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2 Update to incorporate in-vessel dewatering, change in scope definition and 
editorial comments 

3 Update to incorporate responses to NRC comments , revised shielding section, 
550 lb limit on fuel canister loading , removal of 4 ft. exclusion zone 
requirement, and a minor change to words on pyrophoricity. 

4 Update to incorporate bor~tion of defueling system.hydraulic fluid, and 
include reference to Foreign Material Controls Report (Reference 22). 

5 Update to incorporate title change and inclusion of appendix to address bulk 
defueling activities. 

6 Update to incorperate a detailed descriptio; of the impact chisel, use of the 
vacuum system for lower vessel head vacuuming, the use of the core bore 
equipment as a defueling tool, and to make edi : orial change to be consistent 
with the plant technical specifications. 

7 Update to incorporate resolutions to site comments. 

8 Update to incorporate knockout canister's capability of accepting particles 
greater in size than standard fuel pellets, the use of the vacuum system 
without the filter canisters, and to address the use of debris containers. 

9 Update to incorporate a detailed description o( hydraulic cutoff saw · and 
to make minor editorial cha~ges. 

10 Update to incorporate appendice: into main body of text and to include 
changes/updates to account (or de(ueling experience to date. 
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1.0 Purpose. Scope and Organization 

1.1 Pnrpoee 
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The purpose of thie Safety Evaluation Report (SER) is to demonstrate 
that the activities associated with defueling of the TMI-2 reactor 
vessel can be accomplished without causing unacceptable riek to the 
health and safety of the public. 

1.2 Scope 

The activities associated with the defueling of the THI-2 reactor 
vessel are the removal of core material from the reactor veeeel. 
encapsulation of these materials within specially designed 
canisters. dewatering of the filled .canistera. and placement of the 
canisters into the storage racks located in spent fuel pool 'A'. 
Defueling can be subdivided into four activities. These are: 

o Initial defueling - removal of fuel element end fittings and 
other loose debris. including vacuumable •tinea·. from the rubble 
bed. Specific activities include pick-and-place and vacuuming of 
loose debris. 

o Core region defueling - removal of debris from the core region of 
the reactor vessel which remains after the completion of initial 
defueling. This phase is differentiated from initial defueling 
in that significant sizing operations will be performed (e.g •• 
eeparating and cutting of fused fuel assemblies and other large 
pieces of core debris). It also is intended that removal of the 
·hard crust• will be accomplished during this phase. It ie noted 
that ao~e activities performed during core region defueling will 
be similar to those performed during initial defueling. 

o Lower bead defueling - removal of debris from the lower reactor 
vessel head. Vacuuming and other debris removal techniques will 
be used during this phase. 

o Core support aeaembly defueling - removal of debris from the core 
support assembly. · 

To the extent that specific defueling activities have been defined 
and tools designed• these activities and tools are addressed in this 
SER. Specifically. initial defueling and core region defueling 
activities are addressed in this SER. Additionally. vacuuming of 
debris from the lower head of the vessel. a primary activity 
associated vitb lover bead defueling. is addressed herein. To 
perform the defueling activities. special equipment baa been or ia 
being developed. The following equipment baa been defined to date. 
and ita uae ia described in other sections of tbia SER. Tbia 
equipment includes: 

o A shielded. rotatable work platform installed over the reactor 
vessel and ita support structure. rotation drive unit. cable 
aanagement ayatem. and two jib cranes; 
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o Long-handled tools that will be manipulated manually by operators 
from the shielded work platform through working slots in the 
platfora; 

o A single canister support bracket that may be used to position 
and to support one canister within the reactor veasel during 
loading operations; 

o A canister positioning system that will support five canisters 
within the reactor vessel and interface with the canister 
handling bridge and vacuum system; 

o Inert gas injection systems that can displace water from the 
canisters while the canisters are resident either within the 
reactor vessel or within spent fuel pool •A•; 

o !ridge cranes for (1) movement of the canisters from one location 
to another, and/or (2) mechanical assistance to the operators in 
manipulating the long-handled tools; 

o A fuel transfer system to move the canisters between the reactor 
building and the fuel handling building (FHB); 

o Storage racks for canisters located within the deep end of the 
fuel transfer canal and within spent fuel pool •A•; 

o A vacuum system that will remove fuel fines and other debris from 
the debris bed; 

o A cutting station to allow sectioning of debris that is too large 
to be placed in a canister directly and is too small to be cut 
in-place; 

o A remote manipulator that will provide the capability to access 
a:eas of the vessel which are not directly below the vork 
platform working slots; 

o A manual tool positioner to provide a rigid mount for the remote 
manipulator and other core cutting and core de~ria removal 
equipment; 

o A partial fuel assembly removal tool to be used for removing 
partial fuel assemblies; 

o An incore instrument cutting tool which i8 designed to cut the 
incore instrument guide tubes and instrument strings; 

o Abrasive and water jet cutting equipment, including an abrasive 
saw and an abrasive/water jet cutting system, to perform re~ote, 
underwater cutting of bard aater1ala with and without the use of 
abraaivea; 

o Attachments and modifications to the basic vacuum system to 
remove debris in areas not accessible to the originally designed 
aystea; 

o An impact chisel to break apart bard aaterials; 
o A hydraulic shredder to reduce core debris, thus facilitating the 

placement of debris into fuel canisters or debris baskets; 
o The equipment used for acquisiti~n of ~ore stratification samples 

aay be uaed to provide acceaa to the lnwer regiona of the vessel; 
o Debris containers to be used for removing fuel aaaembly ~pper end 

fittings, control co•ponent spiders, or other structural aaterial 
from the reactor vessel. 

Aa defuelins operationa proceed, the possibility ezists that 
activites or equipment described in this report will need to be 
modified or new activites and/or tooling developed. For initial 
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defueling, core region defueling and lower vessel head vacuuming, 
modifications to existing activities or equipment or the 
introduction of new activities or tooling will be reviewed in 
accordance with THI-2 administrative procedures to ensure that no 
potential hazards or safety concerns, not bounded by this SER, are 
created. If no such hazards or safety concerns are created, 
defueling may proceed baaed on the new or modified activities or 
tooling without a requirement to revise this SER. 

As the defueling activities associated with lower head and core 
support assembly become better defined, these activities will be 
reviewed in accordance with THI-2 administrative procedures to 
ensure that no potential hazards or safety concerns, not bounded by 
this SER, are created. If no additional hazards or safety concerns 
are created, these activities may proceed based on this SER. If 
these activities are determined to involve issues or concerns not 
adequately addressed herein, they will be the subject of separate 
SER'a or will be incorporated into subsequent revisions of this SER. 

In addition to the equipment listed above, specially designed 
defueling canisters will be used to contain the core material for 
shipment and storage offaite. The design features of the canisters 
are described in Reference 1. Handling and use of these canisters 
is described in this SER. ~is includes: 

o Movement of the canisters into and out of the reactor vessel; 
o Pilling of the canisters; 
o Closure (sealing) of the filled canisters and installation of 

pressure relief devices; 
o Dewatering of the canisters; and 
o Placement of the canisteru into storage racks located in spent 

fuel pool ·A·. 

The scope of thia SER does not cover activities related to the 
transfer of canisters from fuel pool •A• for shipment offsite from 
THI-2. Additionally, this SER does not cover activities associated 
with sample collection or core stratification sample acquisition. 

1.3 Organization 

Section 2 of this SER describes the major activities and equipment 
needed for defueling of the reactor vessel. Section 3 identifies 
the components aud systems affected by or involved with defueling. 
Section 4 identifies and discusses the safety concerns associated 
with defueling. s~ction 5 presents an evaluation of the 
occupational radiation exposure considerations associated with 
defueling. Section 6 presents an assessment of the impact of 
defueling on plant activities including any impact on the operation 
of Unit 1. Section 7 presents a 10 CFR 50.59 evaluation for 
defueling and Section 8 assesses the environmental impact resultin~ 
from occupational exposure and radioactive releases to the public. 
Section 9 presents the conclusions of the safety evaluation and 
Section 10 contains a list of references. 
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The figures included in this safety evaluation provide a general 
concept of the defueling systems. These figures are not intended to 
proyide exact design details. which are subject to change. 

1.4 Licensing Documents Associated With Defue11ng 

There are several licensing documents associated vith defue11ng 
activities. Included are: 

o Safety Evaluation Report for Defuel!ng (this document) 
o Safety Evaluation Reports for Heavy Load Handling 
o Technical Evaluation Report for Defuel1ng Water Cleanup System 
o Criticality Report for the Reactor Coolant System 
o Technical Evaluation Report for Defueling Canisters 
o Technical Evaluation Report for Defuel1ng Canister Storage Racks 
o Hazards Analysis: Potential for Boron Dilution of Reactor 

Coolant System 
o Safety Evaluation Report for Core St~at1ficat1on Sample 

Acquisition 

A description of the scope of each of these documents is provided 
below. 

1.4.1 Safety Evaluation Report for Defueling 

This SER is the basic document which describes the defue11ng 
activities and provides the justification for concluding that 
defueling activities vill be performed in a safe aanner. It 
provides a summary description of the defueling activities 
and the equipment and systems to be used. The document 
assesses the safety aspects of defueling activities and 
various accidents that could potentially occur while 
performing the defueling activities. It aiso assesses the 
environmental impact of the defueling activities. Where 
appropriate. this SER references th~ other licensing 
documents associated vith the def•~eling activities. 

1.4.2 Safety Evaluation Reports for Heavy Load Handling (References 
8 and 19) 

These documentr. provide the NUREG-0612 evaluation for 
handling hea~y loads during defueling activities. The 
criteria to be satisfied are provided along vith guidelines 
(e.g. 11ft height vs. weight) to ensure compliance. The 
effects of dropped loads on plant structures and systems are 
addressed. 

1.4.3 Technical Evaluation Report for Defueling Water Cleanup 
System (DWCS) (Reference 2) 

This TER presents the design bases for the completed DWCS and 
provides the information needed to demonstrate that the 
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system will satisfy ita safety functions. It addresses 
interfacing requirements with other plant systems and 
equipment; in particular, interface requirements with the 
canisters are discussed. 

1.4.4 Criticality Report for the Reactor Coolant System 
(Reference 5) 

This report establishes the boron concentration needed in the 
reactor coolant system to ensure aubcriticality during 
defueling activities. The report describes the various 
analyses performed to establish the boron concentration and 
the conservatisms inherent in those analyses. 

1.4.5 Technical Evaluation Report for Defueling Canisters 
(Reference 1) 

This TER presents the· design bases for the three types of 
canisters (fuel, filter, and knockout) that are used during 
defueling activities and it provides the information needed 
to demonstrate that the canisters can safely perform their 
functions. 

1.4.6 Technical Evaluation Report for Defueling Canister Storage 
Racks (Reference 9) 

This TER presents the design bases for the canister storage 
racks in both the Fuel Transfer Canal (FTC) and spent fuel 
pool ·A·. It provides the information needed to demonstrate 
that the canister storage racks perform their safety 
functions. Summaries of the relevant analyses are included. 

1.4.7 Hazards Analysis: Potential for Boron Dilution of Reactor 
Coolant System (Reference 6) 

This report addresses the potential for a boron dilution 
event within the reactor coolant system, describes measures 
taken to lessen the potential for a boron dilution event, and 
provides the bases for establishing the sampling frequency 
requirements included in the appropriate operating procedures. 

1.4.8 Safety Evaluation Report for Core Stratification Sample 
Acquisition (Reference 23) 

This report describes the activities to be performed during 
the acquisition of core stratification samples. It describes 
the equipment to be used and provides the information 
necessary to demonstrate that these activities can be 
performed safely. 
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DefuelinJ activities are performed in accordance vith detailed approved 
procedures. The type of operations performed during the defueling 
activities include: 

o loading fuel canisters and both top and aide loading debris baskets 
vith debris small enough to be loaded without significant size 
reduction operations 

o loading filled debris baskets into fuel canisters 
o moving large debris fragments to make way for vacuuming 
o vacuuming fines/debris into canisters 
o sectioning of oversized debris and end fittings for loading into 

fuel canisters 
o sectioning of fused debris in the core debris bed 
o removal of partial length fuel assecblies from the core 
o cutting of incore instrument guide tubes and instrument strings 
o boring through the debris bed to gain access to the lover vessel 

regions 
o removal of debris from lover vessel head region by vacuuming 
o use of a hydraulically operated shredder to reduce the size of core 

debris 
o replacement of loaded fuel canisters head gaskets in the fuel 

handling building 
o transferring loaded defueling canisters out of the reactor vessel 
o dewatering of the loaded defueling canisters in the reactor vessel 

and/or spent fuel pool •A• 
o storage of defueling canisters in spent fuel pool •A• awaiting 

shipment 

2.1 Equipment Installation 

Defueling equipment 1& fabricated in subassemblies to enable the 
equipment to be transported into the reactor building through the 
eziating personnel airlock. Equipment is brought into the reactor 
building at the 305'-6• elevation and transported to the operating 
deck area at the 347'-6• elevation. The main structure of the work 
platform is in position over the reactor vessel. Additionally, the 
canister positioning system is installed within the. vessel. Other 
defueling equipment is, in general, of modular design for ainimum 
assemhly and installation time and ease of aaintenance. 

Prior to being placed in service, equipment is functionally tested 
to assure that it vill interface as designed and perform as 
intended. Functional testing aay be performed at the aanufacturer•s 
facility, on site at the Defueling Test Assembly (DTA) and/or other 
areas at the site. All equipment undergoes au acceptance checkout 
and turnover program on site. 

2.2 Defueling Operations and Equipment 

Ezcept for water processing activities, debris and fuel handling 
operations and canister loading takes place inside a water-filled 
etructure comprieed of the reactor vessel and the IIF, 
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as modified for head removal and plenum removal operations. Ibese 
operations are supervised by an appropriately licensed operator. 

The vater level within the reactor veaael/IIF is determined and 
controlled to maintain adequate shielding and minimize dose rates to 
personnel on the vork platform and in su~rounding areas. It is 
erpected that the normal vater level vill be approximately S feet 
above the vessel flange. 

Prevention of inadvertent lifting of debris high enough to cause 
excessive exposure to personnel on the shielded vork platform during 
defueling activities is generally implemented mechanically through 
the use of rigging bars. It is planned to have th~ee standard 
rigging bar lengths. The different length bars may be coobined in 
several different vaya so as to accommodate the various defueling 
tools. Using the rigging bars per administrative controls prevents 
debris from being lifted above elevation 323'-6·. 

The above approach only applies to those tools handled by the 
reactor building service crane. For tools hanging from the vork 
platform jib cranes, no rigging bars are required, as the vertical 
movement limitations of the jib cranes prevent the lifting of debris 
above elevation 323'-6·. 

It is not considered necessary to mechanically restrict the liftine 
of all long-handled tools such that all debris remains belov 
elevation 323'-6• during defueling operations. To do so could 
potentially result in unnecessary cutting and handling activities 
that vould result in unnecessary occupational erposure. 
Consequently, administrative controls have been established to allov 
for lifting debris above elevation 323'-6·. Ibe &overning criteria 
is the maintenance of acceptable radiation levels on the defueling 
vork platform. In addition to the design features and 
administrative controls, radiation monitoring capabilities are 
provided on the defueling vork platform to alert the operators to 
dose rates that may be unacceptable. Acceptable dose rates are 
establ iahed by Radiological Controls for the planned activities. 

Procedures have been developed that require loads areater than 550 
lba. (weight aeaaured in air or 490 lba. aeasured in water) be in a 
resting (i.e., no loads on handling equipment) poaition prior to 
being released in the canister. Ibis limit is baaed on results of 
dynamic impact evaluations vbich shov that the lover aupport plate 
of the fuel canisters can withstand loads of at least 350 lba. 
(veigbt aeasured in air) dropped the full canister length without a 
failure of the lover plate to shell veld. When credit is taken for 
the drag forces of the vater in the canister this weiabt liait 
increases to SSO lbs. 

When the loading of a fuel canister is completed, the canister 
closure bead is inatalled. The. bulkhead seal surface and bolt holes 
are cleaned and inspected to ensure they are free of any debris. 
Ibe seal surface of the closure head is inspected to enaure it ia 
clean, sea!a are acceptable and the required number of bolts are in 
place. Ibe bead is then installed on the canister 
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and the required number of bolta torqued under water. Prior to 
removal of the fuel caniater ftom the reactor vessel, tvo relief 
valves are installed or the canister is vented. When the loading of 
a knockout or filter canister is completed, the canister is vented 
or the flov fittings are plugged and tvo pressure 
relief valves installed. Canisters may be devatered prior to 
transfer to the rHB. 

The vork platform is supported by the refueling canal floor via a 
aupport structure. The operators stand oo the rotatable shielded 
vork platform nine feet. above the reactor vessel flange. The vork 
platform and support structure provide shielding to minimize the 
contribution of in-vessel sources to personnel exposure. Between 
the vork platform and support structure, various linea are routed 
into and out of the IIF (Figure 2-3) for water treatment and air 
ventilation to control off-gassing. This vater treatment and 
off-gas control piping is stationary and does not impact operation 
of the rotatable shielded vork platform. 

The vork platform baa a full diameter, 18-inch vide slot, with a 24 
inch vide T-ahaped extension, through vhich the long-handled tools 
are operated. The vidth of this tool vorking slot and the work 
platform shielding are designed to limit the radiation fields on the 
platform vhile the long-handled tools are being operated. When not 
in use, the vorking slot can be covered by pluga of 6-inch thick 
ateel to further reduce the dose rates on the platform. 

The equipment used in defueliog is described briefly below. A 
cutavay viev of the canal and reactor vessel (Figure 2-4) above the 
placement of some of the major defueliog tools and support 
structures. 

Support Structure 

The shielded support structure supports the shielded rotatable vork 
platform and a atatiooary (service) platform area. The support 
structure also provides piping penetrations, an off-gas seal and 
abieldiog. The piping includes that necessary to aupport the DWCS, 
off-gas control system, RCS sample system and the l~vel •onitoring 
(i.e., bubbler) aystem. The off-gas seal minimizes the air intake 
flov into the aupport structure and vork platform region. This 
ensures that the off-gas aystem ia effective in controlling fission 
gas. Shielding plates are located on the service platform and along 
the north aide of the shielded support atructure to reduce radiation 
levela io operator work areaa. 

Shielded Rotatable Work Platform 

The abielded rotatable vork platform ia approxiaately 17-feet io 
diameter. The perimeter of the platform ia a fabricated wide flan&e 
beam vith roller asaemblies •ounted on the lover flange. The roller 
assemblies aate with the aupport rail •ounted on the aupport 
atructure. A cable drive ayatem providea the rotational drive for 
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the platform. Thia platform aupports 6-inches of stainless ateel 
ahielding aa vell as the defueling tools and their reaction loads 
and the operators. Three transfer porta are provided to allow 
canisters to be installed and removed through the work platform. 
Two removable jib cranes are mounted on the shielded work platform 
to aid the operators in manipulating the long-handled tools in the 
tool working slots. To avoid inadvertent movement of the shielded 
work platform, a manual disc-type brake ia attached to the service 
platform of the shielded support structure. The skirt on the 
shielded vork platform aervea as the disc. Additionally, the skirt 
design includes a 1-1/2 inch bole which, when aligned vith a l-inch 
hole in the service platform, permits installation of a pin to 
verify proper shielded work platform orientation for canister 
removal. With the brake or pin in ·place, a torque limiter ia used 
to prevent the cable drive system from rotating the work platform. 
A cutaway view of the shielded work platform ia shown in Figure 2-5. 

Auxiliary Work Platforms 

Auxiliary work platforms are provided to the north and south of the 
shielded work platform. The north aide platform eztenda over the 
canal dam and the south aide platform extends to the aouth end of 
the canal. The function of the auxiliary work platforms is to 
provide a staging area for personnel and equipment at the work 
platform elevation. The south platform supports the control \ 
consoles for operation and monitoring of the defueling equipment. 
The platforms are comprised of beam and plate subassemblies that 
were field-connected to the main support structure. The platforms 1 
are supported by the canal floor. The south platform is designed to 
be continuously manned duricg defueling activitiea 0 thus it ia I 
shielded to reduce radiation levels to personnel. The north 
platform is not a shielded structure. 

Single Canister Support Bracket (SCSB) 

The SCSB (Figure 2-6) may be used to support and position a single 
fuel canister during defueling. The SCSB also baa provisions to 
enable a knockout canister to be installed and used in conjunction 
with the vacuum system if this should prove to be .ueceaaary. The 
SCSB ia located in the long-handled tool slot on the work platform 
and moves on rails mounted to the shielded work platform. The SCSB 
ia moved manually along the length of the slot within the area 
bounded by the core former plates. A brake is incorporated into the 
SCSB design to prevent lateral movement during defueling. The 
sleeve handling tool, supported from above by a crane, lifts the 
canister aleeve, rotates and repositions the sleeve at other 
elevations, as required, to facilitate canister loading. The 
canister can be accessed from either end of the full length slot. 
The SCSB ia also designed to interface with the canister handling 
bridge. 
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D~ring defueling long-handled tools are used. Somt of them are 
sectioned for ease of handling and storage. The operator operates 
the tools through the slots in the rotatable shielded work 
platform. Host tools are supported by an overhead crane that 
provides vertical and lateral motion. Several cranes are available 
for use, including the tvo jib cra~es on the platform, the reactor 
building service crane and the polar crane. However, some of the 
tools can be supported by the hand rail or be hand-held. The 
working ends of the tools, in moat cases, have hydraulic actuation. 

Two types of long-handled tools are provided; both types of tools 
have been used previously in remote handling operations. the light 
weight tools are made with 1-1/2 inch aluminum or stainless steel 
pipe that is joined with pipe couplings and h3s integral working 
ends. the heavy duty tools are made with 3-inch, schedule 10, 
stainless steel pipe. All end effectors are attached to the long 
pole handles using bolts and couplings. Two locator pins are used 
to assure that any hydraulic connections are aligned prior to 
connection. 

Fines/Debris Vacuum System 

The fines/debris vacuum system as originally designed for uae during 
defueling activities is illustrated in Figure 2-7. That original 
design is composed of a pump, piping, valving and knockout and 
filter canisters. The system is designed to remove fuel debris from 
the debris bed. Adaptations to the original design are such that 
the system may be used to collect vacuumed debris in both knockout 
and filter canisters, connected in aeries, or, based on operational 
considerations, the system may be operated using other combinations 
of canisters (e.g., only single knockout canister, tvo knockout 
canisters in aeries). Each such combination vill be reviewed in 
accordance vith ezistiug tHI-2 administrative procedures to ensure 
no additional safety concerns are created. 

The vacuum system is located under and supported from the rotatable 
work platform. It bas a control console mounted on the south end 
auziliary platform. to prevent overloading of a canister, the 
system is equipped vith a aeans for determining the canisters' 
weight during loading. Knockout canister weighing is designed to be 
performed using the knockout canister connect assembly module, vbich 
is located under the rotatable work platform. After a mechanical 
interlock between the Canister Positioning System (CPS), which is 
carrying the knockout canister, and the knockout canister connect 
assembly module has been established, the knockout canister is 
lifted from the CPS a predetermined distance to allow weighing of 
the canister. the filter canisters are weighed using the Filter 
Canister Weighing System (Figure 2-8). the Filter Canister Weighing 
System is attached to the filter canister and suspended from the 
shielded work platform deck shielding plate. the ezisting load 
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cella used in weighing both the knockout and filter canisters have a 
0-7500 lb. range vith 0.5% accuracy. This results in a + 17 lb. 
accuracy for the design weight of a fully loaded canister (i.e., 
3355 lbs). In each case the load cell readout is provided on the 
control console. If the above weighing systems are not available, 
alternate means of weighing the canisters vill be provided and 
approved in accordance vith THI-2 administrative procedures. 

The vacuum pickup nozzle is connected to a defueliug canister by a 
flexible hose and is manually manipulated by a long-handled tool 
supported from the hand rail or from one of the jib cranes on the 
shielded vork platform. The nozzle may be equipped vitb borated I · 
(i.e., >4950 ppm) vater jets or other means to increase the 
vacuuming efficiency. Over-pressure protection of canisters is 
ensured since the maximum pu=p disc~arge pressure is belov the 
canister design pressure . The system is modular to permit remote 
installation and removal of the pump, load cell, valving and piping 
sections. A leak in the submerged piping on the discharge side of 
the vacuum pump is unlikely to result in a radiation hazard since 
the shielding on the shielded vork platform vill protect the 
operators from high dose. rates. 

In addition, the vacuum system vill be adapted to permit vacuuming 
of debris in the lover vessel head region. Adaptations vill be 
upstream of the existing vacuum system inlet connections. The 
vacuum system itself vill be operated within design parameters. The 
adaptations to be made a~e summarized as follows: 

o A fuel canister, installed in the single canister support 
bracket, vith a temporary closure head, providing system inlet 
and outlet connections, may be used. Prior to removing the fuel 
canister from the vessel, the temporary bead vill be removed and 
a standard fuel canister head installed. 

o A simplified vacuum nozzle vill be used. The nozzle vill not 
have mechanical unclogging capability. The system vill be 
backfluahed to clear the nozzle, as required. 

o If the fuel canister is used, vacuum hose, with. appropriate 
connections, vill be used to connect the nozzle to the temporary 
fuel canister closure head. Similar bose vill then be used to 
connect the closure bead to the existing vacuum system 
connection. If the fuel canister is not used, a longer length 
bose vill be used to connect the nozzle to the existing vacuum 
system knockout canister. 

The inlet connection on t he temporary fuel canister closure bead 
vill be equipped vith a nozzle vhich vill cause all debris entering 
the fuel canister to be directed vertically downward. This approach 
ainimizes the potential for damage to the boral shroud. As 
previously described, a limit of 550 lbs. (weight measured in air) 
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has been established as the maximum weight of debris that can be 
released into a fuel caoiater without being in a resting (i.e., no 
load) position. This limit was established to prevent damage to the 
lower support plate. Aa all of the vacuumed debris will weigh 
considerably leas than SSO lbs., lower head vacuuming operations are 
not expected to result in any damage to the canister lower support 
plate. 

To gain adequate access to the lower head area, the reactor vessel 
vent valves will be removed using tools and procedures similar to a 
normal removal (i.e., mechanical disassembly). The vent valves will 
be removed through the rotatable defueling work platform access 
slots and may be transferred unshielded in air to an appropriate 
storage location. Relocation or other measures will be taken to 
ensure acceptable doses to personnel during valve removal and 
storage. 

Canister Positioning System 

The canister positioning system (CPS) is shown in Figure 2-9. Ita 
purpose is to support fuel and knockout canisters (i.e., a total of 
five) and interface with the canister handling bridge and the vacuum 
system. The elevation of each canister in the CPS may be changed to 
minimize the canister height above the core debris bed as the bed 
level is lowered. Canister elevation is adjusted by changing the 
height of the support sleeves. The CPS can position the top of the 
canisters at elevations 324'-11·, 321'-o·, and 317'-o·. Lovering or 
raising of the canister sleeve can be accomplished only when the 
canister sleeve is under the open slot. Canisters are aoved into 
the loading position by manually rotating the CPS from above the 
platform. 

CUtting Station 

The function of the cutting station is to clamp and section debris 
which is too large to be loaded dire·ctly into fuel canisters and 1s 
too small to be cut in-place. The cutting station ia intended to be 
used to section debris composed primarily of ductile aaterial (e.g., 
304 stainless steel, zircaloy and inconel). The more brittle 
material will be sectioned by other tools while still on the core 
surface. 

The use of the cutting station requires that the debris be reaoved 
from the core region and positioned in the station. This will be 
accomplished via the long-handled tools. Clamping and cutting of 
the debris will occur at an elevation approzimately 9-1/2 feet below 
the normal water level. Cutting of the debris will be accomplished 
by a hydraulically operated saw. 

The cutting station is suspended from rails on the defueling work 
platform's working slot. Installation and aaintenance of the 
cutting station will be perforaed via the working slots. 
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The remote manipulator will be available to aupport long-handled 
tool operation• by handling defueling tools, component& of the 
viewing ayatem and fuel debria. The manipulator, •ounted to the 
.. nual tool positioner, will have approximately a 4-foot reach ~nd 
have atx deareea of freedom ~f motion. It ia intended that the 
manipulator be controlled from inside the reactor building; however, 
the option of controlling it from outside the reactor building and 
thus, reducing peraonnel exposure, may be available. The 
.. nipulator will be capable of performing defueling operations in 
areaa of the veaael vhtch are not directly below the work platform 
working alota, in .parallel with other defueling operation&. 

Manual Tool Positioner (HIP) 

The HIP will provide a rigid mount, capable of positioning defueling 
toola and the remote .. nipulator in all areas of the core aupport 
aaaembly. Mounting and removal of the defueling tools and the 
remote aantpulator will be accomplished via the working alota using 
long-handled toola. 

The HIP conatata of a poat aupported by a carriage which, in turn, 
ia supported by the rails on the work platform. The HIP can travel 
along the working alota via these ratla. A atabilizer, cl~ped to 
the poat and aupported by the core aupport aasembly baffle plates, 
.. y be uaed to increase the load capability of the HIP. The 
atabilizer .. y alao be used to atabilize debria in the core during 
cuttin& operationa. More than one HIP .. y be uaed if required. 

Abraaive/Water Jet Cutting Syatem 

The abraatve/water jet cutting ayatem will be provided to perform 
remote, underwater cutting of hard .. teriala with and without the 
uae of abrasives. The equipment is deaigned to be handled by the 
remote manipulator. The remote manipulator, in turn will be uaed to 
position the equipment at the cutting location. Nozzles with 
orifice dtametera compatible with abrasive/water jet cutting, water 
jet cutting, and abrasive and/or water jet surface cleaning will be 
used. An abrasive feed ayatem will be used to aupply abraaive grit 
to the nozzle. The feed ayatem will be capable of iaolation from 
the water jet to allow for water jet cutting and cleaning without 
the uae of abraaivea. The abrasive/water jet cutting ayatem can be 
turned off uaing an emergency ahutoff feature provided at the 
ahielded work platform. 

Water uaed for the abraaive/water jet cutting operationa will be 
borated to a concentration of at leaat 4350 ppm. The aupply ¥2ter 
for cutting will be extracted from the filter train of the DWCS or 
from another borated water aupply and will be returned to the 
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reactor vessel via the vaterjet. If hoses, rather than bard piping, 
are used for the water aupply line, appropriate controla vill be 
eatablished to avoid the possibility of connecting to the vrons 
water aupply. 

lncore Instrument Cutting Tool 

The incore instrument cutting tool is designed to cut the incore 
instrument guide tubes and instrument strings below the fuel 
assembly lover end fittings, as required. Due to the geometry of 
the region, the cutting of the guide tube below a fuel assembly aust 
be accomplished from a neighboring fuel assembly location. The 
actual area of cutting is in the 5-1/4. high apace between the 
bottom of the lover grid rib section and the top of the lover grid 
distributor plate. The tool is aized to permit inatallation into 
the apace vacated by one previously removed fuel assembly. 
Operator& on the shielded vork platform lover the tool into place 
using a long-handled pole . Once the tool ia in place, a hydraulic 
aotor is used to power a reciprocating aav mechaniaa located at the 
end of the tool. The handling pole is turned to bring the aav blade 
into contact with the guide tube. When the cut ia completed, the 
aav blade can be retracted and the tool can then be removed. 

Core Bore Equipment 

The equipment used for acquisition of core atratification samples 
may alao be uaed during defueling to provide access to the lover 
region of the vessel. Core stratification aample acquiaition 
activities vill use a hollow drill bit to withdraw core samples. 
When the core bore ••chine ia used for defueling, a solid face drill 
bit may be used. The majority of core bores during defueliug will 
be in the core region above the lover core support plate. Any core 
borea which pass bel ow the lover support plate vill be aligned to 
pass through existing openings in the lover core aupport assembly 
and the length of drill atring vill be controlled to prevent the 
drill from exceeding the maxiaum allowable drill depth. A detailed 
deacription of the core bore equipment and ita operation is provided 
in the Safety Evaluation Report f or Core Stratification Sample 
Acquisition (Reference 23). · 

Hydraulic Cutoff Sav 

A hydraulic cutoff sav, which is essentially a hydraulically driven 
back aav, may be utilized for aizing structural material or other 
debris. Tbia vill facilitate the loading of debris into defueliug 
canisters, debris baskets or debris containers . Debris will be 
secured for cutting using a hydraulically actuated claaping 
station. Both the sav and the claaping station will be located 
within the reactor veasel/IIF and aupported from the defueling vork 
platform. 
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The· impact chiael is a hydraulically actuated, miniature 
jackhammer-type tool for use in breaking apart bard materiala. The 
tool is designed for effectiveness on brittle, friable materials. 
The maximum output of the chiael is 2000 impacts/minute and the 
chisel can impart an impact energy of approximately 20 foot-pounds. 
The impact chisel will be supported by .either a long-handled pole or 
the HIP. The chisel's angle of attack can be varied remotely to 
achieve any angle from vertical to horizontal. Different bit typea 
are provided for the various anticipated chiseling operations. 

Viewing Syatem 

The viewing aystem used within the IIF and reactor vessel to support 
the defueling activities consists primarily of the same video 
equipment used for the plenum inspections. The cameras and lighting 
systems are a combination of atationary-mounted and mobile units 
with various articulating features. The operators can manipulate 
long-handled tools to position the cameras and lights for optimum 
viewing. The operation of the manual tool positioner, the remote 
manipulator and other cutting equipment allowa defueling activities 
to be performed in areas of the vessel not directly below the work 
platform working slots. These activities require viewing 
capabilities under the work platform. Thus, camera mounts .. y be 
hung from the work platform support beams or the core support 
assembly baffle plates. 

Abraaive Saw 

An abrasive saw may be used to perform underwater cutting 
operations. This tool is designed to be attached to the HIP. The 
abrasive aaw is powered by a hydraulic •otor. Different blade 
materials will be provided for the cutting of the different types of 
debris materials. The abrasive saw is designed to be installed 
through the working platform alota. 

Top Access Partial Fuel Assembly (PFA) Removal Tool. 

The top acceas PFA removal tool ia available to provide the 
capability to remove partial fuel aasemblies from the core region of 
the vessel. The intended use of this tool is to install a stainless 
steel anchor bolt into the top portion of a fuel aaaembly stub via a 
aeries of impacta. These impacts would drive the approzimately 
27-inch long anchor bolt up to 23 inchea into the center of the 
upper portion of an intact fuel aaaembly stub. The mazimum poaaible 
impact energy to the anchor bolt ia 6,600 foot-pounda. The tool 
will then be used in conjunction with the reactor building service 
crane to lift and tranalate the fuel aaaembly stub to a fuel 
caniater for loading into the caniater. 
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The hydraulic shredder will be used to reduce fuel pins (with and 
without fuel) and inconel spacer grids to sizes which .t11 
facilitate placement into fuel canisters or debris baskets. The 
shredder will be suspended below the defueliog work platform using a 
support structure attached ~o the platform. The shredder is 
hydraulically powered using a working fluid borated to at least 4350 
ppm. The shredder hydraulic system bas a capacity of approximately 
130 gallons aod is independent of the existing hydraulic system used 
to power the other defueling tools. Additionally, the gear box baa 
been sized to contain less than 2 gallons of lubricating oil. The 
control console will be located on the work platform aod the 
shredder will be located io the reactor vessel close to the rubble 
bed. As planned, the fuel/debris will be loaded into ao inlet 
hopper and the shredder output will be discharged to a transfer 
container which is then emptied into a fuel canister or debris 
basket. Discharge from the shredder may also be directed to the 
debris bed. Non-ahreddable material lodged io the shredder will be 
retrieved through manual manipulations using long-handled tools. 

Control System 

The control system provides central hydraulic power, electrical 
power distribution, controls and instrumentation, including the 
viewing system monitors and the overall cable management system for 
the following systems: 

o Viewing System 
o Shielded Work Platform Drive System 
o Vacuum System 
o Hydraulic System 

The control systems, control console, electrical power distribution 
equipment, hydraulic power equipment, aod instrumentation are 
located oo the auxiliary work platform south of the reactor vessel. 
A local service panel for equipment plug-in will be located oo the 
shielded work platform for operator use. 

The hydraulic system is used to supply hydraulic fluid at the 
required operating pressures aod flow rates for the operation of 
moat of the defueliog equipment. The hydraulic system working fluid 
ia borated to a concentration of at least 4350 ppm. For 
tools/equipment where hydraulic fluid other tbao that supplied by 
the hydraulic ayatem is used (e.g., core bore, hydraulic shredder), 
the fluid used will be borated to at least 4350 ppa or the 
quantity/location of the fluid will be evaluated to eoaure oo safety 
concerns exist. 

Debris Containers 

To expedite access to the vacuumable fuel debris io the core region, 
debris containers may be used for the removal aod storage of fuel 
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assembly upper-end fittings, control component spiders, or other 
structural material from the reactor vessel. The debris containers 
are s1milar in outside design to the fuel canisters described in 
Reference 1, except for the upper closure head and the number of 
bolt holes. Additionally, the debris containers are not required to 
have the internal boral plates, concrete filler, recombiner 
catalyst, or dewatering capability. 

The bulkhead opening will be enlarged to facilitate loading of end 
fittings or other structural material. The enlargement is 11mited 
to allow usage of existing closure beads. As a method of 
differentiating these containers from fuel canisters, four of the 
eight bolt boles on the container and closure head have been 
eliminated. The debris containers will be partially assembled on 
site using spare or rejected parts from the canister vendors. The 
assembly will use site-approved welding procedures. 

During loading, the use of the seal cover will be eliminated. This 
will aid in identification of the type of container as well as 
facilitating end fitting loading. After the debris containers are 
loaded, they will be closed and stored in the spent fuel pool •A• 
storage racks. Use of these debris containers for shipment will 
require a separate licensing submittal. 

Cable Management System 

The cable management system prevents entanglement and binding of 
cable and bose assemblies rotated onto the shielded work platform. 
The cable management system routes stationary and moving cables and 
hoses (electrical, hydraulic and pneumatic) from the electrical 
power distribution center to the required positions. The cables are 
routed through a powertrack from the canal floor onto the rotatable 
shielded work platform. As the shielded work platform rotates, the 
powertrack wraps around the support structure of the shielded work 
platform. The total takeup travel required for ± 1900 rotation of 
the shielded work platform is 30 feet. To accommodate this 
movement, the powertrack is threaded through a drum housing that has 
a 15-foot travel capacity and is designed to take-up and let-out the 
powertrack in a fashion similar to a block and tackle arrangement. 
The drum housing is attached, by a cable, to a counterweight that 
keeps the powertrack taut throughout ita travel. 

2.3 Canister Handling 

Empty canisters are brought into the reactor building horizontally, 
through the personnel airlock. The empty canisters are then 
transported to elev. 347'-6" and lowered into the Fuel Transfer 
Canal (FTC) where they are stored vertically in racks in the shallow 
portion of the north end of the 'canal. Empty canisters can also be 
brought into the reactor buildicg using the fuel transfer system, if 
necessary. The e.mpty canisters can be placed in the reactor vessel 
defueling system using either the Canister Handling Bridge (CHB), 
the reactor building service crane, or the polar crane. 
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To transfer loaded canisters from the reactor vessel, the CHB 1a 
required (aee Section 3.3.1). Prior to transfer, the loaded 
canisters are prepared for transfer as discussed iu Section 2.2. In 
addition, the canisters may be partially devatered within the 
reactor vessel. This dewatering is intended to expose at least SO% 
of the recombiner catalyst vithiu an inert cover gas; thus, the 
potential for significant hydrogen pressure buildup during canister 
transfer and storage will be minimized. However, this partial 
dewatering ia not required to safely transfer the canister& to the 
Fuel Handling Building (FHB) for dewatering and storage, as 
overpressure protection 1s provided. 

Once canister preparation is complete, the CHB is positioned over 
the canister removal port, the tool slot, or the filter canister 
removal ports, depending on vhere the canister to be transferred ia 
located. The canister removal port and the filter canister removal 
porta have steel •hielding in the air gap under the vork platform. 
This shielding is designed to extend down into the vater. The 
canister transfer shield bottom is at elev. 331'-10 112·, providing 
a nominal 4-1/2 inch clearance between the vork platform and the 
shield. During canister transfers, a shield collar vill be lowered 
to touch the vork platform. The collar vill automatically atop vben 
it touches the vork platform and the vork platform has been designed 
to withstand the force imposed by the collar. Vertical shielding 
between the platform and the vater is not present at the alternate 
tranafe~ location in the tool alot or on the single canister aupport 
bracket. Shielded panels for the tool alot will be available to 
close o!f the portion of the alot not being used for canister 
transfer. Use of these shield plugs or other shadow shields, or 
relocation of personnel, aay be used to ainimlze vorker exposures 
during transfers from these locations. Routine access to the north 
end auxiliary vork platform will not be permitted vben lowering 
filled caniatera into the deep end of the FTC. 

The CHB will remove canisters from the veasel, transfer them to the 
north (deep) end of the canal, and then lower the canisters into the 
canal storage racks or one of the tvo fuel tranafer ayatem 
upenders. Some vacuum system filter caniaters aay be transferred to 
the DWCS filter canister storage locations. These filter canisters 
aay then be reused as cleanup filters in the DWCS · Shielding for 
all canisters in the canal ia provided by the can~ vater. 
Canisters will be transported from the canal sto~4ge racks to the 
fuel transfer ayatem upender uaing the CHB. 

The fuel transfer system upender in the reacto'r building will lover 
the caniater into a horizontal position to enable ita .avement into 
the FHB. The canister will be brought back into the vertical 
position by an upender located within apent fuel pool •A• in the 
FHB. The canister is removed from the fuel transfer ayate• by the 
CHB in the FHB (see Section 3.3.1) and ia transferred to either a 
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aubmerged wtorage rack location or the dewatering atation in apent 
fuel pool •A•. If the caniaters are initially placed in the storage 
racka, the CHB .will be uaed to transfer the cauiatera fro• the 
atorage racka to the dewatering station located in spent fuel 
pool •A•, where dewatering is to be performed. Additionally, a 
loaded canister aay be returned to the reactor vessel by just 
reversing the process taken to place the caniater in the FHB. 

Once the caniater is lowered into the dewatering station, inert gas 
is used to purge the standing water from the canister. The water 
and inert gas flow through a sight glass and filter and into a 
holding tank. The sight glass permits the detection of gas bubbles 
which aay be used aa au indication that the canister is devatered. 

The CHB is equipped with a load cell which will permit the CHB to be 
used to veigh the canister before and after 4ewatering in the FHB to 
determine the amo~nt of water removed during dewatering and to 
demonstrate that the dewatered canister complies with the maximum 
shipping weight restriction. The shipping weight restriction is 
2800 lbs. ; however 5% of the canisters are allowed to be up to 
S% overloaded (i.e., 2940 lbs). After the canister ia dewatered, it 
is filled with inert gas to a positive pressure. The CHB is then 
used to remove the canister from the dewatering station and move it 
to a storage rack location. 

The CHB's can also replace the filter canisters in the DWC aystem 
racks located in spent fuel pool •A• and in the deep end of the 
FTC. These canisters are dewatered and stored in the FHB after use 
via the aame procedures used for canistera transferred from the 
reactor vessel. 

Due to the excessive leakage past the fuel canister bead gasket 
seals that has been experienced to date, the original gaskets are to 
be replaced. For those canisters that have already been loaded with 
debri~ . this gasket replacement will be performed in the FHB. To 
perform this activity, the loaded canister must first be positioned 
in the dewatering atation where the canister bead will be removed. 
The bead will then be transported, via crane, to a specially 
designed work table, which ia attached to the dewatering atation 
platform shield vall. The work table ia rotatable, thus permitting 
the canister head to be turned over, which allows access to the 
gaaketa on the underside of the cauiater bead. After rotating the 
bead, the original gaskets v1ll be removed and new gaaketa 
inserted. To minimize the potential for the apread of contamination 
to the apent fuel pool water, a temporary cover will be placed on 
the canister once the bead ia removed . Prior to returning the 
caniater head to the canister for reinstallation, the head vlll be 
visuall y inspected for damage. If any damage ia found, the bead 
will be repaired or replaced. 
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Fotential off-nor~al eventa, auch as electric power failure, loas of 
compressed air, failure of viewing aystems, jamming of defueling 
equip=ent, tool failures, and operator error have been considered 
durin& the design of the defueling aystems. It vas the design 
objective to preclude safety concerns during such potential events. 
This safety evaluati~n addressee those off-normal events which have 
a potential impact on the health and safety of the public. Other 
off-normal eventa, aucb as those noted above, may cause a delay in 
the defueliog activities until repairs can be made, but will not 
cause unacceptable risk to the health and aafety of the public. 
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Figure 2-4 Early Defueling System 
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Figure 2-6 Single Canister Support Bracket 
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3.0 Components and Systems Affected 

3.1 Containment 
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During defueling operations, the uncontrolled release of radioactive 
material to the environment is prevented by maintaining the 
integrity of the reactor building containment. All defueling 
activities and filled canister transfer operations vill be stopped, 
as required by Technical Specifications, any time both air lock 
doora are opened. Containment integrity prevents ,n unacceptable 
release of radioactive materials to the environmenc and will be 
maintained in accordance with Technical Specifications. The 
containment purge systems will be operated in accordance with 
procedures approved by the NRC pursuant to Technical Specification 
6.8.2. 

3.2 Systems 

3.2.1 Reactor Coolant System (RCS) 

During defueling activities, the safety function of the RCS 
is to provide a sufficient volume of adequately borated water 
to maintain subcriticality of the core and to provide decay 
beat removal. In addition, the RCS serves as s water shield 
for radiation sources inside the vessel. The RCS will be in 
a depressurized condition with the water level maintained as 
discussed in Section 2.2. 

The RCS water vill be sampled at a frequency sufficient 
(i.e., determined based on Reference 6) to ensure adequate 
protection against the effects of a boron dilution event. 
The sampling will be accomplished using an RCS sampling 
system which provides remote sampling capability. The system 
takes auction from the 315' elevation inside the vessel. 
Inadvertent rapid drain down via auction is precluded by the 
use of small bore piping. Representative sampling is assured 
by normal thermal mixing in the vessel and adequate line 
purge prior to sampling. In addition, sampling vill be 
performed in accordance vith Recovery Operations Plan 4.4.9. 
When the DWCS is operating, it provides another means of RCS 
sampling. 

3.2.2 Reactor Coolant System Level Monitoring 

Level monitoring is accomplished through at least two of 
three independent systems in the RCS. There is a pressure 
transmitter connected to the RCS bot leg which monitors the 
water level using the hydrostatic head of the water over the 
transmitter. The transmitter has a digital readout located 

-35- Rev. 10 
0404Y 



. · 

15737-2-G07-108 

in the control room. A local level indicator, located at the 
282' elevation of the FHB, is alao provided and connected in 
p5rallel with this transmitter. During a loss of power this 
local indicator could be used to provide level information • 

A bubbler system, similar to the one used aince the 
installation of the IIF, functions aa a second level 
monitoring aystem. The bubbler ia an open ended ayatem into 
which air is introduced at a constant flovrate. The air 
pressure equals the hydrostatic head of water above the open 
end of the tube ·and is sensed and displayed as the water 
level. The readout ia located in the control room. 

A third means of level indication is a tygon tube attached to 
the cold leg. During a loss of power, this tube would still 
be available to monitor water level. 

Low and high level alarms will be aet to aignal any 
unacceptable trends (i.e., increase or decrease) in the water 
level. · 

3. 2.3 Standby Reactor Coolant Pressure Control System (SPCS) 

The normal function of the SPCS is to maintain the RCS volume 
at desired levels. During defueling, when the RCS ia in a 
depressurized condition, the SPCS, if available, could 
provide additional capability for makeup of borated water. 
The SPCS is capable of injecting borated water from the 
charging water storage tank into the RCS to ensure that the 
desired level is maintained and to ensure that the reactor 
coolant can be maintained within the prescribed boron 
concentration limits. 

3.2.4 Mini-Decay Heat Removal System (HDHRS) 

The HDHRS ia designed to provide for heat removal from the 
RCS by forced circulation through the core . During 
defueling, decay heat removal will be by loss to ambient 
cooling. The HDHRS provides a flow path for the transfer of 
water from the borated water storage tank to. the RCS. 

3.2.5 Nitrogen System 

The Nitrogen for Nuclear and Radwaste System stores and 
supplies nitrogen at various pressures to several different 
ayatema. The nitrogen is used as a diluter of hydrosen and 
radvaste gas, as a purge gas, to maintain system pressures 
and aa a non-corrosive cover gas. 
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3.2.6 Internals Indexing Fixture (IIF) 
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The IIF vas installed on the reactor vessel after the bead 
vas removed. It has been modified and bolted to the reactor 
vessel flange and partially filled with RCS water. The IIF 
will remain in place during defueling to provide water 
shielding over the defueling equipment located within the 
reactor vessel. More details of the IIF can be found in 
Reference 4. 

3.2. 7 Defueling Water Cleanup System (DWCS) 

The DWCS is intended to be the primary water processing 
system during defueling. It is designed to be operated on an 
as needed basis to remove radioactive ions and particulate 
matter from the water in the deep end of the FTC, spent fuel 
pool •A• and the reactor vessel. The system is composed of 
two major subsystems which allow greater processing 
flexibility. These two subsystems are the Reactor Vessel 
Cleanup System and the FTC/Spent Fuel Pool Cleanup System. 
Further DWCS detail and the system safety evaluation are 
contained in Reference 2. In the event of the unavailability 
of the DWCS, the Submerged Demineralizer System (SDS) and a 
temporary reactor vessel filtration system can be used to 
remove radioactive ions and to maintain radioactivity at 
acceptable levels in both the RCS and FTC. 

3.2.8 Canal Dam 

The storage of the plenum assembly and defueling canisters 
and canister transfer operations require that the deep end of 
the refueling canal be filled with water. A dam weighing 
approximately two tons, fabricated from stainless steel, is 
placed in the existing keys in the floor and the east and 
vest valls of the refueling canal. This dam allows the deep 
end of the canal to be filled to a level above the floor of 
the shallow end of the canal (el. 322'-6•). The aain 
structure of the dam is a 3/8-lnch stainless steel plate with 
stiffeners behind and along the periaeter of the plate. The 
dam has two redundant parallel inflatable saskets alons the 
dam edges which provide a leaktisht seal. The canal dam is 
addressed in more detail in Reference 3. 

In the low probability event that excess dam leakage or a 
complete loss of the dam function occurs, the water level in 
the deep end of the FTC and in spent fuel pool •A• would be 
lowered. The tops of the canisters positioned in these areas 
will remain below the resulting water level; thus, the 
canisters will remain shielded. The level of water shielding 
over both the plenum assembly and the canisters will be 
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reduce_d; however. the entire canal could be flooded to 
re-establish the normal defueling water level in the deep end 
of the FTC, if necessary. Another postulated condition 
requiring flooding of the canal is excess llF leakage. 

The water level in the shallow end of the FTC following 
flooding would be vell below the water sensitive electrical 
equipment associated vith the defueling vork platform. 
including the cable management system and the platform drive 
motor. Consequently, dam failure will not reault in failure 
of the defueling platform systems. 

3.2.9 Fuel Transfer Syatea 

The Fuel Transfer System (FTS) is used to move canisters 
between the reactor building and spent fuel pool •A•. The 
FTS baa been modified to handle asymmetrically loaded fuel 
canisters weighing up to 3355 lba. Canisters are handled by 
the FTS in the same manner as fuel assemblies. The basket on 
the FTS baa been modified to accept canisters and the drive 
baa been modified to be more easily maintained and leas 
sensitive to track misalignment. The fuel transfer system 
underwent full operational testing and turnover prior to use. 

3.2.10 Dewatering Systems for Defueling Canisters 

The Dewatering Systems (DS) are designed to purge water from 
submerged defueling canisters using inert gas. There are two 
locations at which dewatering may be performed. The first is· 
inside the reactor vessel where canisters may be dewatered 
prior to removal from the reactor vessel. The second is in 
the dewatering station in the FHB. The DS also provides an 
inert cover gaa. 

In-Ve88el DS 

The in-vessel DS can be utilized to partially devater 
canisters prior to transfer to the deep end of the FTC. 
Canisters vill be dewatered using bottled inert gas located 
on or near the vork platform. The connection to the 
canisters from the inert gas supply will be via a 1/4-incb 
supply bose. The inert aas supply pressure will be below the 
design pressure of the canisters to prevent overpressurization 
of the canisters. 

The water displaced from the canisters, as well as any excess 
inert aas. will be vented directly to the reactor vessel. 
Any airborne particulate activity resulting from the 
in-vessel dewatering will be removed by the off-aaa system 
provided by the work platform. 
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The FHB DS baa been installed in the northeast end of apent 
fuel pool •A•. 

There ia no aource of unborated vater to the FHB DS which 
would dilute the boron concentration of the water removed 
from the caniaters. lhe FHB DS pumps have been sized to 
prevent accumulation of significant quantities of fuel in 
them and the piping is designed to prevent the aaae. 
Protection for the defueling canisters from 
overpr~saurization during dewatering is ensured by limiting 
the FHB DS operating pressure to below the canister deaigu 
pressures. 

The majority of the potentially radi oactive components of the 
FHB DS are submerged. Consequently, the fuel pool water 
provides most of the necessary shielding. The FHB DS vork 
platform has been provided vith additional shielding to 
reduce the dose rates to personnel on the platform from t-oae 
components that are not aubmerged. 

The FHB DS vents excess inert gas through automatic vent 
valves to a holdup tank. This tank is then vented to the SDS 
off-gas filter via a single tie-in to the 6-inch, off-gas 
line. The most significant expected consequence of this 
tie-in is that the SDS off-gsa filters may have to be changed 
out more frequently. 

The plauuea activities associated vith the operation of the 
FHB DS are not expected to release any appreciable amount& of 
gaseous or pacticulate activity. However, any particulate 
acti vity vill be processed by the HEPA filters in the SDS 
off-gas system, ensuring a negligible release to the 
environment. 

3. 2.11 Decontamination Spray System (DSS) 

The DSS provides the ability to flush -radioactive debris from 
the surface of the canisters, end effectors, long~dled 
tools, and other equipment as each item is removed from the 
reactor vecsel. The system tubing, fittings and nozzles are 
mounted to the underside of the shielded vork platform, 
ensuring all flush water and radioactive debris will be 
confined to the reactor vessel. The flush water will be 
borated (i .e., ~4950 ppm). A hose connecting the FTC fill 
manifold to a manifold on the shielded ~ork platfora supplies 
the borated water. 
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The off-gas system creates an airflow through the vork 
platform, into the llF enclosure, and out to the reactor 
building atmosphere through a filtration unit. This airflow 
through the platform prevents radioactive gases produced 
under the platform from reaching personnel working on the 
platform. The 4000 scfm filtration unit, equipped with HEPA 
filters and a moisture-separating, multi-density prefilter, 
can maintain an average flow velocity of ISO fpm th~ougb the 
work platform openings baaed on approximately 26 ft in 
openings in the platform. The system is operated on an as 
needed basis. The filtration unit is connected to the IIF 
enclosure via two, twelve-inch flexible ducts and discharges 
directly to the reactor building atmosphere in an area 
located away from the platform. 

3.3 Material Handling Equipment 

3.3.1 Canister Handli~~ Bridges (CHB) 

Two CHB's are required for canister transport during 
defueling operations, one in the reactor building and one in 
the FHB. The existing storage fuel handling bridge, with a 
new canister handling trolley, transfers loaded canisters in 
the FHB spent fuel pool •A• area. The existing auxiliary 
fuel handling bridge, with a new canister handling trolley, . 
transfers canisters in the FTC area of the reactor building. · 
Shielding for the canisters is provided by a fixed, shielded 
mast (i.e., canister transfer shield) attached to the trolley. 

The existing auxiliary and storage fuel handling bridges are 
used to provide north-aouth •ovement of the canisters. The 
new trolleys provide east-vest movement of the canisters. 
The bridges, trolleys and hoists are motor-driven and 
controlled from the trolleys. Each new trolley includes the 
canister transfer shield, grapple, grapple guiding tool, 
hoists, cable and bose reels, and a load c'll with a digital 
readout. The trolleys are capable of centering the canister 
handling grapple over all canister locations, using a digital 
location system. Visual matchmarks on the CHB trolley will 
provide backup to the digital system. 

The canister transfer shield (CTS) is aade of stainless steel 
encased lead (2-1/2 inches Pb) and is fixed to the floor of 
the trolley. The CTS is provided to reduce radiation fields 
to an acceptable level during canister transfer. There is a 
3-inch thick lead shield on top of the grapple tool to 
minimize the radiation exposure to the operator on the 
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trolley. A 9-foot high shield collar ia located on the lover 
end of the CTS in both the reactor building and FHB. The 
collar on the CTS in the FHB consists of 1-l/2 inches of 
lead. The upper portion of the collar in the reactor 
building also consists of l-l/2 inches of lead. The lover 
portion of the collar (i.e., approximately 30 inches) in the 
reactor building consists of 4 inches of lead. These collars 
are retractable to provide any necessary clearances during 
movement. The collars can extend down into the water when 
over the transfer mechanism or racks to eliminate any gaps 
between the water level and the lover end of the CTS. 

The CHB grapple hoists canisters out of the vessel, through 
the work platform and into the transfer shield. The CHB 
grapple is an air-operated, single-point grapple which fails 
in the engaged position. The grapple actuating system 
consists of an air cylinder coupled to a spring-loaded cam 
rod. The camming action causes the . bottom end of three pawls 
to rotate outward and engage the special handling ledge 
integral to the defueling canister lids. A grapple 
engaged/disengaged position indicator light is provided on 
the canister handling trolley to give indication that the 
grapple has engaged. 

The grapple is the primary means of preventing a canister 
drop. While a canister is being raised or lowered from the 
CTS, it is the only retaining device. However, during 
canister transport, tvo redundant canister retention 
mechanisms, located at the bottom of the transfer shield, 
provide a diverse secondary means of preventing a canister 
from falling out of the shield in the unlikely event of 
grapple failure or accidental release. An engaged/disengaged 
indicator light is provided on the canister handling trolley 
to give positive indication that the retention mechanisms are 
functioning properly. 

The components and structure of the CHB's are designed to 
conform to safety standards of ANSI !30.2-1983 and 
ANSI B30.16-l978. Prior to their use in defueling, the CHB's 
were tested to meet the requirements of ANSI ~30.2 and the 
THl-2 Lifting and Handling Program. The critical load 
bearing components of the CHB trolley and transfer shieldt 
including the canister retention aechaniama, vere designed to 
conform to NUREG-0612, Section S.l, and have a factor of . , 
safety of 5 baaed on ultimate strength and 3 baaed on yield 
strength. 

3.3.2 Polar Crane 

The reactor building polar crane waR used to lift heavy loads 
during installation of the early defueiing equipment and aay 
be used during subsequent defueling operations. The 
capability of the polar crane to lift these loads baa been 
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demonstrated by the polar crane load teat and the reactor 
vessel head lift which is addressed in Reference 4. The 
·polar crane will not be used to handle fuel-filled canisters. 

3.3.3 Reactor Building Service Crane 

The Reactor Building Service Crane (~SC) is a 5-ton capacity 
crane which spans the FTC. This crane is used to handle 
tools, equipment, shielding and empty canisters. The crane 
is also used to handle long-handled tools during fuel 
canister loading operations. To prevent fuel canister 
overloading during loaJ1~g operations, the RBSC is used to 
weigh the fuel canisters on an as-needed basis. The RBSC, in 
conjunction with an appropriate lifting tool, and an ordinary 
weight scale are used to weigh the open fuel canisters. The 
RBSC may also be used to weigh canisters as part of in-vessel 
dewatering. The crane rigging is such that the canister 
cannot be lifted to a height that would cause excessive 
exposure to personnel on the shielded work platform. 

The crane rails run the length of the canal on top of the 
D-rings. This allows the crane access to the entire length 
of the canal and to the l~tch between elev. 347'-6" and elev. 
305'. This crane provided load handling capability for the 
numerous small loads required to be handled during defueling 
preparations and operations without requiring use of the 
polar crane. The crane was load-tested prior to use. The 
crane complies with the THI-2 Lifting and Handling Program 
and ANSI B30.2.0-1983, Overhead and Gantry Cranes. 

3.3.4 Jib Cranes 

Two 1-ton capacity jib cranes are located on the shielded 
work platform to assist operators in manipulating 
long-handled tools within the slot. The reach of the jib 
cranes is such that a direct vertical lift can be made at any 
location along the slot. The jib crane boom can be aligned 
along the axis of the long-handled tool slot at any angular 
orientation of the shielded work platform. This 
configuration allows direct translation of debris to the fuel 
canister and/or intermediate loading baskets. This jib crane 
arrangement also provides easy rotation away from the path of 
the canister transfer mechanism. The maximum lift above the 
platform with the cranes is 13'-6". With the 1-ton capacity, 
the jib cranes cannot handle full canisters. The jib cranes 
comply with the THI-2 Lifting and Handling Program, 
specifically ANSI B30.11-1980. 
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4.0 Safety Concerua 

4.1 General 

4.2 

An evaluation of the activities associated with defueling identified 
the following safety issues: 

0 criticality control 
0 boron dilution 
0 release of radioactivity 
0 hydrogen evolution 
0 pyrophoricity 
0 heavy load drop 
0 fire protection 
0 decay heat recoval 
0 use of the core bore equipment 
0 reactor vessel integrity 

Each of these issues is discussed below. 

Criticality Control 

4.2.1 Reactor Coolant System 

Criticality calculations have been performed to determine the 
minimum boron concentration required in the RCS to maintain a 
1% 6k shutdown margin. A conservative and bounding fuel 
model vas used to determine this boron concentration. The 
results of this design basis model also account for cocputer 
code uncertainty. A boron concentration of 4350 ppm v1l1 
assure that the reactor core is maintained subcritical vith 
keff ~0.99 during all reactor disassembly and defueling 
operations. This includes the movement of any reactor 
component, including fuel, vithin the vessel, vhetber planned 
or due to an accident such as a heavy load drop. Reference S 
provides the basis and models used in the selection of a 
subcritical boron concentration for defueling. 

With the introduction of additional materials to the RCS, the 
potential exists for the RCS reactivity to increase. This 
could occur if the introduced materials vere to act as 
neutron moderators and/or refle·ctora or were able to dilute 
the boron concentration. To ensure that this situation vould 
not occur, a reviev of aaterials that aay be located on the 
defueling vork platform or handled vithin the reactor veaael 
bas been made. The effect of these materials on the shutdown 
margin, assuming they vere brought into contact with the 
fuel, vas determined considering the materials as moderators 
and reflectora. For the purpose of thia evaluation, the RCS 
boron concentration vas assumed to be 4950 ppm, the lover 
procedural operating liait. A quantity of the various 
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materials vas determined such that the resultant kef£ ~0.99 
for all credible situations (Reference 22). Additionally, 
the abrasive grit to be used in the abrasive/water Jet system 
has been evaluated to ensure that the addition of this 
material to the reactor vessel vill not result in a 
criticality safety concern. Controls have been implemented 
to ensure that limitations on material type and quantity are 
not violated (e.g., only abrasive grit materials that have 
been evaluated for their effect on keff vill be used, 
hvdraulic system working fluid is borated to at least 4350 
ppm). 

4.2.2 Canister Handlin& Operations 

Caniste: handling operations raise three areas of cone~rn 
regarding criticality. The first deals vith the transport of 
the ~aniaters in the canister transfer shield, the second 
deals vith dewatering of the canisters, and the last ia 
related to the removal of the canister head for gasket 
replacement. 

Relating to the first concern, lead and steel in the can.ister 
transfer shield and shield collar vill act as a reflector for 
neutrons when a canister filled vith core debris ia placed 
inside the shield. Criticality calculations vere performed 
to verify that an adequate shutdown margin (i.e., keff ~0.95) 
vill be maintained durin& operations involving the canister 
transfer shield. 

The criticality analyses for the various configurations using 
the canister transfer shield have been analyzed using XENOIV 
(Reference 11). Insertion studies vere performed vhich 
concluded that the 100% canister insertion level vas the moat 
reactive. The results of the calculations indicated that no 
poison material is required in the design of the transfer 
shield as keff vill remain below 0.95. These results are 
valid for standard, unruptured canisters and for canisters 
with ruptured i~ternala. Further details are presented in 
Reference 1. 

Durin& dewatering, the criticality concerns can be considered 
bounded by the results provided in Reference 1; the analyses 
performed for Reference 1 were completed vith optimal 
fuel/moderator ratios. 

With regards to the gasket replacement activities, Reference 1 
analyses demonstrate that the aazimum kef£ for a single, 
loaded fuel canister moderated with unborated water is 
0.857. The removal of the canister head would not be 
expected to appreciably affect this value. Additionally, the 
canister vill remain in spent fuel pool •A" during the gasket 
replacement. Aa the Technical Specifications require the 
vater in spent fuel pool •A• to be borated (~4350 ppm), the 
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water within any open fuel canister will also be borated. 
Taking credit for the borated water within the caniater would 
reduce keff to a value well below 0.857. Consequently, it 
ia concluded that the planned activities associated with the 
head gasket replacement do not reault in a canister keff 
exceeding 0.95. Additionall y, if any of the open canister'• 
contents are spilled into spent fuel pool •A•, aubcriticality 
ia ensured by the 4350 ppm boron concentration in the pool. 

4.2.3 Canisters In Storage Racks 

Criticality calculations have been performed to demonstrate 
that the defueling canisters array in the storage racka will 
maintain a keff ~0.95. Further details are presented in 
Reference 1. 

4.2.4 Debria Containers 

The following evaluation vas performed independent of the 
debris container&' fuel inventory; thus, no restrictions are 
required regarding the amount of fuel loaded into the 
containers. However, efforts are made to limit the amount of 
fuel entering the containers. These efforts include limiting 
fuel rod end stubs to approzigately tvo (2) inchea and 
limiting debris to structural materials vith no significant 
quantities (i.e., chunks or agglomerations) of unidentifiable 
material attached. Thus , the containers are not expected to 
contain significant quantities of fuel. 

When debris containers are being loaded in the reactor vessel 
or temporarily stored in either the fuel transfer canal or 
spent fuel pool •A•, they vill be submerged in vater having a 
boron concentration of at least 4350 ppm. Since the 
containers are vented, the boron concentration of the water 
within the containers vas assumed equal to that of the 
aurrounding vater. Previous analyaes (R~ference 5) have 
demonstrated that the core vill remain shutdown, vitb a 
keff ~0.99, vben the RCS vater is borated to a 
concentration of at least 4350 ppm. Although differences 
exist between the assumptions used in the Reference 5 
analyses and those that vould actually be used for an 
explicit analysis of submerged containers, direct application 
of the Reference S results to this evaluation are 
conservative. The differences are noted here to deaonstrate 
this conaervatism: 

o The Reference 5 aodel included the entire core. With the 
containers being aignificantly smaller than the core, the 
containers experience significantly .are neutron leakage, 
thus, keff ia reduced. 
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o The Reference 5 model did not consider structural 
aaterial; whereas the majority of the containers' 
inventory vill be comprised of structural aaterial. Aa 
previous analyses have sbovo that structural aaterial, 
such as the stainless steel in end fittings, tends to act 
as a neutron poison, keff would be reduced if the 
structural aaterial vas considered. 

Therefore, baaed on the results of the Reference 5 analyses 
and the conservatisms mentioned above, it can be concluded 
that the containers vill be critically safe (i.e., keff ~0.99) 
vhen one or more containers are submerged in water and the 
containers contain water that baa a boron concentration of at 
least 4350 ppm. 

When the containers are within the canister transfer shield 
(CTS), the lead and steel valls of the CTS vill act as an 
additional neutron reflector, tending to increase keff• To 
demonstrate that the containers will be critically safe vben 
within the CTS, the analyses of References 5 and 22 are 
used. In Reference 22, a 65-cm (25.6-inch) thick lead shell 
is applied to the outside of the core region. The resultant 
increase in keff vas 0.03% 6k . Though this analysis vas 
completed for a boron concentration of 4950 ppm, the increase 
in kef£ ia erpected to be similar for a 4350 ppa boron 
concentration. When this increase is added to the kef£ of 
0.9896 calculated for the core at 4350 ppa (Reference 5), the 
resultant k ff ia still below 0.99. Consequently, it !a : 
demonstrate~ that the entire core vill remain critically safe 
after the addition of a 65-ca thick lead reflector. 

Additional conservatism& to be considered when this result ia 
applied to containers within the CTS include: 

o Both the Reference S and 22 models included the entire 
core. Additionally, the CTS valls are significantly 
thinner (approzimately 6.5 inches) than the 25.6-inch 
shell. With the containers being significantly smaller 
than the core and the CTS valls thinner .than the modelled 
shell, the containers within the CTS will erperience 
significantly aore neutron leakage, thus reducing keff• 

o The Reference 5 and 22 aodels did not consider structural 
aaterial; whereas the majority of the containers inventory 
vill be comprised of structural aaterial. As previous 
analyses have shown that structural aaterial, such as the 
stainless steel in end fittings , tends to act aa a neutron 
poison , keff would be reduced if the structural aater!al 
vas considered. 
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o The actual boron concentration of the RCS will be 
administratively maintained ~4950 ppm. Technical 
Specificat ions require the water in spent fuel pool •A• to 
have a minimum concentration of 4350 ppm boron; however, 
it is expected that the fuel transfer canal and spent fuel 
pool •A• will be operated at approximately 4500 pp. 
boron. Any concentrations greater than 4350 ppm vill 
cause a reduction in keff below the value calculated in 
Reference 5. 

o The Reference 5 value of keff vas determined assuming 
the presence of an eight-inch stainless steel reflector on 
the outside of the core; thus, the keff value of 0.9896 
already takes credit for some reduced neutron leakage. 

Since it has been demonstrated that the entire core will 
remain critically safe after the addition of a 65-cm thick 
lead reflector and that additional conservatism& tend to 
reduce keff even further, it is concluded that the 
containers will remain critically safe when within the CTS. 

Finally, the effect of the storage of these containers on the 
neutron multiplication of defueling canisters located in the 
storage racks vas evaluated. The positioning of these 
containers near defueling canisters must not cause the keff 
of a defueling canister to exceed the canister licensing 
criteria. lbis is accomplished by separating the con~Ainera 
from any defueling canister by at least one empty storage 
cell. An individual debris container need not be separated 
from another debris container by the one empty cell as the 
4350 ppm boron concentration ensures that the containers' 
keff will remain below 0.99. 

4.3 Boron Dilution 

The RCS temperature and chemistry will not be affected significantly 
by defueling; hence, boron solubility will remain essentially 
unchanged. The only way the RCS boron concentration can be changed 
in an uncontrolled aanner during defueling is by dilution of the RCS 
coolant with water that is either unborated or borated below 4952 
ppm. 

Potential sources of this water are the various systems connected to 
the RCS, including the secondary aystea. Systeas which potentially 
contain coolant with boron concentrations leas than 4950 ppm have 
been identified and isolated to aaeure that they will not be 
credible sources of boron dilution. The water in the deep end of 
the FTC and in fuel pool •A• will be aaintained at boron 
concentrations ~ 4350 ppm. Reference 6 provides an evaluation of 
potential dilution paths and the ieolation boundariee for theee 
paths. This reference provide• dilution detection criteria (e.g . , 
level aonitoring, sampling frequency) for static conditions and all 
aedes of water processing during defueling to ensure that the RCS 
boron concentration will remain ~4350 ppm. 
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The uae of the ultra high preaaure pump of the abraaive/water jet 
cutting ayatem for reactor building decontamination activitiea aa 
vell •• in-veaael cutting operations present& a boron dilution 
aafety concern not apecifically addreaaed in Reference 6. Tbe 
supply vater to the pump during cutting operation& ia borated to 
~4950 ppm. During reactor building decontamination operationa, the 
pump ia aupplied with water from a low boron (or unborated) vater 
aource. Consequently, vben the decontamination vater aource ia 
connected to the pump, the pump auat not be used for 1n-veaael 
operations to avoid introducing low boron vater into the fuel 
regions of the reactor veasel. In addition, vben chaugina from the 
decontamination mode of operation to the in-vessel cuttina mode, the 
residual lov boron water in the pump must be pursed prior to 
inserting the cutting tool into the fuel region. 

In order to eliminate the above aentioned aafety concern&, the lov 
borated water supply bose ia coupled permanently to the 
decontamination nozzle hose and the ~4350 ppm borated vater aupply 
hose is permanently coupled to the abrasive/water jet cutting tool 
bose. A common, mating fixture is attached to the pump aupply and 
discharge lines. To further assure that the low borated vater 
aource will not be used for in-vessel cutting, the aet of boaes for 
decontamination activities vill have a permanent tag attached to the 
connecting fixture vhich varna plant peraonnel not to uae that aet 
of hoses for in-vessel operations. Operation of the ultra high 
pressure pump for either in-vessel or decontamination activitiea 
will be performed only after verification by procedure that the 
proper boae pair have been connected to the pump. 

The ultra high pressure pump vill contain approximately five gallon& 
(according to the pump manufacturer) of lov borated vater at the 
cessation of the decontamination mode of operation. Upon atartiug 
the pump for in-vessel cutting operations (after disconnecting the 
decontamination hosea and connecting the abrasive/water jet cuttin& 
hoses) this residual vater may be injected into the reactor vessel. 
Reference 6 summarizes evaluations vhich have been perforaed to 
address the issue of aixing within the RCS volume.· It ia atated in 
the reference that unborated vater entering the reactor veasel at 
the elevation of the bot and cold lea pipin& ia likely to rise 
directly to the internal indexing fixture (llF) rather than flov 
down to the core region. 

Administrative control& vill require that the abrasive vater jet 
cutting nozzle be diacharged in a radial direction above the re3ctor 
veasel flange and avay from auction linea to other ayatema within 
the reactor veaael for a ainimum of five ainutes (pump flow rate ia 
approximately 2.8 gpm and reaidual vater in pump ia approxiaately S 
gallona) after the pump has been used for decontamination 
activitiea. This will ainiaize the potential for the low borated 
vater to enter the debria bed or RCS processing ayatems prior to 
mixing vith the RCS vater. 
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The vater in the RCS ia maintained at a boron concentration of~4950 
ppm and auat be verified to be at thia level prior to the uae of 
the ultra high preaaure pump for in-veaael cutting follovin& the uae 
of the pump for decontamination activities. The introduction of 
five gallons of unborated vater to the upper region of the reactor 
veaael during purging of the residual pump vater vill have a 
negligible affect on overall RCS boron concentration. 

4.4 Release of Radioactivity 

The radiological impact of radionuclide releaaea to both the FHB and 
reactor building atmospheres, aa well as to the environment, from 
defueling activities baa been evaluated. During defuelin&, 
containment integrity will be maintained in accordance with 
Technical Specifications. All gaseous release pathways to the 
environment from both the reactor building and FHB will be filtered 
and aonitored, preventing an uncontrolled release of radioactivity 
to the environment. Radionuclidea released to the environment would 
be in the form of gaseous effluents becauae defueling syatema and 
activities do not introduce potential liquid effluent release 
pathways. 

The tasks associated with the preparations for defueli~ are not 
aignificantly different in their potential for increaaln& airborne 
radioactivity than previous work in the reactor building. 
Consequently, these taaka are not expected to increaae the noraal 
background airborne levels currently experienced in the reactor 
building. 

During defueling activities, radiological releaaea to the 
environment vill be limited and controlled by filterln& and 
monitoring release pathways. Suspended particulate activity will be 
removed during filtration and will not be available for releaae to 
the environment as a result of defu~ling operations. Postulated 
releases to the environment from either the reactor building or the 
FHB will not produce offaite doaea vhich exceed allowable liaita. 

Releases of krypton-85 will be aonitored and an alara lndicatin& 
high krypton- 85 levels at the release point will be located in the 
control room. The need for local aonitoring of krypton-85 in the 
reactor building during defueling will be deterained by the 
Radiological Controls Departaent. 

Monitorin& at potential releaae pointa for alpha-eaitting 
particulates will be conducted to aeet the requirements in the tKI-2 
Environmental Technical Specifications. Beyond thia , the practice 
will be to analy&e the weekly vent aaaplea for aroaa alpha 
emitters . Additionally, portable alr saaplea and breathing &ODe air 
samples vill be routinely analy&ed for alpha activity. In the event 
any of these aaaplea beai n to sbov a a1sn1ficant increase in the 
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frequency of alpha detection (i.e., in ezcess of levels expected for 
background) or if the presence of plutonium or other alpha emitters 
is suspected, the level of analytical scrutiny for the alpha 
emitters will be increased appropriately to address the situation. 

4.4.1 Normal Operations 

4.4.1.1 Particulate Releases 

All surfaces and equipment, including defuel1ng 
canisters, which may come in contact with fuel fines 
will either remain under water during the defuel1na 
of the reactor vessel or be decontaminated (e.a •• 
flushed), as required for radiological control, as 
they are removed from t he water. The canisters and 
defueling tools are designed, where practicable, to 
be easily decontaminated. Tbia minimizes the 
potential for fuel being removed from the vessel in 
an uncontrolled manner . An off-gas system is located 
under the shielded work platform to remove 
particulates which may become airborne from the RCS 
during defueling. Prior to transfer, the canisters 
aay be partially dewatered in the reactor vessel to 
ensure that the catalytic recombiner is uncovered. 
This action will miniaize pressure buildup which 
could lead to the opening of the canister relief 
valves. If the relief valves lift, particulates aay , 
be released. The aost likely release point is the 
FTC or spent fuel pool •A• water. Other defueliog 
activities that aay result in releases of 
particulates to the FTC or spent fuel pool •A• 
include the removal of fuel canister heads to perform 
gasket replacement and the use of vented canisters or 
of debris containers. If particulate release occurs, 
the particulates will either settle out on the bottom 
of the pools, or they will be entrained in the water 
which will be monitored for this type of 
contamination. The DWCS, or an alternate water 
cleanup system, will be used, as necessary, to keep 
contamination to acceptable levels. In the unlikely 
event that a relief valve lifts during the time in 
which the canister is within the CTS, the resulting 
release is expected to be •inlaal. Additionally, 
these radioactive particulates v11l be filtered out 
of the gaseous effluents and will not be available 
for releaee in the environment under noraal 
operational conditions . 

4.4. 1.2 Tritium Releaees 

Tritium ezlsta pr1aari1y ae tritiated water. Due to 
evaporation, some of the tritium in the reactor 
coolant will beco~ airborne. Although defueling 

-so- Rev. 10 
0404Y 



SA-4350-3261-85-1 
1S737-2-G07-108 

will not create new aourcea of tritium in the water, 
the operation of the off-aaa ayatem and the 
additional heat added by the underwater ll&htina or 
other equipment aay iocreaae the evaporation rate of 
the RCS water. lbua, a alight increase in the rate 
at which tritium is releaaed to the reactor bulldin& 
atmosphere !a possible. However, the off-saa ayatea 
will dilute the tritium aa it ia released to the 
reactor building; therefore, tritium coocentrationa 
will not reach unacceptable levela in the reactor 
building, nor will tritium releaaea from the reactor 
building have any unacceptable affect on the health 
and aafety of the public. 

4.4.1.3 Krypton-85 ieleaaea 

Krypton-85 ia an inert aas and will not be removed by 
the reactor building or FHB filter ayateaa. There 1a 
a possibility that the krypton-85, which ia aaauaed 
to be in the reactor core, aay be releaaed aa a 
reault of defuelioa activitiea. An analyaia of the 
offaite doaea fro• poatulated krypton-85 releaaea to 
the environment haa been made for normal operatiooa. 
Thia analyaia included all defuello& activitiea 
(e.,., caniater filling, caniater tranafer, caniater 
relief valve openin& in apent fuel pool ·~.,· or FTC, 
and dewatering). The range of valuea for kryptoo-85 
readily available for releaae haa been eatiaated to 
be 0-100 Ci, with the •oat likely value beina 
approzimately 30 C1 (ORNL/tH-8730). For the purpoaea 
of thia aafety evaluation, it !a aaauaed that 100 Ci 
of kryptoo-85 ia available for releaae durin& 
defuelin& activitiea. The aaziaua annual averaae 
•eteorological diaperaioo coefficient (X/Q) ia 
2.27zlo-6 aec/a3 and occura in the SE sector at 
the aite boundary (See Offsite Doae Calculation 
Manual). Uaiog Regulatory Guide 1.109 •ethodology 
and doae converaion factors, the aazt.um offaite 
total body do1e is 0.0001 •rea/yr, the akin doae is 
0.01 •rem/yr, the aaaaa air doae ia 0.0001 aRad/yr, 
and the beta air dose ia 0.014 aRad/yr. these do1ea 
are leaa than 11 of the lOCFllSO, Appendu I doae 
llaita. 

4.4.2 Accident Condition• 

The posaibility of an accident in the course of the defuelin& · I 
activities is reaote. However, eovirooaental releases, even 
under accident conditions, will be controlled and filtered. 
The offs1te doae conaequences fro• tvo postulated scenarios 
were evaluated. Tbe1e acenarios repreaent the worat credible 
accidents. Therefore, their offsite dose conaequencea will 
be the •oat severe and all other postulated acc1denta are 
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expected to result in -offaite doses which are lover than 
thoae presented. The two postulated accident& are: 

a. inatantaneoua release of all unaccounted for krypton-85 
b. canister drop accident onto a dry canal floor 

4.4.2.1 Krypton-85 Releaae 

Thia accident aasumea an instantaneous releaae of 
31.300 Ci of krypton-as. which repreaenta the 
unaccounted for krypton-85 inventory remaining after 
the controlled reactor building purge of June-July 
1980• aa decayed to July 1. 1985. The accident 
meteorolo~ical dispersion parameters (X/Q) are 
6.1 z 10- aec/m3 for the Site Bzundary (See 
FSAR. Append!% 2D) and 1.1 z 10- aec/m3 for the 
Low Population Zone (LPZ) (i.e •• 3218 m) (See FSAR 
chapter 15.1.21) . Uaing Regulatory Guide 1.109 
methodology and dose conversion factor•• the aazimum 
offsite whole body dose is 0. 0097 rem (9.7 mrem) and 
occurs at the Site Boundary. The LPZ whole body 
dose is 0.0018 rem (1.8 mrem). These doses are leas 
than 1% of the lOCFRlOO dose guidelines for 
accident&. 

4.4.2.2 Caniater Drop Accident 

When a canister ia being raised into or lowered from 
the crs. a failure of the grapple would result in 
dropping the canister. This would occur over the 
reactor vessel. the deep end of the FTC. or fuel 
pool •A•. In all cases the canister would be 
dropped into water having a boron concentration of 
4350 ppm or greater. Therefore. aubcriticality 
would be ensured under any leakage condition. 
Should the canister leak. any particulate activity 
would remain in the water and would not be releaaed 
to the environment. Any krypton-85 that aay be 
released from the canister would result in offaite 
doses leas than the doaea described in 
Section 4.4.2.1. 

Aa noted in Section 3.3.1. the CTS 1a designed with 
diverse aeana for preventing a canister drop 
accident while the caniater ia being tranaported 
from the reactor veaael to the deep end of the FTC. 
Since multiple failure& are required for a eaniater 
drop accident to occur over the dry portion of the 
FTC. auch an event ia considered extremely 
unlikely. However. •hould multiple failurea occur 
and a canister is dropped onto the dry portion of 
the refueling canal. there ia the potential for 
canister leakage. 
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Potential canister leakage is liaited by the 
following featurea: 

o Limited apace is available for leakage of 
canister contents due to the small inner diameter 
of the canister transfer shield. The aaxlaua 
annular apace vldth ls eatiaated at 1/2-locb. 
The small clearance between the canister and the 
shield will provide structural support along the 
length of the canister and prevent a total 
circumferential rupture of a canister; therefore, 
leakage vould be expected to occur only at the 
extreme eoda of the canister. 

o Vertical drop testa have shown that the bottoa 
bead of the defueling canisters can vithatand a 
drop from heights exceeding the drop bei&hta for 
canisters 1n the ~eactor building,vith only aloor 
deformation and no observed cracking (Reference 
12). Therefore, the bottom bead of the canister 
vould not be expected to crack or rupture. 

o If a canister drop vere to occur over the dry 
portion of the canal, by design, the 11ft hei&ht 
of the load 1a such that the can.later w1ll not 
fall completely out of the transfer shield. This 
ensures any 1apact v1ll occur on the caoiater 
bottom bead. 

o The top portion cf each canister contain• the 
aoat likely leakaae path. If leakaae abould 
occur, it ia expected to conaiat of fuel finea, 
aaaea, and water vapor. The clearances io the 
flttinaa and the connecting tubes vill not paaa 
large fuel particles such aa fuel pelleta. 

o The upper cloaure bead nozzles on the caniaters 
are protected by a steel skirt. Under poatulated 
drop accldenta, direct lepact loada on the 
caniater can be alniabed. There 1a oo defined 
aechaniaa for droppina aoaethin& inaide the akirt 
vbich vould directly iapact the uoulea. 
Therefore, leakage fro• the caniater dee to a 
direct iapact on the oozzlea ia not credible . 

These design feature& of the caniater and the 
bandlina equipment aake the potential for a leak 
very aaall. It ia expected, under deaian drop 
conditions, that no leakaae will occur. However, 
for the purposes of this safety evaluation, leakage 
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from the canister is sssumed to occur. Since the 
amount of leakage eannot be quantified, it vas 
conservatively assumed that the entire canister 
contents would leak onto the dry canal floor. 

To assess the offsite exposure consequences of the 
postulated canister drop, an estimate of the 
fraction of the canister contents becoming airborne 
into the reactor building atmosphere and released to 
the environment vas made. To evaluate this 
fraction, a literature review of experimental and 
calculated suspension factors vas performed. Only 
suspended particles were assumed to be available for 
offsite release. The results of the literature 
review are presented below. 

Experiments have been performed (Reference 14) to 
determine what weight percent of a dry powder vill 
become airborne after a spill. The powders used in 
the experiments were dry titanium dioxide and 
depleted uranium dioxide. These powders were 
released in a free fall spill through static air. 
Particle sizes ranged up to 75 microns vith 
approximately 98% of the powders having particle 
sizes 20 microns or leas. The results of these 
experiments have euggested that 0.12 v/o of the 
particles will become airborne during a eplll. The 
study also ehoved that particles less than 10 
microns in diameter accounted for approximately 40% 
of the airborne mass. Thie tends to suggest that 
the larger particles have less of a tendency to 
become airborne than the smaller onea. Therefore, 
although theee teats did not cover the entire range 
of particle aizes of interest, they do cover the 
lover end of the range where particles have the 
sreatest tendency to become airborne. 

Additional data (Reference 15) tends to confirm the 
0.12 v/o eetimate referenced above. One micron 
particle• on a staiulese eteel eurface, expoaed to a 
20 mph wind, had 0.29 v/o of the total aaea become 
airborne. The airflow inside the reactor building 
and FHB ie aucb leas than 20 aph; therefore, a aore 
applicable ezperiaent aay be one with one aicron 
particles on a etainleee steel surface in a 2.5 mph 
wind. For tbla caee, 0. 07.5 v/o of the total aaee 
became airborne. Therefore, following a spill of 
dry powder (i.e., particles ~7.5 aicrona), a 
reaeonable eetlaate of the percentage of the powder 
becoming airborne ie 0.12 v/o. 
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Of the three types of canisters, only the filter 
canister would be expected to contain aostly fuel 
fines of the size that would exhibit a tendency to 
become airborne and result in a 0.12 v/o airborne 
fraction. These canisters are expected to contain 
fines in the range of 140 microna down to 0.5 
aicrons. The fuel canister is expected to contain 
large pieces of core debris and the knockout 
canister is expect~d to contain debris ranging in 
sizo from 140 microna up to particles larger than 
vbole fuel pellets. The fines in the filter 
canisters are not free but are contained within the 
filter aedia and would not become as readily 
airborne as dry powder. Additionally, at the t!Jie 
the canister is over the dry portion of the -
refueling canal, the canister contents are vet. 
Consequently, they would not be expected to exhibit 
as great a tendency to become airborne. 

The 0.12 v/o airborne release fraction for dry 
powders (i.e., particles ~5 microns) discussed 
above vas used to assess the of.fa1te expoGure 
consequences resulting from the postulated canister 
drop. This conservative assumption bounds any 
poasible dose coneequencea from a eaniater drop 
accident. 

The offaite dosea resulting from the postulated 
canister drop in the dry portion of the refueling 
canal were e~aluated using the asaumptions listed in 
Table 4.4-11 the doae conversion factors 11eted in 
NUREC-Ql72 (Reference 16) and the organ dose 
calculation aetbodology consistent with Regulatory 
Guide 1.109 (Reference 17). The whole body doae 
calculation methodology is consistent with 
Regulatory Guide 1.4. The radionuclide inventory of 
the caniater vas baaed on ll of the core inventory 
as given in GEND INF-Ql9 (Reference 18) 1 decayed to 
July 1, 19851 applyina a peaking factor of 1.9. 
Containment integrity vaa aaauaed to be aaintained 
and a HEPA filter efficiency of 99% was used. Table 
4.4-3 presents the offsite doaes for the whole body, 
thyroid and bone. 

The bone doae is presented since it was determined 
to be the critical oraan. The critical oraan 
determination vas aade baaed on comparison of dose 
conversion factors for several orsana, including the 
lung, kidney, liver and gastrointestinal tract, for 
the distribution of radionuclidea available for 
release. 
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It is noted that this accident scenario (i.e., 
entire eaniater contents spilled out on dry surface) 
represents a vorat caae accident . For other 
canister accidents (e.g., stuck open relief valve) 
the amount of the eaniater•a content released would 
be smaller, and thus, the corresponding offaite 
doses would be amaller. 

Table 4.4-1 

Assumptions Used to Assess Offsite 
Doses from Canister Drop Accident 

Canister Inventory 
Canister Contents Released 
Canister Contents Airborne - Particulates 
Canister Contents Airborne - Cases 
HEPA Filtration Efficiency 
Radionuclidea Released to Environment 
Accident Condition X/Q 

0-1 Hour Exclusion Boundary 
0-8 Hour Lov Population Zone 

- 56-

Table 4.4-2 
100% 
0.12 v/o 
100% 
99% 
Table 4.4-2 

6.1 E-4 sec/m3 
1.1 E-4 aee/•3 
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Radionuelide Inventories Uaed in Canister Drop Accident Analyais 

Radionuclide 

H-3 
Kr-85 
Sr-90 
Y-90 
Ru-106 
Sb-125 
Te-125aa 
C.-134 
Ca-137 
Ba-137m 
Ce-144 
Pr-144 
Pm-147 
Sm-151 
Eu-154 
Eu-155 
U-238 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Am-241 

Oraan 

Whole Body 
Thyroid 
lone 

In Canister 

5.76 E+1 
1.31 E+3 
1.23 E+4 
1.23 E+4 
8.49 E+2 
4.60 E+2 
1.12 E+2 
4.62 E+2 
1.38 E+4 
1.31 E+4 
1.85 E+3 
1.85 E+3 
9.50 E+3 
2.01 E+2 
9.77 E+1 
2.51 E+2 
5.13 E-1 
1.44 E+l 
1.71 E+2 
4.56 E+1 
2.95 E+3 
3.61 E+1 

Activity (Ci) 

Table 4.4-3 

Releaaed to 
EnvironlDent 

5.76 E+1 
1.31 E+3 
1.48 E-1 
1.48 E-1 
1.02 E-2 
5.52 E-3 
1.34 E-3 
5.54 E-3 
1.66 E-1 
1.57 E-1 
2.22 E-2 
2.22 E-2 
1.14 E-1 
2.41 E:-3 
1.11 E-3 
3.01 E-3 
6.16 E-6 
1.73 E-4 
2.05 E-3 
5.47 E-4 
3.54 E-2 
4.33 E-4 

Offsite Dose Resulting from Postulated Canister 
Drop on the Dry Portion of Refueling Canal 

Dose (Rem) 
Ezeluaion Boundary Lov Population Zone 

4.3 E-4 
1.9 E-J 
2.96 
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4.5 Hydrogen Evolution 

Dur~ng defueling activities, the reactor vessel will be covered by 
the shielded work platform. An off-gas system baa been designed to 
provide an air in-flow through the top of the work platform. This 
system dilutes gases that are released or evolved during defueling 
activities before they are released into the reactor building. Any 
hydrogen evolved during defueling will be diluted by the off-aas 
treatment system as required and thus, will not reach a combustible 
concentration in the reactor building. 

While the canisters or debris containers are being transported in 
the canister transfer shield or are in storage in either the FIC or 
spent fuel pool •A•, radiolytic generation of hydrogen may occur. 
Subsequently, the hydrogen could be released via vent openings or 
the relief valves. Any hydrogen released will be to either the FHB 
or reactor building depending on the transfer or storage location. 
The hydrogen will be diluted by the large surrounding atmospheres of 
these buildings. Consequently, a combustible concentration of 
hydrogen will not be reached in either building due to the release 
of hydrogen from the canisters or debris containers. 

The combustion of hydrogen within the canister transfer shield is 
not expected to occur. The canisters or debris containers are to be 
in the transfer shield for abort periods of time (i.e., during 
transfer from the reactor vessel to the deep end of the refueling 
canal or during canister handling in the FHB). However, it is 
recognized that a ca~ister or debris container could be in a . 1 
transfer shield for extended periods of time. Even if a hydrogen 
generation rate within a single canister was postulated such that it 
vas sufficient to cause a canister relief device to discharge to the 
transfer shield, there are no ignition sources inherent in the 
design or operation of the transfer shield and the top of the 
transfer shield is vented (i.e., approximate vent area of 15 square 
inches) to the surrounding building volume. Therefore, in view of 
the provisions of the shield design, it is considered very unlikely 
that a hydrogen combustion incident can occur in the canister 
transfer shield. However, should hydrogen combustion occur, the 
resultant loadings on the canister and the trandfer. shield are 
expected to be within the structural capabilities of the canister 
and the transfer shield. 
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4.6 ~rophoricity 

The NRC has evaluated the potential for zirconium hydride fires 
(Reference 20; Section 13.10.1.3). This evaluation assumed that 
operations relating to defueling vould be conducted vith vater 
coverage. It vas concluded that zirconium hydride vould not ignite 
under vater. Since defueling operations vill be conducted under 
vater, CPU concurs that there is no potential for a pyrophoric 
zirconium or uranium/zirconium alloy reaction in the reactor vessel I 
during defueling. 

The concern over pyrophoric materials is presently focused on the I 
potential for metallic zircalloy, U/Zr alloy (from chemical 
interaction of U02/Zirc 4 clad), and zirconium hydride fines 
existing in the devatered canisters. The manner in vhich the fuel 
deteriorated during the accident makes the presence of these 
species, in a pyrophoric form, highly unlikely in the present 
configuration of the core rubble bed. However, the possibility 
exists that some form of the metal1ica may be encountered during the 
defueling operations involving the lover regions of the core (e.g., 
shredding, saving, vater jet abrasion). Zircalloy, being a ductile 
metal even after irradiation, did not break up into small particles 
under the high temperature steam environment of the lMI-2 accident. 
Rather, the material oxidized, and it is the oxide vhich vill break 
up as a consequence of thermal shock or abrasion. However, during 
the defueling process, it is possible, as a result of cutt1Dg 
operations, that fresh (i.e., unoxidized) metal or alloy surfaces, 
including small chips and fines, could be created. 

Considerable analyses have been conducted since the pyropboric 
concern vas initially raised and are summarized in Reference 10. 
The analyses indicate that three conditions .uat exist to initiate 
and aaintain a pyrophoric reaction: 

(1) The pyrophoric material aust have a high surface to volume ratio 
of the nature of powder. Experience indicates that aoiat 
zirconium fines of 1eaa than 10 aicrona vill burn. However, 
existing analysis of the upper core debris indicates only about 
1.5 % of the particulate matter and an even lover percentase of 
lower core debris is leas than 50 aicrona. The abrasive water 
jet and saving operations may generate a distribution of 
particle sizes vhich could create some increase in the aaount of 
particles in the 50 aicron range. The aaouot of these particles 
vill be dependent on the extent of these operations. However, 
all of these mechanical operations occur under vater vbere any 
nev surfaces rapidly oxidize and the corresponding reaction 
energy is r2adily dissipated. It should further be noted that 
use of the shredder vill not generate a significant aaount of 
particles in this size range. 
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(2) The general criteria for metal and alloya to ezhibit pyrophoric 
reactions involve: 1) newly created surfaces vith high 
aurface-to-volume ratios in an oxygen free environment bein& 
rapidly ezposed to an oxygen environment, or 2) atorage of high 
aurface-to-volume metallic& under conditions of favorable heat 
transfer, presence of organics, and a pilot ignition aource; 
neither of these criteria are anticipated during defueling. 
Further ezposure of pyrophoric caterial with high 
surface-to-volume ratios due to the defucling activities would 
initially be under water, ~ere ozidation would again occur. 
The rate at which this ozidation will occur has been determined 
to be eztremely high, thus the resultant time for all newly 
created surfaces of a reactive metal to be ozidized vill be 
small when compared to the time required for caniater loading 
and transfer operations. 

(3) The ozidation •ate must ezceed the heat transfer rate to the 
surrounding environment. The ozidized debris that will be mixed 
with any pyrophoric material acts as a diluent and minimizes the 
potential for ignition and propagation. 

In addition to the above considerations, pilot ignition tests have 
been conducted on a sample of material removed from the plenum upper 
core debris and lover reactor vessel debris to determine their 
potential for pilot ignition. Attempts were made to •pilot ignite• 
these subject materials by conducting a spark test and a flame 
teat. The results found ·no pyropboric characteristic• for the 
aaterial tested. 

In summary, theoretical analysis and ezperimental data indicate that 
the characteristics of the material currently in the reactor vessel, 
or as it aay be modified during planned defuelin& activities or 
postulated accidents, are such that it is not possible to sustain a 
pyrophoric reaction. This conclusion is not dependent on continued 
submergence of the material in water. Thus, it is not considered 
reasonable to postulate a pyrophoric reaction of ezposed fuel debris 
as a significant driving force for radionuclide transport. 

4.7 Heavy Load Drop 

Heavy load handling in both the reactor building and FHB, excluding 
heavy loads handled over the reactor vessel, is addressed in 
Reference 8. Heavy loads handled over the reactor vessel are 
addressed in Reference 19. Handling of the hydraulic shredder is 
apecifically addressed in Reference 24. 

4. 8 Fire Protection 

Fire Protection during the defueling activities ia provided in 
accordance with the requirements of the Fire Protection Program 
Evaluation, Revision 1, and IHl-2 Administrative Procedure 
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400D-ADH-3680.02, Control of Combustible Materials. Existing fire 
detection or fire extinguishing equipment in the reactor building ia 
available for defueling. This ensures that the potential for and 
consequences of a fire are ainiaized. 

4.9 Decay Heat Keaoval 

During defueling activities the water level in the RCS will be at an 
elevation approximately 5 feet above the vessel flange (i.e., 
approximately 327'-6.). An analysis of decay beat removal ability 
with the RCS water level at elevation 314'-o· baa been performed 
(Reference 4). The results of this beat estimate analysis abov that 
losa to ambient cooling will maintain the RCS bulk temperature at 
lese than 1700F during defueling activities. The video aystea 
lighting and other defueling equipaent will add additional beat to 
the reactor vessel water; however, it ia not considered a safety 
problem, as the lights or other equipment can be turned off to 
eliminate heat input should the water temperature increase to 
unacceptable levels. The RCS water temperature ia aonitored in 
accordance with TMI-2 Technical Specifications and the Recovery 
Operations Plan. 

4.10 Uae of the Core Bore Equipment 

A safety evaluation of the uae of the core bore equipment ia 
provided in Reference 23. 

4.ll Reactor Veaael Integrity 

The only postulated failure aechaniam which could result in the 
draining of the reactor vessel water ia damage to the incore 
instrument tubes or nozzle velds. Damage to an incore instrument 
tube outside the veaael would occur by pulling on an incore 
instrument string if the instrument string could impart excessive 
loading to the instrument tube. An 1ncore instrument tube nozzle 
could be daaaged by directly or indirectly imparting a load to the 
nozzle. Failure of either a nozzle veld or instrument tube could 
result in unisolable RCS leakage. 

During defueling activities, structurally intact incoree!rruaent 
strings are not expected to be found in the loose rubbl : bovever, 
it is recognized that they aay be found in other region f the 
vessel. An evaluation vas performed to aaseaa the effects of 
applying liaited loads to the 1ncore instrument strings within the 
reactor vessel. This evaluation is described below. 
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Re!erence 25 reports the results of a thermal-hydraulic and 
structural analysis of the reactor vessel lover head during the 
.tMl-2 accident. The results of the thermal analysis are not 
factored into the structural analysis and consequently they are 
relatively independent of each other. However. the thermal analysis 
ahowa that •the upper part of the incore instrument nozzle does 
reach temperatures well at ove ita melting point because it is 
surrounded by hot material and baa no cooling except for conduction 
down the nozzle and into the lower head. The half inch or so of the 
nozzle above the surface of the lover head provides sufficient 
cooling to keep this welded portion of the nozzle from melting.• 
The report further ahovs that •although a significant portion of the 
lover bead could be 16000F or hotter· temperatures significantly 
higher are unlikely because the ultimate strength of the base 
material at these elevated temperatures ia insufficient to prevent 
head failure. Obviously gross head failure did not occur since the 
vessel has demonstrated significant pressure retaining capability. 
Therefore. it ia concluded that melting of any significance in the 
lover head and distortion of same are highly unlikely. 

If. however. the material in the lover head vere sufficient to have 
melted the upper portion of the incore nozzle. logic vould indicate 
that the incore instrument string had also melted. This is 
confirmed by electrical resistance data vhich indicates that many of 
the incore thermocouples in the center of the core presently 
terminate at or near the reactor vessel vall. It vould. therefore. 
appear highly unlikely that incore instrument strings remain above 
the CSA lover grid in the center 50% of the core cross-section. 

Reference 25 also developed a structural loading criteria baaed on a 
calculation of the minimum wall thickness in various segments of the 
lover bead needed to support the pressures experienced in the RCS 
during the TMI-2 accident. At a metal temperature of 1600°F• a 
0.030-inch thick incore nozzle to vessel weld would support the 2000 
psi pressure experienced during the accident. Note that this veld. 
to support pressure. is only required to bridge an axial gap between 
the nozzle O.D. and the vessel vall bole l.D. of 0.005-inch. 
Obviously little metal is required in such a small annulus to 
support the pressure. · 

A significant conservatism in the analysis is the choice of 16QOOF 
as the maximum veld temperature considered in the structural portion 
of the report. This temperature vas chosen because it represented 
t he highest temperature for vhich approved aaterial ultiaate 
strength data existed • . It is. however. approximately lOQOOF below 
the temperature required to aelt inconel 600 (i.e •• 2540°F). Aa 
an example of the conaervatism noted above. inconel at 1900°F is 
expected to exhibit an ultimate strength of approxiaately 7000 psi. 
Therefore. if the veld reached 19QQOF• the thicknesa would have to 
be approximately 0. 058 inches thick. 
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Assuming a conservative temperature of 16000f, the following loads 
represent vhat the 0.030-inch thick veld could nov sustain at rooa 
temperature as reported in Reference 25: 

a. Axial Force - 5400 pounds 
b. Bending Movement - 1400 inch-lbs. 
c. Twisting Torque - 5800 inch-lba. 

Higher loads could be calculated for greater thickness (i.e., 0.058 
inches at 19000F). 

A review of the potential loading methods which could transmit loads 
from the incore instrument string to the incore nozzle baa been 
performed and it vas concluded that only axial tension loads could 
be transmitted from the incore instrument stri ngs above the CSA to 
the incore nozzles belov the flov distributor. Based on this 
limited potential, the GPUN material laboratory in leading, 
Pennsylvania vas directed to experimentally determine the tensile 
load needed to break a nev incore instrument string. Three testa 
vere performed, all of which resulted in incore string breakage at 
loads of 3800 to 3950 pounds. Thus, the strings should break prior 
to resulting in damage to the incore instrument nozzle veld. 

The application of an upvard axial load to an incore instrument 
string within the reactor vessel could result in a compressive load 
to the inside radius of the incore piping and a bending movement to 
the pipe. The potential loads vere determin~d to be lov vhen 
compared to loads in the original design. 

To minimize the potential for damage to the nozzle velds, the vacuum 
equipment to be used in the lover bead baa been designed to ainimize 
the force that can be imparted to the guidea tubes or nozzles. 

Baaed on the above, it ia not expected that the incore instrument 
tubes or nozzle velds vill be damaged during defueling such that 
unJsolable RCS leakage occurs. Hovever assuming damage to occur, an 
analysis has been performed (Reference 19) which demonstrates that 
sufficient aakeup water would be available, following the 
simultaneous shearing off of all 52 incore nozzles at the inside 
vessel vall, such that the core debris would remain covered with 
borated water. Aa it ia considered extremely unlikely that the 
defueling operations could damage all 52 nozzles and/or tubes, the 
analysis is considered to provide a conservative limit on any lCS 
leakage, via the incore instrument tubes, that aay be experienced 
during defueling. 
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All individuals entering the reactor building are monitored for 
external radiation espoaurea according to established radiological 
controls procedures. All external radiation exposures are 
maintained within the dose equivalent limits established in 
10 CFR 20. All personnel exposures are maintained as low aa is 
reasonably achievable (ALARA). Administrative dose limits are 
applied according to established procedures to ensure that the 
10 CFR 20 limits are not exceeded. Extremity monitoring is 
performed, as needed, according to existing radiological controls 
procedures. 

Radiation exposure rates inside the reactor building are monitored 
during defueling operations. The Radiological Controls Department 
determines the requirements for radiation monitoring for personnel 
protection during defueling. 

5.2 Internal Exposures 

All individuals entering the reactor building are monitored for 
internal radiation exposures according to established procedures. 
This monitoring may be accomplished by routine breathing zone air 
sampling and periodic whole body counting. 

All exposures to airborne radioactivity are maintained as low as is 
reasonably achieva~le and within the limits eatablished by 
10 CFR 20. Airbor~e radioactivity in work areas ia monitored 
according to established procedures. Air aampliug for particulates 
is performed usint such devicea as lapel aamplea and grab samples. 
Tritium grab aamplea are taken as required according to eatablished 
procedures. 

Respiratory protection baa been used to ainimize the uptake and 
deposition of airborne radioactivity in the body • . The use of 
respiratory protection devices can, by reducing uptakes of 
radioactive materials, result in overall dose aaviuga (internal and 
external); however, if they impede work, total dose can increase by 
causing an elevated external doae. The Radiological Controls 
Department determines if the use of respiratory devices is ALARA for 
a particular task. This determination is baaed on an examination of 
the current radiological conditions in the work area, an asseaament 
of the potential for the task or other concurrent tasks to perturb 
the radiological conditiona and a review of the results of previoua 
airborne activity measurements in the work area for similar taaks. 
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During defueling activities the ranges of airborne radioactivity 
c~ncentrations encountered through March 31, 1986 have been: 

lao tope 

Ca-137 
~~~ 
Sr-90 
H-3 
Pu-239 & Pu-240 

Reactor Building Concentration (uCi/ml) 

BE-ll - SE-10 
6£-11 - JE-10 
SE-ll - JE-10 
2E-8 - JE-7 

5.2£-16 - 4.9 E-15 

It is expected that the concentrations will remain in or about these 
ranges !or the remainder of the defuellug operations. 

Breathing zone samples from workers on the IIF platform during plenum 
inspection and end fitting separation activities ahoved a sross 
beta-gamma activity equivalent to an airborne concentration of 
8.4 E-10. UCi/ml for all bet~ and gamma emitting nuclides. Alpha 
activity vas below the minimum detectable for the breathing zone 
samples. Tb~ planned activities are not expected to increase the 
tritium or particulate levels inside the reactor building (see Section 
4.4). The additional release of tritium to th~ reactor building 
atmosphere due to evaporation of the reactor coolant ia not expected to 
significantly increase the tritium level in the reactor building 
atmosphere because of the low tritium concentration in the reactor 
coolant (i.e., approzim3tely 0.03, uCi/ml). Equipment and defueliug 
canisters being removed from the reactor vessel will be wiped/sprayed 
down, as necessary, to remove particulates and enhance radiological 
control. Therefore, the amount of particulates resulting from these 
activities with the potential for becoming airborne is not expected to 
significantly increase the particulate concentration in the reactor 
building atmosphere. The opening of the canister relief valves while 
the canisters are located in the deep end of the FTC or spent fuel 
pool "A" or the direct venting of caniaters and/or debris containers to 
the FTC or spent fuel pool "A" may cause particulates to be released to 
the surrounding water. However, these particulate& will be entrained 
in the water and their potential for becoming airborne is ainiaal. 
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5.3 Exposure Eatiaatea .. 
Table 5.3-1 provides the jobhours and corresponding peraon-rea 
ezpended during defueling through March 31, 1986. Table 5.3-2 'abova 
the estimated jobhours and person-rem for the remainder of the 
defueling activities. Included in the estimated jobboura are 
installation, operation, maintenance and decontamination and removal 
of the defueling equipment. The estimated person-rem at the 
different locations were evaluated using the average dose rates 
during defueling activitiea through March 31, 1986. The dose rates 
are: 

Location 

305' elevation 

347' elevation 

Dose Rate (mremlhour) 

75 

50 

Canister handling bridge (in contai~nt) 20 

Canister handling bridge (in FHB) 2 

Defueling platform 10 

Taking the totals from Tables 5.3-1 and 5.3-2 above that the total 
estimated occupational ezpoaure to complete the defueling operations 
is approzimately 1400 person-rem. As more training and ezperience 
vith actual defueling activities is gained, these estimates vill be 
reviewed and updated vben necessary. 
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During the design of the defueling tools and the planning of 
defueling activities, the principles of ALARA vere 
considered. In studying the alternatives for defueling 
operations and equipment, ALARA vas considered on a 
ju~gmental basis. Specific design changes vere made on the 
tools and equipment to enhance performance of certain 
operations. Operational sequences vere reviewed and changed 
to allow performance of vork in lover radiation areas, where 
possible. 

The objective of minimizing occupational exposure has been a 
major goal in the planning and preparation of all activities 
in the containment. Protective clothing and respirators are 
used as required to reduce the potential for external 
contamination and internal exposure of personnel. 

F~tensive planning of tasks to be conducted in a radiation 
field and training of personnel reduces the time needed to 
complete a task. The higher radiation areas are identified 
to personnel and the vork is structured to avoid these areas 
to the extent practical. Practice sessions are utilized, as 
necessary, to ensure that personnel understand their 
assignments prior to entering the reactor building. Planning 
and training are proven methods of ensuring that personnel 
are properly prepared to conduct the assigned tasks 
expeditiously. · 

Execution of individual tasks are maintained ALARA by a 
detailed pre-task radiological review by Radiological 
Engineering and mock-up training. The need for mock-up 
training is determined on a case-by-case basis. A detailed 
mock-up, the Defueling Test Assembly (DTA), simulating the 
configuration and orientation of the rotatable vork platform, 
vacuum system, T-slot, working slot, handrails, single 
canister support bracket, canister positioning system and the 
debris bed is utilized. The long-handled tools are 
representative of the actual tool lengths to be used. In 
general, extensive training of workers on the DTA and other 
mock-ups is used to familiarize the workers vitb the tasks to 
be performed. This training results in increased worker 
efficiency thus, less in-containment time and less personnel 
exposure is required. 
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Tooling has been designed with the intent of keeping 
radiation exposures ALARA. Because of the large component 
sizes, the equipment must be assembled inside the reactor 
building. The components were designed for rapid assembly. 
The defueling tools are assembled and tested outside of the 
reactor building, then disassembled during the mock-up 
training. Where practicable, shielding is provided, vbere· 
required, and all tools are fabricated of approved materials 
with smooth inside and outside surfaces and no blind boles 
for ease of decontamination. Flushing and draining boles are 
provided. where required, with flushing capability from the 
top of the tooling. Spray rings are located under the 
rotatable work platform to provide a vashdovn capability for 
canister removal areas and the long-handled tool slot. 

Savinga ·of in-containment time is realized by simplifying the 
communication and control required during defueling by having 
a centralized operating and control station. This 
centralized station allows all operations to be conducted 
with constant monitoring and coordination. To minimize 
radiation exposure to personnel and provide control functions 
near the defueling operations, the control station is located 
on the auxiliary work platform in the south end of the canal. 

5.4.2 Defueling Systems Design Radiation Shielding 

A aeries of calculations vas performed to evaluate the dose 
rates to personnel considering the various components which :I 
could constitute radiation sources during defueling and 
considering various shielding configurations to minimize the 
radiological impact of these sources. The analyses were 
performed to ensure that defueling systems were adequately 
designed to minimize personnel occupational ezposurea baaed 
on theoretical or deaign basis source tet11s. The shielding 
configurations and dose rates in this section are provided as 
an estimate of conditions which may eziat during defueling. 
Operations during defueling are governed by actual measured 
radiation dose rates. Adequate precautions, such as 
shielding or personnel relocation, are uaed as necessary to 
ensure worker safety and to minimize collective personnel 
exposures. 

The primary sources were identified as: loaded defueling 
canisters in the reactor vessel, the radioactivity in the 
reactor coolant, and the particulates in the vacuum system 
components. Source terms were developed for these items to 
use throughout the shielding review prograa. 
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o Canister source term. Source terms were developed for the 
three different types of canisters: fuel, knockout and 
filter canisters. The source term in aeneral vaa 
calculated by assuming that the total core inventory of 
fission products, activation products, and actinides vas 
distributed throughout the 93.1 metric tonnea of uo2 
which comprised the total initial fuel load. The core 
inventory at shutdown was predicted by the computer code 
ORIGEN-2 (Reference 21). The predicted core inventory of 
cobalt-60 was adjusted to reflect !&W specific cobalt-59 
impurity levels in structural materials. The predicted 
core inventory of cesium-137 was reduced by the number of 
curies removed by water proceaains, and the inventory of 
ceaium-134 was adjusted to reflect actual cesium-134 to 
cesium-137 ratios. No retention of noble aases vas 
assumed. The core inventory was decayed to October 1, 
1985. The core debris was assumed to be composed of 
uo2. zircaloy and stainl~ss steel in the same proportion 
as originally present in the core region. Each canister 
was assumed to contain ita maximum permitted wei&ht of 
fuel debris. The weight of fuel debris is limited by the 
maximum allowable weight of a loaded, fully dewatered 
canister. The fuel debris was assumed to contain the 
average core fission product specific activity, and the 
debris was assumed to be distributed homogeneously 
throughout the usable canister volume. The free volume in 
the canister was assumed to be water for canisters in the 
reactor vessel and vas assumed to be air (i.e., canister 
dewatered) for canisters bein& transferred. 

o Reactor Coolant Source Term·. The reactor coolant in the 
IIF and reactor vessel contains dissolved radioactive 
aaterials. The wa~ ·:r level vas ~asumed to be at 327'-6•. 
Various concentr~tiona of radioactivity were evaluated to 
estimate dose rates for the start of defueling and after 
water processing has reduced cesium concentrations to an 
equilibrium level. Radioactive particulates suspended in 
the water were not considered. 

o Fines/Debris VacU\1111 System Source Teras. The fines/debris 
vacuum system is designed to remove fines/debris by 
vacuum.ins. The source teras for these components were 
derived from the system design bases. The vater upstreaa 
of the knockout canister vas assuaed to contain 8000 p~ 
fuel debris, vbich is baaed on the expected loadin& rate 
of the knockout canister. Components downstream of the 
knockout canister were assumed to contain water with 1400 
ppm solid fuel debris suspended in it. 
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To provide an additional confidence level to the shielding 
analyses performed for the defuellng systems, a structured 
program of independent verification vas instituted during the 
early design stage. Shielding requirements for aajor 
defuelin& components (e.g., rotatable platform, stationary 
platform, canister shield collars and canister Bhield plugs) 
vere calculated independently by CPU Nuclear and the hardware 
vendor. 

Calculated dose rates vere compared during shielding design 
and any significant differences were investigated. A 
simplified standard calculation teat case vas performed to 
compare computer code results. Results of the independent 
verification program indicated good agreement between the tvo 
analytical programs. 

Many separate calculations were performed for various 
sources, shielding components, and operational scenarios. 
From these calculations came the final design recommendations 
for defueling systems shielding components. Dose rates vere 
calculated for normal defueling operations. Note that all 
dose rates are from the sources described and do not include 
background radiation. 

For purposes of these analyses, normal defueling operations 
ver~ assumed to entail manual defuel ing vith the entire tool 
slot in the rotatable platform unshielded. During normal 
operations it vas sss~d that all areas of the work 
platforms were occupied. Access under the auxilial~ vork 
platforms on the north and south end of the FTC vas not 
considered part of normal operations. The individual 
shielding components described belcv vere evaluated for their 
impact on dose rates in v~rk areas. 

o Shielded Work Platform. The shielded work platform vas 
designed to limit dose rates to operators to less then 1 
millirem/bour from sources in the reactor vessel during 
normal defueling operations. These sources included 
S fully loaded fuel canisters in the canister positioning 
system (CPS), 2 fully loaded filter canisters, vacuum 
system components, and the reactor coolant. The shielding 
requirement for the platform vas deterained to be 6-inch 
thick steel. 

o Vertical Support Structure Shielding. The north end of 
the support structure baa vertical shielding attached 
which vill extend from the canal floor to the platform 
elevation. This vertical shield essentially spans the 
vldth of the refueling canal and ia 2-inch thick steel. 
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o Service Platform. The aervice platform vas deaigned to 
limit doae rates to operators to leas than 1 millirem/bour 
from aources in the veaael during normal defueling 
operations. The platform ia 3-inch thick ateel plate. 

o Auxiliary Work Platform&. The auxiliary vork platform on 
the south end of the canal is constructed of l-inch thick 
ateel ahielding or equivalent. The dose ratea to 
operators is limited to approximately 2 millirem/bour from 
aourcea in the veasel during normal defueling operation&. 
The auxiliary vork platform on the north end of the canal 
1a not a shielded structure. However, the 2-inch thick 
ateel vertical support structure shield effectively 
reduces doae rates on the north end auxiliary vor~ 
platform from sources in the reactor vessel to less than 
1 millirem/hour during normal operations. 

o Unshielded Sources. During normal operations, workers are 
positioned along the open tool slot in the rotatable 
platform. Dose =•tea to operators from the reactor 
coolant vere calculated asauming pr~dicted concentrations 
of key r ndionuclidea which ~re baaed on anticipated vater 
processing activities. A dose rate of 11 millire•lhr at 
3-feet above the vork platform at the open tool alot vas 
calculated, aasuming the following reactor coolant 
concentrations: 0.0~ vCi/ml ceaium-137, 0.1 VCi/ml 
antimony-125, and 0.007 vCi/ml cobalt-60. These vere the 
expected concentrations after approximately one aonth of 
processing reactor coolant through SDS on a 5 day cycle. 
The maximum dose rate from the vacuum system components 
along the open slot vas calculated as approximately 1.3 . 
milllrem/hour. Vacuum system components considered vere 
the pump and piping. 

o Canister Shielding. If needed to minimize the dose rates 
to operators from canisters in the CPS, a 4-inch thick 
steel shield plug vill be placed on fuel canisters after 
they are loaded and placed in the topmoat canister 
position. In addition, a l-inch thick steel collar vas 
incorporated into the canister aleeve design in the CPS. 
The filter caniater aupport atructure design incorporates 
vertical shielding aa vell. This ateel ahield collar 
extenda approximately 2 feet dovn from the top of the 
canister aource region. Theae precautions liait the 
maximum contribution from all canisters in the vesael to 
approximately 3 aillirea/bour at the open tool slot. 

o Sources in the Can.al. Deep End. Dose ratea at the vork 
platform due to sourcea in the deep end of the FTC vere 
evaluated. These aources include the plenum in ita 
atorage location, loaded fuel and filter eaniatera in the 
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storage racks and postulated deep end water concentrations 
equivalent in dose rate to 0.0~ ~Ci/ml ceaium-137. The total 
dose rate from these sources to operators on the work 
platform vas leas than 2 millirem/hour. This estimated dose 
rate does not take credit for the shielding effect of the dam 
which is 3/8 inch thick steel. 

It vas considered desirable to design the defueling systems 
such that workers could remain on the work platform during 
canister transfers from the CPS. Therefore, special 
shielding components were designed to maintain reasonably low 
dose rates on the work platform during transfer operations. 

o canister Transfer Shield and Shield Collar. The canister 
transfer shield (CTS) vas designed to be supported from 
the canister handling bridge. The CTS consists of a fixed 
mast cylindrical shield of 2-1/2 inch thick lead, and a 9 
foot long sliding collar of 1-1/2 inch thick lead. The 
collar will be used to ensure that the entire canister is 
shielded during all transfer operations. 

W.1en the CTS is positioned over the work platform, a total 
of 4-inch thick lead shielding extends approximately 
9-feet above the work platform. Dose rates to operators 
on the work platform were calculated as approximately 47 
millirem/hour at a location 3-feet from the CTS fro~ 
direct radiation from the canister being transferred. The 
dose rate drops to 42 millirem/br at a distance of 7-feet 
from the CTS and to 23 millirem/hr at a distance of 
14-feet from the CTS. Because the CTS does not have a 
shielded bottom, there will be an unshielded beam of 
radiation directed downward from the bottom of the CTS 
during canister transfers. Because of this, there is a 
potential for increased dose rates on the defueling work 
platforms due to radiation scattered from surfaces in the 
path of this beam. Of the potential scattering surfaces, 
the worst case dose rate consequences were from scatter 
from the 6-inch thick steel rotatable work platform. The 
4-l/2 inch gap between the bottom of the fixed mast and 
the work platforms provides the pathway for scattered 
radiation to reach personnel locations. The maximum dose 
rate due to scatter at 3-feet above the platform vas 13 
millirem/bour at a distance of approximately 2-feet from 
the CTS. At 7-feet from the CTS the scattered dose rate 
was 9 millirem/hour at 3-feet above the work platform. 

For a short time during the lowering of a canister into 
the deep end of the canal, a part of the canister is 
shielded only by the 1-1/2 inch thick lead CTS collar. 
Dose rates on the north end auxiliary work platform are 
calculated to be as high as 560 millirem/hour close to the 
CTS during this short time period. Routine access to the 
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north end auxiliary work platform durin& the lowering of 
canisters into the deep end of the canal is not 
permitted. The maximum dose rates on the aervice platform 
during any transfer operation were calculated as 120 
millirem/hour at the north edge and 39 m1111rem/bour at 
the reactor vessel center line. The maximum dose rate on 
the south end auxiliary work platform during transfer to 
the deep end vas 15 millirem/bour. 

The CIS also incorporates a 3-inch thick lead shield plug 
above the top of the canister. Calculated dose rates to 
the operators on the canister handling bridge are at moat 
S millirem/hour from the canister being transferred. This 
dose rate does not take credit for any structural aaterial 
in the bridge. The contribution to the dose rate to 
workers on the 347'-6• elevation around the canal is at 
most 24 millirem/hour during any transfer operation. This 
dose rate does not take credit for the extra lead 
shielding provided by the collar. 

The underside of the CTS is not shielded and ~o access to 
the canal floor areas under the platforms is permitted 
during canister transfers. 

o Shield Boots. A vertical shield extending down frOG the 
work platform into the reactor coolant is used during 
transfers to shield the canister between the water a~d the 
CTS. This ·boot• structure is positioned at the primary 
canister transfer location for the CPS and also surrounds 
the tvo filter ~nister locations. These structures are 
of S-inch thick steel and extend 2-feet into the reactor 
coolant. This shielding limits whole body dose rates 
along the open slot to approximately 25 to SO aillirea/ 
hour. Due to interferences with CPS or vacuum systea 
piping, some sections of the boot are leas than 5-inch 
thick steel and some sections do not extend the full 
2-feet into the water. These cases have been evaluated 
individually to ensure that dose rates are aaintained in 
the ranges calculated for the complete boot. These dose 
rates are calculated for canister transfer from the CPS. 
Transfer& of filter canisters would result in stailar dose 
rates . 
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o Sinale Cariater Support Bracket . The SCSB couaiata of a 
aingle caniater auapended from the rotatable platform in 
the center of the alot. The SCSB can be located anywhere 
alona the alot vitb1n the diameter· of the core former. 
Durina noraal operation• there ia a doae rate iacreaae 
along the open alot of leaa than 1 allllrem/bour aince 
there ia greater than 6 feet of vater abieldin& above the 
caniater top. Shielding calculation& vere performed 
aaauain& that durin& tranafera from the SCSB the vorkin& 
alot vlll be cloaed vitb ahielded panel& durin& each 
tranafer from SCSB. These abielded panel• are 6-inch 
thick ateel and are designed so that there ia no radiation 
atreaaina between the panel• and the crs. Aasuming that 
the top of the canlater ia at the platform elevation, dose 
ratea on the rotatable platform vould be approximately 12 
to 25 aillirem/hour. Aasumlna that the caniater transfer 
ia fro• the alternate canlater tranafer poaition for the 
CPS, doae ratea at the aouth end auxiliary vork platform 
vould be 100 aillirem/bour or leaa. Doae ratea on the 
auxiliary vork platfora at the aouth end of the FTC would 
be lover if the SCSB were poaitioned in the north half of 
the reactor vessel during transfer. Since the SCSB ia a 
limited-uae item, this operational constraint was 
conaidered to provide adequate protection of peraoonel. 

The analytical approach taken 1n the ahieldina progr.. waa to 
provide a reaaonably accurate aaaeaaaent of the vorat caae 
radiological impact expected during defueling. The caniater 
aource teraa were baaed on the aaximum veight of fuel debria 
permitted to be loaded into a caniater. For normal 
operation&, the maxiaua number of caniatera vaa aaauaed to be 
preaent. No ahieldina credit vaa taken for the aaaaive 
atructural coaponenta of the aupport atructur . or the vork 
platforaa. 

The reactor coolant aource terma reflected the calculated 
coaceatratioaa of aoluble radioactive aaterlala baaed on 
expected vater proceaaln& acenarloa before and after the 
atart of defuelin&• Defuelina with operator• worklaa 
directly over the open alot la constrained by the doae ratea 
preaent and vill be teaporarily interrupted. if aeceaaary, if 
the reactor coolant concentratioua (e.a. , reaultina from a 
crud burat) cauae do3e rate• to 1ncreaae above acceptable 
levels. A raage of water concentrationa at the atart of 
defuel lna vaa evaluated to provide prediction& of doae rate 
variability due to different water proceaalng aceaarioa. The 
acenarioa are z 
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Scenario 1. No processing prior to the start of defueling 
Scenario 2. One processing for cesium, antimony and cobalt 

removal 
Scenario 3. Same as Scenario 2, with one additional 

processing for cesium removal. 

In addition, an equilibrium water concentration vas 
calculated assuming Scenario 2 prior to the start of 
defueling. This equilibrium concentration was calculated for 
one month after the start of defueling, assuming that the 
reactor coolant vas processed through SDS on a S day cycle. 
The do•e rates at 3-feet above the work platform along the 
open tool slot for these eases are given belov. 

Concentrations (I'Ci/Jal) Dose Rate 
Ca-137 Sb-125 Co-60 (mrem/hr) 

Scenario 1 0.39 0.19 0.013 46 
Scenario 2 0.20 0.10 0.007 24 
Scenario 3 0.09 0.10 0.007 15 
Equilibrium 0.03 0.10 0.007 11 

Opening the T-alot increases the dose rates to operators 
working at that location. At 3-feet above the platfora, and 
assuming the equilibrium water concentrations, the dose rate 
increase due to opening the T-slot is 4 a1111rem/hour, for a 
total of 15 aillirem/bour from the reactor coolant. 

Early in the defueling planning, the Radiological Controls 
Department developed dose rate aoala for the defueling 
effort. Tbeae dose rate goals were given as average aillirem 
per hour for specific work locations. The dose rate goals 
included background radiation and transit doses. The dose 
rate goals were: 

o 30 aillire•/hour on the reactor building canister b&ndlin& 
bridge 

o 15 ailltremlbour on the defuelin& work platfora 
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To ensure that the defueling ayatema vere adequately designed 
to permit achievement of the dose rate goals, it vaa a design 
parameter that the dose rate contribution from the defueling 
systems be limited to the following values: 

0 12 aillirem/hour at the open tool slot 
o 2 aillirem/hour on the work platforms 
o 10 aillirem/hour on the canister handling bridge during 

canister transfer 
o 15 aillirem/hour at 7-feet from the CTS during canister 

transfer 

The calculated dose rate at the open slot due to sources in 
the vessel are dominated by the contribution from 
radioactivity in the reactor coolant. Only a smal1 fraction 
of the total dose rate vas calculated to come from canister 
or vacuum system sources. The maximum dose rate at the open 
tool slot, assuming the equilibrium reactor coolant 
concentrations, vaa 13-15 a1111rem/hour at 3 feet above the 
platform. This only slightly exceeds the dose rate design 
parameter of 12 aillirem/hour. 

The dose rates on the work platforaa vere calculated to be 
approximately 2 millirem/hour or leas during normal 
operations, which meets the dose rate design parameter. 
The maximum dose rate to operators on the canister handling 
bridge trolley during a canister transfer vas 5 aillirea/hour 
from the canister in the CTS. This meets the dose rate 
design parameter of 10 aillirea/hour. 

The maximum dose rate at 7-feet fro~ the CTS during canister 
transfer vas calculated as 51 aillirea/hour, including direct 
and scattered radiation. This exceeds the dose rate design 
basis of 15 aillirem/hour. However, to meet the average 
personnel dose rate goals, operators may be temporarily 
relocated on tbe vork platfora area during certain transfer 
operations. 

A significant effort vas expended throughout the design 
process to ensure that defueling systems will provide 
adequate radiation protection for operators and will result 
in the lowest reasonably achievable collective dose for 
defueling operations. Finally , it is noted that to date the 
overall exposure to workers baa been leas than what the above 
calculations predicted. 
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The major potential impact of defueling on plant activities is the effect 
of fuel movement in Unit 2 on operations in Unit 1. A condition baa been 
i•posed by the Atomic Safety and Licensing Board on IHI Unit 1 restart 
that either (1) the effects of IHI-2 fuel movement on IHI-1 personnel in 
the PHB have been addressed and the NRC bas approved the applicable 
procedures, or (2) work in the Unit 1 area of the FHB will be suspended 
during Unit 2 fuel •ovement . 

Due to the environaental barrier which isolates the Unit 1 auxiliary 
building from the FHB areas of Unit 1 and Unit 2, the only Unit 1 area 
that potentially would be affected by Unit 2 fuel •ovement is the Unit 1 
FHB area. 'lbe worat ease defueling accident in the FHB, within the scope 
of this safety evaluation, is a canister drop. The scope of this safety 
evaluation ends with the storage of the canisters in the racks; 
therefore, all canister •ovements in the FHB covered by this document are 
made over spent fuel pool •A•. Consequently, any postulated canister 
drops would be into the pool. Even though the design specifications of 
the canister allow for canister leakage it is not espected that leakage 
would result from such a drop. If any leakage were to occur, it would 
occur underwater; therefore, there would be no airborne particulate 
releases from a canister drop and any debris that is released into the 
water would be shielded by the pool water so that the contribution to the 
area dose rate would be negligible. Ultimately the debris would be 
cleaned up by the DWCS or an alternate cleanup system. leleases of 
krypton-85 would be within acceptable limits as demonstrated in section 
4.4.2.1. 

It can therefore be concluded that defueling operations in Unit 2 will 
not affect personnel in Unit 1. 
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7.0 10 ClR 50.59 Evaluation 
~ 

10 CFR SO, Paragraph 50.59, permits the bolder of an operatin& license to 
aake chan&ea to the facility or perform a teat or ezperimeut, provided 
the change, teat, or experiment is determined not to be au uorevieved 
safety question and does not involve a aodification of the plant 
technical specifications. · 

10 CFR SO, Paragraph 50.59 atatea a proposed chanae involves an 
unrevieved safety question if: 

a) The probability of occurrence or the consequences of an accident or 
aalfuoction of equipment important to safety previously evaluated in 
the safety aoalyaia report aay be increased; or 

b) The possibility for an accident or aalfuoction of a different type 
than any evaluated previously in the safety analysis report aay be 
created; or 

c) The aar&in of safety, as defined in the basis for any technical 
specification, is reduced. 

Although there are notable differences between the proposed defueling 
activities for TMI-2 and routine refuelin& activities at a typical 
commercial nuclear power plant, the activities are not fundamentally 
different and are, in fact, sufficiently at.ilar to be justly co•pared. 
Tbia evaluation proposes to compare aiailar events to demonstrate that 
THI-2 activities are bounded by the TMI-2 FSAl. 

A significant consideration in planning and conducting defueling ( 
activities at tHl-2 and a aajor variation fro• routine fuel bandlin& 
operations ia the abaence of fuel claddin& which vaa loat durin& the 
accident. To offset thia condition, i.e., the apparent conaequences of 
the loaa of thia fuel containment barrier, specific protective .eaaures 
have been provided. Containment integrity vlll be aaintained to aitigate 
the possible conaequencea of postulated events involvin& uocontained fuel 
in the vessel. The boron concentration in the kCS has been increased to 
a level adequate to ensure aubcriticality for all core confiauratioua. 
Finally, the proposed defuelin& process calla for restoration of a fuel 
containment barrier prior to reaoval of the fuel fro• the reactor 
veaael. The latter vlll be accomplished by loadin& the fuel in canisters 
or debris containers underwater in the reactor vessel. The canisters/ 
debris containers are designed to ensure subcritieality durin& all phases 
of defueliua. Once fuel has been loaded into the canisters or debris 
containers, the defuelina process 1a ver; siailar to the bandlina of a 
typical fuel bundle. Therefore, defuelin& activities at IHl-2 are 
coaparable to typical refuelin& activities described in the tHl-2 PSAl 
and the consequences of postulated defuelin& events aay be evaluated 
accordin&lr· 
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The FSAR for THI-2 evaluated a variety of postulated events to bound the 
range of posaible events and their offsite dose consequences. Section 4 
of this SER similarly analyzes a variety of events to bound the r&n&e of 
posaible defuelin& events and their offsite dose conaequeoces. To 
demonstrate that the range of events postulated in thia SER are bounded 
by thoae analyzed in the tHI-2 FSAR, the tvo events postulated in this 
SER are thoae vith the greatest potential consequences and vere coapared 
to similar events analyzed in the THI-2 FSAR. 

~ ~ 

1) Caniater Drop Accident Fu~l Handling Accident 

Waste Cas Decay Tank Rupture 

Canister Drop Accident/Fuel Handling Accident 

The drop of a fuel bundle vas analyzed in Section 1.5.1.21 of the tMI-2 
FSAR. The analysis aaauaed the dropping of the •hottest• fuel assembly 
in the FHB or the reactor building. Aa a result of the drop, the 
cladding suffered aechanical damage and the gap activity vaa releaaed. 
In both the FHB and reactor building, the event vaa aasumed to occur 
underwater. The activity vas released to the building at.osphere and 
aubaequently to the environment through the unit venta. Additional 
aasuaptiona vere aade regarding the •acrubbina· effect of the water, the 
operation of the ventilation ayateas and other paruetera which would 
affect the conaequencea of the event. Aa reported in Table 15.1.21-3, of 
the THI-2 FSAR, this event resulted in accumulated dosea of 46 rea 
thyroid and 3 rem whole body for the tvo hour uclualon boundaey and 4.8 
rem thryoid and 1 rem whole body for the 3D-day Lov ~opulation Zone (LPZ). 

The drop of a filled defuelin& canister baa been analyzed and 1a reported 
in Section 4.4.2.2 of thia SER. Tbia analyaia assumes the drop of the 
defueling canister into the dry portion of the FTC. The radlonuelides 
listed in Table 4.4-2 of thia SER were assumed to be released to the 
reactor building ventilation ayatea and subsequently to the envir~t 
through the unit vent. The accumulated doses resulting froa this 
postulated event are reported to be 0.43 arem whole body for the tvo hour 
ezcluaion boundary dose and 0. 077 area whole body for the 3D-day LPZ. 
The thyroid dose vaa calculated to be 1. 9 area for the tvo hour uelusion 
boundary doae ,and 0.3.5 arem for the 3D-day LPZ doae. In addition, the 
critical oraan dose for the assuaed distribution of radionuclidea vaa 
calculated to be 2. 96 rea to the bone for the tvo hour uclualon bound&ey 
dose and 0 • .53 rea to the bone for the 30-day LPZ doae. 

Aa can be aeen, the doae consequences of the canister drop accident are 
far leaa thaD those resulting fra. the fuel bundle drop accident. The 
thyroid and whole body doses are virtually non-eziateot for the canister 
drop accident. However, a ca.pariaon of the calculated critical oraan 
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doaea (i.e., thyroid for the fuel bundle drop and bone for the caniater 
drop) reveala that the conaequencea of the caniater drop accident are at 
least a factor of ten lesa (2.96 re• va. 46 rem). Despite notable 
differences in the two eventa, they are judged to be aimilar. Thus, the 
accident analyaea contained in the THI-2 FSAR clearly bound the 
conaequencea of caniater drop eventa postulated for defueling. 

JalYPTON - 85 RELEASE/WASTE CAS DECAY TANK FAILURE 

The rupture of the waate gaa decay tank baa been analyzed in Section 
15.1.17 of the THI-2 FSAR. Thia accident postulate& the rupture of the 
waate gaa decay tank and the conaequent releaae of large quantitiea of 
the gaaeoua fiasion product& to the auziliary building ventilation ayatem 
and to the environment through the unit vent. The NRC baa evaluated tbia 
postulated event and reported the consequent doaea to be 6 rem whole body 
for the tvo hour excluaion boundary, 1 re• whole body for the 30 day LPZ 
doMe, and •negligible• thyroid for both caaea. 

The comparable event during tHI-2 defuelina operation& would be the 
release of all unaccounted-for krypton-85 fro• the THI-2 core. The 
analyaia poatulatea the releaae of the krypton-85 to the reactor building 
ventilation ayatem and aubaequently to the environment through the unit 
vent. Thia acenario repreaenta the aaximua aaaeoua fiasion product 
releaae which can be poatulated for THl-2 in ita current condition. The 
analyaia ia preaented in Section 4.4.2.1 of tbia SER. The calculated 
doaea for tbia event nre 9.7 are• whole body for the two hour exclusion 
bounda~, 1.8 area whole body for the 30 day LPZ and zero re• thyroid for. 
both caaea. 

A comparfaon of the doae conaequencea of the poatulated waste gaa decay 
tank rupture and the poatulated releaae of krypton-85 clearly reaulta in 
the con~uaion that the vaate a•• decay tank rupture !a bounding. 
Although theae eventa are not identical, both eventa result in the 
rnleaae of larae quantitiee of gaaeoua fiaaion producta. Tbua, they can 
be conaidered comparable. 

OTHER COMPARABLE EVENTS 

A variety of other type poatulated eventa have been analyzed 1n tbia 
SER. They include: (1) criticality, (2) boron dilution, (3) 
pyrop~oricit71 and (4) heavy l~d drope. The analyaia of theae eventa 
reaultl>d 1n the concluaion that recovery vith in-plant ayateaa 1a 
poaaib!~ prior to a poatulated event reaultin& in an accident and 
conaeqbent offaite doae. Analyaia of comparable eventa 1D the FSAl led 
to a at.ilar coucluaion concernin& offaite doae conaequencea. 

For· exaaple, tbe. cbeaical and voluae control ayatea .. !function analyzed 
!n tbe PSAI ~ c~aparable t~ the leactor Coolant Syatea deboration 
.anal~d f~ 6efu~lin&; i.e., both are boron dilution eventa. The 
,..UuncUon of the chellical and volWDe control ayatem hatl been analyzed 
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in Section 15.1.4 of the tHI-2 FSAR. rhe event assumes a combination of 
aultip~e valve aaloperatiooa or failures and operation of aore than one 
aakeup' pump while the Reactor Coolant System is operating at reduced 
pressure. This scenario describes the aazimum credible boron dilution 
accident, resultin& in a positive change in reactivity vbich is aaoaged 
by plant automatic control systems. 

Section 4.3 of this SER discusses postulated boron dilution events during 
defuelin&• Potential boron dilution pathways have been identified. Each 
postulated event baa been analyzed to assure that early recognition and 
timely response are possible to ensure the boron concentration is 
aaintained at an acceptable level and aubcriticality is assured. 

A comparison of the postulated events indicates that the consequences of 
the deboration events analyzed in this SER do not ezceed the cooaequencea 
of the Chemical and Volume Control System malfunction analyzed in the 
TMI-2 FSAR. In fact, none of the events analyzed in this SER resulted in 
a significant offaite dose or other consequences and all were aanaged 
without approaching criticality. 

SUMHARY 

Aa a result of the above review,·it is concluded that the type of events 
postulated and analyzed in this defueling SER are comparable to and 
bounded by similar events postulated and analyzed in the tHI-2 FSAR. 
Generally, the consequences of the postulated defuelin& eventa are aucb 
lesa algoificant because: 

1. Fission product inventory baa significantly decayed; therefore, 
source terms have been substantially reduced. 

2. Potential for criticality baa been eliminated by increaain& the 
boron concentration in the RCS, isolation of all dilution aoureea, 
and removing dependence on control rods for assurance of shutdown. 

3. Low decay beat load (12 Xw) elialnates dependence on all decay beat 
removal aechaniaaa escept paaaive heat loss to the .. bleat 
environaent. 

4. Low decay beat load coupled with the open llPV elialnatea any 
potential for preasurization type accidents. 

10 CFR 50.59 REVIEW 

To determine if defuelina activities involve an unrevieved aaf~ty 
queatioo, the three key queationa auat be evaluated. 
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A variety of events have been analyzed in this SER. It has been 
demonstrated that theae events are bounded by comparable events analyzed 
1n the .FSAR. Two poatulated events have potential offaite doae 
conaequencea: (1) a defueling caniater drop, .and (2) a kryptQD- 85 
releaae. It vas shovn that the potential consequences from these tvo 
events are subatantially leas than the potential consequences of 
comparable events analyzed in the FSAR. Also, by analysis of other 
postulated eventa, it has been demonstrated there are no events vbose 
potential consequences ezceed those analyzed in the THI-2 FSAR. 

By analyzing postulated eventa and reviewing various aafety .echaniaaa, 
i.e., fire protection and decay heat removal, it baa been demonstrated 
that defueling activities will not adveraely affect equipment claasified 
as important-to-safety (ITS). Consequently, it ia concluded that the 
probability of a malfunction of ITS equipment or the consequences of a 
malfunction of ITS equipment bas not been increased. 

Therefore, it is concluded that the defueling activities do not increase 
the probability of occurrence or the consequences of an accident or 
malfunction of equipment important to aafety previously evalU3ted in the 
aafety analyaia 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 this SER conaider the 
apectrua of event types vbich potentially could occur during the 
defueling proceas or as a result of the defueling proceaa. A compariaon 
of theae eventa vith thoae comparable eventa in the FSAR deaonatrates 
that the type eventa postulated for the defueling proceaa are siailar to 
and bounded by the FSAR. In addition, no nev event type baa been 
identified vbich is different than those previously analyzed in the 
FSAR. Therefore, the defueling process baa not created the possibility 
of occurrence of an accident or malfunction of a different type than 
evaluated previously in the Safety Analysis Report. 

Has the margin of safety, as defined in the basis for any technical 
specification been reduced? 

Technical Specification aafety margins at THI-2 are concerned with 
criticality control and prevention of further core damage due to 
overheating. As demooatrated by this Safety Evaluation Report, Technical 
Specification aafety margins vill be maintained throughout the defueling 
proceaa. Subcriticality ia ensured by establiabing the boron 
concentration at areater than 4350 ppm durin& the defuelin& proceaa and 
enauring that this concentration is maintained by aonitoring the boron 
concentration and inventory levels and by iaolatin& potential deboration 
pathways. The ability to prevent further core damage due to overbeatina 
ia not affected by the defuelJng process. Syateas will remain in place 
to add borated cooling water to the core i~ the event of an unisolable 
leak frO. the reactor vessel. 
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CONCWSION 

In conc;luaion, the defuelin& acUvH.iea do not: 

o 1ncreaae t he probability of occurrence or the conaequencea of au 
accidrot or calfunction of equipment important to aafety previously 
ev8l uated i n the aafety analyaia report, or 

o create t he possibility for an accident or aalfunction of a different 
type than any evaluated previoualy in the aafety analyaie report, or 

o reduc~ the targin of eafety aa defined in the baaie for any 
technical apecification. 

Therefore, the defueling activitiea do not conatitute an uarevieved 
eafety queation. 

No Technical Specification changes are required in addition to thoae 
requested in Technical Specification Chanae Requeat No. 47, •• approved 
by Amendment to Order iaaued April 23, 1985 to be effective May 31, 1985, 
to conduct the activitiea bounded by tbia SER. 
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The de~uelina activities have been aaaeaaed and it ia concluded that 
these activities vill be performed vitb no unacceptable consequences to 
the health and safety of the public or vorkera. 

Releases to the public reaultiua from planned defueling activities are 
not expected to be significantly different than releases during previoua 
vork conducted in the reactor building (see Section 4.4). Past releases 
of radioactivity to the environment have been vell vithin the limits of 
the T:Hl-2 Environmental Technical Specifications. Specifically regardina 
the potential tritium release, Section 4.4.1.2 ezplains that the releases 
to the environment vill not increaae over past releaaea. Section 4.4.1.3 
providea a raLionale for aaseasing the potential release of krypton-8S 
and presents the offaite doae consequences of a sudden release of 
krypton-aS to the environment. Tbeae dose consequences are lesa than l% 
of lOCFRSO, Append!% I dose limite, vhich ia conaidered acceptable. 
Therefore, the releaaes to the public resulting from planned defueliug 
activitiea will not reault in a aignificant environmental iapact. 

Tvo accident• vith potential offaite dose conaequencea have been 
evaluated. Tbeae are an inatantaneoua release of all unaccounted for 
krypton-as (Section 4. 4.2.1) and the dropping of a defueling caniater 
(Section 4.4.2.2). In both casea the analyaea were performed using 
extremely conservative asaumptions in order to provide boundin& reaulta. 
Uaing the conservative aasumptiona, the reaulta were found to be within 
past analyaea that have been found to have acceptable consequencea. The 
krypton-as release vaa found to be leaa than 1% of the lOCFRlOO doae 
guidelines for accidents. The environaental iapact for tbia poatulated 
release of 31,300 curlea of krypton-aS would be leu than that evaluated 
for the decontamination of the reactor building atmosphere preaented in 
NUREG-f~S2, •rinal Environmental Aaseasment for Decontamination of the 
Three Mile laland Unit 2 Reactor Buil ding Ataoaphere,• (Append!% C to 
Reference 20). The conclusion of NUREG-0662 waa that no aiauificant 
environmental impact would reault from the release of .57,000 curies of 
krypton-85 to the environment . The canister drop resulted in doses that 
vere leaa than a fuel handliug accident aa deacribed in the T:Hl-2 FSAR. 

The environmental impact from planned defueliug activities resulting from 
occupational ezposure baa been reevaluated by the HRC in Supple.ent No. l 
to Reference 20. This evaluation eatiutea an occupational exposure in 
the range of 2600 to lSOOO person-rem for reactor disassembly and 
defueling. The projected occupational exposure for the planned defueling 
activities is expected to be within the range given ~n Supple8ent 1, if 
not lover (aee Section 5.3). Tbua, the environmental iapact resulting 
froa occupational ezposure during the planned defuellng activitiea ia 
bounded by Reference 20. 

Therefore, the planned defuellng activities will be performed with no 
significant environaental impact. 
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Defueling and associated activities have been described and evaluated. 
The evaluation& have shown that the tasks and .tooliDg employed follov the 
continued commitment to maintain radiation exposure levels !LARA. the 
evaluations have also shown that the radioactivity releases to the 
environment that vill result from the plsnoed activities vill not exceed 
allowable limits. Finally, it baa been demonstrated that the 
consequences of postulated accidents vith respect to potential core 
disturbances vill not compromise plant safety. Therefore, it is 
concluded that defueliug activities can be performed without presenting 
undue risk to the health and safety of the public. 
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