plate is at the midheight of the nozzle opening. Once
the upper core plate reaches the bottom of the opening, a drag
coefficient of 5.4 is again used until impact.

Equilibrium of the free body diagram of the falling internals
results in a second order non-linear differential equation. This
equation was solved for velocity as a function of displacement.
Assuming the velocity to be zero at the time of the drop, the
velocity was calculated at the beginning and end of each of the
four regions through which the internals must fall, as well as at
several intermediate points. A plot of the internals velocity
profile during free fall is shown in Figure 8. The final velocity
of the upper internals at the instant of impact with the fuel
assemblies is 15.3 feet per second. This velocity results in a
total ginetic energy at impact of 263,000 foot-pounds.




5.2 Fuel Assembly Buckling

Due to the small gap which initially exists between the upper
internals and the fuel assemblies and the fact that the upper
supporf plate must deform by several inches after impact in order
to absorb 263,000 foot—ﬁounds of energy, it was apparent that
some of the impact kinetic -energy must be absorbed by the fuel
assemblies themselves. Thus, the analysis of the fuel assemblies
provided two important results: (1) the amount of elastic strain
energy that could.be absorbed by the fuel assemblies and (2) the
amount of vertical displacement the fuel assemblies would
experience while absorbing this energy. The magnitude of this
displacement, together with the known gaps between the upper
internals and fuel assembly nozzles and between the nozzles and
fuel rods, Qetermided the permissible vertical displacement of
the upper internals. Knowing this permissible vertical displace-
ment, the total strain energy absorbed by the upper support plate
of the upper internals could be determined.

The actual analysis of the fuel assemblies conservatively con-
sidered only the energy absorbed during elastic buckling. The
analysis assumed that the guide tubes buckled at their narrowest
section between the two lowest grid spacers and that the fuel
rods buckled between all nine grid spacers which tie the guide
tubes and the fuel rods together. Since the distance between the
grid spacers was somewhat variable, an average length was assumed
in the buckling analysis. An end restraint factor of 3.4 (4.0 is
fixed and 1.0 pinned) was used for the guide tubes, while a
factor of 1.08 was used for the fuel rods. Both the guide tube
and fuel rod cladding material is Zircaloy-4.

The energy absorbed by the 16 guide tubes in axial deformation
prior to elastic buckling was calculated for each assembly.






(The energy absorbing capability of the instrument tube has been

conservatively neglected in this analysis.) Based on the struc-
ture of the fuel assemblies (Figure 9), the guide tubes must
buckle prior to the fuel rods because they attach directly to the
fuel assembly nozzles, whereas a total gap of 1.565 inches exists
between the nozzles and the fuel rods. After the guide tube
critical buckling load was reached, no further energy was assumed
to be absorbed by the guide tubes. Downward displacement still
continued until the 179 fuel rods per assembly were loaded.
Again, the fuel rods were assumed to deform only to the elastic
limit. The lateral deformation due to an applied axial load was
. determined from an initial fuel rod bow of 0.001 of the span
length. The resulting strain energy from axial and bending
deformation due'to initial curvature was calculated. The com-
bined strain energy from the elastic buckling of the guide tubes
and the fuel rods for each assembly was determined.

The elastic buckling of the 16 guide tubes in each fuel assembly
results in 163 foot-pounds of absorbed strain energy. As the

179 fuel rods per assembly are loaded, a total of 2,130 foot-
pounds of strain energy is absorbed prior to reaching the

elastic limi®. Therefore, for each fuel assembly a total of
2,293 foot-pounds of strain energy is absorbed during elastic
deformation. The total strain energy for all 121 fuel assemblies
in the core (Figure 10) was thus determined to be 277,000 foot-
pounds:

The analytic determination of the energy absorbed by the fuel
assemblies is conservative since no credit has been taken for
energy absorbed in the inelastic range. The yield strain value
of 0.0047 inches per inch for Zircaloy-4 material is well below
the minimum allowable strain of 0.01 inches pér inch used in the






design of the fuel assemblies. If the material were allowed to
go into the plastic range, a significant amount of additional
strain energy would be absorbed. Furthgrmore, additional defor-
mation in the fuel assemblies due to non-linear effects would
result in significant additional energy being absorbed by the
ﬁpper internals support plate, since the internals could deflect
downward through an additional finite distance.

From the displacement of each fuel assembly due to axial short-
ening, the total downward displacement of the upper internals was
computed. This displacement in turn determined the final strain
energy absorbed by the upper support plate.

5.3 Upper Support Plate Deformation

_The upper support plate was analyzed using the elastic-plastic
finite elements available within the ANSYS program, Version 4.1B.
Due to symmetry considerations, only a 45° segment of the upper
support plate was modeled. The mass of the attached structures
below the upper support plate (support columns, upper core plate,
etc.) as well as the mass of the load block and lifting rig were
conservatively distributed over the inner regions of the plate
directly above the open core barrel. The basic geometry of the
initial finite element mesh was determined from several test
problems for which the results could be compared to known exact
solutions. A-fine finite element mesh was not required since
only displacement and strain energy calculations were required.
Thus, an accurate yet cost effective mathematical model was
developed. An elastic static analysis was performed to insure
proper model behavior.

With the results from the elastic analysis, the model was revised
to account for plasticity. Those elements identified as poten-
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tially capable of developing plastic strains were modified from
elastic quadrilateral plate bending elements to triangular
plasticity plate bending elements as required by the ANSYS
program (Figure 1ll). Static plastic analyses were then performed
using a series of applied accelerations ranging from 0.1lg to
32g's. 1In this way, the maximum displacement was determined for
each value of acceleration. The total strain energy absorbed by
the upper support plate when then found by integrating the
stresses and strains over the volume of each finite element.
This provided a relationship between the maximum displacement of
the plate (at any "g" level) and the total strain energy
absorbed.

The energy absorbed by the upper internals package is directly
dependent on the deformation through which it moves. This defor-
mation is equal to the distance between the bottom of the upper
core plate and the top of the fuel assemblies at the point where
the elastic limit of the fuel rods has been reached. Quantita-
tively, this distance is the sum of a 0.3 inch gap between the,
upper core plate and the fuel assemblies under normal conditions,
a 1.565 inch gap between the top and bottom fuel assembly nozzles
and the tips of the fuel rods, and a 0.549 inch axial shortening
of the fuel rods during elastic buckling. The total deformation
is 2.41 inches. As shown in the graph of Figure 12, this defor-
mation level corresponds to 107,000 foot-pounds of strain energy
absorbed by the upper internals support plate. The corresponding
maximum equivalent strain in the upper support plate at this
deformation level is approximately 0.014 inches/inch. This is
well below the acceptance value of 0.2 inches/inch.

-11-







5.4 Other Considerations

@ In addition to the conservative assumptions already incorporated
in the analysis, three other important conservative assumptions
have been made in this evaluation. First, the upper internals
are free to fall without binding oruwabbling. Clearly any small
lateral movement or twisting of the upper internals might be suf-
ficient to prohibit the internals from falling entirely back into
the core barrel, since only a one quarter inch clearance exists
between the core barrel and the upper core plate. As a minimum,
some energy will be dissipated each time the lifting rig sleeves
slide against the guide studs, or the upper core plate scrapes
the core barrel.

Second, the mass of the 12,000 pound lifting rig is assumed to be
distributed over and carried by the upper support plate in the
area directly over the core, when, in fact, the lifting rig is

ring located directly above the support ledge of the core barrel
flange. The kinetic energy due to the lifting rig could actually
be applied directly to the core barrel flange, rather than to the
upper internals and fuel assemblies as has been assumed in the

Q supported by three relatively stiff leg assemblies and a support

analysis.

Third, the kinetic energy loss which occurs during the transfer
of momentum between the upper internals and the fuel assemblies
has been neglected. This energy loss is probably on the order of
60% of the total impact kinetic energy, but since it is generally
difficult to quantify, it has conservatively been neglected.

-12-
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6.0 CONCLUSIONS

The results of the above analyses have conservatively estimated
the total energy capable of being absorbed during an impact by
the upper internals as 384,000 foot-pounds. This consists of
277,000 foot-pounds absorbed by the fuel assemblies during
elastic deformation and 107,000 foot-pounds absorbed by the upper
support plate of the upper internals while deforming compatibly
with the fuel assemblies. The lower bound estimate of 384,000
foot-pounds for the energy absorbed during impact is well in
excess of“the‘263,000 foot-pounds of kinetic energy possessed by
the upper internals at the time of impact. Since all of the
absorbed energy has been calculated from deformations which do
not exceed the elastic limit of the fuel rods, it is concluded
that a postulated drop of the upper internals back into the
vessel would neither rupture the fuel cladding nor crush the fuel
in the fuel rods. F

.
Thus, a postulated drop of the upper internals from a height of
15 feet will be acceptable. At this height, the bottom of the
internals is approximately five feet above the top of the core
barrel, and the lifting rig guide sleeves are above the top of
the three guide studs by approximately one foot. It is very dif-
ficult to conceive of the upper internals falling freely from any
higher elevation without any interference, since the smallest
lateral movement will preclude a unincumbered fall back into the
core barrel.
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: : section 3. Also see discussion
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RPV Head on 16' Lifted ‘Reactor Vessel See Response to NRC Section
Vessel above vessel :

RPV Head on
Cavity Floor and
Head Stand

flange

Lifted 42' Max.
above cavity
8' above head
stand

Mgghanical Equipment

. ‘Reactor coolant syéfem

‘Accumulators
‘RHR )
LPST )

8T

‘Containment fan coolers
CVCS « charging letdown
‘SG blowdown

Feedwater

Mainsteam

‘RCP seal injection
‘Pressurizer spray and

: aux1l;ary spxay T

. Electrlcal Clrcultsrn

« ne

'sG level w1de & narrow range
‘Pressurizer pressure & level

LPSI 852 valves
- Fan coolers

Charging valves 294 .& 3922

Letdown valves 200A, 200B,
1202, 427 :

Pressurizer PORVs 430, 431C

Pressurizer spray valves
296 431A, 431B

2. 3-4 Jocated in Report Section
3.0. . )

See Response to NRC Section
2. 4~§_located in Report Section
3 0.
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Reactor Upper - Lifted 15' yessel Core - Sée Response to NRC Section °
Internals on : | above the core|. : : ) 2:3-4 Iocated’ in Report Section

Vessel ) : g . : 3:0.

Reactor Upper ° Lifted 15' - |- RHR Outlet“from "A" Hot Let
Internals on * | above cavity :

North Cavity-: | floor K - ILPSI 852A Pipe to Vessel
Floor and . ; Uppex Plenum.
Storage Stand: :
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