Ba N ' : Posi Otfice Box 480
GH uc ear Rgzlte 44‘:6303:'1

GPU Nuclear Corporation

Middietown, Pennsylvania 17057-0191

717 944.7621
TELEX B4-2386

Writer's Direct Dial Number:

(717) 948-846)

September 15, 1988
4410-88-1.-0138/0394P

US Nuclear Regulatory Commission
ATTN: Document Control Desk
washington, DC 20555

Dear Sirs:
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Safety Evaluation Report for the Completion of
Upper Support Core Assembly Defueling

Attached is the Safety Evaluation Report (SER) for Completion of Upper Core
Support Assembly (UCSA) Defueling. Tne purpose of this SER is to demonstrate
that the activities associated with cutting and moving the paffle plates to
defuel the UCSA can be accemplished without jeopardizing the healtnh and safety
of the public.

Tne potential exists tnat some activities associated witn this SER may be
performed prior to the completion of Lower Core Support Assembly and Lower
Head Defueling. Thus, tne activities for which GPU MNuclear believes NiC prior
approval is not required are specified in Section 1.2, "Scope," of this SER.

A criticality safety assessment for use of the plasma arc torch to cut the
UCSA paffle plates and core support shield nas been submitted for NRC approval
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1.0 PURPQOSE AND SCOPE

1.1

1.2

Purpose

The purpose of this Safety Evaluation Report (SER) is to
demonstrate that the activities associated with cutting and moving
the baffle plates (Figures | and 2) to defuel the upper core
support assembly (UCSA) in the TMI-2 Reactor Vessel (RV) can be
accomplished without jeopardizing the health and safety of the
public.

Scope

This evaluation addresses the following activities:
° Cutting of the baffle plates for later removal,
) Removing bolts from the baffle plates,

o Removal of the baffle plates*, and

° Removal of core debris from the baffle plates and core former
plates.

*Baffle plate structural material is intended to be stored in the
RY or as an option in the core flood tanks.

It §s noteworthy that a criticality safety assessment for cutting
the baffle plates has been submitted for NRC review and approval
(Reference 9). GPU Nuclear believes that the activities assocfated
with reroving bolts from the baffle plates (with the exception of
one row of bolts which is necessary to maintain the plate in
place); and removing the core debris from the baffle plates and
core former plates are within the scope of References 1. 2, and 3.°
Therefore, these activities do not requi:te prior NRC apgroval. The
activities associated with the removal and transfer of the baffle
plates. due to the potential load drcp consequences. reguire prior
NRC approval.

Equipment expected to be used to support these activities consists
of :

° vacuum system

. untorquing tool

C bolt dri 11ing tool

° cavitating water jet

o Automatic Cutting Equipment System (ACES) including the plasma
arc torch

o
O
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o baffle plate transfer shield (transfer out of the RV only)
o equipment/tools as described in Reference 1

As the UCSA defuellng operations proceed, the potential exists that
activities or equipment described in this report or References 1,
2, and 3 w#ill need to be modified or new activities and/or tooling
developed. Any modifications to existing activities or equipment
or the introduction of new activities or equipment will be reviewed
and documented in accordance with TMI-2 administrative procedures
to ensure that no potential hazards or safety concerns not bounded
by this SER or References 1, 2 and J are created. If no such
hazards or safety concerns are created, UCSA defueling may proceed
based on the new or modified activities or equipment without a
requirement to revise this SER; however, such changes would become
part of the annual report required by 10 CFR 50.59, “Changes,
Tests, and Experiments."”

2.0 MAJOR ACTIVITIES AND EQUIPMENT

UCSA defueling will be performed in accordance with detailed approved
procedures. Any of the approved activities performed or tools used
during inittal, core region and toy~er Core Support Assembly/Lower Head
(LCSA/LH) defueling are considered acceptable during UCSA defueling
unless specifically precluded. The initial and core region defueling
activities and tools are evaluated in Reference 1. Initial LCSA
disassembly and defueling activities and tools are evaluated by GPU
Huclear in Reference 2 and reviewed by the NRC in Reference 4. LCSA/LH
disassembly and defueling activities are evaluated in References 3 and S
and are similar to baffle plate defueling activities. Operations to be
perfo-med during UCSA defueling include:

o Cutting the baffle plates within the RV

° Bolt removal from the baffle plates

o Structural material remcval frcm-the UCSA

o Defueiing the baffle and former plates

° Stveuctural material remcval from the RY (optional)

° Replacing structural material in the UCSA (optional)
2.1 Activities

The current methcds teing considered for UCSA defueling include
using the ACES cutting machine in conjunction with long-handled
tools to dismantle the baffle plates to provide access to the
former plates. Defueling activities wi11 then use the cavlijet and
vacuum systems to effectively defuel the baffle and former plates.
The methods being considered for dispostiticn of the baffle plates

5.0 0394P/Rev. O
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to facilitate former plate defueling include moving the baffle
plates within the vessel for temporary disposition while defueling
or moving the baffle plates to the core flood tanks for temporary
disposition while defueling.

Moving the baffle plates within the RV to permit former plate
defueling includes temporarily relocating cut baffle plate sections
within the vessel and returning the baffle plates to approvimately
original configuration within the vessel following ccre debris
removal.

Moving the baffle plates to the core flood tanks to permit UCSA
former plate defueling includes rigging and handling the baffle
plates with a transfer shield from the RV to either core flood tank
with the option of returning the baffle plates to the RY following
UCSA defueling. 1In either case the potential exists for special
handling of the burned through sections of the baffle plates.

The exact sequence of operations shall not be limited to that
described above. Changes in operation segquence will not

necessitate a revision to this SER unless safety concerns created
by the change are not bounded by this SER or References 1, 2., and 3.

Equipment

The baffle plate transfer shield is intended to be utilized when
transferring baffle plate sections to the core flood tanks. The
transfer shield will be fabricated from a 3-inch thick steel plate
designed to accept baffle plate sections using an integral holst.
The transfer shield s designed to sit on top of the SWP T-slot and
features a locxing mechanism to prevent the drop of a baffle plate
once it is loaded. The transfer shield is not required when the
baffle plate evolution does not remove structural material from the
RY.

Descriptions of other tools required for UCSA defueling were
provided in References 1, 2, and 3.

3.0 COMPONENTS AND SYSTEMS AFFECTED

Other components or systems 'n addition to those described in

References 1, 2, and 3 may be required to conduct the UCSA defueling
activities. Hhere this Is the case the use of the component or system
will be evaluated to ensure that its use Is bounded by the evaluations of
this SER or References 1, 2, and 3.

2.0 SAFETY COMCERNS

4.1

General

An evaluation of the activities assoclated with UCSA defueling
fdentified the following safety aspects:

6.0 0394P/Rev. O
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RCS Criticality Control
Boron Dilution

Hydrcgen Evolution/Gas Generation
Pyrophoricity ;
Submerged Combustion

Fire Protection

Decay Heat Removal

Release of Radioactivity

RY Integrity
Burning/Cutting Operations
Heavy Load Drops

Basement Criticality

Each of these fssues is discussed below.
RCS Criticality Control

The evaluations provided by References 1, 2. 6. 9, and 12 generally
bound this concern during UCSA defueling. Based on the results of
these analyses, it is concluded that the plasma arc torch, with a
ma«imum drafnable coolant system inventory of 3.5 gallons of
unborated water, can be used to dismantle the UCSA without
developing a criticality safety concern within the RV.

The above conclusion is based on the operational 1imitations listed
in References 4, 8, 9, 10. and 1.

Boron Dilution

Boron dilution concerns during UCSA defuellng are bounded by the
evaluations prcvided by References ' and 12. To preclude the
possibility of a hydraulic fluid leak leading to a possible
critical configuration of fuel and moderator, all hydraulic fluid
used #ith UCSA defueling tools will be borated to at least 4350 ppm
boron (added as boric acid).

Hydrcgen Evolution/Gas Generation

Generation of smdll quantities of hydrogen gas (less than 0.1 SCFM)
will be a by-product of the plasma arc cutting tool operation
underw~ater. This hydrojen will be diluted by the off-gas
ventilation system, as required. Thus, a combustiblie concentration
will not occur within the Reactor Building. The building purge
system is then utilized to remove potentially to«ic by-product
gases produced during plasma arc torch operation. Other hydrogen
related safety issues are bounded by the evaluations provided in
Reference 1.

Pyrophoricity

Pyrophoricity concerns during UCSA defueling are bounded by
evatuations provided in References | and 13.

1.0 0394P/Rev. O
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Submerged Combustion

The use of the ACES plasma arc torch creates a heat source which
was evaluated and reviewed in References 2 and 4. This additional
heat source is not expected to create a combustion concern since
the plasma arc torch will be operated underwater. Additionally,
testing of thermic torch and plasma arc burning devices on
alumina-filled zirconium tubes underwater did not produce any
sustained ignition (Reference 14). It is considered reascnable not
to postulate a combustion reaction of exposed fuel debris due to
operation of the ACES plasma arc torch. Experience to date has
confirmed that submerged combustion is not a concern during plasma
arc torch operation.

Fire Protection

The evaluation provided by Reference | bounds this concern during
UCSA defueling.

Decay Heat Removal

Decay heat removal concerns during UCSA defueling are generally
bounded by the evaluation provided in Reference 1. The macimum
power requirements for the plasma arc torch are 1000 amps at 200
volts OC. Qperation of the torch underwater will provide a
significant heat source; however, continuous operation is not
probable due to the need to reposition the torch. Even if the
torch were to operate continuously for one hour, it would only
raise the RCS temperature approsimately 2°F. The RCS temperature
will be monitored to preclude an unlikely uncontrolled water
temgevature increase. Experience to date has confirmed that water
temperature is not measurably affected by operation of the plasma
arc torch.

Retease of Radioactivity

The central zone of th2 plasma arc gas reaches mf of
20,000°F to 59.0CO°F and is completely ionized. Hewever, this high
temperature is quickly dissipated and primarily heats the
conductive metal. It is ec«pected that fuel on the metal surfaces
will also be heated to the liquid or vapor state. Most fuel so
heated will tmmnediately oxtdize. transfer its heat to the
surrounding water, resolidify, and rematn within the RY. Soluble
tsotopes trapped in the fuel matri« may become dissolved in the
water. Tintc¢ possible increase in tne concentration of
radioactivity of RV water is not e:pected to be prohibitive or
exceed that observed in the core drilling program.

Recent PC; cutting operations in th2 LCSA have caused minor changes

in radiation levels through the off-gas ventilation system due to
Krypton-85 gaseous releases. Defueling personnel are protected

8.0 0394P/Rev. O
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from direct/ccncentrated Krypton-85 releases via off-gas system
operation during PCI cutting and releases outside the Reactor
Building will be maintained within the 1imits given by Reference 1.

Other safety concerns associated with the release of radioactivity
from the RY to the environment are bounded by the evaluations in
Reference 1.

RV Integrity

RV Integrity concerns during UCSA defuellng are generally bounded
by the evaluation provided in Reference 3.

Based on the information from Reference 3, GPU Nuclear believes
that UCSA defuellng can be conducted without impairing the
integrity of the RV.

Burning/Cutting Operations

Operation of burning devices inside the vessel has been evaluited
by GPU Nuclear in References 2 and 10 which were reviewed by che
NRC in Reference 4 and is also evaluated in Reference 3. UCSA
burning/cutting operations are limited to inside the core support
structure where the torch is at least 15 inches from the RV wall.
Current cutting operations are expected to begin at the top of each
of 8 or more locations on the baffle plates and cut the length of
the plate. These cuts will be made after considerable experience
fs gained using the plasma arc torch elsewhere in the RV. The arc
of flame of such burning devices, operating underwater, will always
be operated at least 15 inches from the RV wall. Because of rapid
dissipation of the arc energy propagation of an arc through the 15
inches (two 2 inch thick steel plates and 11 inches of water) is
not possible. Thus, damage to the RV wall due to the operation of
burning devices is precluded.

Heavy Load Drops

Ouring UCSA defueling, the RV lower head and incore nozzles will be
subject to potential direct load drops not previously evaluated.
These potential load drops are discussed belcw.

The first and second potential load drops (i.e., manual tool
positioner and manual tool positioner with assembled PCI mast and
torch) are introduced during the baffle plate cutting evolution.
The Instaltaticn of the MIP, with only the PCI/MTP saddle plate
assemtly attached, thycugh the T-slot represents a lcad drop of
3200 pounds from a distance of 47.6 feet. The MIP with the PCl
mast and torch attached repre<ents a potential load drop of
approximately 4100 pounds from a distance of 23 feet. Calculations
have demenstrated tnat these l1o3d drops will not result 1ina
nozzle weld faillure (Reference Appendic« A - Cases C and D).

9.0 0394P/Rev. 0
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A third potential load drop occurs once the baffle plates are cut
and bolts removed and the baffle plate section is ready to be
moved. If the baffle plates are to remain in the vessel the
largest baffle plate section is approximately 2500 pounds
(including support clamps) and the drop distance is approximately
9.5 feet using a transfer 1ift of less than 2 feet. Calculations
have demonstrated that this load drop will not result in a nozzle
weld failure (See Appendix A, Case B).

The fourth and fifth potential load drops f{i.e., baffle plate
section (1/16th) and transfer shield] occur during the evolution
option which removes the baffle plates from the RY for temporary
disposition in one of the two core flood tanks. The most severe
load drop potentials exist with the drop of a baffle plate section
from 1ts loaded position inside the transfer shield and the
transfer shield drop onto the SWP. The baffle plate section
(including support clamps) represents a load of approximately 1500
pounds dropped from Elevation 335'-0" or a distance of 44'-1" to
the bottom head/incore nozzles. Calculations have demonstrated
that this l1oad drop will not result in nozzle weld failure (See
Appendix A - Case A). The transfer shield will be designed so that
it will not pass through the T-slot and therefore impacts the SWP
on load drop. The weight of the transfer shield and baffle plate
section will be approximately 24,000 pounds which could potentially
be dropped on the SWP. The shield will be limited to a maximum
1ift height of Elevation 332.1 feet, based on Reference 16, which
provides load 1ift limitations to prevent SWP collapse if a load is
dropped anywhere on the platform. Reference 17 allows increased
1ift heights as long as the load path is limited to within 3'-6" of
efther side of the north-south or east-west centerlines of the SHp,
according to the formula 34,120 + 331.5. with a load of 24,000

W
pounds the allowable 1ift height is 332.9 feet. For the remainder
of the load path from the vessel to the core flood tank the
restrictions per Reference 18 would apply.

The potential for other 1cad drop accidents into the RV is also
minimized by careful control cf load handling activities and the
use of load handling eguipment whlch has been conservatively
designed and tested. toad handling activities are performed in
accordance with approved procedures for such activities including
4000-PLN-3830.01, "TMI-2 Lifting and Handling Program.” Each
specific load handling activity is controlled by a Unit Work
Instruction or procedure. Load handling activities will be
performed by personnel who have been trained and qualified for
these activities.

Reactor Building Basement

The potential for a criticality event in the Reactor Building
basement was previously addressed in References ? and 15.

10.9 03%4P/Rev. O
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The controls discussed in Section 4.13 of Reference 2 to ensure
subcriticality of potential leakage into the cavity of the RV wilt
continue to be maintaine “uring UCSA defuelling. Therefore,
criticality is precluded. ‘snitoring of RB cavity will continue
during UCSA defuelling. ]

5.0 RADIOLOGICAL CGNSIDERATIONS

Based on a comparison of activities associated with Reference 1 to those
associated with UCSA defueling, it is concluded that the radiological
considerations associated with UCSA defueling are bounded by Section S of
Reference 1. However special precautions will be taken to prevent
exposure of operating personnel during transport of radioactive and
contaminated pieces of the UCSA within the RV to their storage location
within the RV. Although these pieces of the UCSA will be inspected to
ensure there is no visible fuel debris, all pieces are radioactive due to
Co-60 activation and surface contamination by soluble fission products.

If the baffle plates are transferred to the core flood tanks utilizing
the transfer shield, the plates will be visually inspected to assure that
no fuel is present.

The measured radiation levels from the baffle plates reached 3000 R/h at
a standoff distance of approc«imately 2 inches. If the baffle plates are
to be removed from the RY, the 3 inches of steel on the transfer shield
will 1imit the dose rate at a standoff distance of 50 feet to
approximately 1 R/hr. Also. additional temporary shielding will be used
as necessary to limit personnel e<posures to considerably lower levels.
The adeguacy of personnel exposure control practices have been
demonstrated by handling core debris in the core region and during LCSA
plate handling without shielding of the plates.

Reference S estimated an occupational exposure to complete RV defueling
of appro«imataly 1530 person-rem. This estimate includes the evolution
of moving the baffle plates to the core flood tanks (approximately 30
gerson-rem). The jcbhours and person-rem espended to date for defueling
activities are provided in Table S.1.

11.0 0394P/Rev. O
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TABLE 5.1

JOBHOURS AND PERSON-REM EXPENDED THROUGH MAY 31, 1988

Activity Jobhours Person-Rem
Preparation and Installation 5.120 120
Operation 43,534 423
Defueling Support 28,793 440
Maintenance 970 45
Decon and Removal® 0 _ 0
Totals 78,417 1028

* No activity associated with final decontamination ard removal of defueling
equipment has currently been performed, thus. no jobhours and person-rem are
given. Note, decontamination maintenance in the Reactor Building is not
considered part of this activity.

12.0 0394P/Rev. O
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IMPACT ON PLANT ACTIVITIES

The major potential impact of UCSA defueling on plant activities is the
effect of fuel movement in Unit 2 on operations in Unit 1. Based on the
evaluation provided in Reference 1- and the similarity of the activities
considered in Reference 1 to those activities within the scope of this
SER, it is concluded that the UCSA defueling operations in Unit 2 will
not affect personnel in Unit 1.

10 CFR 50.59 EVALUATIGN

10 CFR 50, Paragraph 50.59, permits the holder of an operating license to
make changes to the facility or perform a test or e«periment, provided
the change, test, or experiment is determined not to be an unreviewed
safety question and does not involve a modification of the plant
technical specifications.

10 CFR 50, Paragraph 50.59, states a proposed change involves an
unreviewed safety question if:

a. The probability of occurrence or the consequence of an accident or
malfunction of equigment important to safety previously evaluated
in the safety analysis report may be increased; or

b. The possibility for an iccident or malfuncticn of a different type
than any evaluated previously in the safety analysis report may be
created; or

c. The margin of safety, as defined in the basis for any technical

specificatinn, is reduced.

Although there are notable differences between the proposed defueling
activities for TMI-2 and routine activities described in the FSAR, the
consequences of postulated accidents are not different and as
demenstrated in Reference 1, are sufficlently similar to be compared.
Reference | compared two (2) potential events during defueling, a
canister drop accident and 2 Krypton 35 release, with two (2) events
described in tna FSAR, a fuel handling accident and a was*e gas decay
tank failur2. The comparison demonstrated that. on a worst ciase basis,
the consequences of the FSAR events bound the consequences of any
defueling-related event.

A variety of postulated events were analyzed in this SER for UCSA
defuellng. The anralysis of these ewvents provided in Section 4 results in
the conclusion that the postulated events are bounded by previous
evaluations and/or do not r2sult in an unanalyzed condition.

To determine ff UCSA defueling activities involve an unreviewed safety
question, the following questions must be evaluated.

13.0 0394?2/Rev. O
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Has the of occurrence or the of an accident or
malfunction of equipment irportant to safety previously evaluated in the
safety analysis report been increased?

A variety of events were analyzed in Reference 1. It was demonstrated
that these events were bounded by comparable events analyzed in the

FSAR. It was shown that the potential consequences from these events
were substantially less than the potential consequences of comparable
events analyzed in the FSAR. References 2 and 3 evaluated the
consequences of potential events during LCSA/LH disassembly and defueling
and demonstrated that LCSA/LH defueling can be performed safely.

The activities to be performed during UCSA defueling are bounded by the
evaluations in References 1, 2, and 3 since UCSA defueling will be
conducted within the heavy load limitations previously established in
those references. Further, Reference 9 demonstrates that UCSA defuelling
does not pose a critizality safety concern.

8y considering postulated events and reviewing -varfous safety mechanisms
(i.e., fire protection and decay heat removal). it has been demonstrated
that UCSA defueling activities will not adversely effect equipment
classified as important to safety (ITS). Consequently, it is concluded
that the probability of a malfunction of ITS equipment or the
consequences of a malfunction of ITS equipment has not been increased.

Therefore, it is concludad that the proposed activities associated with
UCSA defueling do not increase the probability of occurrence or the
consequexces of an accident or malfunction of equipment important to
safety previously evaluated in the safety analysis report.

Has the possibility for an accident or malfunction of a different type
than any evaluated previously in the safety analysis report been created?

The variety of postulated events analyzed in References 1, 2, and 3
considerad 3 spectrum of event types whicn potentially could occur as a
result of the d2fueling process. A comparison of those events with
comparable everts in tne FSAR damonstrated that the event types
postulated for the defueling process are simllar and bounded by the
FSAR. In addition. no new v type was identified which was different
than those previously analyzed in the FSAR or other SERs previously
approved by the NRZ. Secticn 4 of this SER evaluates events postulated
for UCSA defuelling. These type of events have been previously evaluated
and, therefore, do not represent a different type of accident or
malfunction.

Has_the il kit

Has the .. - ..., as defined in the basls for any technical
specification,

been reduced’

Technical Specification safety margins at TMI-2 are concerned with
criticality control and prevention of further core damage due to
overheating. Technical Specification safety margins will be maintained
throughout the UCSA defueling process. Subcritticallty is ensured by
establishing the RCS boron concentration at greater than 435G ppm or
equivalent and ensuring that this concantration is maintained by

14.0 0394P/Rev. O
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monitoring the boron concentration and inventory levels and by isolating
potential deboration pathwavs. Systems will remain in place to add
borated cooling water to the core in the event of an unlsolable leak from
the RV to prevent overheating and potential criticality. Additional
borated water has bee«n added to the cavity beneath the RV to bring the
boron concentration above 3500 ppm as specified in References 2 and 3.
This action ensures that a criticality event external to the vessel is
not credible. The fintroduction of unborated water from the torch cooling
system will not create the potential for a criticality because no more
than 3.5 gallons of unborated water can be inadvertently drained into the
RV (Reference 9).

No Technical Specification changes “~e regquired to conduct the activities
bounded by this SER.

In conclusion, the UCSA defuellng activities do not:
0 Increase the probability of occurrence or the consequences of an

accident or matfunction of equipment important to safety previously
evaluated in the safety analysis report, or

o Create the possibility for an accident or malfunction of a
different type than any evaluated previously in the safety analysis
report, or

o] Reduce the margin of safety as i in the basis for any

Technical Specification,

Therefore, the UCSA gefueling activities do not constitute an unreviewed
safety questicn.

ENVIRCNMENTAL ASSESSMENT

Based on Section 3.0 of Reference 1 and noting the similarities between
the activities considered in Reference 1 to those activities within the
scope of this SER, it can be concluded that the proposed UCSA defueling
activities can be performed with no significant environmental impact.

CONCLUSEONS

Activities associated with UCSA defueling have been described and
evaluated. The evaluations have shown that the radioactivity releases to
the environment that wiil result from the planned activities will not
e«ceed allowable limits. It has been demonstrated that the consequences
of postulated accidents with respect to potential core disturbances will
not compromise plant safety. The evaluations have also shown that the
tasks and tooling employed follcw the continued commitment to maintain
radiation e«posure levels ALARA. Therefore, it is concluded that UCSA
defueling activities can te periformed without presenting undue risk to
the health and safety of the public.

15.0 0394P/Rev. O
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a CORE FORTER |
ELEVATIONS

FIGURE 2- BAFFLE PLATE ACCESS OPENINGS

NOTE: HORIZONTAL BLACK BARS DO HOT REPRESENT ANY STRUCTURE, THEY ARE
MECESSARY FOR THE CADD SYSTErM TO DEPICT HMCLES IN A FLAT PLATE.
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APPENDIX A

EVALUATIONS OF LOAD DROPS OVER THE REACTOR VESSEL

During upper core support assembly (UCSA) defueling, a large area of the RV
lower head may be exposed to direct impact from heavy loads. Analyses have
been performed to better determine the potential damage which could be
fncurred by the incore nozzles due to dropped loads. To provide the analyses
reported herein, simple calculations were employed in order to ascertain {f
further, more complex analyses were warranted.

The following objects were considered as potential accidents loads:
A. Baffle plate section (1/16th section)

B. Baffle plate section (1/8th section)

C. Manual Tool Positioner

0. Manual Tool Positioner W/PCI Mast.

In order to maintain a simplistic approach, the analyses made the following
major assumptions:

1. Upon impact, all kinetic energy of the falling object is transmitted to
the instrumentation nozzle and results in strain. This assumpticn is
conservative since some of the energy would also be converted to strain
in the dropped object and the RV lower head.

2k The compressive stress-strain curve for a short column of Inconel is
fdentical to the tensile stress-strain curve. This assumption is
conservative since ductile metals will fail in tension before failing in
compression without buckling.

3. The static stress-strain curve for Inconel is appropriate for dynamic
loadings. This assumption may be slightly unconservative as some metals
exhibit higher strength but lower ductility with increasing load
application speeds.

q The strain is uniform over the entire nozzle. This assumption does not
account for the possibility of the nozzle bending. (See page A-3.0 for
bending considerations.) Use of this assumption gives an upper bound on
the permissible drop heights.

) As-constructed material properties were used for the nozzle and weld
materials. However, nozzle material properties may have been degraded
due to elevated temperatures during the course of the accident.

The objects under consideration, when dropped through water, will be subject
to drag which could vary significantly, depending on the orientation of the

falling object relative to the direction of movement. An examination of the
potential coefficients of drag for various sharp edged bodies indicates drag
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coefficients varying from 0.5 to 1.5. This indicates that the drag
coefficient will have a significant effect on the calculated impact velocity
for a water drop height of 30 feet or more. Drag coefficients did not need to
be considered for the drop heights of the baffle plates sections (1/8th and
1/16th) while drag coefficients equal to 1.16 (for rectangular saddle plate
assembly) were used for the objects C & D.

Assuming that the impact load is entirely in the axial direction and along the
centerline of the nozzle, an upper bound on the permissible drop heights can
be established.

[t is conservative to assume that all the kinetic energy of the impacting

object must be absorbed in the nozzle. Since the nozzle's stress-strain curve
is known, the limiting impact velocity can be determined. Knowing the maximum
expected drop heights, a comparison of actual to allowable velocities was made.

The following drop heights were used based on the planned evolution involving
the particular object and were found to be acceptable, i.e., will not result
in Incore nozzle weld failure.

TABLE A

Postulated Drop Heights

Height Afr Drop Water Drop
Object _Ibs. height-ft height-ft
A Baffle Plate Section (1/16th) 1500 1.5 36.6
B Baffle Plate Section (1/8th) 2500 N/A 9.5
C Manual Tool Positioner 3200 11.0 36.6
D Manual Tool Positioner w/PCI Mast 4100 N/A 23

A1l of the above analyses consldered that the dropped tool struck the exposed
Incore nozzle on centerline. Realistically, the impacting object could strike
the nozzle off-center creating both an axial load and a bending moment. An
impact load on the nozzle taper would produce a lateral load and an additlonai
moment would be created.

The magnitudes of the tateral load and bending moment are difficult to
establish. However, by using the energy approach and simple inelastic
equations for the deflection of an end-loaded cantilever beam. the ma«imum
energy absorbed can be ccmpared with that for the “a«lal load only" condition.
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Analysis has determined that the nozzle is capable of absorbing a side load of
about 6% of that which it car absorb as an axial load. If a substantial part
of the postulated impact energy is applied horizontally, the nozzle is likely
to fail. However, such failure would be expected to be above and parallel to
the inside surface of the RV lower head. Therefore, nozzle failure due to
off-center loading could fail the nozzle but not cause significant leakage
since the in-vessel segment of the 3/4" schedule 160 Inconel pipe and its weld
would likely remain,

The greatest load transmitted to the vessel would be for an axial impact load
on the incore instrument nozzle. Since the nozzle outer diameter above the
vessel wall (i.e., 2 inches) is greater than the RV penetration diameter
(approximately 1 inch), the nozzle would have to shear through the vessel wall
in order to punch a hole through the lower head. The ultimate axial stress
capability of the nozzle is well below the ultimate strength of the vessel
wall so that the nozzle will fail before the lower head is penetrated. An
undamaged nozzle, therefore, cannot be pushed through the vessel wall.

Of the potential failure mechanisms, it is concluded that the worst case
anticipated incore nozzle fafilure mechanism is shearing at the inside surface
of the RV lower head.

As previously noted, the 3/4" schedule 160 portion of the instrument tube

which penetrates the vessel wall is welded directly to the vessel wall. The

2" 0.D. incore instrument nozzle is welded separately to the vessel wall and

the 3/4" pipe. Failure of the nozzle is unlikely to fafl the 3/4" pipe to

vessel weld which provides the penetration seal. For conservatism, however, i
it is assuned that this weld fails as a result of the postulated 1oad drop |
accident. |

Fajlure of the tube-to-vessel-wall weld will not result in the tubes being
forced out of the lower head by the head of water in the vessel. The tubes
consist of schedule 80 stainless steel pipe and are supported at the floor
below the vessel. The maximum clearance, taking into account manufacturing
tolerance. between the 0D of the tube and the ID of the bore in the vessel
wall is 0.005 fnches. There is insufficient fle«ibility in the tubes to allow
them to drop the 5-1/2 inches required to fall free of the bottom of the
vesse!l head.

Incore tube failure outside of the vesse! is not considered credible.
Conseguently. the only credible leakage path from the vessei following a heavy
load drop is through the annulus around the tube penetrations through the
vessel wall. This leakage has previously been calculated to be approsimately
0.40 gpm per nozzle penetraticn. Capability has been demonstrated (Reference
GPU Nuclear letter 4410-84-1-0154 dated November 6, 1984, “Technical
Specification Change Request 46") to provide make-up in excess of 17 gpm even
in the event of a loss of off-site power.
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