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1.0 PURPOSE AND SCOPE 

1.1 Purpose 

The purpose of this Safety Evaluation Report <SER> Is to 
demonstrate that the activities associated wtth defuellng the upper 
and lower core support assembly <CSA> and the lower head <LH> In 
the THI-2 reactor vessel can be accomplished without causing 
unacceptable risk to the health and safety of the public. 

1.2 Scope 

This evaluation addresses the following activities: 

o Removal of core debris from upper and lower CSA. Including 
removal of CSA structural material when such structural 
material and core debris are not readily separable . 

o Removal of CSA structural material to gain access to debris 
deposits within or below the CSA. 

o Removal of sections of the elliptical flow distributor from 
which core debris Is not readily separable. 

o Removal of sections of elliptical flow distributor to gain 
access to debris deposits tn the LH. 

o Removal of core debris from the LH. 

o Installation/operation/removal of additional equipment In 
support of the above activities. 

NOTE: LH defuellng by vacuuming was addressed In Reference 1. 

CSA structural material not placed In defuellng canisters may be 
stored in the reactor vessel or In other out of vessel temporary 
containers which will be addressed In separate documentation. 

Additional equipment to that discussed In Reference 1 required to 
support these activities consists of: 

o cavitating water jet 

o plasma arc cutting tool 

o Automatic Cutting Equipment System <ACES> 

o robot manipulators 

As the CSA/LH defueltng operations proceed. the potential exists 
that activities or equipment described In this report or 
Reference l will need to be modified or new activities and/or 
tooling developed. Any modifications to existing activities or 
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equipment or the introduction of new activities or equipment will 
be reviewed and documented tn accordance wtth THI-2 administrative 
procedures to ensure that no potential hazards or safety concerns, 
not bounded by this SER or Reference 1 are created. If no such 
hazards or safety concerns are created, CSA/LH defueling may 
proceed based on the new or modified activities or equipment 
without a requirement to revise this SER. 

2.0 MAJOR ACTIVITIES AND EQUIPMENT 

CSA/LH defueling will be performed in accordance with detailed approved 
procedures . Any of the approved activities performed or tools used 
during initial and/or core region defuellng are considered acceptable 
during CSA/LH defueling unless specifically precluded. The initial and 
core region defuellng activities and tools are evaluated In Reference 1. 
Additional operations to be performed during CSA/LH defueling include: 

o Core debris and structural material removal from the upper and 
lower CSA 

o Cutting the upper and lower CSA within the reactor vessel 

o Core debris removal from the reactor vessel LH 

Descriptions of tools in addition to those described ~n Reference 1 to be 
used for CSA defueling are provided below. 

Cavitating/Pulsating Water Jet System/Flushing System 

The cavitating/pulsating water jet system is provided to erode fuel 
debris from metal surfaces within the reactor vessel and to breaK up 
large debris pieces to facilitate removal. The system will flush tightly 
adherent debris from vessel structures and will breaK up the fuel debris 
into particles amenable to vacuuming. The system consists of high 
pressure discharge pumps (approximately 6-15 gpm at 10,000-20,000 psi>, 
cavitating jet nozzles and lances, and connecting hoses and piping. The 
pumps will be mounted on the 347'-6'' elevation, be powered by electric 
motors and take suction from the Oefueling Water Cleanup System <DHCS> 
suction. Any potential siphoning of the reactor vessel inventory as a 
result of a line break upstream of the pump is limited by the safety 
systems Inherent in the Defuellng Water Cleanup System <DHCS> 
<Reference 4). Piping downstream of the pump is precluded from siphoning 
because it is fixed above the Reactor Coolant System <RCS> water level . 
The cavitating/pulsating water jet system will be operated using the 
remote manipulator or other positioner to allow remote manipulation of 
the device. 

Plasma Arc Torch 

The plasma arc torch Is a direct current arc, tungsten electrode , metal 
burning device . An Initial pilot arc will ion ize the pr imary gas . 
nitrogen, to form a plasma jet . A secondary gas, nitrogen or C02. i s 
used to aid In flushing away the molten metal from the cut and to provi de 
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insulation for the torch head. The maximum total gas flow will be less 
than 170 scfm. Instead of RCS grade water at 4350 ppm boron, the torch 
coolant system will be charged with 801 B-10 enriched boron to reduce the 
adverse conductivity effects of using RCS grade coolant. The volume of 
the system is approximately 5 gallons . The plasma arc torch is provided 
to cut electrically conductive materials, such as stainless steel 
structures, which tnhiblt access to fuel to be removed . The torch will 
be operated via the remote manipulator or other positioner to allow 
remote operation of the torch . 

Automated Cutting Equipment System 
• 

The Automated Cutting Equipment System <ACES> w\11 position the plasma 
arc torch to cut the lower CSA structural elements to provide access to 
the fuel In the reactor vessel lower head . The equipment that will 
operate In the vessel Is ; a support frame that provides x-y posttionlng, 
a manipulator arm that provides vertical travel, rotation, angular 
positioning, with the abtllty to grip, release and position the plasma 
torches . The In-vessel components are powered by a modified train of 
three commercially available plasma power supplies and one ACES power 
supply, and operated by a control system. The computerized control 
system is capable of controlling all five axes of the in-vessel equipment 
and can locate the torch nozzle and move it over a pre-determined path at 
controlled rates . The very important cutting parameter, torch to work 
distance, is controlled continuously and automatically by a servo motor 
and feed back loop taking tts signal from the torch arc voltage. All of 
the torch operations are pre-programmed after verification of the program 
modeled to the in-vessel lower CSA . The controller ts located in a 
Command Center outside of the containment building and Is supported by a 
computer-assisted-design model of the lower CSA. The operators are 
assisted with both video monitor and printer output. 

Robotic Manipulator 

Two hydraulic operated man ipulator arms will be mounted on the Manual 
Tool Positioner <MTP> or other suitable masts . One of the manipulators 
<Grabber> can be used to stabilize the MTP while the other manipulator 
<Work) Is used to help remove debris and structural material after It has 
been cut . The manipulators wi ll have a separate borated hydraulic power 
supply and will be normally operated from outside the reactor building. 

Mechanical Tools 

Mechanical Tools wtl l be used to cut structural material <abrasive saw> 
and prepare structural material for the plasma arc torch <grinder /milling 
tools> . Some tools wil l be powered by a borated hydraul ic power supply . 

3.0 COMPONENTS AND SYSTEM AFFECTED 

Other component s or systems In add i t ion to those descri bed In Reference 
may be required to conduct the CSA/LH defue l lng activi t ies. Where this 
Is the case they will be the subject of separate correspondence . 
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4.0 SAFETY CONCERNS 

4.1 General 

An evaluation of the actlvtttes associated with CSA/LH defuellng 
ldenttfted the following safety concerns: 

0 Criticality Control 
0 Boron Dilution 
0 Hydrogen Evolution 
0 Pyrophort city 
0 Submerged Combustion 
0 F1 re Protection 
0 Decay Heat Removal 
0 Instrument Interference 
0 Release of Radioactivity 
0 RV Integrity 
0 Heavy Load Drops 

Each of these Issues are discussed below. 

4.2 Criticality Control 

The evaluations provided by References 1 and 1-1 bound this concern during 
CSA/LH defueltng. 

4.3 Boron Dilution 

Boron dilution concerns during CSA/LH defueltng are generally bounded by 
the evaluations provided by References 1 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 with CSA/LH 
defueling tools will be borated to at least 4350 ppm natural boric ac\d. 
The plasma arc torch requires water cooling to tts ttp to prevent 
overheating. In most applications, this fluid ts demineralized water 
because It exhibits a very low conductivity. However, the conductivity 
of RCS fluid In this application Is too high. Therefore. In order to 
provide a coolant with acceptable conductivity, the coolant will be 
borated with SOl B-10 enriched boron to approximately 800 ppm <Reference 
15>. Neutronlcally, this will provide the same criticality safety margin 
as 4350 ppm natural boron. Proper administrative controls will be used 
to control the boratlon of tools . 

4.4 Hydrogen Evolution 

Small quantities of hydrogen gas generation <less than 1/10 SCFM> wtll be 
a by-product of the plasma arc cutting tool operation underwater . This 
hydrogen will be diluted by the off-gas treatment system, as required. 
and thus, a combustible concentration will not occur within the reactor 
building. Other hydrogen related safety Issues are bounded by the 
evaluations provided In Refe rence 1. 
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4.5 Pyrophorlcity 

Pyrophorlcity concerns during CSA/LH defuellng are bounded by evaluations 
provided In References 1 and 14. 

4.6 Submerged Combustion 

The use of underwater burnl ~g devices <e.g . , plasma arc torch) creates a 
heat source not previously considered . 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 5 and 7> . It Is 
considered reasonable not to postulate a combustion reaction of exposed 
fuel debr is due to operation of the plasma arc torch . 

4.7 Fire Protection 

The evaluation provided by Reference 1 bounds this concern during CSA/LH 
defuellng . 

4.8 Decay Heat Removal 

Decay heat removal concerns during CSA/LH defuellng are generally bounded 
by the evaluation provided In Reference 1. The maximum power 
requirements for the plasma arc torch are 1000 amps at 200 volts DC. 
Operation 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 raise the RCS temperature only approximately two <2> 
degrees . The RCS temperature will be monitored to preclude an 
uncontrolled water temperature Increase. 

4.9 Instrument Interference 

Issues regarding Instrument Interference caused by the use of the plasma 
arc torch are bounded by the evaluation provided In Reference 7. 

4. 10 Release of Radioactivity 

The central zone of the plasma arc reaches temperatures of 20,000°F to 
50,000°F and Is completely Ionized . However, this high energy Is quickly 
dissipated and primarily heats the conductive metal . It Is expected that 
fuel on the metal surfaces will als6 be heated to the liquid or vapor 
state . Most fue l so heated wi l l Immediately oxidize, transfer Its heat 
to the surrounding water , resolidify and sink . Soluble Isotopes t rapped 
In the fuel matrix may become d1ssolved In the water . Thi s possible 
Increase In the concentration of rad ioactiv i ty Is not expected to be 
prohi bitive or exceed that observed In the core drilli ng program. Safety 
concerns associ ated wi th the release of rad ioact ivity f rom the reactor 
vessel to the environment are bounded by th~ eva luati ons In Refererc e 1. 
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4.11 Reactor Vessel Integrity 

Damage to the reactor vessel due to the operation of burning devices 
Inside the vessel has been considered . Initially, the operation of such 
devices Is physically limited to Inside the confines of the core support 
structure and the elliptical flow distributor where the torch Is more 
than one-foot away from the reactor vessel wall. Cutting operations will 
begin on the top of the CSA and will sequentially cut through the lower 
grid, lower grid flow distributor, tower grid forging, In-core Instrument 
support plate to the elliptical flow distributor . Since torch access to 
the elliptical flow distributor Is physically precluded by the CSA 
structure until the upper layers are removed, the elliptical flow 
dlstrlbutor <which Is more than one foot from the reactor vessel wall> 
will be cut with the plasma arc torch only after considerable experience 
Is gained by Its use elsewhere In the reactor vessel. Therefore, the arc 
or flam~ of such burning devices. operating underwater, will always be 
operated at least a foot from the reactor vessel wall . Propagation of 
an arc through one-foot of water Is not possible, thus. damage to the 
reactor vessel wall due to the operation of burning devices Is precluded 
even when cutting the elliptical flow distributor . 

Additionally. the use of other tools that could potentially Impart 
excessive loads to the lncore Instrument tube nozzles or damage the 
reactor vessel wall <e.g .• abrasive/water jet cutting system> will be 
limited to use within the confines of the core support structure and the 
elltptlcal flow distributor unttl most of the fuel' w1thln the lower CSA 
has been removed after which procedural limitations wi ll be applied. 
Mechanical cutting devices. such as the abrasive saw. grinding wheel. 
cavitating water jet and Impact hammer are not of sufficient size or 
power to damage the reactor vessel wall and, therefore, do not create a 
safety Issue . 

During the removal of fuel debris from the lower head, care will be 
exercised to prevent excessive loads on exposed lncore nozzles . If, 
during the process of removal of fuel In the vicinity of an lncore 
nozzle, observations Indicate that the nozzle has suffered damage due to 
excessive temperatures, work will be halted and the situation evaluated 
further . 

Othe~ reactor vessel Integrity safety concerns <e.g .• assessment of 
potential damage to lncore nozzles from pulling on lncore Instrument 
strings> are bounded by the evaluations provided In Reference 6. 

4.12 Heavy Load Drops 

After a portion of the lower flow distributor has been removed, the 
lncore Instrument nozzles and the reactor vessel lower head will be 
exposed to the potential of Impact by dropped loads. Prior to that time. 
the CSA structure will preclude the dropping of heavy loads on the lncore 
nozzles . 

Append\x A describes analyses which demonstrate tha t load drop 
characteristics associated wi th LH defuellng do not significantly 
compromise the Integrity of the reactor vessel after the ell iptical flow 
distributor Is removed or sectioned. In additi on , the consequences of 
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the total failure of an lncore nozzle have been previously evaluated . It 
was concluded that GPU Nuclear has the capability to promptly detect a 
totally failed nozzle penetration and can maintain the RCS level at or 
above the reactor vessel nozzles <References 6 and 16> . 

The potential for a load drop accident Into the reactor vessel Is 
minimized by careful control of load handling activities and the use of 
load handling equipment which has been conservattvely designed and 
tested. Load handling activities are performed tn accordance with 
approved procedures for such activities Including 4000-PLN-3891.02, 
"TMI-2 Lifting and Handling Program~ " Each specific load handling 
activity Is controlled by a Unit Work Instruction or procedure. Load 
handling act ivities wtll be performed by personnel who have been trained 
and qualified for these activities . 

5.0 RADIOLOGICAL CONSIDERATIONS 

Based on a comparison of activities associated wtth Reference 1 to those 
associated with CSA/LH defueltng, It ts concluded that the radiological 
considerations associated with CSA/LH oefueling are bounded by Section 5 
of Reference 1. An update of the jobhours and person-rem expended to 
date for all defueling activities Is provided In Table 5.1. The overall 
est imated occupat ional exposure to complete reactor vessel defuellng 
remains at approx imately 1400 person-rem. 

TABLE 5.1 

Jobhours and Person-rem Expended Through December 1986 

ActivHy Jobhours Person-rem 

Preparations, Installations 3,930 100 

Operations 18 ,1 71 188 

Maintenance/Support 9,693 151 

Decontamination and Removal* 0 ,., 
v 

TOTALS 31.794 439 

*No activity associated wi th final decontaminat ion and removal of 
defuel ing equipment has ~een performed as of January 1, 1987, thus no 
jobhours and perso:.-rem are g1 ven. Note, decontaml nat I on maIntenance In 
the reactor build ing Is not cons idered part of this activity . 

6.0 IMPACT ON PLANT ACTIVITIES 

The major potential Impact of CSA/LH defuellng on plant activities Is the 
effect of fuel movement In Unit 2 on ooeratlons in Unit 1. Based on the 
evaluation provided In Reference 1 and the simi la rity of the activities 
considered In Reference 1 to those activities within the scope of this 
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SER, it is concluded that the CSA/LH defuellng operations In Unit 2 will 
not affect personnel in Unit 1. 

7.0 10 CFR SO.S9 EVALUATION 

10 CFR SO, Paragraph SO.S9, permits the holder of an operating license to 
make changes to the facility or perform a test or experiment , provided 
the change, test, or experiment Is determined not to be an unrevlewed 
safety question and does not Involve a modification of the plant 
technical specifications. 

10 CFR SO, 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 equipment Important to safety previously evaluated 
In the safety analysis report may be increased; or 

b. The possibility for an accident or malfunction 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 
specification, Is reduced. 

Although there are notable differences between the proposed defuellng 
activities for TMI-2 and routine activities described In the FSAR, the 
consequences of postulated accidents are not different and as 
demonstrated In Reference 1, are sufficiently similar to be compared. 
Reference 1 compared two <2> potential events during defueling, a 
canister drop accident and a Krypton 85 release, to two <2> events 
described In the FSAR, a fuel handling accident and a waste gas decay 
tank failure. The comparison demonstrated that on a worst case basis, 
the consequences of the FSAR events bound the consequences of any 
defuellng-related event. 

A variety of postulated events were analyzed in this SER for CSA/LH 
defuel\ng. The analysts of these events provided In Section 4 results In 
the conclusion that the postulated events are bounded by previous 
evaluations and/or do not result In an unanalyzed condition . 

To determine If CSA/LH defuellng activities Involve an unrevlewed safety 
question, the following quest ions must be evaluated . 

Has the probability of occurrence or the consequences of an accident or 
malfunction of equipment Important to safety previously evaluated in the 
safety analysis report been Increased? 

A variety of events were analyzed In Refe rence 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 substan t ially less than the potential conseauences of compa··able 
events analyzed in the FSAR. Sec t ion 4 of this SER demonst rate s that the 
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consequences of potential events during CSA/LH defueltng are bounded by 
previous evaluat ions . 

The proposed activities for CSA/LH defueltng will eventually create a 
hole In the lower CSA , exposing a large area of the lower RV to direct 
Impact from a heavy load . Appendix A prov ides a summary analysts of the 
potential damage to the reactor vessel LH Incurred by a heavy load drop . 
This analysts concludes that the potential load drop of either a loaded 
canister In sleeve or the Manual Tool Positioner and Manipulator <MTP/M) 
directly on an exposed tncore Instrument nozzle may result In leakage of 
the RCS. However, the MTP/H, ~s discussed tn Appendix A, will only be In 
position to cause damage when It Is being taken tn or out of the reactor 
vessel . The majority of the time. the HTP/H wtl l be In position wtthtn 
the reactor vessel where the drop height Is minimal . The canister sleeve 
handling tool and the Can ister Pos l tlonlng System <CPS> both have locking 
devices to prevent dropping of a loaded canister and sleeve. The locking 
device on the canister sleeve handling tool Is verified to be engaged 
prior to lifting the canister and sleeve . The locking device on the CPS 
ts ver ified to be engaged after the canister sleeve Is positioned on the 
CPS . In addition . previous evaluations have shown that sufficient leak 
detection and mitigation equipment Is available and operable should a 
load drop event . which damages the reactor vessel LH , occur. 

lhe design featu res and admlnlstrat lve controls as descri bed In 
Reference 9 ensure that the probability of a load drop Is minimized . GPU 
Nuclear will also take special precautions for the handling of the HTP/H 
during Installation/removal from the reactor vessel . 

By consider ing postulated events and reviewing various safety mechanisms , 
I .e . • fire protection and decay heat removal. It has been demonstrated 
that CSA/LH defuellng activities will not adversely affect 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 concluded that the proposed activities associated with 
CSA/LH defuellng do not tncreas~ the probability of occurrence or the 
consequences of any remain ing acc ident or malfunction of equipment 
Important to safety prev iously evaluated In the safety analysis repor t . 

Has the possibi li ty for an acci dent or malfunct ion of a diffe rent type 
than any evaluated previously In the safety analys is repor t been created? 

The variety of postulated ev ~ nt s ana l y~ed In Reference 1 consi dered a 
spe ct rum of event types which potent ia ll y could occur as a result of the 
defuellng process. A compar ison of those events wi th comparable events 
In the FSAR demonstrated that the event types pos tulated for the 
defue l lng process are similar and bounded by the FSAR . In addit ion, no 
new event type wa s Ident i f ied wh ich was different than those previous ly 
analyzed In the FSAR . Sect ion 4 of this SER demonstrates that the 
potential events postulated for CSA/LH defuellng are bounded by previous 
evaluations and do not create the possibility of occu,·rence of an 
accident or malfunction of a different type than evaluated previously In 
the safety analvsls report. 
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Has the margin of safety, as defined In the basts 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 CSA/LH defuellng process . Subcr l t lca l lty Is ensured by 
establishing the boron concentration at greater than 4350 ppm or 
equivalent and ensuring that this concentration Is maintained by 
monitoring the boron concentration and Inventory levels and by Isolating 
potential deboratlon pathways . Systems will remain In place to add 
borated cooling water to the core In the event of an unlsolable leak from 
the reactor vessel to prevent overheating and potential criticality . 

No Technical Specification changes are required to conduct the activities 
bounded by this SER . 

In conclusion, the CSA/LH defuellng activities do not : 

o Increase the probability of occurrence or the consequences of an 
accident or malfunction of equ\~ment Important to safety prevlou~ly 
evaluated In the safety analysts report , or 

o Create the possibility for an accident or malfunct ion of a 
different type than any evaluated pr~vlously In the safety analysts 
report, or 

o reduce the margin of safety as defined In the basis for any 
technical specification . 

Therefore, the CSA/LH defuellng activities do not constitute an 
unrevlewed safety question. 

8.0 ENVIRONMENTAL ASSESSMENT 

Based on Section 8.0 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 CSA/LH defuellng 
activities can be performed with no signi fi cant environmental Impact. 

9.0 CONCLUSIONS 

Activities assoc iated with CSA/LH defuell1g have been described and 
evaluated . The evaluations have shown th~t the rad ioactiv i ty releases to 
the environment that will result from the planned act ivi t ies will not 
eKceed allowable limit s . It has been dew~nstrated that the consequences 
of postulated accidents wi th re s pec ~ to ~otentlal core disturbances wi l l 
not compromise plant safety . The eval uations have also shown that the 
tasks and tooling employed follow the continued commi tment to maintain 
radiat ion exposure level s ALARA . The refore. i t I ~ concl uded that CSA!LH 
defuel lng ac t ivi t ies can be pe rformed without oresentlng undue ri s~ to 
the heal th and safety of the publi c . 
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APPENDIX A 

EVALUATIONS OF LOAD DROPS OVER THE REACTOR VESSEL 

During core support assembly and lower head defuellng. the lower core support 
assembly <CSA> will have pieces cut from It and removed to gain access to core 
debris . Eventually. a hol : will be created through the lower CSA. exposing a 
large ~ - ~a of the lower reactor vessel head to direct Impact from heavy 
loads . Analyses have been performed to better determine the potential c .. mage 
which could be Incurred by the lncore nozzles due to dropped loads. To 
provide the analyses reported herein. simple calculations were employed In 
order to ascertain If fu1 ther more complex analyses were warranted . 

The following objects were considered as potential accident loads : 

TABLE A 

Maximum Achievable Drop Heights for Considered Objects 

DROP DISTANCE DROP DISTANCE 
OBJECT IN AIR** 

A. Light Duty Pole 52'-0" 

B. End Effector Handling Tool 56'-0" 

c. loaded Defuellng Canister 5'-6" 

D. loaded Defuellng Canister In Sleeve N/A 

E. Manual Tool Positioner w/Manlpulator 21'-7" 

*Distance to bottom. Inside surface of Reactor Vessel Lower Head 
**Drops are sequential - first air then water 

IN HATER* 

36 '-7" 

36'-7" 

36'-7" 

24 '-0" 

36'-7" 

The analyses. In order to maintain a simplistic approach. 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 . Th~ ~ a~sumptlon Is 
conservative since some of the energy would also be con~erted to strain 
In the dropped object and the lower reactor vessel head . 

2. The compressive stress-strain curve for a short column of lnconel Is 
Identical to the tensile stress-strain curve. This assumption Is 
conservative since ductile metals will fall In tension before they do In 
compre~slon without buckling . 

3. The static stress-strain curve for inconel Is appropr iate for dynamic 
loadings. This assumption may be slightly unconservatlve as some metals 
~xhlbit higher strength but lower ductility with Increasing load 
application s;eeds. 
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4. The strain Is uniform over the entire nozzle. This Is not a conservative 
assumption as the real possibility of the nozzle bending Is neglected 
<see page 3 for bending considerations>. Use of this assumption gives an 
upper bound on the permissible drop heights. 

5. VIrgin material properties were used for the nozzle and weld materials. 
This assumption Is slightly non-conservative since the nozzle material 
properties at 12oo•r have not been determined. 

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 to the direction of movement. An examination of the potential 
coefficients of drag for various sharp edged bodies Indicates drag 
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 . In lieu of actually calculating 
drag coefficients for all dropped objects. a range of drag coefficient from 
0.5 to 1.5 was used. 

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 . 

It 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 Impact 
velocity allows the determination of the drop heights by Iteration . 

The following drop heights were calculated . 

TABLE B 

Allowable DroQ Heights 

Cross Maximum Air Drop Hater Drop 
Height Sectional Strike helght-ft helght-ft 

Object 1 bs . area-ln.2 Velocity-I n/sec 0.5 1.5 0 .5 1.5 

A 150 2.8 2120 >52.0 >52.0 36 .6 36.6 

B 500 9.6 1160 >56 .0 >56.0 36.6 36.6 

c 3350 154 449 > 5.5 34.1 36.6 

D 5100 254 364 19.6 >24 

E 4500 128 388 21 . 7 25.4 

A comparison ot the calculated drop heights versus the criteria previously 
given in Table A shows that even for the very low drag coefficient <O.S> Items 
A & B <the Light Duty Pole and the End Effector Handling Tool> satisfy the 
given criteria. The loaded defueling canister wlth · the minimum drag 
coefficient misses the water drop height criteria by about two feet <34.1' vs. 
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36.6') and the loaded defuellng canister with sleeve misses by about four feet 
<19.6' vs. 24'} . Note that wtth the maximum drag coefficient of i. S both 
criteria are met . The manual tool positioner does not attain the maximum drop 
height criteria by sev~ at feet wlth · elth~r drag coefficient. 

A more realistic evaluation of the criteria for the dropped fuel canister 
Indicates that the loaded canister when In a "droppable" position Is a> within 
the Canister Positioning System <CPS> sleeve orb> within the port of the 
shielded work platform or c> over the port In the shtelded work platform. For 
each of the positions from which It might drop, It would strike the CPS first 
thereby decreasing Its velocity . Further, the crlterta of all the Impact 
energy being transmitted to the lncore nozzle Is highly conservative relative 
to the fuel canister; a vessel wtth a 1/4" thick shell . In all likel\hood 
dropptng the fuel canister on end onto the lncore nozzle will result In 
significant bending and possibly puncture of Lhe bottom head of the defuellng 
canister and little or no deflection of the lncore nozzle . Consequently, only 
the loaded canister In sleeve and the Manual Toot Positioner and Manipulator 
do not satisfy the drop criteria . The canister sleeve handling tool and the 
CPS both have locking devices to prevent dropping of a loaded canister and 
steeve. The locking device on the canister sleeve handling tool Is verified 
to be engaged prior to lifting the canister and sleeve. The locking device on 
the CPS Is verified to be engaged after the canister sleeve Is positioned on 
the CPS . Additionally, the dropping of a loaded canister and sleeve can only 
occur during a transfer of the steeve from a loading position to t he top 
position on the CPS. Consequently, the loaded canister and sleeve have a very 
low probability of dropping. 

The Manual Tool Positioner will be In a position where It Is more than 22 feet 
above the reactor vessel lower head less than one percent of the time It Is In 
the reactor vessel. Obviously, most of the time this tool ts In the vess~l 
after holes have been cut through the elliptical flow distributor Is whe~ It 
Is being used to perform work on either the lower CSA or the RV bottom head . 
The drop height from these positions Is minimal. Further, when the tool post 
Is fully retracted It Is at elevation 313'-6" or approx imately 22 feet above 
the lower head . In this position the tool Is supported on Its ralls and not 
on the lifting rig. Consequent ly, the tool has a very low probability of 
dropping . 

All of the above analyses considered that the dropped tool struck the exposed 
lncore nozzle on centerline. A realistic condition exists whereby the 
Impacting object strikes 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 additional moment would be created . 

The magnitudes of the lateral load and bending moment are difficult to 
establish . However, by again us ing the en~rgy a~proach and simple Inelastic 
equations for the deflection of an end loaded cantilever beam, the maximum 
energy absorbed can be compared wi th that for the axia l load only cond ition. 

Analysis ha s determined thdt the nozzle Is capable of absorbing as a side load 
on ly about 6t of that which It can absorb as an axial load. If a substantial 
part of the postulated impact energy is applied horizontally the nozzle is 
ll~ely to fall. However. such failure woulrl be expected to be above and 
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parallel to the inside surface of the reactor vessel lower head. Therefore, 
nozzle failure due to off-center loading could fall the nozzle but not cause 
significant leakage since the In-vessel segment of the 3/4" schedule 160 
lnconel pipe and Its weld would likely remain. 

The potential of punching a hole through the low~r head Is greatest for an 
axial impact load on the lncore Instrument nozzle . As a worst case I t was 
assumed that the ultimate axial load on the nozzle had to be taken in direct 
shear of the lower reactor vessel head shell . The stresses determined are 
well below the ultimate strength of the vessel wall . An undamaged nozzle, 
therefore, cannot be pushed through the vessel wall . 

Of the potential failure mechanisms, It Is concluded that the worst 
anticipated lncore nozzle failure mechanism Is shearing off the nozzle at the 
Inside surface of the reactor vessel 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 .0. lncore Instrument nozzle is welded separately to the vessel wall and 
the 3/4" pipe . Failure of the nozzle Is unlikely to fa\1 the 3/4" pipe to 
vessel weld which provides the penetration seal. For conservatism , however , 
It Is assumed that this weld falls as a result of the postulated load drop 
acc ident . 

Fai lure of the tube- to-vessel-wall weld will not resu l t 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 ma~lmum clearance , taking Into account manufacturing 
tolerance, between the 00 of the tube and the 10 of the bore In the vessel 
wall Is 0.010 Inches. There Is Insufficient fle~lblltty In the tubes to allow 
them to drop the 5 1/2 Inches required to fall free of the bottom of the 
vessel head . 

Incore tube failure outside of the vessel Is not considered credible. 
Consequently the only credible leakage path from the vessel following a heavy 
load drop Is through the annulus around the tube penetrations through the 
vessel wall . Th i s leakage has previously been calculated to be approximately 
0 .40 gpm per nozzle penetration . 

This ana lysis Indicates that a potential load drop directly onto an exposed 
lncore Instrument nozzle may result In the leakage of reactor coolant water 
through the nozzle - vesse l hole annulus . Previous submittals have shown that 
sufficient leak detection and mitigation equipment Is avai lable and operable 
to combat leakages due to the discharge of an entl t e lncore noz zle <125 gpm> 
f rom the reactor vessel . Consequently, the capab i lity exist s to promptly 
detect the existence of any fa i led lncore Inst r ument nozzle and to mainta in 
the reactor coolant system water level at or above th e reactor vesse l nozzles . 
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