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TMI-2 PLANNING STUDY 
FOR PHASE II 

Special attention should be given to Chapter 4 . 0  on core 
inspection and fuel removal .  This chapter addresses many of the issues 
which may be most sensitive and p rocedures which may present the most 
difficult technical problems. This chapter presents discussions of core 
inspection , vessel specimen holder remova l ,  fuel removal ,  fuel canning 
and transfer operations, and special tooling and equipment which may be 
necessary for each of these tasks. There is also a discussion of fuel 
storage :nd ultimate disposition considerations and the impact of these 
issues on decisions regarding rigging and handling, spent fuel pool 
reclamation, and fuel canning . 

Chapter 5 . 0  presents information concerning cuvlant � 

purification, steam generator cleaning, mechanical and chemical cleaning 
of the reactor coolant system, and decontamination of the reactor vessel 
head and interna ls. 

Chapter 6.0 discusses the service systems and facilities 
which will be required to support fuel removal and system cleanup, 
including remote viewing equipment , radiation monitoring instruments, 
communications, lighting, and decontamination systems. 

The detailed procedures for removing the head, lifting 
the upper internal s ,  defueling, lifting the lower interna ls,  and RCS 
decontamination a l l  will depend on the actual conditions encountered . 
These procedures should therefore have numerous hold points at which 
time all the available information may be evaluated prior to proceeding. 
They should be flexible enough to allow for the unexpected, and they 
must include consideration of a number of available options prior to 
proceeding beyond some point from which return to the original state 
could not occur. 

1 -3 
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Uncertainty: 

Uncertainty: 

TABLE 1 . 3-1  (Cont . )  

TMI-2 PLANNING STUDY 
FOR PHASE II 

Core conditions and impact of conditions on reactor 
disassembly and defueling operations . 

Approach To Resolve 

1 .  Monitor results of on-going study groups assessing 
core condition . 

2 .  Develop plans for core inspection prior to head 
removal .  

3 .  Remova l of surveillance specimens as soon as 
possible for detailed metallurgical analysis. 

4 .  Provide a wide range of tool designer experience 
to accommodate special tooling needs during 
reactor disassembly and defueling. 

The availability of permanent offsite storage space for 
damaged THI-2 fuel . 

Approach to Resolve 

1 .  Provide for interim storage of damaged fuel in 
the onsite spent fuel pool using failed fuel 
canisters and specia l storage racks. 

2 .  Monitor the availability of storage space a t  
existing independent spent fuel pools (GE-Horris , 
Barnwell , West Va lley) and the licensing activities 
for new independent storage facilities . 

1-6 
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TABLE 1 . 3- 3  

RESEARCH ACTIVITIES I N  
SUPPORT OF RECOVERY 

TMI·2 PLANNING STUDY 
FOR PHASE II 

1 .  Movement o f  selected control element assemblies (CEAs ) could provide 
some information related to potential fuel damage. This exercise 
could give an indication o f  damage not obtainable by visunl inspection. 
For example ,  i f  the top anrl bottom end fittings look good, but CEA 
won ' t  move, i t  is a possible inrlication of significant deformation 
within and along the length of the fuel assembly. A s tudy should 
be performed to determine how such an exercise could be performed; 
what information could be obtained, interpreted, and uti lized; and 
what the risks are associated with C EA travel of 1 or 2 percent of 
range. 

2 .  The fuel fabricator should b e  requested to review the in-core 
instrument data (both power and temperature information is avail­
able) and provide some assessment, fuel element by element, of the 
possible core condition. This assessment, confirmed by a visual 
assessment after the head and upper plenum have been removed , could 
be used to aid in developing an optimum defueling plan. Recom­
mendations on maximum a l lowable forces exerted on individual elements 
and/or speci f ic locations on an element could also be used as input 
in designing special damaged-fuel handling tools and canisters . 

3 .  The feasibility o f  remote visual examination o f  core components 
through the use of optical equipment (such as a borescope or fiber­
optics ) during reactor disassembly and defueling operations . 

4 .  The design o f  specialized, damaged-fuel and CEA handling tools and 
damaged-fuel cans should proceed as soon as possible . An effort 
should be initiated to conceptualize a lternative methods and tools 
for damaged-fuel handling, and then select those alternatives which 
appear to have the most utility for the situation. 

5 .  The split seal ring designed for Unit 2 may represent a n  unacceptable 
potenti a l  leakage path from the refueling cana l .  However, any 
modi fications to the sea l must not result in an unacc�ptably long 
insta llat vn time, since the radiation levels near the reactor 
vessel head are postulated to be very high. A study to determine 
Lhe optimum resolution of this potential problem should be completed 
soon enough that modi fications can be made to the seal ring wel l  
before its use . 

6 .  B&W should be requested to provide recommendations related to core 
reactivity control during a l l  RCS disassembly activi ties such as 
control rod and axial power shaping rod (APSR) uncoupling, head 
remova l ,  etc.  
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TMI·2 PLANNING STUDY 
FOR PHASE II 

i. B&W should be requested to evaluate the consequences o f  free fall 
o f  an APSR from its existing position to the fully inserted position 
after uncoupling. 

8 .  The feasibility o f  underwater reactor vessel head stud detensioning 
should be examined. 
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TABLE 1.3-4 

SUMMARY OF EXTRAORDINARY 
TECHNICAL PROBLEHS 

TMI·2 PLANNING STUDY 
FOR PHASE II 

1 .  A modified reactor vessel head storage stand with lead shielding 
may exceed the design floor loading under the storage stand. 

2 .  Usable space o n  elevation 347 ' is very restricted and may not be 
sufficient to accommodate laydown and working space requirements . 

3 .  A seal ring which will not. leak under any circumstances is required 
during defueling operations. 

4.  Possible deformation of the reactor vessel head and plenum could 
retard RCS disassembly. 

5 .  Fuel accountability for the severely damaged core will require a 
novel approach or a relaxation o f  accountability requirements. 

6 .  Methods of criticality control and monitoring must be developed for 
all RCS disassembly and defueling activities . 
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TABLE 1 . 3-S 

RECOHHENDATIONS 

TMI·2 PLANNING STUDY 
FOR PHASE II 

1 .  The reactor cavity shield blocks should be removed from the containment. 

2 .  Two 15-ton cherry pickers should be provided inside the containment 
to assist hois�ing and movement of materia l s .  These cherry pickers 
could be placed across the reactor coolant pump ( RCP) supports at 
elevation 369 ' , one for each D ring. 

3. A bridge-type service hoist should be provided on tracks along the 
D-rinp rails to assist in defueling activities . 

4.  A skid-mounted underwater filter system should be used for fuel 
transfer canal cleanup . 

5.  The neutron shield tanks should be removed from the containment. 

6. An a i r  control boundary should be provided in lieu of the containment 
equipment hatch to expedite defueling activities . 

7 .  Fuel canisters should be designed t o  allow loading from the top or 
the side . 

8 .  The fuel transfer tube system should be modified t o  use a cable 
drive instead of the existing underwater air- motor-powered chain 
and sprocket drive. 

1 - 1 1  
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TMI·2 PLANNING STUDY 
FOR PHASE II 

RIGGING, HANDLING, AND LAYOUT CONSIDERATIONS 

General Considerations 

A basic problem that will  be encountered while conduct­
ing any activities on elevation 347 '  will  be conges tion of personnel and 
equipment.  The very l i mited amount of working and storage space avail­
able at this elevation must be carefully factored into the technical 
planning for the various activities relating to RCS disassembly and fuel 
removal . Optimizing the flow of personnel and equipment to and from 
this area will help minimize radiation exposures and schedule delays . 

Usable s torage and work space will  be especially limited 
at elevation 347 '  while the reactor vessel head is in its storage stand. 
Furthermore , Stairway No. 1 may not be available for use due to the 
proximity to the head. To allow access ,  the area between the south end 
of the pool and the floor hatchway should be left clear (see Figure 2 . 1- 1 ) .  
Enough o f  the hatchway will  have to be left open to a llow passage o f  the 
largest piece of equipment to be moved between elevations 305' and 347' 
during defueling. Prior to removal of the he3d , the need for temporary 
equipment and materials at elevation J47' should be evaluated. Only 
items with a specific purpose should be left at elevation 347 ' .  I f  
possible , la rge bulky items such as the neutron shield tanks and sh1eld 
blocks should be removed and placed el sewhere within the containment. 
Any excess scaffolding, cleanup equipment ,  tools , etc . , should be removed 
to a l low room for special tooling equipment and materials needed to 
support the defueling effort. 

2 . 2  Polar Crane 

In preparation for defuel ing, the polar crane will be 
used to perform the work items l isted be low. With the exception of 
remova l of the neutron shield tanks and the head insulation, the polar 
crane is the only piece of hoisting equipment capable of performing 
these tasks and will  have to be refurbished in order to make the l i fts . 
This listing is not intended to represent the sequential order of events , 
nor should it be construPd to be a l l  inclusive. 

2 . 2 . 1  Auxil iary Cranes 

The auxili ary cranes , as shown on Figure 2 . 1- 1 ,  will  be 
l ifted from elevation 305' and placed in pos1tion. 

2 . 2 . 2  Refueling Crane 

The refueling crane trolley sh-ould be removed from above 
the pool to an area where i t  can be decontaminated and refurbished to 
support normal refueling if the plant is to be put back i n  operat ion. 

2 . 2 . 3  Reactor Coolant Pump (RCP ) Motors 

The RCP motors w i l l  be removed from their supports and 
lowered to eleva t ion 305' for removal from conta inment.  The RCP motors 
will be used as the design bas is items for hand 1 ing heavy loads ins ide 
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the containment. Figures 2 . 2- 1 ,  2 . 2-2,  and 2 . 2-3 i l lustrate that the 
RCP motors wi l l  pass through the containment equipment hatch in an 
upright position, a requirement due to the design of the thrust bearings. 
Figure 2 . 2- 4  i l lustrates the relative size of other large i tems such as 
the shield blocks and selected casks , which will  pass through the equipment 
hatch. 

2 . 2 . 4  Shield Blocks 

The shield blocks will be removed from above th� refueling 
pool and placed on top of D rings or lowered to elevation 305 ' for 
remova l  from containment. After the reactor cool�nt pump motors are 
removed, it may be desirable to place one or more of the shield blocks 
across the D rings and use for laydown. However ,  prior to this removal 
from the containment is recommended to reduce congestion and provide a 
less hampered working space. 

2 . 2 . 5 Refueling Pool Indexing Fixture 

The indexing fixture can be removed from the refueling 
pool and lowered to elevation 305 ' for removal from containment .  

2 . 2 . 6  Shielding 

Shielding material can be raised from elevation 305 ' and 
placed a round the service structure and the reactor vessel head storage 
stand. 

2 . 2 . 7 Head Insulation 

Insulat ion will be removed from the reactor vessel hea d .  
Figure 2 . 1 - 1  i l lustrates two auxi liary cranes i n  position t o  assist in 
this operation. This insulation should be removed and set on elevation 
347 ' in the quickest manner possible to minimize exposure. A method of 
lifting several panels at one time should be developed. 

2 . 2 . 8  Neutron Shield Tanks 

The neutron shield tanks will be removed from the floor 
of the refuelin� canal and lowered to elevation 305 ' for remova l  from 
the containment. 

2 . 2 . 9  Hatchway 

Hatch covers and supports can be installed in the floor 
hatch at elevation 347 ' to provide for maximum floor space during defueling 
(Figure 2 . !-1) . Part of the floor hatch should remain open to a l low the 
passage of equipment . 

2 . 2 . 10 Reactor Vessel Head 

The service structure and head will  be rais�d and set on 
the support stand. 
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2 . 2 . 1 1  Plenum 

TMI·2 PLANNING STUDY 
FOR PHASE II 

The plenum will be removed from the reactor vessel and 
set i n  the deep end of the refueling poo l .  

2 . 2 . 12 Casks 

I f  it becomes necessary to handle fuel casks in the 
containment , the casks can be rai.sed from elevation 305 ' and set in the 
refueling poo l .  The fut>l casks can be loaded underwater ,  then removed 
from the refueling pool and lowered to elevation 305 ' .  

2 . 2 . 1 3 Core Support Assembly 

The plenum, i f  not removed from the containment , w i l l  
have to be moved from the deep end of the refue ling pool to the shallow 
end . Then the core support assembly can be removed from the reactor 
vessel and placed in the deep end o f  the pool . 
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2 . 3  Other Hoisting Considerations 

TMI·2 PLANNING STUDY 
FOR PHASE II 

Two cherry picke r  cranes (approximately 15-ton) are 
proposed to be installed on the shield wa lls straddling the RCP supports 
at elevation 369'-6". These cranes can be used during the preparation 
for fuel removal and cleanup (see Figure 2 . 1-1) . These cranes would 
serve to raise materials·to the 347 ' leve l ,  position materials on this 
leve l ,  assist in rework of the refueling cranes , and in general help 
with material handling. Cranes in this capacity range are also smal l  
enough t o  b e  repos i tioned b y  the polar crane without much d i fficulty. 
After completion of fuel removal and prior to cleanup of the RCS, these 
cranes can be used to move tools, cleanup materia l s ,  insulation, scaffold­
ing, grating, etc . ,  in and out of the steam generator compartments, 
cal led the D rings . 

The installation and use o f  an auxiliary service hoist 
described in Sections 3 . 2 . 3  and 4 . 5 . 1  should be cons idered in supporting 
the defueling effort. This service hoist could be a bridge type , as 
shown in Figure 3 . 2- 2 ,  or a gantry type which could also be supported by 
rai l s  installed on the D rings . 
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TMI·2 PLANNINu � 1 uu r 
FOR PHASE II 

Reclamation o f  the "B" spent fuel pool should involve 
only removal o f  the Submerged Demineralizer System. The Submerged 
Demineralizer System will be completely installed and supported in a 
cage assembly which will rest on the curb and/or: floor around the "B" 
pool and no welding will be done to the pool liner. Since no cutting of 
welds to the liner plate should be necessary, lin<!r damage is not expected; 
however an inspection of the liner should be performed. 

Section 4 . 8 ,  Fuel Sto.rage and Shipment, also contains 
discussions which have a bearing on the issue of spent fuel pool reclama­
tion related to storage considerations. 

Effects o f  Reclamation o f  the Spent Fuel Pools 

Reclamation of the spent fuel pools is needed for fuel 
handling operations , but it has an impact on radwaste management activi­
ties . Reclamation of the pools cannot be initiated until a fter the 
tanks in the "A" pool are emptied. This will require the 1 1 0 ,000 gallons 
of water to be processed and stored. Following recla mation, the pool 
can be refilled with borated water which meets the water quality specifi­
cations for the pool. 

Since the objective of reclaiming the "A" spent fuel 
pool is to allow fuel handling and temporary storage, any structures , 
modifications , or additions which interfere with the fuel-handling 
bridge or fuel handling activities will have to be returned to an accept­
able configuration . 

Reclamation o f  the spent fuel pools should be ac­
complished to support fuel handling operations , but the plan should be 
carefully reviewed to assure that the impact on radwaste management 
activities is minimized. 
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FIGURE 2.2-1 
REMOVAL OF RC PUMP MOTOR THROUGH CONTAINMENT EQUIPMENT HATCH 
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FIGURE 2.2-3 
ELEVATION VIEW OF CONTAINMENT EQUIPMENT HATCH WITH RCP 

MOTOR POSITIONED IN HATCH OPENING 
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3 . 0  

3 . 1  

REACTOR DISASSEMBLY 

Introduction 

TMI·2 PLANNING STUDY 
FOR PHASE II 

This section examines the tasks and proposed methods of 
removing the reactor vessel head and plenum assembly to expose the fuel 
and, subsequent tp fuel re�oval , removing the core support assembly ( see 
Figure 3 . 1-1) . 

Al though radiation levels and other conditions are not 
specifically known, it can be expected that throughout the reactor 
coolant system decontamination and de�ueling efforts the radiological 
control problems from both the potential spread of contamination and the 
d i rect radiation sources will  be considerably higher than could be found 
during normal refueling. Alternate approaches will  be discussed where 
the individual task in the sequence may have to depart from the normal 
or base approach. 

Each subsection that deals with an individual task 
includes a discussion of the base method and alternates and of expected 
shielding, training, tooling ,  and special equipment needs. 

3 . 1. 1  Procedures 

A complete package of procedures will  have to be devel­
oped for this work. Many s tandard refueling procedures can be modified 
for use , particularly if the ba5e method is feas ible . These alternate 
procedures should be prepared to the extent possible to enable work to 
proceed promptly should conditions require the alternate methods . I t  
should be recognized that i t  may not be practicable for the alternate 
procedures to be fully prepared prior to complete knowledge of condi­
tions. 

Although the procedures used w i l l  have the usual set of 
check points and prerequisites , the following three key hold points are 
thought to be of enough significance to warrant discussion: 

Prior to any axial mot1on of drives which may be 
coupled to control components , a hold should be 
established to allow thorough evaluation of poten­
tial core reactivity consequences . 

Prior to RV head lift , a hold should be establ ished 
to allow thorough evaluation of potential core 
reactivity consequences as a result of inabi l ity to 
uncouple or inabi lity to verify uncoup ling of control 
assemblies . 

Prior to plenum lift ,  a hold should be establi shed 
to allow thorough evaluation of inspections per­
formed through and around the plenum cylinder. 
During the plenum l i ft sequence (e . g .  1 foot and 2 
feet above flange ) ,  addit 1on�l holds should be 
established for inspection and evaluation. 

3 - 1  



3 . 1 . 2  Assumptions 

TMI·2 PLANNING STUDY 
FOR PHASE II 

The following is a list of assumptions made in develop­
ing this plan. As more specific conditions are known, the assumptions 
may be changed and the methods can be revised accordingly. · 

3 . 1 . 3  

Control rod drives may be inoperable due to stator 
damage. 

Radiation levels on top of the service structure 
wil l range between 5 and 20 R/hr following building 
cleanup and without temporary shielding. 

Radiation levels on the work platform at the top o f  
the service structure will be dbout 500 mr/hr with 
temporary shielding. 

Reactor building general background radiation will 
be about 50 mr/hr after cleanup . 

Radiation levels in the canal with shielding on the 
service st ructure will be about 500 mr/br. 

Performance of all work will require respiratory 
protection. 

Components will be treated as reusable until proven 
otherwise.  

General containment cleanup is completed prior to  
the start of actual disassembly work so that access 
to work areas is as unencumbered as is possible. 

The polar crane will be availa ble prior to the start 
of work. Decontamination and refu1oishment of the 
polar crane is discussed in Section 9 . 7  of the 
Ini tial (Phase I )  Planning Study. 

Capability is available for remote television super­
vision of work in the fuel t ransfer canal and on the 
elevation 347 '  operating floor .  

Base Methods and Alternatives 

In Sections 3 . 3  through 3 . 7 ,  the base methods discussed 
closely parallel normal refueling operations except that consideration 
is given to: 

Radiation exposure reduction through time reduction , 
shielding, and distance from the source. 

Equipment deficiencies which have a high probability 
of occurence due to exposure to a bnormal operating 
and/or environmental conditions . 
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For the base method , work on CRDH uncoupling will  be 
done at the top of the service structure from a shielded platfo� resting 
on the top of the motor tubes . Local shielding should be provided on 
the seismic plates . Host work will be done with no�al tooling for this 
operation except for the APSRs which are partially wtthdrawn (20 percent) 
and will require special treatment. 

Work on the RV head closure area is expected to be done 
locally i n  the fuel transfer canal for the base plan. Shielding and 
tooling changes are suggested for radiation exposure reduction. 

Rigging for a l l  major l i fts is by the normal methods 
except for special leveling devices used for a portion of the plenum 
assembly lift.  ·�xecution of the l i fts should be modifi�d from the 
no�al means to allow remote observation a nd inspections and to provide 
water shielding. Detailed inspections are suggested during these lifts. 

The alternate methods discussed are intended to accom­
modate high radiation levels or significant equipment deficiencies.  
These methods generally require substantial procedure and tooling changes. 
In some cases , concept and tooling development work is needed to validate 
the a lternate procedure. 

Also inc luded in these sections are:  

Special consider�tions f�r local shielding to mini­
mize the effect of anticipated high radiation level 
areas . 

Specific training recommendations for the activity 
considered in  each subsection. 

Special tooling and equipment needs for both the 
base methods and the alternate methods . 

Some facilities modifications are suggested to provide 
for shielding a nd to enhance operations. Training facilities are sug­
gested for mockup of non-standard operations such as uncoup ling axial 
power shaping rods and all operations for personnel a nd supervision 
training. 

3 . 1 . 4 Plant Conditions 

This section discusses expected conditions and opera­
tional control of the reactor coolant system prior to and during the 
reactor disassembly work. Also included is chemistry control. 

3 . 1 . 4 . 1 RCS Operating Conditions and Control 

At t�e time reactor disassembly is anticipated, the RCS 
is expected to be at near normal refue ling temperatures , 100- 125 F ,  and 
at or slightly above atmospheric pressure. RCS inventory processing 
should be completed, thus reducing RCS coolant activity from current 
conditions to near normal refue ling conditions even though some continuous 
leaching of fission products from the damaged fuel and from plateout in  
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the RCS is expected. · Reactor coolant bleed holdup tank (BHUT) (or other 
a lternate tankage) capacity should be available to drain the RCS to a 
level below the reactor vessel flange. The borated water storage tank 
(BWST) should be filled to provide inventory to fill  the fuel transfer 
canal following RV bead removal .  

To prepare for reactor disassembly, the RCS must be 
depressurized and the excess inventory drained via the makeup system 
letdown line through HU•VS to the bleed holdup tank�. I f ,  due to block­
age, this path is not available, an a lternate path from the RCS through 
the dec�y heat and spent fuel pool cooling systems to the bleed holdup 
tanks is available. Following (or during) RV head removal ,  the fuel 
transfer canal should be filled from the BWST via the spent fuel pool 
cooling system. When the fuel transfer canal is flooded, the canal 
water must have the same boron (boron acid) concentration as the water 
in the reactor vessel to ensure that the core is maintained in a sub­
critica l condition. 

Continuous circulation o f  reactor coolant through the 
core can be maintained by the mini decay heat removal system or,  if 
processing o f  RCS inventory is complete, by the normal decay heat removal 
system. 

3 . 1 . 4 . 2  Chemistry Control 

Steam Generators (Secondary Side) 

When preparations are made for reactor disassembly, the 
steam generators are expected to be isolated since the mini decay beat 
removal system should be operating to remove decay heat. The chemistry 
conditions on the isolated secondary side of the steam generators should 
be in accordance with those listed in the B&W THI-2 Recovery Project 
Water Chemistry Manua l ,  which are lis ted in Table 3 . 1 - 1 .  

Conditions should be maintained with ammonia and hydra­
zine under a nitrogen blanket. These layup conditions should be main­
tained at a l l  times except when it is necessary for a steam generator to 
be empty for maintenance and inspection operations . After maintenance 
and inspection the wet layup condition should be restored with water 
containing ammonia and hydrazine and a nitrogen blanket. 

Wet layup chemistry conditions should be provided for the feedwa ter 
system as listed in the B&W THI-2 Recovery Project Chemistry Manua l ,  
which are listed in Table 3 . 1-2.  

Reactor Coolant Sys tem 

Prior to removal of the reactor vessel head, the RCS 
chemistry conditions should be maintained as listed in the B&W TMI-2 
Proj ect Water Chemistry Manua l ,  which �re l isted in Table 3 . 1 - 3 .  
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3 . 1 . 4 . 3  Reactor Component Conditions 

TMI·2 PLANNING STLIDV 
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The major elements of the accident which may have caused 
abnonnal physical conditions in the reactor coolant system 3re the pro­
longed heating period during core uncovering fol lowed by several rapid 
cooling transients caused by ref i l l  of the reactor vessel (by the turning 
on of the makeup pumps) and the operation of the RC pumps , and prolonged 
exposure of the components to the humid reactor building atmosphere for 
the months which followed the incident. 

The former of these is anticipated to have caused 
mechanical deformation in certain components while the latter is 
expected to have caused some phys ical deterioration of the exposed 
exterior of the compon�nts. 

A possibility exists that the reactor vessel head,  and 
its closure studs are mechanically deformed due to the temperature 
transients and the corresponding therma l loadings which occurred. The 
amount o f  deformation should be quantified prior to the time of disas­
sembly. Base and alternate methods in Section 3 . 5  address potential 
problems caused by deformation. 

The same temperature transients may have caused dis­
tortion of the plen�h assembly which may present removal difficulty. 
The possibility for plenum distortion and alternate methods for plenum 
remova l  in case of distortion and binding are currently being evaluated. 
Alternate removal methods in case of keyway binding are discussed in 
Section 3 . 6 .  

3 . 1 . 5  Schedule 

Figure 3 . 1-2  is a logic sequence of the base method 
reactor disassembly subtasks. Included are the prerequisites which are 
noted throughout this report. Also noted are the points at which alter­
nate methods would have to be implemented should they be required due to 
physical or environmenta l condi tions . 
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3 . 2  Preparations 

TMI·2 PLANNING STUDY 
FOR PHASE II 

This section deals with facilities,  support systems, and 
activities prior to beginning the CRDH uncoupl ing operation. 

Hissile Shield Removal 

The sequence and method for removing the missile shields 
should remain unchanged. These l i fts are made with the polar crane and 
pendant cables. The l ifting cables should be inspected, replaced ( i f  
necessary) and then load tested prior to the lift  due t o  expected loss 
o f  cable lubrication as a result o f  the harsh containment environment. 
Final location for the shield blocks should be carefully considered to 
preclude interference wit� subsequent operations and/or to maximize · 

laydown space capacity. (Refer to Section 2 . )  

Head Storage Stand Preparation 

A lead liner (Figure 3 . 2 - 1 )  should be built into the 
&losure head storage stand for shielding during work on the closure head 
and adjacent areas on the operating floor and the 305' elevation. 
Shielded enclosures should also be ·provided for the closure head key 
block�. In addition, provision for shield wa l l s  around the storage 
stand should be considered to provide additional shielding and for 
potential use in later RV head decontamination. Detailed study may 
indicate complete removal or redesign o f  the existing storage stand to 
provide for more efficient RV head decontamina tion, inspection, and 
rework. 

3 . 2 . 3  �'JXiliary Service Hoist 

An �uxiliary service hoist , shown in Figure 3 . 2-2,  which 
spans the fuel trans!�r cana l ,  should be provided. This hoist will  be 
used for l i ght l i fts io the cana l ,  such as l i fts above the service 
structure for control rod drive uncoupling. The service hoist will 
relieve the polar crane for other l i fts in the containment and is better 
suited for contro l l ing the l i ght critica l l ifts associated with reactor 
disassembly and, later, for fuel removal .  

The hoist should be installed on rails on top o f  the 
D-ring shield wa l l s  adjacent to the fuel transfer cana l .  However ,  since 
work on the service structure may be done from an elevated platform (an 
a lternate CRDH uncoupling method) and the leadscrews may be removed 
while the RV head is on the reactor vessel in order to flush the CRDHs , 
provisions should be made at time of installation to provide for a 
temporary l i ft height o f  1 5  feet above the 367' elevation (top o f  D-ring 
shield wa l ls ) .  Additional ly ,  this hoist should be installed to a l low it 
to travel as close as possible to the containment wal l  at the deep end 
of the canal and at least 6 feet beyond the shield walls at the shallow 
end of the refuel ing cana l .  
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Rai l  extens ions , used for this purpose , must be remov­
able. Extending the length of travel along the north-south axis will 
a llow this hoist to be used for ha�dling equipment directly . between the 
elevation 347 ' operation floor and the bottom of the fuel transfer 
cana l .  Sizing the hoist equipment to l i ft a t  least 1 0  tons would a llow 
moving equipment such as stud tensioners in and out the canal without 
the use of the polar crane. 

The control pendant should be heavy duty and long enough 
to a llow an operator to control the hoist from the 347'  elevation a t  
either end o f  the canal and slightly behind the D-ring shield wal l s .  
Radio control should b e  considered to avoid the pendant length but a 
redundant pendant control should be provided i n  any case . 

This hoist should be designed as a permanent instal­
lation, since it will be useful for future outages . 

3 . 2 . 4  Hot Hachine Shop 

Due to space limitations and radiation levels in the 
containment , bot machine shop capabilities should be provided outside 
containment. Controlled and direct access from the containment to the 
shop should be available. 

3 . 2 . 4 . 1  Tooling Modifications 

There is big' probab il ity that existing tooling will 
need modification and special tooling will  need to be fabricated as the 
reactor work proceeds . The hot machine shop should contain the fol lowing 
equipment :  

Power hacksaw 

Lathe 

Hill ing machine 

Dril l  press 

Welding equipment 

Overhead crane with 30' lift capacity 
Assembly area 

3 . 2 . 4 . 2  Storage 

Storage space for special equipment and too l s  for use in 
reactor disassembly is needed . This facility should include storage for 
mechani cal and elect ronic equipment . Shop maintenance fa cilit ies for 
the electronic equipment should a lso be provided. 

Storage is also needed for contaminated equipment removed 
from the containment .  Following decontamination o r  when discarded as 
waste the controlled slorage space will no longer be needed. 
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3 . 2 . 4 . 3  Training 

A separate training facility should be provided for 
mockup testing and mockup and classroom training. 

Training aids sbould include video tapes, equipment 
drawings , and equipment mockups where possible. Training instructors 
who are specialists in this work should be used extensively (see Section 
3 . 1 1) .  

Support Systems 

Due to the anticipated radiation levels and limite� 
personnel resources , much of the reactor work wi l l  be controllen from 
the command center. Therefore, video and communications sys�ems linking 
the command center with the work crews in the containment should be 
provided. The video and communications systems wi l l  �llow remote  manage­
men t ,  supervision, and technical evaluation from tbe command center thus 
avoiding exposure of the key personnel involved . These systems wil l  
also b e  employed for personnel training pu�uses . 

3 . 2 . 5 . 1  Communications 

An audio communications system between the work crews 
and the command center wi l l  �e required for a l l  the reactor disassembly 
work. Two-way radio and �icrophone/headset equircen t ,  which can be used 
in conjunction with breathing appa ratus , should be provided. A detailed 
discussion of the communication system is pres ented in Section 6 . 3 .  

3 . 2 . 5 . 2  Video Support 

Extensive video systems wi l l  be needed to support a l l  
reactor disassembly tasks . Area coverage o f  the fuel transfer cana l and 
J47 ' eleva tion should be provided. Special cameras and systems should 
also be provided for key tasks and insp�ctions. 

A typical application of �ideo systems is the closure 
head l i ft (Figure 3 . 2-3) . During this mode, the video system will 
permit checking of the closure head for level , entangled debri s ,  and 
damage. Taping of these events will permit later evaluation Js well as 
provide for permanent records .  

Other video applications would b e  plenum assembly in­
spection prior to and during removal as wel� deta iled video examina­
tion to determine whether or not the plenu� can be used again . Deta i l ed 
examinations of the core to record as- found condition will also aid in 
planning for fuel removal .  

A deta iled discussion o f  remote viewing i s  presented in 
Section 6 . 1 .  
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3 . 2 . 5 . 3  Fuel Transfer Canal Cleanup System 

TMI·2 PLANNING STUDY 
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Cleanliness o f  the fuel transfer canal water is impor­
tant to minimize radiation fields due to potential suspended. crud in the 
system and to improve water clarity for underwater inspection. A cleanup 
system should be provided for this purpos e .  

A skid-mounted assembly consisting o f  f i lters , pump s ,  
valve s ,  and interconnecting piping is suggested for this service. See 
Figure 3 . 2-4. The f i l te r  cartridges can be isolated and removed for 
disposal. Shielded containers should be provided for the spent f i lter 
cartridges. The changeout operation should be done remotely with long­
handled tools and the auxiliary service crane (Section 3 . 2 . 3 ) .  

Placement o f  the system is important due to phys ical 
space limitations , potential radiation fields produced by contamination 
t rapped in the filters , and the length of suction and discharge lines . 
A potential location for the system is a t  the north end o f  the fuel 
transfer canal near the containment wa l l  on the elevation 347 ' operating 
floor. This location is away from the reactor disassembly work area . A 
syst�m with submersible filters located in the fuel transfer canal 
should be investigated in order to provide additional shielding. 

3 . 2 . 5 . 4  RV Head Vacuum System 

In order to prevent gaseous releases through the open 
CRDMs during uncoupling, a s light vacuum could be applied to the reactor. 
There are eight vent valve thermocouple nozzles which terminate in blind 
flanges outside the service structure and above the insulation panels 
which could be utilized for access to the gas space under the RV head. 
A s l ight vacuum could be applied to the gas space discharging to the 
normal or a special vent header .  

3 . 2 . 6  Fuel Handling Bridges 

Fuel distortion and structural weakness are expected in 
the TMI-2 core . The existing fuel handling equipment is desi gned so 
that the fuel is l i fted from the end fitting,  thus applying somP tens ile 
load to the fuel assembly.  There is also a close tolerance between the 
fuel handling mast and the fuel assembly which will not accommodate 
significant distortion. These conditions would prohibit the use of 
existing fuel handling equipment. 

Since the main and auxiliary fuel handling bridges (see 
Figure 3 . 2-5) are not expected to be needed for handling fuel by the 
normal method , it is suggested that the bridges be modified for use as 
work platforms. 

The trolley assembly with the control panel and fuel/ 
control component mast should be removed and stored outside containment 

3-9 



I 

TMI·2 PLANNING STUDY 
FOR PHASE II 

(Figure 3 . 2-6) .  The bridges (spanning the canal) s�ould then be mod i fied 
to function as work platforms. These modifications should provide: 

working platform with safety rai lings 

shielding under platform as required 

storage of long tools (hanging) 

storage and handling of underwater video cameras and 
l i ghts 

power ,  water, a i r ,  vacuum, and communications . 

The bridges are expected to be used for handling tools 
for remote operations , for inspections , and for cleaning loose debris.  

Polar Crane 

The polnr crane must be operable . A power rotation 
feature should be provided for the main hook to rotate major components 
remotely. Pendant type controls for th� crane should be provided which 
can be operated from the 347 ' elevation or the 37 1 '  elevation; A high 
accuracy load cell should also be provided. Several commercial loadcell . 
units are avai lable and should be evaluated. 

3 . 2 . 8  Internals Storage Stand 

The internals storage stand should be in (or placed in) 
the deev � � �  o f  the fuel transfer cana l .  See Figures 3 . 2-7 and 3 . 2-8.  
In order to  a�  �d int�rference when placing the p lenum assembly in the 
storage stand, the storage stand must be level within . 0 10 inch per 
foot, not to exceed 1/8 inch side to side. The stand should be centered 
between the north and south wa lls of the deep end of the fuel transfer 
canal and centered between the east and west upenders . 

3 . 2 . 9  Plenum Inspection Station 

Since inspection of the lower portion of the plenum 
cyl inder is d i f ficult while the p lenum is in the internals storage 
stand, an inspection station should be provided consisting of underwater 
television cameras and underwater l ights and supporting stands . The 
inspection station should be on the fuel transfer canal floor ap­
proximately half way between the reactor vessel and the deep end of the 
cana l .  See Figure 3 . 2-9 . 

This station would be used to inspect the entire upper 
grid area of the plenum for damage or debris by moving the plenum over 
the came ra . 

The cylindrical portion of the plenum can also be in­
spected in this location by the use of additional cameras operated f rom 
the fuel handling bridge work platforms . 
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I t  is anticipated that a number of in-conta inment oper­
ations will  be conducted in paral le l  with -the reactor disassemb ly work, 
and, therefore , l aydown space will  require careful planning. 

For the reactor disassembly work, laydown space for the 
components involved is as follows: 

Missile shield blocks 

RV head stand 

Internals storage stand 

Lifting tripod, pendants , and handling adapters 

Tooling staging area 

Any smaller components ( i . e . , insulation, CRDMs , etc . )  
which are to be decontaminated, inspected, or discarded, should be 
removed from containment.  

3 . 2 . 1 1  Containment El evator 

The existing elevator should be evaluated for possible 
use prior to the beginning of the reactor disassembly work . 

Local Shielding 

Local shielding should be available in a number of 
locations for reactor disassembly. Movab le panels should be provided in 
the canal for use during detensioning, sea l plate insta l la t ion, and 
other operations . Other locations which may need local shielding are 
expected to be identified by radiation surveys . 
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3 . 3  Control Rod Drive Mechanisms 
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This section describes methods o f  uncoupling both axial 
power shaping rod and control rod drive leadscrews from their control 
components . 

Axial Power Shaping Rod (APSR) Uncoupling Methods 

APSRs are not used to achieve or maintain shutdown con­
ditions. The drive mechanisms used to drive APSRs are designed so that 
in the event of a reactor t rip there is no automatic insertion of the 
APSRs.  They are,  therefore , in the same position, approximately 20 
percent wi thdrawn , as they were at the time of the reactor trip on 
Harch 28,  1979.  The fact that the APSRs remained parti a l ly withdrawn 
during the transient should have precluded damage to the coupling and 
should permit uncoup l i ng by near standard methods. However,  it is 
possible that some APSR assemblies may be stuck and it may not be pos­
sible to verify uncoupling. It is assumed that stators may be inoperable 
and normal leadscrew backing cannot be accomplished. 

Base Method 

Prior to uncoupling, the vacuum system described in 
Section 3 . 2 . 5 . 4  should be installed. This will provide an a i r  flow path 
down through the CRDMs as the closure assemblies are removed, thus 
prohibiting gases from escaping, uncontrol led,  through the CRDHs to the 
containment . 

During the uncoup ling operation, radiation exposure may 
be reduced by uncoupling all  mechanisms prior to parking or removing any 
leadscrews . 

I f  the APSRs were free to move axial ly and were un­
coupled in the present position, they would free fall to the inserted 
position; therefore, the APSPs should be driven down to the normal 
uncoupling position. After verify the operabi l i ty o f  the existing 
stato r ,  the APSRs should be driven down to the normal uncoupling posi­
tion with a portable service power supply and the existing or a replace­
ment stator.  Uncoupling by the normal method and verifying uncoupling 
by free rotation o f  the leadscrew would then follow. The leadscrew can 
then be moved t� the parked position using the service power supply and 
stator. 

As in norma l refueling operations , an elevation in 
radiation levels will probably be noted when the leadscrews have been 
wi thdrawn to the parked position. This is due to a significant amount 
of crud which is normally  deposited on the leadscrew surfaces . At this 
point the decision could be made to remove the leadscrews from the 
control rod drive mechanism. This would entail using the auxiliary 
device hoist,  noted in Section 3 . 2 . 3 ,  to raise the leadscrew into a 
shielded container to contain contawi�ation and moving to a storage 
inspection station for decontamination and inspection. Removal of the 
leadscrews would accomplish a reduction in exposure levels a round the 
service structures as well as providing a flow path for flushing the 
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CRDH into the reactor coolant system, which would be a significant aid 
in the CRDH disassembly and inspection to follow. The decision to 
proceed with leadscrew removal while the RV head is on the reactor 
vessel shoulJ be based u: �n radiation surveys . 

Alternates 

If a replacement stator and power supply cannot be used 
or the rod is stuck and cannot be driven down , the leadscrew may be 
uncoupled from the APSR .in its pr�sent position. I f  the rod is free, it 
should move down to the inserted position and uncoupling can ue verified 
by free rotation of the leadscrew. An evaluation of the consequences of 
an APSR free fal l  from its existing position to the fully inserted 
position should be done. If the rod is stuck and will  not move down , 
uncoupling should be verified by di fferential weight measurement. The 
leadscrew should be moved to the parked position by rotating the torque 
tube. 

I f  radiation levels on top of the service structure are 
unacceptably high, an a lternate shielded work platform should be provided 
approximately 10 feet above the service structure. This a lternate would 
require lengthening the existing tools .  

I f  the above methods are unsuccessful in  driving down 
the rod or uncoupling, cutting through the entire drive assembly just 
below the roller nut drive (Figure 3 . 3-1) should be considered. This 
method may require additional access by removing adjacent drives , pro­
viding access through the service structure , or removal of the service 
structure. Procedure development , tooling development ,  and mockup 
testing for this a lternate would be required. 

3 . 3 . 2  Control Rod Uncoupling Methods 

The control rods tripped early in the incident and 
together with the coupled leadscrews should be in the fully inserted 
position. 

Base Method 

The control rods should be uncoupled by the normal 
method using existing tooling. Once uncoup led , the aux i liary servtce 
hois t ,  noted in Section 3 . 2 . 3 ,  would be used to raise the leadscrews to 
the parked position. 

An elevation in radiation levels due to crud will pro­
bably be noted when the leadscrews have been withdrawn to the parked 
position. As with the APSR leadscrews described in 3 . 3 . 1  above , a 
decision concerning remova l of the leadscrews should be made at this 
point. The remova l of leadscrews w i l l  lower radiation levels a round the 
RV head service structure and also will

. 
provide a flow path for flushing 

the CRDH. 
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I f  radiation levels prohibit personnel access to the top 
of the service structure for the uncoupling operation, an elevated 
platform could be fabricated in such a way that personnel would have an 
additional 10 feet of distance, which would lower exposure levels.  The 
platform would be shielded with movable plate so that access through the 
platform would be p rovided over CRDM locations to a llow the uncoupl ing 
operation to be performed . The use o f  the elevated platform would 
necessitate that a l l  tooling be lengthened by 10 feet. 

As in the case with APSRs , if a control rod assembly 
cannot be uncoupled success fully, cutting through the entire drive 
assembly j us t  below the roller nut drive should be considered (in  Figure 
3 . 3- 1 ) . This method may require additional access by removing adjacent 
drives , providing access through the service structure, or removal of 
the service structure. Procedure development ,  tooling development , and 
mockup testing for this alternate is required. 

3 . 3 . 3  Shielding 

Shielding for the uncoupling operation could be provided 
by sheets of lead placed around and between the tops of the CRDMs . 
Additionally,  lead sheet could be sa�dwiched between sheets of plywood, 
forming sections that can be placed directly on top of the CRDMs and 
a rranged to provide access to one CRDM �t a time. 

In the event that the elevated platform is used, the 
floor of the platform would be covered with the same movable section 
described in the preceding paragraph. 

3 . 3 . 4  Personnel and Training 

A CRDM mockup should be provided for training purposes 
and for testing of alternate tooling when required. 

and, with an 
supervision. 
for training 

Video tapes of actual uncoupling operations are ava ilable 
instructor, should be used for training of craft labor and 

Special operations can be mocked up and put on video tape 
purposes if required. 

This operation should be directed by experienced service 
personnel .  Drive mechanism uncoupling is a difficult task in reactor 
disassembly to cover adequately using only audio and video. Key service 
personnel may be required locally if problems should arise.  
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Preparations for Reactor Vessel Head Removal 

This section includes the miscel laneous tasks needed 
prior to RV closure stud detensioning. 

3 . 4 .  1 Neutron Shield Tank 

Twelve neutron shield tanks are hinged to the floor of 
the cana l ,  using the canal seal plate bolting ring and filled with 
water .  The hinge pins must b e  pulled to pe�it the tanks to b e  lifted. 
Water ,  if any remains in the tank, need - not be drained before the tanks 
are l i fted. An existing tripod rig should be used to l i ft each tank. 
The neutron shield tanks should be removed from the containment .  I f  
needed, remote handling of these tanks is possible following fabrication 
and checkout of new tooling. 

3 . 4 . 2  Head Insulation 

The RV head insulation consists of 16 pieces of in­
sulation approximately 83-9/16 inches high, 40- l / 2  inches wide , and 
4 i nches thick. The insulation is the reflective type and is con­
structed with layers of sheet metal with a i r  space between them. The 
air spaces , howeve r ,  are not sealed and the panels probably have high 
levels of both internal and external contamination. The panels are 
removed individual ly by install ing a handling lug on the top and l i fting 
with a crane. Each panel shall be bagged as it is removed to contain 
contamination. Once bagged the panels can be stored or disposed of 
outside of containment.  

High radiation levels can be expected in the work area 
(top of panels)  due to "shine" from motor section of CRDHs . To reduce 
lev�ls for insulation removal and subsequent stud work, the outside 
diameter of the service structure could be banded by lead sheet (Figure 
3 . 4- 1 )  for a distance of approximately 4 feet above the top of the 
insulation pane l s .  To further reduce exposure during remova l ,  service 
structure cooling fan covers could be fabricated and insta lled. A 
portable work platfo� and the short lifting posts provided for Unit 1 
could be used for this work. A system for compacting insulation inside 
containment should be considered, to facilitate remova l .  

3 . 4 . 3  Canal Seal Plate 

Due to the extended period of time that the seal plate 
will be in place , proper installation is important. Figure 3 . 4-2 i l lus­
trates the recommended seal plate design. The canal can be partially 
flooded for leak testing the canal seal plate prior to the RV head lift.  

follows: 
Alternates to the no�al seal plate a r rangement a re as 

Hore durable gasket materials should be considered. 
These gaskets should be cemented in place and a l l  
potential leak paths should b e  el iminated . Gasket 
seating surfaces should be thoroughly cleaned. 
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Coating the sealing surfaces with zinc chromate,  as 
described in the existing plant procedure, i s  n� 
longer recommended .  

Welding the seal plate i n  place should b e  con­
sidered. 

Control Rod Drive Cooling Water Spool Pieces 

These spool pieces are used to connect the CRDMs to the 
cooling water supply. They are located between the top of the RV service 
structure and cooling water line on the side of the Fuel Transfer Canal 
at the 347 ' elevation. Depending on radiation level s ,  the spool pieces 
will be disconnected by one of two methods. I f  levels are reasonably 
low, connections will  be unbolted using standard procedures and practice . 
This will require the use of hand wrenches a t  the top o f  the service 
structure. I f ,  however ,  levels are high, a remote controlled power saw 
could be used to sever the cooling lines at a point to a l low clea rance 
for head removal from the cana l .  

3 . 4 . 5  Fuel Transfer Tube Covers and Canal Drain Cover 

The drain cover in the bottom of the deep end of the 
fuel transfer canal will  have to be installed prior to flooding the 
cana l .  Due to the long period the drain cover w i l l · be in place, consi­
deration should be given to redundant sealing method such as weldin�. 

The fuel transfer tube covers are 30-inch b l ind flanges. 
(See Figure 3 . 4-3 . )  Each is approximately 700 pounds and is held in 
place by 28 studs with hex nuts on both ends of the studs . The blind 
flanges are equipped with a l ifting eye for use in removing to tiu! 
laydown area out of the fuel transfer cana l .  Air- or electric-driven 
equipment should be used to remove nuts after the nuts are b roken loose. 
Any foreign deposits should be removed from the thre�ded studs and a 
smal l  amount of lubricant applied before running the nuts off.  The 
normal procedure is to use the auxiliary hook on the polar crane for 
removing these covers. If the auxiliary hoist discussed in Section 
3 . 2 . 3  is installed with extended rails as recommended, it could be used 
for this work. 

Radiation levels in the fuel transfer canal may require 
the use of portable shielding for work on the drain cover and fuel 
transfer tube flanges . A portable shielded work enclosure could be 
provided for this purpos�. 

3 . 4 . 6  Electrical and Instrum�ntation Disconnects 

Electrical disconnection for the CRDs is expected to be 
difficult due to potential corrosion of norma lly tight fitting termina l s .  
Since the conta inment environment has probably ruined the cabl e ,  these 
connections could be cut to fac i litate head remova l .  Radiation levels 
at the top of the cana l ,  where the cables are located, may require the 
cutting operation to be done remotely. However ,  tooling will remain 
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basically the same despite di fferent length controls and handling methods . 
Actual cutting can be performed with commercially available cable shears . 
Once the cables have been removed from the service structure , the cables 
and cable trays running along the side of the transfer canal can be 
removed ,  allowing more room a�d also el iminating an area of high con­
tamination that cannot be effectively cleaned. 

3 . 4 . 7  Remote In-Vessel Inspection 

Consideration should be given to the use of remote means 
for inspection of the reactor vessel interior prior to RCS disassembly. 
It may be possible to insert fiber optic s ,  miniature video equipment , or 
other diagnostic instruments through reactor vessel penetrations (control 
rod guide tubes , inco:e detector guide tubes) to inspect the core and 
the reactor vessel internals .  Such inspections would aid technical 
planning for RCS disassembly and defueling and could be useful in detect­
ing phys ical interferences and regions of severe damage . 
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The work described below is shown in sequence in Figure 
3 . 1 - 2 .  The sequence ·includes closure stud detensioning, closure stud 
removal and parking, and RV head lift .  

3. 5 . 1  Detensioning 

Detensioning requires that each of the 60 studs be 
stretched and the castellated nut backed off,  in order to remove the 
clamping load between the head and the RV. This is normal ly done in two 
detensioning passes with work crews in the fuel transfer-canal using 
locally operated equipment (See Fig. 3 . 5- 1 ) .  

Difficulty i s  anticipated due to oxidation of closure 
studs and nuts , further complicated by anticipated high radiation levels.  

Regardless o f  which method is  used, an  early thorough 
soaking of the studs and nuts with an approved lubricant (methyl sali­
cylate has been previously useful) is suggested. Wi re brushing o f  the 
exposed thread stud area is also recommended. 

· 

3 . 5 . 1 . 1  Base Plan 

It is recommend�J that the base plan include instal­
lation of improved motorized engaging nut drives (HEND) and a modifi­
cation to include a power-operated nut turning mechanism on the stud 
tensioners . Po�er-operated tensioner hoists should also be added to the 
service structure monora i l  to reduce time in transferring stud tensioners . 

Other than the above modifications , the base plan should 
follow normal procedures for detensioning. Detensioning is accomplished 
with two tensioners in two complete detensioning passes. I n  order to 
avoid radiation exposure contribution from the lower CRDH area , tensioner 
positioning should be done from the canal floor rather than from the RV 
head flange. 

3. 5 . 1 . 2 Alternates 

This a lternate should be implemented i f  radiation 
exposure due to proximity to the RV head flange is 
unacceptably high. 

The stud tensioning can be adapted for semi remote 
operation. With this modification, the tensioners 
are posit ioned locally at the RV head flange but are 
engaged , pressurized, and disengaged remotely. The 
stud nut would be turned loca l ly after pr�ssurizing 
the tensioner. This method should include provisions 
for a remote control panel and close video coverage 
of the tensioner. 
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I f  radiation exposure rates are not substantially 
reduced by distance in the alternate above, a totally 
remote, underwater detensioning method should be 
considered (See Figure 3 . 5-2) . 

Modification to existing . tensioners for underwa ter 
operation is possible , but pos i t ioning methods need 
to be developed and implemented .  

Consideration should also b e  given to the use of an 
entirely different tensioning system. Units are 
commercially available for unde rwater operation but 
would require custom fabrication or modification for 
this application. 

I f  problems exist  with stud detensioning stud heaters 
can be used. 

The closure studs are fabricated with a vertical 
hole through the center for the entire length. 
After removal of the elonga t ion measuring rods, a 
heater could be inserted into the studs. Prelimi­
nary calculations show that a temperature of 300 F 
should be sufficient to relax the stud load and 
could be achieved in approximately 1 hour. The 
closure nuts would then have to be backed off to 
complete the unloading sequence .  This method should 
also be considered for use with problem studs , � Lnce 
this method of elongation a l lows direct access to 
the castellated aut. 

Additional development and analys is is needed for 
this alternative. 

Shielding 

Shielding a round the lower portion of the service struc­
ture should rema in in place for the detensioning operation (Figure 
3 . 4- 1 ) .  

I f  a semiremote tensioner operation i s  performed, addi­
tional temporary shielding can be provided around th� remote control 
pane l ,  if needed. 

For the underwa ter a lternat ive , shielding is provided by 
the flooded fuel transfer cana l .  

3 . 5 . 1 . 4  Personnel and Training 

The deten�ioning operation may be performed by inexpe­
rienced personnel .  The actual operation should be d i rected by service 
personnel fami liar with tensioner operation and detensioning techniques .  
Training should be provided by video tapes and actual mockups . Training 
tapes on s tud tensioner operation, rigging and setup a re ava i lable and 
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should be extensively util ized. A closure stud mockup (Figure 3 . 5-3) 
should be provided for training and for chec�out of new or modified 
equipment to facilitate actual performance and to minimize worker 
exposure. 

3 . 5 . 2  RV Stud Removal 

This section covers removal of the studs from the RV 
flange and parking the studs on the RV head flange. 

It should be recognized that some number of studs could 
be stuck and will  not rotate by any method below. In this event, the 
stuck studs can be left in place in the reactor vessel flange and RV 
head , plenum, and fuel removal should proceed. During this period, 
tooling and procedures could be prepared to remove the stuck studs . 
Experience indicates that vertical impact while applying torque should 
be successfu l .  

3 . 5 . 2 . 1  Base 11ethod 

The base method should be the normal removal sequence 
using existing tooling (See Figure 3 . 5-4) . The tooling rotates the 
studs out of the stud holes and , by using a spacer under the nuts , the 
studs are parked on the RV head flange. In this position, the studs do 
not extend below the RV flange mating surfaces. Work should be done 
only from the canal floor to limit exposure from lower portion of the 
CRDHs . 

3 . 5 . 2 . ::  

3 . 5 . 2 . 3  

A l  te rna'tes 

I f  radiation levels indicate the need, the removal 
tool can be adapted for semi remote operation. The 
removal tool �ould be operated from a distance while 
the studs would be l i fted and parked locally. This 
method would also require provision to accommodate 
the reaction force of the tool torque . 

Underwater operations should also be considered. 
This approach would require new tooling design, 
development, and testing. 

Shielding 

Shielding around the lower portion of the service struc­
ture should rema in in place for the stud removal operation (Figure 
3 . 4- 1 ) .  

I f  semiremote operations are used , additional temporary 
shielding around the control panel can be provided, i f  needed. 

For the underwater alternative, shielding is provided by 
the flooded fuel transfer cana l .  
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The closure stud mockup (Figure 3 . 5-4) is suitable ·for 
training inexperienced personnel and supervision for stud removal and 
should be provided. This operation should be directed remotely by 
experienced personnel .  Extensive use o f  video tape and instructor 
training is suggested . 

3 . 5 . 3  RV Head Rigging and Lifting 

This section describes the RV head rigging and the lift.  
Included are  those special measures needed as a result of unknown damage . 
I t  should be recognized that ,  a t  the t ime of this operation, considerably 
more information relative to the CRDH uncoupling will be known. A hold 
point for evaluation of that information should be inserted here. 

3 . 5 . 3 . 1 Base Method 

Rigging for the RV bead l i ft will be by the normal 
method . The l i fting tripod is used with three pendant l i fting cables , 
two with adjustable turnbuckles . Due to the exposure to the containment 
environment, it is possible that lubricant was forced out of the existing 
cables which have remained in the containment and therefore , load testing 
is required and inspection of cables for possible replacement should be 
considered. I f  replacement is selected, a solid rod l i fting pendant 
could be used. Rigging is accomplished by pinning the lift cables to 
the RV head and the l i ft is made using the tripod and polar crane . 
Refurbishment of the polar crane is assumed to have been completed prior 
to this operation. 

The base method should include prov1s1ons for ra1s1ng 
water level in the fuel transfer canal to the top of the RV head flange 
for shielding prior to the lift.  This operation also allows an additional 
leak check of the seal plate . 

Underwater cameras at the three lift points should be 
used to monitor the RV head lift (Figure 3 . 2- 4 ) .  Initially, their func­
tion will be to assure a level lift .  The cameras should be equipped 
with zoom, pan t i l t ,  and lighting in order to perform inspections under 
the RV head early in the lift.  This point is expected to be about 
2 feet above the RV flange. 

3 . 5 . 3 . 2  Alternates 

Al though "no alternates , as such, have been considered 
for RV head rigging and remova l ,  conditions may n�cessitate the fol­
lowing: 

If one or more control components could not be uncoupled 
and it was necessary to cut through the CRDH assembly as described in 
Sections 3 . 3 . 1 and 3 . 3 . 2 ,  a section of leadscrew remains coupled to the 
c�ntrol component and extends through the penetration in the RV Head. 
It will be necessary to ensure that part of leadsc rew is not moved when 
the RV head is l i fted. This can be done either by video observation 
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during the l i ft or by the use of a dipstick too l ,  which is a s imple rod 
a rrangement in which a long rod is lowered through the service structure 
and is supported by the top of the segment of leadscrew. When the head 
is l ifted relative .motion of the RV head to the leadscrew can be observed. 

In the event that one or more RV head studs cannot be 
removed from the RV flange and it is decided to leave them in place , i t  
will  be necessary to remove the stud nut and spherical washer set so 
that the RV head may be removed. Every effort should be made to remove 
the stud prior to removing the RV head because the stud may be an obstacle 
to core examination and fuel removal and efforts to remove that s t ud may 
result in tooling or parts of tooling fal l ing into the core. 

3 . 5 . 3 . 3  Shielding 

Shielding for rigging to the RV head should continue to 
be provided around the lower portion of the service structure , per 
Figure 3 . 4- 1 .  This may have to be removed for the lift due to lifting 
pendant limitations . 

Fuel transfer canal water level should be raised to some 
level to provide shielding over the plen�� assembly a fter the head bas 
been removed. I t  may be prudent to fill the canal to refue ling level 
prior to bead removal but this option will  have to be carefully examined 
to determine any detrimental effects to the RV head or CRDHs.  

I t  should be  noted that �hen moving the RV head to the 
storage stand high radiation levels could exist due to plateout of 
fission products and the potential for core debris on the underside of 
the RV head. 

After removal and placement on the storage stand, the 
contribution to exposure by the RV head on the 347 '  elevation may continue 
to be significant even though the stand has been shielded. A concrete 
(or other suitable material ) shield wal l  around the storage stand should 
be considered to reduce exposure. I f  the band of shielding per Figure 
3 . 4 - 1  was removed for the l i f t ,  it could be reinstalled after RV head 
placement on the stand. 

3 . 5 . 3 . 4  Personnel and Training 

Video tape and instructor training is suggested for this 
operation. 

Control of the l i f t ,  monitoring of radiation level , 
monitoring video display, and control of the work crew should be exer­
cised from the command center by experienced service personnel .  Train­
ing should include emphasis on coordination of these activities.  

3-22 



3 . 6  

plenum removal .  

Plenum Removal 

TMI·2 PLANNING STUDY 
FOR PHASE II 

This section covers the base method and alternatives for 

Prior to the lift,  a video inspection should be made of 
the plenum with attention given to the following areas : 

The annulus between the core support assembly ID and 
the plenum cylinder OD, with the main interest 
a round the area of the LOCA restraints and the 
interface between the upper grid and the bolt ring 
area of the c�re support assembly. 

Inside the plenum cylinder ,  where accessible, at the 
interface between the co lumn weldments and the upper 
grid. This will allow inspection of the top of a 
number of fuel assemblies . 

Plenum keyways to the reactor vessel key interface. 

P lenum cover elevation relative to the reactor 
vessel flange. Norma lly the fuel assembly springs 
will raise the plenum about 1/2 inch above the RV 
flange. 

The inside of the control rod guide tubes for ins­
pection of the top of the control components and 
fuel assemblies . 

Also prior to execution of this lift , removal and inven­
tory of all loose material which can be reached should be completed. 
The plenum is flat and horizontal and can be readily vacuumed . 

3 . 6 .  1 Base Hethod 

Plenum removal should be performed underwater t� limit 
exposure. The indexing fixture which serves to extend the guide keys of 
the reactor vessel and is normally used for removal and installation 
should not be used , in order to allow more flexibility during the move 
and to facilitate close video inspection during the move . 

Any CRD leadscrews previously cut should again be cut 
level with the top of the CR guide tubes to al low rigging the plenum for 
the lift.  

The lift rigging includes the tripod with attached 
internals handling adapters with adjusting turnbuckles and la tchboxes to 
latch the plenum lifting lugs . Since the turnbuckles cannot be adjusted 
under load and the pl enum cannot be blocked up due to access for the 
initial part of the lift,  remotely operable level1ng devices should be 
used in place of the turnbuckles for leveling the plenum assembly. 
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As in the case of the RV head lift ,  to ensure that no 
control components are being withdrawn with the plenum , dipstick gauging 
should be used to monitor relative motion of the previously cut lead­
screws and the plenum cylinder. Several other control component loca­
tions should also be dipstick gauged to provide assurance that there is 
no general condition existing that would cause the fuel to l i ft with the 
plenum (Refer to Section 3 . 5 . 3 . 2 . ) .  

Video coverage of the plenum cover flange should be 
provided during the initial part of the l i f t .  The lift  should proceed 
slowly while monitoring the load cell for about 1 foot .  A t  this point , 
a video scan of control rod guide tube locations should be repeated . 
Some viewing should now be possible o f  the tops of fuel assemblies 
adjacent to the CR guide tubes. A hold for evaluation of this inspec­
tion should be implemented. 

The lift should then proceed to about 2 fee t .  At this 
point, larger underwater cameras with better lighting can be inserted 
into the annulus between the plenum and the core support assembly. 
Video inspection of the entire top of the core should now be possible. 
A second evaluation hold point should be implemented . The plenum should 
be blocked up for this inspection to eliminate interfaces between l i ft 
rigging and inspection equipment . 

I f  debris is moving up with the plenum, i t  may be pos­
sible to show that this condition is a l lowable during the l ift or long­
handled tools may be required to release the debris . This can only be 
evaluated when the condition occurs . This operation would require close 
video coverage and long-handled tools used from above. After the l ift 
has begun , the plenum should not be reseated due to the potential o f  
causing additional damage i f  fuel movement bas taken place after the 
plenum was l i fted. 

Interference between the plenum bumpers and the core 
support assembly vent valves is a possibility. The plenum should be 
moved carefully through this zone to minimize potential hangup at this 
interface . 

The lift should continue until the plenum clears the 
reactor vesse l .  The plenum should then be moved to an a rea adjacent to · 
the RV where video cameras have previously been posi tioned to view 
upwa rd at the plenum assembly grid. The plenum should then be trans­
lated so that the entire lower portion of the plenum has been inspected 
for debris and damage . Any accessible debris should be removed prior to 
placing the plenum on the storage stand. The exterior portion of the 
plenum should also be video inspected, particularly through the large 
flow holes in the cylindrical she l l .  

The plenum should then b e  placed i n  the s torage stand in 
the deep end of the fuel transfer cana l .  I f  necessary late r , the plenum 
can be placed on the canal floor at either end of the shallow po+tion of 
the fuel transfer cana l .  I t  should b e  placed on stainless steel bars o r  
beams for better weight distribution. 
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The following alternatives address potential difficulty 
in removal of the p lenum from the vessel , since deformation or debris 
may cause plenum keyway-to-RV key interference. 

canal .  

3 . 6 . 4  

I f  key to keyway binding occurs (Figure 3 . 6 - 1 )  addi­
tional l i ft force should be applied and an impact 
device used as shown in Figure 3 . 6-2.  This type of 
device is commercially available and can be adapted 
for this service. 

If impact does not free the interference , the key­
ways in the plenum flange should be cut out using an 
underwater air arc remote machining, or other suitable 
means. Care should be taken in order to avoid upset 
of the key material since the core support assembly 
will  also have to clea r these keys. 

Shielding 

Shielding will be provided by water in the fuel transfer 

Personnel and Training 

Video tape and instructor training for the base method 
l i ft should be provided . 

Close coordination of the extensive video coverage with 
the lift is needed and should be included in the training program. 
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This section bddresses removal o f  the core support 
assembly (CSA) following fuel remova l .  

Prior to the lift,  removal and inventory o f  a l l  acces­
sible loose debris should be completed. Video inspections of the annulus 
between the reactor vessel and core support assembly, as well as the 
lower spherical dome under the CSA, should also be completed prior to 
the lift.  The internals storage stand must be available in the deep end 
of the cana l .  The plenum should b e  placed a t  the south end o f  the fuel 
transfer canal on the canal floor. 

3. 7 . 1  Base Plan 

The rigging for the CSA l ift is identical to that for 
the plenum lift  (Section 3 . 6 . 1 ) .  The base method i s  a normal l ift with 
the fuel transfer canal full and no indexing fixture. No unusual in­
spections are necessary during the l i f t .  The bottom CSA should be 
inspected in the same manner as the plenum (see Section 3 . 6 . 1 ) .  Fol­
lowing inspection and debris removal i f . required, the CSA should be set 
in the storage stand in the deep end of the fuel transfer cana l .  

3 . 7 . 2  Alternate 

The two plenum assembly alternates apply to the core 
support assembly as wel l .  (See Section 3 . 6 . 2 . )  

Impact 

Cut clearance for the keyways 

3 . 7 . 3  Shielding 

Shielding is provided by water in the fuel transfer 
cana l .  

3 . 7 . 4  Personnel and Training 

Training for the normal removal method should be by 
video tape and instructor. 
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3 . 8  Surve illance Specimen Capsule Remova l 

TMI·2 PLANNING STUDY 
FOR PHASE II 

Survei l lance specimen capsule holders are located in the 
annulus between the core support assembly thermal shield and the reactor 
vessel .  The three capsule holders , located around the core, each con­
tain two specimen capsules and are accessible through access holes in 
the core support assembly flange, once .the upper plenum assembly has 
been removed. 

Each o f  the s ix installed specimen capsules contains 
specimens of reactor vessel base metal and weld metal for tens i l e ,  
charp:t , and fracture toughness testing. In addition dosimetry and a l loy 
temperature monitor spec1men are included. 

THI-2 served as d host reactor for the irradiat ion of capsules from 
THI - 1  and B&W users' group capsules. Three of the six installed capsules 
are for THI-2; one from THI- 1 ,  and two for B&W users. 

All six specimen capsules should be removed and sto red 
for future reinsta l lation and one of the THI-2 capsules should be opened 
for eva luation. 

Evaluation of the specimen can contribute to the assess­
ment o f  the condition of components by yielding information on the 
maximum temperature seen by the specimen, as well as effects o f  the 
transient on reactor vessel materials and any changes in mechanical 
properties of the materia l s .  

3 .  8 . 1  Base Method 

Unless there is other justi fication , specimen removal 
should be accompl ished prior to fuel removal and core support assembly 
remova l .  This w i l l  al low early examination of specimen which could have 
bearing on determining the condition of components. 

Procedures and tooling for specimen capsule insta lla­
tion , remova l ,  and handling presently exist and should not have to be 
mod i fied for the removal operation. 

Alternate 

The capsules may be removed with the CSA in the dePp end 
of the fuel transfer canal 1n the internals storage st.Jnl!. Access to 
the specimen holders on the CSA would be easier i f  this alternate 1 s  
used. 

Shielding 

Shielding is provided by the canal water levP I . 

t\ shtel ded conta iner �o•t l l  he n.••tui red for shtpping the 
capsu les.  
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3 . 8 . 4  Personnel and Training 

TMI·2 PLANNING STUDY 
FOR PHASE II 

A training mockup should be provided with a set of 
tooling for the selected removal method. 
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3 . 9  Tooling and Fixtures 

TMI·2 PLANNING STUDY 
FOR PHASE II 

Depending on the method chosen to perfoon operations , 
existing tooling may be used as is on modified so as to be compatible 
with required working conditions . 

3 . 9 . 2  

Control Rod Drive Mechanism Uncoupling 

Dipstick 

To be inserted into the CRDH to determine the eleva­
tion of axial power shaping rod leadscrews. Can 
also be used during RV head lift  to gauge re lative 
motion bc�ween the RV head assembly and control 
components or their leadscrews . 

Uncoupl ing Tool 

Should be lengthened to al low operation from a 
platform over the service structure i f  radiation 
level requires the use of that alternate. 

Leadscrew Installation/Removal Tool 

Used for installation and removal of lea1screws and 
should be lengthened i f  the raised p l a tform is used 
f?r removal operation. 

Load Cell 

Used to verify that control rods have been uncoupled . 
Range should be 0-500 pounds with accuracy of ±1 per­
cent at 150 pounds .  

Motor Tube Extension 

Necessary only if elevated platform is used for CRDH 
uncoupling - it would a l low the use of a pneuma tic 
uncoup l ing tool ("jumpinJZ jack") for uncoup l ing. 

Special Stator Assembly 

The exist ing stators on the CRDHs are assumed to be 
inoperable.  This assumption can be confi oned by 
electrica l tests . The remova l of existing stators 
from APSRs would a l low the special stator to be 
instal led to drive APSRs to their fu l lest pos it1on 
and then to park the leadscrew. 

Reactor Vessel Head Remova l 

rtan Llft 
I 
To fac i l i tate personnel access to the fuel transfer 
cana l .  Existing access is by circular stairway or 
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ladde r ,  neither of wh
.
ich is compatible with use o f  

respiratory protection equipment. 

Motorized Engaging Nut Drive (MEND) Units 

An a i r  drive system, for installation on stud ten­
sioners , which drives the stud tensioner engaging 
nut. Provides a more efficient and reliable method 
of stud tensioner engagement to the RV studs. 

Remote Operation Package for Tensioners 

Stud tensioner operations can be adapted to remote 
control by changing manually operated valves to 
solenoid operated valves with pendant controls.  
This modification can be designed and tested if  
radiation levels determine this a lternate to be 
necessary. 

Underwater Detensioning Units 

These units have been used in other applications . A 
study should be performed to determine i f  the system 
could be used on the existing closure. 

Nut Turning Mechanism Modification 

With the RV stud under tension the present method of 
unseating the stud nut is a hand-operated mechanism 
(an integral part of the stud tensioner) which 
provides some s l ight mechanical advantage. A power­
operated turning mechanism should be developed and 
adapted to the stud tensioner to a l leviate potential 
problems with stud nuts . 

Nut Turning Mechanism Modification 

Stuck nuts are anticipated. A power-operated turn­
ing mechanism should be developed and adapted to the 
stud tensioners . 

Wire Brush for Closure Studs 

This tool would a l low rust to be removed from the 
closure stud threads to allow ease of engagement of 
the tensioner and removal of the closure nut .  

Measuring Rod Puller 

To remove measuring rods if stud heaters are used. 

Tensioner Hoists 

New tensioner hoists should be considered to improve 
time span for positioning. 
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3 . 9 . 3  

3 . 9 . 4  

: 

.1 • •  

3 . 9 . 5  

Guide Cones (Figure 3 . 5-2 ) 

TMI·2 PLANNING STUDY 
FOR PHASE II 

Guide cones to protect adjacent studs from being 
damaged by remotely located tensioners. 

Reactor Vessel Stud Removal 

Stud Removal Tool 

The base plan uses this tool as is . I f  semiremote 
operations are planned, this tool could be modified 
by extending the controls for operation at a remote 
location. Close video support should be used with 
the remotely operated tool . 

Underwater Stud Removal Tooling 

I f  this a lternate i s  selected, the underwater tooling 
will  have to be developed. 

RV Head Rigging and Lifting 

Pendants 

I f  replaced, the solid rod l i fting pendants should 
be used . 

Plenum Remova l  

Dipstick 

For monitoring relative motion between leadscrew and 
plenum. (See Section 3 . 5 . 3 . 2 . ) 

Impact Device 

This device should be considered for specific applica­
tion to p lenum and core support assembly remova l .  
Limits on its use should be establ ished and testing 
of the device should be done. The bas ic unit is 
commercia l ly available.  

Keyway Cutting Tools 

Hethods and tooling for cutting and enlarging key­
ways in both the plenum cyl inder and the core support 
assembly should be inves tigated. Underwater a i r  arc 
is possible bu� hard to contro l .  Other a lternatives 
should be pursued. 
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Underwater Vacuum System and Filters 

This system should be ava ilable for use in removing 
debris from the plenum, the core support assembly,  
and the reactor vessel . 

Support Blocks 

For plenum inspections at approximately 2 feet above 
the RV flange (see Section 3 . 6 . 1 . ) .  

Core Support Assembly Removal 

The impact device and keyways cutting tools in Section 
3 . 9 . 5  apply here as wel l .  

3 . 9 . 7  Survei l lance Specimen Capsule Removal 

Hand l ing Tools 

Existing handling tools can be used. Length of 
tools may have to be modified to make them com­
patible with ' removal method to be used. 

Transfer Containers 

A transfer container which w i l l  accommodate the 
capsule ( s )  and be compatible with the fin� l con­
figuration of the fuel transfer mechanism should be 
provided for capsule transfers .  
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3 . 10 Temporary Shielding 
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An important step in the reactor disassembly plan will 
be to provide temporary shielding over significant radioactive sources 
in the area where work is to be performed. Anticipated radioactive 
sources which may require temporary shielding are identified throughout 
this study, and the various protective measures which can be taken are 
described. The objective of temporary shielding is to reduce the dose 
rates in the area _of work to levels which a l low adequate time in the 
area without exceeding a llowable dose l imits.  Temporary shielding will  
be provided to reduce dose rates to ALARA. 

Table 1 . 1- 1  provides approximate area radiation levels 
which are assumed in the containment prior to RCS disassembly and fuel 
remova l .  As stated i n  Section 1 . 2 these levels should not b e  considered 
as either necessary or sufficient objectives for commencing Phase I I .  
Nevertheless , these levels are helpful in planning worker stay times for 
activities in these general areas. The need for temporary shielding at 
various locations will be better defined as the technical plans for RCS 
disassembly, component laydown and storage, and personnel access are 
finalized. 

The level of contamination on RCS components is also 
important in determining the amount of shielding requi red. As prepara­
tion for RCS disassembly progresses , expected contamination levels 
should be predicted, using all available data on core damage levels and 
reactor coolant isotopic concentrations . Of particular iQportance will  
be an accurate assessment of the contamination levies on the inside 
surfaces of the reactor vessel head. This has a large impact on personnel 
access and shielding requirements on elevation 347 ' in the vicinity of 
the reactor vessel head storage stand. 

Temporary shielding materials that should be considered 
for use are as follows: lead sheet, lead brick, steel brick, steel 
sheet, water cans , concrete block, and poured concrete. 
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3 . 1 1 Training 

TMI·2 PLANNING STUDY 
FOR PHASE II 

A training program for the reactor d isassembly work 
should be prepared well in advance of actual work and executed consistent 
with the anticipated work schedule. Consideration should be given to:  

3 . 1 1 . 1  

Unknown conditions inside the reactor 

Heavy use of inexperienced personnel 

High turnover rate due to radiation exposure limits 

Remote supervi s ion of most of the reactor disassembly 
sub-tasks 

Coordination of several discipl ines involv�d in the 
work 

Spec ific  conta inment env i ronmental conditions . 

Training Facility 

The training faci l i ty should cons ist of classrooms and 
an equipment mockup area. Classrooms should be equipped �ith audio-visual 
equipment, equipment models , and drawings : One of the class rooms should 
be located adjacent to the mockup area . This class room should have the 
capabi l i ty to set up a working model of the command center to simulate 
remote communication and supervis ion cond i t ions . 

The equipment mockup area would a l low training on the 
mockups and could be used for testing of new or modi fied tooling and 
equipment . 

3 . 1 1 . 2  Training Program 

The program should be developed in matrix form addressing 
the training subjects relative to the needs of each discipl ine involved 
in the work and provide the opportunity for the discipl ines to train as 
a team. Figure 3. 1 1 - 1  is an example of such a matrix. 

The g�neral training subjects which should be included 
in the training program are:  

• ite Access HP and Security 

This i s  the normal access training now being provided 
at TMI for a l l  incoming personnel .  

liP and Radiation Control for Containment Condi tions 

This subject should be included to provide more 
speci f i c  training relative to the known containment 
condi tions . Radiation Work Permits should be ava il­
able and used for this subj ect.  
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Reactor Disassembly Plan 
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Personnel responsible for the execution of the work 
and for evaluation of the informa tion available 
during the work should be thoroughly familiar with 
the overal l  plan. Consideration should be given to 
beginning this training well in advance of the 
execution phase to a llow visits to other reactor 
s i tes i f  needed . 

Individual Task 

Classroom training for the individual sub-tasks 
should be provided for the team of workers who will  
execute the sub-task. The instructors should be the 
supervisors and engineers who are most fami l ia r  with 
the sub-tasks to be performed . 

Hockup Training 

Where practicable and needed , mockups should be used 
for training. To the extent possible, the physical 
conditions should be simulated. Workers should be 
dressed in accordance with the radiation work permit 
and remote communications and video should be used 
for supervision. 

Documentation of completion of the training program 
requi rements should be provided. Access badges should be color coded or 
otherwise marked to easily identify workers who have completed the 
required training. 
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3 . 12 Health Physics Considerations 

TMI·2 PLANNING STUDY 
FOR PHASE II 

#• A number o f  factors should be considered when estab-
li$b1ng health physics procedures and training programs for the reactor 

�disassembly work. Some of these are: 

.' 

'workmen may be inexperienced. During a normal 
outage there are experienced maintenance personnel 
locally supervising disassembly operations who 
control the inexperienced personnel under their 
direction to assure that station HP procedu�es and 
good radiation work practices are followed. This 
close attention will  not be possible using the 
command center concept for supervision of the work. 

HP technicians wil l  probably be temp�rary help with 
less specifi c • TH I  experience than the permanent 
station personnel norma lly assigned . 

Signif1cant beta and alpha activity is expected in 
the area and potential rupturing of previously 
intact fuel pins may cau�e release of gas containing 
fission products . 

Perso� staging areas should be establisheo in the 
containment. When not participating in a specific 
work tas k ,  workers should return to these staging 
areas . 

Due to surface contamination throughout the contain­
ment it will be necessary to control contamination 
entering as well as leaving the work a re a .  As a 
minimum, gloves and shoe covers should be changed on 
entering as well as leaving the work area s .  

A l l  equipment used i n  the containment should b e  con­
sidered as contaminated on external surfaces. All 
components to be removed from work areas should be 
bagged or sprayed with a s trippable coating to avoid 
spread of contamination. 

· 

Handling of tools and inspection equipment in the 
fuel transfer canal reactor vessel is expected to be 
extensive and will require close control to avoid 
worker contamination. 

Training programs should place significant emphas i s  
on known containment environmental conditions appli­
cable in the specific work area s .  

Instrumentation for remote monitoring o f  radiation 
levels in each work area should be provided. Monitoring and alarm 
functions for these instruments should be located in the command center. 
Movable remote monitors should be placed at pre-selected locations in 
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conta inment prior to any disassembly operation which has potential of 
changing work area radiation levels.  The use of remote readout dosi­
meters for work crews should be investigated. A detailed discussion of 
radiation monitoring instrumentation is provided in S.ection 6 . 2 .  
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TABLE 3. 1 - 1  
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SECONDARY SIDE CHEMISTRY CONDITIONS 

pH at 77 F 9 . 5- 1 0 . 5  

Ammonia, ppm 10 initially,  2-20 range 

Hydrazine , ppm 100 initially,  50-200 range 

Cation conductivity, �mho/em 10 max 

Sodium, ppm 2 max 

Chlorides , ppm 1 max 

TABLE 3 . 1-2 

FEEDWATER SYSTEM CHEMISTRY CONDITIONS 

pH a t  77 F 9 . 5- 1 0 . 5  

Ammonia , ppm 10 initially,  2-20 range 

Hydrazine, ppm 100 initially, 50-200 range 

Chloride, ppm max 1 max 

TABLE 3 . 1-3 

RCS CHEMISTRY CONDITIONS 

pH at 77 F 7 . 5 

Boron concentra t ion , ppm 3000-4000 

Hydrogen conten t ,  std cc/kg 5 - 1 5  
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4 . 1 

CORE INSPECTION AND FUEL REMOVAL 

I ntroduction 

TMI·2 PLANNING STUDY 
FOR PHASE II 

This section of the Planning Study addresses the activities,  
equipment, and concepts necessary to support the defueling operation at 
THI-2.  As a planning document , it provides only general guidelines. 
Detailed work procedures and equipment specifications will be developed 
in the technical planning of each work event required to achieve reactor 
defueling. The areas examined and discussed in the following text 
include: 

o A General Description of the Core Damage - The core 
condition has been assessed and classified into 
3 categories representing minor to severe damage . 
The definitions of the 3 levels and removal methods 
are discussed for each. Methods range from near 
normal removal for lightly damaged assemb l ies to 
dissection and removal of fragments for severely 
damaged fue l .  

o Special Considerations for Criticality and Nuclear 
Material Accountability - Parametric and geometric 
control of fuel reactivity are discussed and recommen­
dations for supportive studies are presented. 
Detectors and sources required for criticality 
monitoring are discussed. Requirements and problems 
to be addressed in the inventory of the special 
nuclear material are outlined. Ways to locate and 
retrieve nuclear material include the use o f  optical 
inspection equipment and mechanical techniques. 

o Special Tooling Needs - Depending on the actual 
condition of the core, various kinds of tools will 
be required for removing components and debris .  
Recommendations are made for devices that will aid 
fuel removal and minimize personnel exposure. Among 
the equipment recommendations are suction pumps , 
filters , hoists , pole-mounted gripping and measuring 
devices , saws , torches , assembly removal devices ,  TV 
cameras , and horoscopes. Personnel training in 
special tool manipulation is suggested. 

o In Place Inspection Plan - The desirability of an 
early determination of actual core damage to prevent 
impact on tool development is emphasized. Prior to 
closure head removal it is proposed that a partial 
assessment be made by lowering visual monitoring 
equipment through the CRDM nozzles or other access 
points . After closure head removal prior to the 
plenum lift , additional thorough visual inspections 
are envis ioned and a detailed inspection is needed 
after plenum remova l .  Two vie�ing centers (one 
local and one remote) are proposed with the remote 
center having recording capabi l ity. 
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o Facility Modifications for Fuel Movement and Inspec· 
tion ·Recomm�ndations are made for changes in the 
fuel transfer system drive to a cable drive and 
above water winches to be located in the fuel storage 
building to improve reliability and maintainability. 
A discussion of assembly inspection during removal 
by video means is discus�ed. A method is also 
proposed for scanning fuel prior to removal from the 
core. An inspection station is recommended .  

o Consideration for Fuel Canning and Storage • Sugges· 
tions for the design of fuel containers which will 
be compatible with the damage level of the fuel and 
with special fuel removal tools is given. Side 
loading cans and top loading cans are required to 
accommodate badly damaged assemblies,  yet they must 
be able to fit existing equipment such as upenders , 
transfer tubes, storage racks , and casks . 

Considerations for removing and placing assemblies 
into �ans are given. Concerns are with weakened 
assemblies and gas releases.  A discussion o f  patterns 
of fuel movement from the reactor vessel to either 
storage in the fuel pool or shipment in casks is 
present�d . Problems with crane access and floor 
loadings with cask usage may arise . 

o Contamination Control • Methods to reduce radiation 
and personnel exposure are discussed. Among the 
suggested methods are water surface skimmers , under· 
water washdown, and remote filter cartridge changeout . 
A radiation control area in which to repair tooling 
is suggested. 

o Organizational Considerations · A discussion of the 
organization required for defueling is presented. 
Functions and respons ibilities of key personnel are 
given. 

o Study Recommendations • Studies recommended to 
provide insight into the equipment needs and sa fety 
aspects of dcfueling are listed in Table 4 . 1· 1 .  

The defueling operation o f  THI·2 will require develop· 
ment of new equipment, concepts,  and procedures because of the extensive 
core damage which may have occurred. In order that these design and 
planning activities have the most reasonable estimates of the core 
mechanical condition, upon which to base design calculations and decisions , 
assessments of the mechanical integrity of the fuel assembly hardware 
should be continued and updated. The assessments should evaluate fuel 
assembly component condition as a function of radial and axial position 
in the core, using transient time and temperature data which includes 
and brackets the transient believed to have occurred at THI- 2 .  This 
would include updated assessments of the damage in centra lly located 

4·2 



TMI·2 PLANNING STUDY 
FOR PHASE II 

high-power fuel assemblies , intermediate-power fuel assemblies , and 
lower power fuel assemblies on the core periphery. The latter are 
believed to be less extensively damaged. The specific areas to be 
evaluated would include: 

guide tube oxidation and hydriding; mechanical 
properties in the oxidized condition. 

fuel rod oxidation and hydriding; mechanical prop­
erties in the oxidized condition . 

assessment of eutectic format�ons between the Zircaloy-4 
fuel rods and Inconel 718  grid, Zi rcaloy-4 guide 
tube and type 304 stainless steel guide tube nuts , 
and Ag-In-Cd (Control Component Poison Material) and 
type 304 stainless cladding. 

analysis of current incore thermocouple data which 
may p rovide supporting data for the damage prediction. 

CRD-CR coupling damage . 

These areas of evaluation are considered critical in 
supporting design efforts for fuel assembly removal and disposal .  Due 
to the expected varying levels of structural degradation to the fuel 
assemblies , the knowledge of the fuel assembly condition and load-
bearing capabilities of the fuel assembly ha rdware are envisioned as 
being necessary for design of removal equipment , handling equipment , and 
supporting devices in storage or shipping containers . These assessments 
would be made using available industry-wide data on oxidation and hydriding 
behavior of Zircaloy, mechanical properties of oxidized Zircaloy-4 
tubing, eutectic reactions , and thermal relaxation. However ,  i t  is 
anticipated that some of this information may not be readily available 
or applicable for the time and temperature conditions under consideration. 

In some cases , small-scale bench experiments may be 
useful in providing needed data . Where larger scale experiments are 
required to p rovide the missing information, the schedule for removal 
operations may preclude obtaining this data in a timely manner. ��ere 
data cannot be obtained, worst case conditions should be assumed in 
equipment design and procedure development. 

assumed was :  
For the purpose o f  the planning s tudy the core condition 

fuel assemblies are oxidized to the degree that 
conventional handling methods are unacceptable. 

Peripheral assemblies may be phys ically intact. 
However, the peripheral assemblies may also be 
damaged to the extent that they cannot be removed by 
l i fting either from the top or bottom. 
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central core assemblies have sustained significant 
physical damage , upper end fittings missing , disinte­
gration of fuel rods and guide tubes down to some 
intermediate grids , shards of cladding, fuel pellets 1 
etc . , in a random layer over the intact portion o f  
the core. 

CRAs , LBPRAs , APSRs , etc . , are inserted and may be 
either mostly intact or quite severely damaged. 

Other core damage assessments have been produced which 
differ frou the foregoing. Continuing studies may result in modified 
core damage assessments. Some recent NRC studies (Reference 1 )  suggest 
extensive damage over the top portion of the total core with a crust of 
molten Zr-ZrO eutectic physically bonding parts of the core together .  
Prel iminary NSAC studies (Reference 2 )  suggest somewhat less damage than 
the NRC studies do. 

Current incore thermocouple data indicates that the 
degree of core damage may be less than that indicated by the NRC studies . 
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The prevention of an accidental criticality during 
handling of the damaged TMI-2 fuel requires complete understanding of 
the critical parameters of the fuel and careful �ssimilat ion of these 
critical data into the design of a l l  processes and equipment involved. 

The TMI-2 core is a three-batch fuel loading containing 
three specific uranium enrichments. The distribution in the original 
core was as follows: 

56 fuel assemblies with 1 . 98 w/o U-235 

61 fuel assemblied with 2 .64  w/o U-235 

60 fuel assemblies with 2 . 96 w/o U-235 

The core exposure a t  the time of the incident was 94.6  
effectlve-full-po�er days. Calculations should be performed for the 
actual core conditions to establish an upper bound on criticality limits. 

The parameters by which criticality may be controlled 
include limits on the size and the shapes of containers of fissile 
material (called geometry controls) , limits on the amount of moderation 
permitted, and the addition of neutron absorbers (called poisons ) .  For 
most applications , it is necessary to control a combination of these 
parameters and this wil l ,  no doubt , be the case in the THI-2 core. The 
interaction between the various parameters is sufficiently complex that 
careful studies must be made of the effect of each of these parameters 
on the others . Studies should be performed for different conditions of 
reflections , isotopic composi tion, geometry, and poison materia l .  It 
may be desirable to include other poison materials since some accident 
conditions are difficult to control with boron alone as a poison. 
However,  initial analyses (Reference 3) indicate that criticality events 
are improbable with boron concentrations of 3500 ppm or greater. Previous 
analyses used to establish current technical specifications should be 
reviewed prior to defueling. 

The generic data described above can be used ' in the 
design of processes and equipment for the handling of fuel material 
which is no longer restrained by fuel pins or fuel assemblies . I t  is 
most important that liaison be maintained between the various groups 
involved to see that nuclear criticality safety requirements are in­
cluded in all  designs . 

I t  is possible for containers which are individua l ly 
subcritical to constitute a critical system through the exchange of 
neutrons. The handling and storage of containers of fuel must take this 
face into account. Additional calcula tions of this interaction effect 
will be required and appropriate liais�il must be maintained to sec that 
storage rack designs consider the appropriate data . 
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Fuel assemblies which still contain fuel but which have 
been extensively damaged may constitute still another criticality safety 
problem. For example,  bowed fuel pins can change the moderation present 
within an assembly and thereby change the reactivity of a single assembly. 
Such possible situations must be considered and prepared for .  This 
preparation could take the form of calculations which determine the 
reactivity of a fuel assembly under conditions of variable pin pitch. 

Possible dispersion of fuel by the fuel unloading pro­
cesses should be considered. I f  the unloading processes can cause fuel 
to move from the core region, other possible locations within the reactor 
system should be considered and appropriate precautions taken. The 
generic data described earlier will be appropriate for this consideration. 

The fuel material from damaged or destroyed fuel pins 
may be retained in locations (or in grids) where accidental movement 
could cause a more reactive configuration. Therefore, data should be · 
generated to determine the reactivity of the system as a function of the 
amount of damage and the size of these accumulations . Using these data , 
decisions can be made regarding the increase in reactivity which might 
result from unloading activities . Provisions can then be made to control 
the possible increase in reactivity. Methods for mechanically inserting 
poison material into the fuel assemblies or regions of debris should be 
analyzed. 

It is important to a safe defueling of THI-2 that the 
above information be generated before any operations are undertaken. 

The study would collect and categorize a l l  previous 
studies performed on criticality potential for THI-2.  The analyses 
should address a l l  potential critica l  geometries ( i . e . , s labs , spheres , 
and cylinders) for various fuel arrays. This would include loose debris , 
intact fuel assemblies , fused materia l ,  e tc . ,  based on the core damage 
assessment. 

4 . 2 . 2  Criticality Monitoring 

Difficult problems will exist in attempting to monitor 
the reactivity of the core during disassembly. Prior to head remova l ,  
plans should be considered to insert a fission chamber into fixed incore 
detector locations to monitor the reactivity of the system. This would 
necessitate removal and disposal of one or more existing incores . 
Another possibility is to lower the fission chamber through a CRDH 
nozzle o r  CRD guide tube to monitor the upper fuel region. 

In monitori.ng the reactivity of any system, the location 
of the sources and detectors is of primary interes t .  Poor location of 
sources and detectors relative to the fissile material can mask real 
changes in reactivity or cause false indications of a reactivity change . 
A great deal of thought and analysis must go into location of the sources 
and detectors if the resulting measurements are to be indicative of the 
reactivity of the system. 
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The instrumentation for this monitoring will be fission 
chambers and associated electronics. Neutron sources such as polonium­
berylium or americium-berylium may also be required • 

. ;:, 
Inforliation should be obtained on the condi tion o f  the 

sta rtup instrumentation channels of the reactor. These may be very 
useful in conjunction with the proposed new hardware described above. 

Before disassembly of the core i� started and at fre-
quent stops as disassembly proceeds,  the effective multiplication of the 
core should be dete�ined. In this way, operations which may inadvertently 
iucrease the reactivity can be detected and stopped or modified. A 
technique for measuring the effective multiplication of the system 
should be dete�ined. 

The unloading technique which is least likely to result 
in reactivity increases and which is most compatible with the required 
measurements should be developed. The precise order in which steps are 
to be carried out should be carefully thought out and documented. Such 
preplanning will allow the maximum information to be developed at each 
stage in the process and will go far toward assuring a smooth operation. 
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Since nuclear power reactor operators do not normally 
measure special nuclear material at a reactor site except by individual 
fuel assemblies , accounting requirements for a nuclear power reactor 
station are relatively minimal when compared to a fuel manufacturing 
plant, as reflected in Federal Regulations 10 CFR 70 . 5 l (b ) , (c) , and 
(d) .  The requirements at a reactor station are based upon security and 
item control (each fuel bundle and its fuel rods ) .  The manufacturers ' 
values for special nuclear materials are accepted for the contained fuel 
in each received bundle;  the amount of fuel in a discharged bundle is 
based on calculations reflecting the estimated burnup to which the 
bundle has been subjected . Final accounting reconciliation can only 
come after fuel recovery which is not now permitted. Reactor operators 
are required to inventory (by piece unit) annually and maintain proce­
dures "sufficient to enable the licensee to account for the special 
nuclear material in his possession under license . "  

Special material accounting for the TMI-2 recovery must 
be reflected in plant procedures which should be "sufficient" to enable 
accounting for the material possessed. Since the plant ' s  Material 
Control and Accounting procedures are approved by the NRC, the test o f  
what i s  sufficient i s ,  i n  general ,  a negotiated item. The key question 
to be answered i s ,  can the removed fuel be measured? It is assumed that 
the fuel can no longer be adequately accounted fo by item count o f  
discrete components and supplemental procedures will  have t o  be employed. 
It should be noted , however ,  that the highly radioactive nature of the 
TMI-2 core w i l l  on one hand limit the measuring possibility but will 
also restrict the possibility of diversion of the fue l .  

The best available means of accounting for the fuel 
should be studied carefully. It shoul� be recognized that if component 
mechanica l failure is extensive, mechanical measurement techniques may 
not be sufficient to make a reliable assessmen t .  Also, mechanical 
measurement during fuel assembly withdrawal may greatly hamper fuel 
movement and cause unnecessary exposure to personnel performing the 
work. 

By knowing the weight of the core and recording the l i ft 
weight, a certain amount of accountability following remova l can be 
obtained. Collection on filters and in other waste areas also will  
limit the effect iveness of any attempt to account for all the fuel which 
went into the assemblies . I t  may be necessary , therefore , to perform a 
detailed inspection of the reactor coolant system using video equipment 
o r ,  if the system is "clean enough , "  a direct inspection may be necessary. 
The use of pole-mounted camerJ s ,  borescopes ,  fiber optics , and radiation 
detection equipment may be necessary. The site work prepara tion should 
ensure the capability to inspect the entire system, including dead legs 
such as drain lines . 
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Radiological safety may be reasonably assured through 
normal personnel access and stay time controls except for the accidental 
release of gaseous products from any remaining intact fuel rods that 
fail during the handling operation. It is expected that there are fe� 
intact rods remaining, but assurance o f  this condition, even when exami­
nation of the core is possible, is highly unlikely. Accordingly, a l l  
plans for movement o f  assemblies that a r e  not failed should reflect an 
absolute minimum of handling operations from core to isolation canister. 
This approach will minimize the risk of a gas release to the containment. 

Techniques for contamination control should provide for 
underwater cleanup of the plenum and other reactor internal s ,  underwater 
cl �anup of tooling used to move fuel , surface skimmer to remove radio­
active materials which float, washdown of fuel assemblies and transfer 
cans underwa ter ,  and cleanup of reactor vessel using an underwater 
washing technique. A separate radiation control area should be estab­
lished large enough to a l low repair of tooling used for fuel movement. 
The system (Fi� re 4 . 4- 1 )  used to provide for the underwater washdown 
and skimming must consider the following: 

Extremely high radiation fields around the filter 
will dictate remote (underwater) cartridge changeout , 

Design must consider critical geometry, 

Loading of used filter cartridges in· fuel handling 
can which can be transferred to spent fuel poo l ,  

Size of equipment should b e  limited to ensure ease 
of disposa l ,  since high contamination levels could 
prevent reuse . 
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Core Removal 

Preparation for Core Removal 

Tool Checkout and Training 
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Due to the possibility of higher than normal radia­
tion levels , the defueling team should undergo a vigorous training 
program. This training program should include : anticipated fuel status , 
tooling familiarization and repa i r ,  a short course on fuel assembly 
construction in addition to practice in handling the tools during under­
water operations . 

In order to ascertain the effectiveness of various 
tools in handling fuel assembly parts and partial fuel assemblies , a 
checkout and training program should be performed. The tool checkout 
program would consist of operating the tools underwa ter to retrieve 
partial assemblies and assembly parts . Tool checkout could be performed 
at some convenient location such as the "B" spent fuel pool to train 
personnel and to checkout key disassembly procedures. 

The training program would be attended by all personnel 
including video, health physics,  and radiation monitoring. This large 
group of trained personnel would be required so that there will be the 
capability for most team members to participate i n  the hands-on defueling 
should additional personnel be �equired because of unforeseen ci rcumstances , 
i . e . , radiation monitoring and tracking personnel would be fami liar with 
the tools , enabling them to operate them. This provides each shift with 
fuel handlers and backups. 

4 . 5 . 1 . 2  Special Tool Requirements 

Assuming the condition of the core to be as described 
in Section 4 . 1 ,  a number of special tools not used in normal core removal 
will be needed. 

To the extent that the assumed core conditions are 
substantiated by visual assessmen t ,  the fol lowing classes of tooling 
will be required . Tools should be designed for easy decontamination in 
the event of repa i r ,  modifications, or other required closed handling. 
Consi deration should be given to producing these tools from materials 
which are good neutron poisons so that extra critica l ity control is 
provided by the presence of the tools . 

A means o f  debris removal i s  needed such as a 
suction pump equipped with storage canisters 
containing suitable strainers and filters to 
permit capture of the fragmented core -material .  
The canisters must be designed to meet regula­
tions on shipping, to be compatible with existing 
shipping casks , and to ensure nuclear criticality 
safety. They must also be compatibl� with 
handling equipment and storage/reprocessing 
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Serve a s  a backup to the fuel bridges, 

Help i n  the handling of special fuel movement tool s ,  
and 

Capability for remote operation, as well as opera­
tion from the fuel handling bridge. 

This crane would also be available to perform specific 
duties associated with the process of loading damaged fuel into cans , 
which i s  complicated by video and washdown requirements. This crane 
should have a 10-ton capacity (minimum) . The overhand portion would 
require counter-balancing. The controls should consider the need for 
precision (slow) movement as well as for rapid movement to help minimize 
worker exposure time. The conflicting requirements for precision and 
speed may require a multispeed system. 

The present · proj ections of core damage preclude the use 
of the fuel-handling bridge with its mast. A simplified bridge using 
the rail system should be incorporated in place of the fuel-handling 
bridge. This type of system will provide a platform from which the 
inspection equipment and special handling tools can be used for maximum 
efficiency and safety. 

4 . 5 . 2  In Place Core Inspection 

An early determination of actual core damage is highly 
desi rable to provide lead tiute necessary for the development of tools 
and techniques which will be required for core remova l .  Prior to· =eactor 
vessel closure head remova l ,  it may be possible to make a partial assess­
ment of the upper core condition by removing selected CRDMs and lowering 
visual monitoring equipment t� rough the CRDM nozzle s .  

After remo, �l of the closure head, cameras can be lowered 
through the peripheral area of the plenum, part of the top of the core 
can be examined , and an initial inspection of the periphery of the core 
can be accomplished. Additional inspection of the core through the 69 
control rod guide tubes can also be performed . I f  the remaining fuel 
assemblies have to be inspected prior to the initial p lenum lift,  holes 
may have to be drilled in the top surface of the plenum assembly to 
provide acces s .  This should be done only if absolutely necessary. 
Locations of holes can be determined best following initial video exami­
nations. 

These inspections would also provide information on 
debris or fuel which might have migrated into the plenum assembly, as 
well as possible mechanical distortions , all of which may impact pro­
cedures used for plenum remova l .  

A detailed examination by visual methods should be 
performed when the upper plenum structure is removed and the top of the 
core is exposed. This examination will provide input to the types and 
degrees of fuel assembly damage incurred during the transient. The 
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information will  provid·e a firm basis for selection of the fuel removal 
technique most likely to be successful and a sequence for removal of the 
fuel assemblies . 

The inspection of the core should be conducted from the 
fuel-handling equipment bridge. Two viewing centers could be set up, 
one in the command center outside the containment building and one on 
the bridge itsel f  for the crane operato r .  The command center should 
have videotape and audio recording capabilities , as wel l  as capability 
to record character information on the videotape. Provisions to record 
"still" video shots and to transmit these pictures offsite should be 
provided. Capability for photographic records including stereographic 
photos should be provided. 

Good water. clarity would be an important contribution to 
the successful inspections of the core. The visual activity afforded by 
clean water would also be o f  benefit during fuel removal operations.  

IDA Withdrawal/Removal Hethods 

Prior to d�fueling the reactor core, the Incore Detector 
Assemblies (IDA) should be withdrawn from the fuel assembl ies . The fuel 
assembly can be removed without removing the incore detector; however ,  
the incore detectors could then complicate the removal o f  fuel assemblies . 
The IDA locations are shown in Figure 4 . 5 - 1 . 

Removal of the IDA may provide an indication of reactor 
core damage . A detector that is difficult to remove �he first 20 feet 
may be ind�cative of a damaged fuel assembly. 

The discussions presented in this section are based on 
the assumption that the incores are essentially intact but may be "stuck . "  
Correlation o f  incore data wit� core transient data indicates that the 
incore detectors may be intact . However ,  fuel assembly damage and/or 
debris in the guide tubes may prevent their withdrawal .  Plans for fuel 
removal assume that a large number of these incores will  not be with­
drawn in the normal fashion. Considerations which affect the means used 
to withdraw stuck incores include: 

o Pulling on the incore puts a load on the already 
damaged (weakened ) fuel assembly. 

o Debris trapped in the guide tube is likely to have a 
high radiation level and could contain fuel and 
fission products. 

o Pull ing a fuel assembly out with a stuck incore will 
be restricted ·by the load which can be applied by 
the special fuel movement tools to the weakened 
assemblies. 
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As a result of present experience with stuck incores , a 
procedure and equipment have been developed which could be employed 
within the limits a lready discussed. This method is briefly discussed 
herein. 

If the IDA docs not comes free , force i s  maintained on 
the incore detector, and two caLle stoppers are installed on the cable 
at the closure assembly. The force on �he IDA is released, and the 
cable i s  sheared, leaving at least 1 foot above the cable stoppers . An 
8-foot extension i s  welded to the sheared IDA, and force is reapplied to 
a l low removal of the cable stoppers . The pulling force i s  then released. 

When the respective fuel assembly is l i fted, the incore 
detector can be cut in the core region. The incore can then be removed 
either from the core side or the incore service area . 

A system (Figure 4 . 5-2) should be planned to flush the 
incore guide tubes toward the reactor vesse l .  This system would be 
applied to each detector/guide tube prior to attempting withdrawa l .  I t  
would b e  desirable also t o  continue flushing during the withdrawal to 
prevent debris from reentering the guide tube. 

4 . 5 . 4  Control Component Removal Methods 

The methods employed for control component removal will  
depend largely on the condition o f  the host fuel assembly. The general 
damage categories into which the fuel can be classified are l isted in 
Section 4 . 5 . 5 .  

Although i t  may b e  mechanically possible to remove the 
control components from Damage Level 1 ,  and 1n some cases Damage Level 2 
fuel , it may not be feasible due to critica l ity o r  sa fety concerns . I f  
i t  becomes permissible and necessary to remove control components from 
fuel assemb l ies , they wil l be removed with the special tools described 
in 4 . 5 . 1 -2, insvected, and placed in storage containers . I f  i t  i s  not 
necessary to separate the control assembly from the fuel , i t  will  be 
removed with the fuel assembly. 

Those Dama�e Level 2 and 3 components which cannot be 
separated from the fuel or which have no requirement for separation will  
be disposed of in the same manner as the host assembly. 

A core map showing control component locations is shown 
in Figure 4 . 5 - 3 .  

4 . 5 . 5  Fuel. Remova l Heth�ds 

After the core inspections described in 4 . 5 . 2 ,  it is 
anticipated that the condition of the fuel assemblies can generally be 
categorized as fol l ows : 

Damage Level 1 - Weakened structurally with pin failures 
and warpage. Major parts remain 
intact . 
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Damage Level 2 - Significant structural damage and 
oxidation with fragmented components 
forming a layer of debris over the 
intact core portion. No eutectic 
bonding exhibited . 

Damage Level 3 - Crust of metal oxide eutectic formed 
which bonds parts of the core together.  

The method employed for removing a fuel assembly will 
depend on the damage leve l .  Some methods t o  b e  considered for removal 
of each level are given below: 

Damage Level 1 - Removal of assemblies with this damage 
level will be attempted first.  A TV 
camera will be posit ioned to provide a 
good view of the upper end fitting. A 
probe will be inserted into each guid� 
tube in turn and the location of any 
obstructions noted. Rods with expansion 
mechanisms on their lower ends will be 
arranged on a spacer to fit the guide 
tube pattern and their upper ends will 
connect to a hoist .  These rods will 
be inserted into the guide tubes to 
the lower end fitting and the expansion 
mechanisms will be activated. The 
lifting forces generated are trans­
mitted to the fuel assembly only at 
the lower ends of the guide tubes ,  
where the probability o f  structural 
integrity is best .  The assembly will 
be lifted out and placed in its storage 
container after being given a visual 
examination. 

The process will be repeated until 
removal of all Level 1 assemblies has 
been accomplished. 

Damage Level 2 - Visual examination leads to the con­
clusion that the assembly has signifi­
cantly more deterioration than a 
Level 1 category assembly. Since 
port ions of the assembly may be 
missing and since the assembly may be 
structurally unsound down to perhaps , 
3 feet from the lcwer end fittin3,  
several methods may be necessary to 
remove the assembly. Rubble and 
debris present in the upper part of 
the core, but which is not metal­
lurgically bonded , will be removed 
w1th the special tools described in 
4 . 5 . 1-2 to provide clear access to the 
remaining portions of the fuel assembly. 
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Removal o f  the rema inder o f  the assembly 
may require l i fting by a guide tube 
expansion mechanism and hoist (as 
described in Damage Level 1 above ) or 
the use of the side-access device. or 
both. depending on the core location 
and unique condition o f  the particular 
as.sembly . Any loose pieces fall inc:> to 
the lower vessel cavity upon ass� ly 
movement will be retrieved when ·as ible. 
Assemblies will be visually e� lned 
when removed from the core ana placed 
in storage containers . Side loading 
cans and side loading tools may be 
required for assemblies with this 
degree of damage . 

Dama�e Level 3 - Fuel assemblies with this damage level 
may be mechanically or meta llurica l ly 
bonded together so that removal intact 
may be imposs ible.  These fuel assemb l ies 
will  be separated by cutting them 
apart. I f  no fuel assembly can be 
removed intact. the entire cor may 
have to be cut up with the fragments 
being removed in storage conta iners . 
High speed saws. lasers . or torches 
may be used to cut or separate these 
highly damaged assemb lies . Special 
suction equipment and mechanical 
grappling devices may be used to 
retrieve debris resulting from the 
cutting operation. 

Inspection During Fuel Removal 

A complete video scan of the top of the core can be 
performed to ascertain and record the initial core conditions . A camera 
sy�tem that views the s ides of assemb l ies a� they are withdra�� from the 
core should be investigated. With such a system. the condition of each 
fuel assembly can be recorded as it is withdrawn and categorized as to 
desirability for future inspection. This system would minimize the 
handling of fuel for inspection and a llow direct movement to the fuel 
canning station. 

Once the first assembly has been removed a came 1 a  can be 
lowered into the vacated location to determine the condition of adjacent 
fuel assembl ies . 

An inspection station for more detailed inspection o f  
selected assemb l ies prior t o  canning should b e  cons idered; however .  
every attempt should b e  made to minimi�e fuel handling and s t i l l  remain 
consistent with required insr�ction. 
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Fuel Canning 

TMI·2 PLANNING STUDY 
FOR PHASE II 

The actual procedure for movement o f  the fuel into the 
cans would depend on many factors which will  not be known until the 
condition of the containment following decontamination and the integrity 
of the fuel are assessed. Inspections conducted prior to lifting the 
plenum, radiation mapping prior to head removal ,  and incore withdrawal 
operations will a l l  help to determine fuel assembly status . Howeve r ,  
the actual status cannot be verified until the initia l video inspection. 
The radiation levels encountered following containment decontamination 
will also influence the fuel movement pattern selected. The location of 
the co.�n loading operation (deep end vs reactor vessel) could impact the 
final procedure. Criticality control (to be addressed by an ongoing 
study) is not anticipated to be a problem but should be addressed by the 
procedure . The actual procedure to be fol lowed during the can loading 
operation should address the following area s :  

A s  a n  assembly i s  l i fted from the vessel (to be 
loaded in a can a t  the vessel or moved) video cover­
age can provide a record of fuel assembly status . 

Following removal o f  an assembly a video inspection 
of the remaining assemblies can be used to evaluate 
which assembly will be moved next, to determine what 
method will be used (side, top grapple, etc . )  to 
move i t ,  and to provide an additional record of core 
status . 

Procedures should provide guidance on which l i fting 
tool is to be used. 

Concerns with rupture of weakened assemblies and 
release of gases should be addressed. 

Vacuuming ( i f  deemed desirable) would also be covered 
generically in the procedure. 

Operation of the canal cleanup system sh�uld be 
addressed. 

Lifting of tools out of water should he addressed, 
i . e . , do not lift them out of water without radiation 
monitoring and wash them down if necessary. 

The procedures used should identify which assemblies 
( i f  any) are to receive detailed inspection. 

Key hold points should be identified in the procedures 
such as (a) following initia l core scan, and (b) i f  
any assembly comes apart or i s  severely damaged 
(other than intentional cutting, etc . )  as a result 
of the movement operation. 
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4 . 5 . 8  Fuel �ovement Patterns 

TM1·2 PLANNING STUDY 
FOR PJ4ASE tt 

As a result o f  the overriding considerations o f  personnel 
exposure , contamination contro l , and criticality, the amount of activity 
which is perfor.ned in the reactor building should be evaluated. Figure 
4 . 5·4 shows three possible fuel movement patterns. The patterns shown 
are for i llustration o f  what impact the various considerations could 
have . The radiation levels shown depict three d i fferent background 
conditions . 

Figure 4 . 5 ·4A depicts fuel movemect should low radiation 
levels be encountered. For better contamination contro l ,  a washdown/vacuum 
step (2) is performed on the majority of the assemb lies . This step 
would help to remove loose contamination and/or fue l ,  the�eby reducing 
future problems n handling the assemblies.  The assemb lies are then 
canned (4) or inspected prior to canning ( 3 )  and ( 5 ) ,  then sent to the 
spent fuel pool ( 7 ) .  Path (6) i s  shown for those assemb l ies o r  portions 
of assemb lies deemed too weak to risk movement without a can. 

Figure 4 . 5-48 depicts fuel movement should intermediate 
radiation levels be encountered. In this case fuel movement w i l l  be much 
the same as in 4 . 5-4A except that the majority of the fuel w i l l  be 
scanned by video as i t  is removed from the core , then loaded directly 
into cans for movement into the spent fuel poo l .  

Figure 4 . 5·4C represents a fuel movement pattern which 
could be employed for high radiation leve l s .  The maj ority o f  the fuel 
would be ( 1 )  scanned by video as it is removed from the core , then 
loaded directly into cans for movement (4) (5)  to the spent fuel poo l .  
A l imited number o f  specifically designated assemblies would be moved 
(2) from the core to the inspection area , inspected, loaded into cans , 
and moved to the spent fuel pool (3)  and (5) . The assemplies to be 
inspected would include those des ignated for further research so that 
any changes following removal would be accounted for .  

The wash/vacuum station i s  sho�� removed from the vessel 
area so that it will  not interfere with the remova l of assemblies from 
the vessel .  I t  i s  anticipated that the critical (time) part o f  the 
operation will  be the removal from the vesse l .  Additiona l ly , an operation 
which could present visibility problems should be closely evaluated to 
ensure that the maxi mum possible visib i l i ty is maintained in the reactor 
vessel area . 

A backup fuel movement path would be to load the fuel . 
over the vessel into cans , then place the cans d i rectly into a shipping 
cask in the deep end of the c�na l .  The cask would then be decontaminated 
and placed on its transporter for offs i te shipment. 

This procedure should be considered only in the event 
that the fuel cannot be transferred to the spent fuel pool through the 
transfer tube. The time required for this type operation would signif­
icantly impact the total time and personnel exposure required to remove 
the core . 
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Fuel Outside the Core Region 

TMI·2 PLANNING STUDY 
FOR PHASE II 

As a result of reactor coolant pump operation following 
the core damage caused by the accident it is possible to have fuel 
distributed throughout the reactor coolant system. The most likely 
areas for deposition of this material would be horizontal surfaces in 
regions of low flow velocities, such as the upper steam generator tube­
sheet and the bottom of the reactor vessel. At various phases of the · 
operation, these two areas will be accessible for cleanup. The special 
considerations of high radiation levels and criticality control must be 
addressed for both of these potential locations . The reactor coolant 
system decontamination flush should consider the unlikely occurrence of 
having fuel trapped in dead legs such as instrument lines, letdown 
lines, and drain lines. Careful radiation surveys should detect such 
deposition. The initial fuel scan and subsequent fuel assembly inspec­
tions will help to ascertain the potential for fuel outside the core. 

deposited are : 
· Several areas where fuel debris is likely to have been 

a .  OTSG Upper Tubesheet 

The long lead time required to prepare equiv�ent for 
fuel removal from the upper tubesheet and the compli­
cation of being above the water level fur head 
removal and defueling dictates that this problem be 
identified as early as possible . As early as feasibl e ,  
from a building entry standpoint, radiation surveying 
of the upper bea� region should be initiated. I f  
ttis survey indicates the need to remove fuel from 
the upper bead, then construction of any special 
equipment should begin. (Equipment design and 
operating techniques should be identified prior to 
thi s . )  This operation should b e  completed early 
enough not to interfere with the bead remova l sche­
dule , which will require steam generator draining 
below the upper tubesheet . Depending on the radia­
tion level the use of a wash/vacuum system to remove 
any fuel from the tubesheet may be possible. This 
system should be portable and have suft1cient shielding 
of any filters used. The filter design should allow 
transfer underwater of the cartridge to a fuel 
transfer can for movement to the spent fuel poo l .  

The possible use of mechanical manipulators to pick 
up debris and place it in a shielded container 
should also be considered. Video coverage could be 
provided through the inspection hand hole. 

b. Reactor ·vessel 

There is a concern that the bottom of thP reactor 
vessel contains fuel or debris which went through 
the reactor coolant system, as well as some which 
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TMI-2 PLANNING STUDY 
FOR PHASE II 

found its way there directly fr9m the core. This 
fuel will remain covered with borated water, for 
heat removal and criticality control ,  throughout the 
defueling operation. Following the defueling, the 
reactor vessel internals should be removed to provide 
access to the botto� of the vessel . In the event 
that the internals are not removed arcess to the 
bottom can be made through the lower grid plate. 
This debris can be removed using the same wash/ 
vacuum system used on the core to sluice it into a 
container. These containers should be suitable for 
loading into a fuel can for movement to the spent 
fuel pool. 

c. Other Locations 

Samll quantities o f  fuel or debris may become lodged 
in dead legs such as drains and letdown lines , o r  
areas such as the reactor coolant pump, RCS piping, 
and steam generator lower head. Methods used to 
remove the debris from these locations need to 
employ means to ��sure criticality safety while 
minimizing radiatio� exposure . For example , when 
the RCS is flushed i t  may be necessary for the 
initial flushing to employ boric acid for reactivity 
control .  Disassembly o f  components to remove these 
materials could result in large exposures to personne l ,  
a s  well as contaminating the surrounding areas . 

C.-:::.iderations of schedule and the sequence o f  
events during. decontamination flushing dictate the 
approach selected for ensuring cleanup of these 
areas . Radiation -surveys , early in the program, can 
be used as a basis for selecting the methods to be 
used. Additional areas of specific concern include: 
pressurizer spray valve, pressurizer vent v�lve , 
pressurizer electromatic relie f ;  reactor coolant 
drain tank; makeup system letdown line , letdown 
coolers,  letdown orifice and seal return lir ' ;  and 
core support lo:ations such as in the areas oi be 
former plates . These areas should al l be examined 
from a rad�ation standpoint. The former plate area 
bas access holes for flow, but they are too small to 
reach with a vacuum. An extensive radiation survey 
should be performed to help assess the· amount of 
radioactive material that may be trapped. A system 
flush or the decontamination flush discussed in 
Section 5 . 0  could be used to remove this material • 

The effectiveness of the removal can be determined 
by taking before and after radiation surveys. 
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4 . 6  Fuel Containers 

TMI-2 PLANNING STUDY 
FOR PHASE II 

Considerations· for fuel container development should 
include, but not be limited to , the following criteria: 

The need for a material suitable for long-term 
storage. 

Cc1ticality safe configuration • 

Compatibility with existing fuel shipping casks. 

Ability to fit in upenders , pass through the transfer 
tube , and be stored in spent fuel pool storage 
racks. 

Handling should be compatible with fuel-handling 
capabilities including l i fting devices in fuel 
transfer canal and spent fuel pool. 

The ease of loading the damaged assemblies is 
important to minimize the radiation exposure of 
personnel performing the op�ration. 

The cans should be sealed to prevent the spread o f  
contamination and for shipping considerations. 
Unsealed cans for cooling and chemistry control 
should also be evaluated. 

The minimum opening for loading the fuel should be 
as large as possible t� allow the assemblies to fit 
inside the cans with a minimum effort. 

Side-loading cans may be necessary for those assemblies 
too severely damaged to be handled from the top or a 
sufficient number of s ide-handling tools should be 
provided to a llow the tool to stay with the assembly 
in a top-loaded can . 

Can design should consider working conditions under­
water with long manual tooling, such as restricted 
visibility due to crud in the water, and the need 
for respirators and gloves. 

The containers will require approval by government 
agencies . 

Cans should have ident�fication markings that can be 
easily read from above. 

A method to vent or verify that the containers are 
full of water and wi l l  not be buoyant when restraints 
are released after shipping in a cask. 
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TMI·2 PLANNING STUDY 
FOR PHASE II 

The p receding list o f  considerations for fuel can design 
was based on the a ssumptions that a l l  of the fuel will be loaded into 
cans for movement. The bases for this assumption are that the s t ructural 
integrity of the assemblies will be questionabl e ;  that the handling 
tools will be capable of separating even the severely damaged assemblies ; 
that the handling tools will have the capability to alter the configuration 
of severely dagaged assemblies to fit the can; and that even good assemblies 
could have portions of other assemblies trapped which could become 
dislodged during fuel movement. Due to the public concern over shipment 
of radioactive materials in general ·and the special nature of this fue l .  
plans should include the capability for interim stor3ge onsite i n  the 
fuel movement cans. Present core damage estimates indicate that handling 
of the assemblies from the top may not be possible in some cases . 
Therefore. means to separate. lift. and load the assemblies into cans 
using tooling which handle the assemblies from the side may be required. 
This dictates the need for side-loading cans or tooling which is designed 
to remain with the assembly in the can. Any can design which does not 
fit in existing shipping casks should be avoided due to the large expense 
and long lead time required to acquire and license new casks. The 
possibility of higher than normal radiation fields. worse than normal 
pool visibility. plus the need to work in more restrictive anti-Cs than 
norma l .  dictate large and simple grappling devices for items such as can 
covers.  etc. 

In addition to the one-assembly containers discussed 
above there should be some containers for handling of debris.  The 
maximum size of these containers would be determined by criticality 
studies as well �s the transfer tube and cask cavity dimensions . Con­
tainers shoul� be provided for any filter cartridges used in the cleanup 
system. Stacking of smaller containers inside of a fuel assembly container 
should be considered but must be examined from a criticality standpoint • 
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4 . 7  fuel Transfer Sys tem Mod i fication 

TMI·2 PLANNING STUDY 
FOR PHASE II 

Difficulties have been experienced with the existing 
fuel transfer system. A recommended mod ification to the fuel transfer 
system replaces the existing underwa ter a i r-motor-powered chain and 
sprocket drive with a cable drive. (Figure 4 . 7 - 1 )  The features of the 
system are:  

o Positive and reliable operation 

o Increased a l lowable track misalignment tolerances 

o Manual operation capabil ity 

o Overload protection 

o Improved dry operation capability 

o Less maintenance (most mechanical parts located 
above water level) 

Winch(es) for each transfer system would be mounted 
above the water level in the fuel storage building. The winch (es)  and 
cables control the movement of the fuel transfer carriage between the 
reactor building and the fuel storage building. Each winch is provided 
with a load limiting device to deenergize the winch when cable tension 
builJs up to a preset limi t .  The winches are interlocked to the gate 
valves to prevent carriage operation unless the gate valves are fully 
open. All cable drive components are contained with1n the fuel storage 
building, el iminating the necessity to remove th� reinstall cables when 
the system is not in use . 

The existing carriage is used as is except that all  
chain and sprocket drive components and ant i-oyerturn lugs are removed.  
Lubrite bushings are installed in the carriage whee l s .  Lateral guide 
rollers and cable attaching lugs are provided for attachment to the 
carriage. 

The existing track sections are usc� as i s ,  provided 
that they meet the alignment criteria required for the cable drive 
system. Additional removable sections are prov1ded to span the gap on 
the reactor building side of the transfer tube. 

4-23 



' -

4 . 8  

4 . 8 . 1  

Fuel Storage and Shipment 

Direct Shipment Considerations 

TMI·2 PLANNING STUDY 
FOR PHASE II 

Section 4 . 5 . 7  discusses some o f  the implications o f  
loading fuel cans directly into spent fuel shipping casks inside con­
tainment . Another consideration which must enter into the evaluation o f  
this option is the issue o f  interim storage and ultimate fuel disposition. 
This issue bas plagued the nuclear industry for some time , but i t  has 
special impact on Three Mi le I s land, since an entire core could be 
extensively damaged. 

I f  the direct shipment option is to be used, there must 
be someplace to which to ship the fue l . As present, unless the federal 
government makes a facility available ,  there is not _such place . Even i f  
the federal government makes some fac i l ity available, i t  i s  not clear 
that such a facility will have the capability for fuel handling· immediately 
ava i lable . I f  additional fuel handling and storage capab i l ities must be 
constructed, it is likely that such an e f fort would require a schedule 
which is not compatible with the TMI recovery schedule. 

It may be concluded that a direct shipment option for 
the entire core does not exist .  Temporary fuel storage should,  there­
fore, be a design bas i s .  

4 . 8 . 2  Temporary Storage Requi rements 

Once fuel removal operations have begun it will  be 
desired to comp lete them as swiftly and safely as possib l e .  Fi rst , 
removing the damaged fuel from the reactor vessel ,  canning i t ,  and 
locating the cans 1n a specially designed damaged fuel can rack 
stabilizes the damaged fue l ,  assuring a more controlled and safer environ­
ment. Second, canning the damaged fuel limits the primary source o f  
radioactivity release , thereby reducing the production of �dditional 
volumes of radioactive liquid wastes . Fina l ly ,  removirg the fuel from 
the reactor vessel a l l ows cleanup of the reactor coolant system un­
impeded by fuel in the core. 

It  is anticipated that spent fuel will be removed, 
canned ,  and prepared for transfer from the refueling canal much faster 
than spent fuel shipping casks could be hand led, loaded, and make t�e 
round trip to and from a depository. Therefore, a backlog o£ fuel cans 
would have to be stored onsite temporartly even i £  the u l timate fate o f  
the fuel were known prior t o  defue ling. 

The entire core wi l l  be placed in failed fuel cans . I t  
i s  expected that more than 1 7 7  failed fuel cans wi l l  b e  needed, since 
som� elements may have to be packaged in two or more cans and debris 
from !ailed fuel assemblies w i l l  also be packaged in failed fuel cans . 
I t  i s  more appropriate to assume that a t  least 250 failed fuel cans wi l l  
be used to remove the fue l .  This number wi l l  al low two cans for each 
element in the central region of the core and one can for the peripheral 
assemblies which are expected to �e structurally intact . 
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The "B'' spent fuel pool appears to be large enough to 
hold in excess of 460 cans in non-poisoned h igh-dens i ty racks with 
14- inch-on-centers spacing. This would al low storage of the entire 
damaged core and full core load. A sketch of the A and B spent fuel 
pools w1th high-density spent fuel racks is shown on Figure 4 . 8- 1 .  
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4 . 9  Organization 

TMI·2 PLANNING STUDY 
FOR PHASE II 

The organizational a rrangement used to implement the core 
inspection and fuel removal work plan should recognize several important 
factors : 

4 .  9 . 1  

Single point responsibi l i ty is important to ove ra l l  
performance . 

Several disciplines are involved in each o f  the 
subtasks . 

Flexibility o f  total force is needed. 

Timely engineering support w i l l  be required. 

To the extent possihl e ,  the work wi l l  be di rected 
from the Command Cente r .  

Methods, procedures and tooling a r e  l i kely t o  change 
during the course of the work. 

A signi f i cant amount o f  preparation work prior to 
actual implementa tion is needed both off-s ite and 
on-site.  

Functions 

The following functions should be incorporated into the 
fuel removal organization: 

Management and Supervision 

Health Physics 

Planning and Sch�duling 

Technical Support 

Procedure Engineering 

Tool Engineering 

Facility Engineering 

Training 

Labor 

Several of these functions should be activated for 
preparation off-site well in advance of site buildup. 
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Onsite , these functions should be organizationally 
arranged to accommodate shift and schedule requi rements. 

4 . 9 . 2  Respons ibilities o f  Key Personnel 

Descriptions of each job function should be prepared 
including interfaces with other site organizations. Some respon­
sibili ties for key personnel area: 

Task Manager - responsible for overa l l  execution o f  fuel 
removal work. 

Shift Supervisors - responsible for activity in process 
relative to fuel removal .  

Technical Support Engineers - responsible ior review and 
evalution of inspection as it is ava i lable.  Provide 
engineering recommendations as needed , monitor operations, 
and maintain records of fuel location and waste generation. 

Health Physicists - responsible for r�diation control 
and personnel exposure . 

Video Special ists - responsible for performing special 
video in�pections and maintaining video equipment . 

Equipment Operators - respons ible for performing equip­
ment manipulations to remove and store fue l .  

In order to maintain steady work progress , more than one 
shift is recommended during fuel removal .  A determination of the total 
number o f  shifts needs to consider the working conditions (working in 
breathing apparatus ) ,  the amount o f  physical exertion, the need for 
extras on each shift,  and the need for supervisory personnel on each 
shift.  Use o f  three shifts , for examp l e ,  will require three teams of 
supervisory personnel .  

Another major concern is the amount o f  radiation to 
�hich personnel wi l l  be exposed. The levtl of radiation, the working 
conditions , and the amount of manual tool work could dictate that teams 
working inside the conta inment be rel ieved every one to two hours . The 
video team, however ,  could cons ist of as few as two people since their 
time in the containment should be minima l .  

· 

Related, but separate, tasks such as can loading versus 
inspection can be performed by separate teams. These teams should be 
fami liar with the overa l l  oper� tion to enable maximum flexibility should 
one phase start to lag the other. By having personnel fami liar with the 
operation of other teams , they could, if required , be tra ined to perform 
these other functiuns . 
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4 . 9 . 3  Site Buildup 

TMI·2 PLANNING STUDY 
FOR PHASE II 

Staff buildup on site should begin several months in 
advance of the scheduled execution of the work in containment. 

Some of the functions which will be needed early are : 

Facility engineering for early input and coordina­
tion of facility changes and deletions in and outside 
containment which directly support the reactor 
defueling work. 

Procedure engineering to assure timely review and 
approval of the work procedures . 

Planning and scheduling for integration of the 
reactor defueling work into onsite activities and to 
establish the final schedule for assignment of other 
resources . 

Lead time for buildup of resources should also be consistent 
with the pre-established training requirements. 
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TABLE 4 . 1 - 1  

TMI·2 PLANNING STUDY 
FOR PHASE II 

SUHHARY OF STUDIES AND TESTS RECOMMENDED 

Fuel Assembly Mechanical Integrity Assessments . 

In-Vessel Criticality Studies to Determine the Safety Aspects of 
Hoving Damaged Components . 

Ex-Vessel Criticality Studies to Determine Safe Methods of Handling 
Fuel Bearing Components or Debris . 

Develop Techniques for Core Inspection. 

Study Core Disassembly Methods and Procedures .  

Develop Method for Measuring Sub-Critical Multiplication. 

Study and Evaluate Acceptable Ways of Fuel Canning. 

Study Fuel Transfer and Storage Problems. 

Develop Techniques for Obtaining a Reliable Inventory of Fissionable 
Material.  

Study and Develop Techniques for Radiation and Contamination Control . 

Prepare Tests to Ascertain the Mechanical Integrity of the Fuel and 
Operability of the CRDMs . 

Prepare Functional Tests for Special Tools and Cleaning Equipment . 
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TMI·2 PLANNING STUDY 
FOR PHASE II 

REACTOR COOLANT SYSTEM DECONTAMINATION 

Introduction 

Background 

The contamination of the reactor coolant system (RCS) , 
as a result of the release of fission products and fuel from the reactor 
core area, is a significant problem that must be addressed in the over­
a l l  recovery program. The potent1al distribution of fuel or core debris 
throughout the RCS must be considered; any fragments must be removed in 
order to permit proper future reactor operations and to reduce a source 
for future fission product release to the RCS. In addition, the fission 
product activity in the RCS contributes to the containment radiation 
levels , thereby complicating the complete recovery and ultimate re­
qual ification of the RCS . In response to these concerns , a compre­
hensive RCS decontamination program should be established and integrated 
into the overall recovery planning. 

5 . 1 . 2 Objectives 

The principal objectives of the decontamination of the 
Reactor Coolant System should include: 

Reduction of the containment radiation levels attrib­
utable to the activity inside the RCS while maintaining 
component and pressure boundary integrity. 

Removal of fuel fragments and related debris from 
the RCS . 

A program designed to meet these objectives should 
consider the cost and schedule limitations of the recovery effort while 
attempting to reduce the containment radiation levels as early as possible. 

5 . 1 . 3 General Decontamination Program 

The RCS decontamination effort should be di rected to 
each of the potential problem areas and should inc lude primary and 
alternate plans for the remova l of the radioactivity and fuel debris . 
The activity associated with the RCS comes from t�ree basic sources: 

Soluble activity consisting primarily of soluble 
fission products, 

Insoluble activity composed of fuel pellets and 
cladding fragments containing fission products, and 

Activity deposited on or absorbed into the corrosion 
film, including activated corrosion products as well 
as concentrations of soluble and i�soluble fission 
products . 
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Each of these sources may require a different removal 
technique to effectively reduce the activity. In addition, special 
considerations may be required when working to collect and account for 
the distributed fuel fragments in the RCS. 

5 . 1 . 3 . 1  Soluble Activity 

The soluble activity can be removed from the RCS either 
by draining the contaminated coolant or recirculating the coolant through 
ion exchange beds and back into the system. A third possible approach 
would be to dilute and remove the soluble products by a feed and bleed 
method or partial drain and refil l .  This would, however, add to the 
radwaste processing volumes while having a favorable feature of being 
usable before and during defueling activities without a major equipment 
impact. Since the vessel water cannot be drained before defueling, some 
method must be provided to recirculate the reactor vessel water to 
facilitate activity removal from the entire system. 

The optimum approach will probably be to drain the water 
from the steam generators and loops and process the water as it is being 
removed. This approach is advantageous from the standpoint of minimizing 
radwaste volumes ; however it may not be advantageous from other standpoints 
such as radiation exposures . The steam generators may be drained without 
draining the reactor vesse l .  Another approach would be to store the 
drained water for subsequent processing. The water in the vessel would 
then be purified by recirculation through ion exchange . This should be 
initiated as soon as practical and cltanup maintained at maximum flow 
throughout the defueling period. The decay heat removal arrangement 
being used at the time ( e . g . , mini-decay heat removal system) can be 
used to circulate the reactor vessel water to the purification equipment . 

The vessel contains about 26,000 gallons of water and 
the remainder of the system about 59 ,000 gallons of water. Draining the 
loops thus lowers the volume to be reprocessed by inline purification by 
a factor of three. 

Soluble activity should be removed before defueling. 
This will lower radiation levels at the refueling canal water surface 
during fuel handling, and lower radiation leve l s  on the canal surfaces 
after draining. The refueling water will also require less processing 
after use. Boron control must be maintained during the processing of 
this water. Also, core flow should be kept at low veloci ties , to minimize 
potential for further fuel damage . Resin beds must be heavily shielded 
and designed for remote maintenance. 

5 . 1 . 3 . 2  Fuel Fragments 

There is a probability that some fuel fragments are 
outside the core. The nature of these fragments (pellets , powder , 
particulate) is not known, nor is the location or amount. Some cor­
relations to other events which produced loose debris in the RCS at 
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other plants can give an insight to most probable collection locations . 
The l i kely areas for collection of loose core material include: 

bottom of the reactor vessel 

upper tubesheet. of the steam generators 

instrumentation lines and drain connections in low 
areas of the RCS piping 

lower dome area of the steam generators 

horizontal surfaces of the plenum assembly 

horizontal surfaces of the core support assembly 

pressurizer and surge line and spray l ine 

letdown system. 

In order to retain a safe margin to any c r itical ity 
poss ibi l i ty while collecting fuel debris ,  adequate precautions in terms 
of neutron poisons or ever-safe geometry should be taken. This could be 
done by providing for the collection vessel for any fuel fragments to 
contain enough borated water or other neutron poison to control the 
neutron population or by designing the collection system to maintain 
ever-safe geometry. Underwater vacuuming c�n be used to pick up the 
loose fuel and cladding material (and a s ignificant portion of the loose 
insoluble activity) depending on just how finely broken and d�spersed 
the fragments are . Because of the high radiation levels which could be 
encountered , these vacuuming operations may have to be conducted using 
automat i c  or remote control equipment .  Detailed isotopic radiation 
surveys of the RCS should be conducted in order to ident i fy those areas 
that contain the insoluble fiss ion products. These areas then should be 
concentrated upon as they are l ikely to contain the fuel fragments a� 
wel l .  

Areas i n  the bottom o f  the reactor vessel and the top 
and bottom of the steam genera tors , the pressurizer, and the pressurizer 
surge line should receive special attention as soon as access to these 
areas is poss ibl e ,  due to the tendency for debris to collect there. 

5 . 1 . 3 . 3  Insoluble Activity 

In addition to the material accessible for removal by 
vacuuming, a considerable amount o f  debris could be present in other 
portions of the RCS . Hechanical decontamination techniques such as 
flushing, hydrolasing, etc . , could be tried on these areas to remove 
loosely adhered particles .  In  conj unction with these operations , i f  
radiation surveys indicate the presence of fiss ion products in such 
areas as instrument lines and vent and drain l ines ,  these areas could be 
flushed to the RCS and the activity removed by the mechan ical technique 
being used. 
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The corrosion product and fission product activity 
contained as part o f  the corrosion film may require different techniques 
for removal. While preceeding decontamination efforts for loose fragments 
and soluble activity may e liminate the need for further activity removal ,  
there could also be a significant portion of the activity which has 
become absorbed into the corrosion film . This depends to a large extent 
on the particle size of the activated products.  Since this information 
is not presently known for the chemistry conditions present at THI- 2 ,  
additional information is required to help assess the possibility o f  
removing this absorbed activity. Information that would be particularly 
valuable would be the analysis of specimens from the RCS , such as steam 
generator manway covers or control rod drive mechanisms . These items 
could provide valuable data on the composition of the corrosion film in 
the RCS . In general ,  chemical decontamination techniques should be 
considered for removal of part or a l l  of the activated corrosion layer. 
This approach will be discussed in more detail in the following section. 
I t  should be noted that the short operating time of the plant should 
have minimized the effects due to deposition of activated corrosion 
products such as coba lt.  However ,  to effectively remove absorbed fission 
product activity, the corrosion layer should be also removed.  
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Reactor coolant system deconta�ination should reduce the 
soluble and insoluble activity by appropriate means while minimizing the 
man-rem exposure expended and protecting the integrity of the pressure 
boundary. The ability to apply available mechanical and chemical decon­
tamination techniques

. 
should be studied to identify the need for additional 

development work to produce the desired results . In addition to decontam­
inating the entire RCS , attention should be given to the individual 
component decontamination required to allow specific inspections and 
repair requirements associated with the recertification of the equipment. 
The decontamination requirements of each component can best be determined 
after detailed radiation surveys identify the activity present. This 
information together with the inspection and repair needs will provide a 
significant input to the decontamination planning. 

5 . 2 . 1  Hecbanical Decontamination 

Several mechanical decontamination techniques may be 
considered as discussed below. 

As part of the program to reduce the insoluble activity 
levels , a purificati�n filter may be usefu l .  This was discussed earlier 
as part o f  the activity removal before and during the defueling operation. 
After the fuel has been removed further filtration could be employed by 
flushing on the entire RCS. This could be done by running reactor 
coolant pumps and circulating water through filters. One location for 
filters is in the reactor vessel interna ls (or other suitable area for 
high flow filters , such as a flow screen similar to that used during hot 
functional testing) . In addition, these filters could contain resin to 
further reduce soluble activity while collecting loose debris and frag­
ments which had not al ready been removed from the system. Consideration 
should be g iven to the amount of fuel that could collect on such filters 
for reactivity control purposes . Further ,  depending on the quantity of 
filterable material actually present, change-out of the filters could be 
required. However ,  this approach does a l low the entire RCS to be treated 
at one time and makes use of equipment a lready available ( reactor coolant 
pumps ) . With this approach, backflushing l ines containing pos � 1 ble fuel 
fragments and insoluble fission products from areas which norma lly are 
under low- or no-flow conditions could increase the total amount of 
activity removed. 

Additional mechanical means such as hydro laser and 
sc rubbing could be applied with a vacuuming system to large access1ble 
surfaces such as the reactor vessel , head, �nd internals.  

5 . 2 . 1 . 1  Reactor Vessel Head 

Some of the early recovery plans include assessments of 
the condition of large components such as reactor vessel head. 
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A partial decontamination of the head could be required 
to permit reasonable access for inspection. A high velocity washing 
such as with a hydro laser could be applied. If this were scheduled 
before the head is transported to the head stand, a means of collecting 
the rinse water such as in the refueling canal area would be needed. In 
order to perform this with the bead on the stand, modifications to the 
stand could be made to collect the waste. Since the maj ority of the 
inspection concerns will probably address the seating surfaces of the 
head, this area could be shielded to reduce the shine from other areas 
of the head. The bead should not be dipped into a cleaning solution 
because of the carbon steel exterior. A chemical cleaning while on the 
head stand may be studied, a lthough this is likely to require major 
modifications to the stand while shielding and remote inspection tech­
niques could achieve the desired results . Similarly, cleaning of the 
control rod drive mechanisms could be done while the head is still 
installed or while it is on the head stdnd. Disasse�bly of the CRDHs 
for inspection requires removal of the leadscre�s . I f  these can be 
removed while the bead is still on the VP.��c l ,  a backflushing path 
becomes available for the mechanisms . The waste would be flushed into 
the RCS and the dose rate of the head thereby reduced for subsequent 
operations due both to the leadscrew and the flushing. An alternate 
approach would be to perform this cleaning on the head stand. This 
operation could then be coordinated with any. stand modifications re­
quired for head decontamination. Reducing the activity associated with 
the drives early is important to allow early removal from the reactor 
vessel head. Flushing the drives must be considered carefully, however ,  
since i t  could result in raising the activity le�el near the top o f  the 
drives if leadscrews are not removed and therefore flushing is done from 
bottom to top. 

5 . 2 . 1 . 2  Once Through Steam Generators 

Since access to the steam generators for component 
cleaning could be severely restricted by the radiation levels present, 
these components present a particular problem. The upper ·and lower 
portions, plenum or dome areas, allow some access through manways but 
close access is required if much cleaning is necessary for the upper 
tubesheets or tubes . As a result, remote decontamination techniques may 
have to be employed . A wet vacuum method could provide for debris 
removal and could be controlled remotely. Since core fragments may be 
lodged inside OTSG tube s ,  a means of i�entifying the affected tubes and 
either clearing or plugging the tubes should be considered. This could 
be done by remote free-path inspection from either the upper or lower 
dome areas. Additional decontamination of the tubes could be done by 
flushing each tube with a jet stream from the top wh\le collecting the 
rinse water at the bottom and either recirculating i� t hrough a filter 
or collecting it for treatment and disposa l .  A device �imilar to the 
type used for the free path inspection could be modified for positioning 
the hydro laser. Setting up this equipment generally requirrs close 
access to the generator,  and special dome shielding could �e employed to 
help control total exposures . 

S-6 



1 

5 . 2 . 1 . 3 Reactor .Vessel Internals 

TMI·2 PLANNING STUDY 
FOR PHASE II 

The lower internals are activated by core neutrons . 
Radiation level measurements made during the surveillance specimen 
holder tube replacement work a t  other plants in 1976 showed 3000-6000 
R/hr radiation fields adjacent to the lower interna l s .  TMI-2 has operated 
only 93 EFPD ,- and there wil l  be significant decay time before internals 
inspection. However ,  radiation levels from activation of base metal are 
expected to be at least 100 R/hr when inspection is requi red. Decontamina­
tion will not remove this source. Remote inspection will be required 
because of the activation. Therefore , no special decontamination of the 
lower internals is recommended other than debris removal .  

The upper internals (plenum) are further from the core, 
and have less activation. Decontamination would probably make the upper 
part of the plenum accessible to inspection. The activation contribu­
tion to dose rate from the lower part of the p lenum is unknown. I f  de­
tailed inspection of the plenum is needed, detailed calculations should 
be performed to identify the amount o f  activation present. The effects 
of decontamination could then be better identified . 

I f  studies show plenum decontamination to be use ful , 
they could best be decontaminated with the total system a fter fuel is 
removed. No special setup would be required, and no additional radwaste 
volume generated. If plenum decontamination is needed but RCS decon­
tamination is not planned, a special plenum decontamination system must 
be developed. 

Other areas of the RCS requ1r1ng special attention 
include the letdown and makeup system lines as well as vents , drains , 
instrumentation connection, and the sample lines. An evaluation on a 
case-by-case basis could be made o f  these areas considering · such items 
a s :  

cost and ease o f  replacement 

cost to shield 

extent of contamination 

Finally,  one major component , the pressurizer, deserves 
par�icular attention. Due to low flow velocities and limited acces s ,  
Lhe pressurizer may not be effectively riecontaminated by application of 
the techniques discussed thus fa r ,  with the possible exception of hydro­
lasing. Removal and decontamination or replacement of the pressurizer 
heaters could resolve part of the concern. The same considerations 
should be given to the spray line , spray valve s ,  and vent connections.  
The replacement costs and exposure costs factor heavily ihto those 
considerations. Contamination in the pressurizer vessel should be swept 
into the reactor �oolant system before RCS cleaning, i f  practicable. I f  
necessary , the pressurizer could be isolated and cleaned separately. 
This separate decontamination could be mechanical or chemica l ,  with 
connections being made to the spray and surge lines for a recirculation 
path. 
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A comprehensive chemical decontamination effort may be 
required to meet a l l  of the objectives of the decontamination program. 
A material compatibility testing program along with a solvent research 
and development program should preceed the actual implementation. A 
long lead time is required to identify the particular type of film 
present in this RCS and to develop and qual i fy the solvent for use . 
Part o f  the qual i fication o f  any solution would be to identify the long 
term effects on the integrity of the reactor coolant system pressure 
boundary. Chemical techniques such as electropolishing could be used 
for local decontamination with full or partial system decontamination 
also done by chemical means . The long contact times that will be en­
countered as a result of the filling and draining of the RCS with a 
chemical solution should be considered in evaluating the effects of any 
solvents. Furthermore , in order to completely drain the system, the 
reactor vessel head has to be removed, adding signifi cantly to the 
contact time of the reactor vesse l .  A means to pump out the reactor 
vessel with the head on could be devised to reduce this time. Other 
factors relating to the chemical approach include a means to agitate the 
solution and provide a he�t input . The reactor coolant pumps could 
perform both of these functions. 

Both weak and strong chemical Jccontaminations are 
alternativ�s which require extensive preparations. However, there could 
be considerab le activity absorbed in the corrosion layer which will not 
be removed by other methods.  This possibility should be considered in 
order to a llow some work to be performed in support of a chemical program 
until enough evidence is gathered to determine the condition of the 
corrosion layer in the RCS . 
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Reco�ended Decontamination Program Approach 

Since both the mechanical cleaning and chemical de­
contamination alternatives have positive aspects as well as limitations , 
a balanced combiaation is recommended to provide the assurance of meeting 
the stated objectives. This will permit the development work to proceed 
for the ch�mical approach in time to be implemented should it be required. 
The mechanical techniques may be applied both before and after a chemi cal 
cleaning to p rovide for optimum activity removal .  As more inform�tion 
about the condition of the RCS becomes available,  it should be factored 
into the decontamination program. 

Information such as detailed component radiation surveys 
and swipe samples from interior RCS surfaces should be obtained as 
access to these areas becomes possible. This type of data could define 
the n�ture and compos ition of the contamination and therefore provide 
means to evaluate the potential effectiveness of the various decontami­
nation techniques being studied. It may be possible to collect enough 
evidence to concentrate the overall decontamination efforts on a single 
approach. Planning and testing should begin soon in order to be pre­
pared with a complete decontamination program regardless of any new data 
w:eceived . 

Another source of valuable information concerning the 
activity and tenacity of the film coating the RCS could be available for 
artifacts such as control rod drive mechanisms and steam generator 
inspection port or manway covers. Laboratory eva luation of the various 
decontamination techniques to be used in the field could be perfc cmed on 
such items to help eliminate or modify the methods to achieve acceptable 
results. 

The need for specific component decontamination to 
support other recovery requirements should be ident ified in the in­
tegration of recovery efforts. The schedule of recovery efforts should 
also consider the impact of decontamination work, including contingency 
planning should initial decontamination efforts not conclude with the 
expected results. 
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In order to effectively carry out a reactor coolant 
system decontamination, equipment used for the containment decon­
tamination program could be used for RCS cleanup, such as radwaste 
storage, scrubbing , and hydro lasing apparatus and temporary shielding. 
Remote video coverage for inspection, monitoring, and supervision of the 
decontamination tasks should be provided. The reactor coolant pumps may 
be used to provide circulation within the RCS. Since the pumps are 
required for future plant operations, they should be fully refurbished 
at the earliest opportunity to facilitat� the rleanup. This implies 
that pump supporting systems must be availabl� dlso . Special equipment 
may be required for component cleaning activities such as reactor vessel 
cleaning, steam generator and pressurizer cleanup, and equipment to 
remove and shield the pressurizer heaters. This equipment should be 
designed and tested a fter evaluation of radiation survey information to 
provide �ome indication of the environment expected during the actual 
decontamination operation. 
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5 . 5  General Planning Requirements 
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The reactor coolant system decontamination program bas 
many aspects which have to be integrated into the overal l  recovery 
effort. Present PWR decontamination technology is oriented toward 
removing well-formed, tenacious corrosion films. Because of the condi­
tions in the THI-2 system, separate research efforts may be needed for 
developing decontamination techniques . Plans for handling and disposing 
of the radwaste volumes generated should be incorporated into the con­
tainment recovery operation. An estimate of the man-rem costs of RCS 
cleanup should be made both for the overal l  system and for individual 
components.  The decision to pursue further decontamination attempts has 
to consider this cost against the consequences of leaving the system as 
is . Since a major effort will be made to inspect and recertify the RCS , 
much of this effort will not have to be duplicated as a post-decontami­
nation evaluation. This represents a considerable sav1ngs since this 
cost (inspection/ certification) could otherwise by a large part of any 
decontamination program. 
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5 . 6  Data Requi rements 
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In order to assess the condition o f  the RCS and true 
magnitude of the contamina tion problem, information from the in-contain­
ment radiation survey is essential .  Detailed radiation surveys around 
the RCS piping and accessible maj or components is required to evaluate 
the contribution to the general area and local radiation levels from the 
activity inside the system. The exterior surface contamination is 
distributed throughout containment and must be r.onsidered when evaluating 
the RCS survey information. As interior surfaces of the reactor coolant 
system can be made accessible, attempts should be made to determine what 
activity is prese�t and how it can be removed .  This can be accompl i shed 
in the upper dome of the steam generators and the reactor vessel bead 
during the defueling evolut ions. Evalu�tion of radiation survey infor­
mation should distinguish between the radiation levels attributable to 
both soluble and insoluble activity. Reactor artifacts should also be 
obtained as early as possible in order to assess the distrib�tion of the 
activity within the RCS . With information on the amount and type of 
activity deposited on surfaces and the ease o f  its remova l ,  decontami­
nation efforts can be focused on a reference method . 
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6 . 1 . 1  

SERVICES AND FACILITIES 

Remote Viewing 

Introduction 

TMI·2 PLANNING STUDY 
FOR PHASE II 

The objective o f  this section i s  to define the scope and 
the criteria for a closed circuit television (CCTV) system for a number 
of d i f ferent operations , provide a remote vantage point for observations, 
and make visual and audio records for examination later,  or for training 
purposes .  

Since radiation levels and other conditions are not 
spec i fically known , contingency options are included to address as many 
variables as possible .  I n  the following conceptual discussion, the 
various components and devices are identi fied, described, and related to 
each other as an operating system. 

I t  is expected that high-resolution s t i l l  photography 
w i l l  also be employed to maintain a pictorial record of conditions . 

6 . 1 .  2 System Functions 

The CCTV system should provide a means of continuously 
surveying equipment or work activities inside the containment from 
monitoring and control stations located in the command center. The 
system should provide the means to remotely control f rom the monitor/ 
control stations a l l  cameras and the i r  functions, such as pan, t i l t ,  
focus , zoom, and on/o f f .  

Additiona l ly ,  the system should provide the means to 
record the output of any camera on video cassette recorders (VCR ) .  

Work crews waiting t o  enter the containment should be 
provided with the capability of monitoring (but not controlling) any 
camera in the system. A space and monitor(s) shvul� be prov1ded in the 
personnel acLess fac i l i ty for this purpose ,  so that each team may famil­
iarize itself �ith the in-conta inment activities privr to entry. 

Training fac i l i t ies should also be provided comprising a 
color VCR , a color monitor,  Jnd a portable (battery pack) color camera 
and color VCR. The color monitor and VCR should be in a cabinet on 
casters so that i t  could be used in the command cn :ter or other loca­
tions for training sessions . 

6 .  1 . 3  System Design Requirements 

The design of this system should be based on visua l ly 
monitoring and/or recording a l l  aspects of the �efueling and RCS c leanup 
operations , including monitoring of �orker exposure t ime interva ls . 
Extensive video systems wi l l  be required to control and support the 
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various cleanup, decontamination, and reactor d isassembly efforts . The 
following are some of the speci f i c  areas and functions to be covered: 

6 . 1 . 3 . 1  

Area coverage o f  the 347'  elevation 

Area coverage of the fuel transfer canal 

RV closure stud removal 

RV head lift (underwater cameras) 

Plenum l i f t  (unde�·ater cameras )  

Core top examination (underwater cameras )  

Fuel assembly removal (undcrvater cameras )  

Internal core examination (underwater cameras) 

Special operations dictated by fuel condition (under­
water cameras) 

Carqeras 

The cameras will  fall into two broad categories : con­
ventional and underwater .  

The conventional (nonsubmersible) cameras should be 
enclosed in envi ronmental housings, capable of operation in high hu­
midity and high ambienL tempe�3tures. The cameras should be rad1at1on 
tolerant. 

The cameras should be f itted with remotely controlled 
zoom lenses to prov1d� for both closeup and distant viewing. 

Extreme variat ions in lighting can be expected, ranging 
from perhaps 0. 1 footcandles or less to as much as 250 footcandles o r  
more. The camera should therefore be selected to provide adequate 
sensitivity to the lower leve l ,  with an automatic attenuation for the 
higher levels . All cameras should have digitized camera number identi­
fication as p3rt of the coruposite video. 

The underwater cameras should be capable of submergence 
in water and be radiation tolerant. Four cameras should be e�uipped 
with right-angle viewing adapters to permit viewing o f  the fuel assem­
blies as they are l i fted from the core, and for inspecting vacated fuel 
assembly channels . All underwa ter cameras should be equipped with 
sel f-contained lights . 

The conventional cameras should be installed on remotely 
controlled pan-and-t ilt  mounts which may be installed on heavy duty 
tripods , camera dollies , or wa l l  mounts , depending on the area to be 
cov�red. Three of the underwater cameras should be installed on under­
water pan-tilt mechanisms . 
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There should be two monitor/control sta tions in the 
command center.  Each monitor/control station should be equipped with 
four 9- inch monochromatic (black and white) monito rs,  nested together in 
a two-over- two configuration. One station should be dedicated to non­
underwater operations , while the other station should serve a l l  under­
water monitoring and examinations . 

A separately switched 23-inch monitor should be provided 
for both monitor/control stations, and should be capable of monitoring 
a l l  cameras in both viewing groups . This monitor would be used by 
interested casual observers , such as visitors and management . In a 
similar a rrangement , a separate 23-inch monitor should be placed in the 
personnel access faci lity. 

Four 9-inch monitors , in a two-over-two configuration, 
should be located on the fuel handling bridge. These monitors should be 
capable of monitoring a l l  of the underwater activities by selective 
switching. They will  be used by the cra�&c �perator for examination o f  
the core and fuel assemblies . 

6 . 1 . 3 . 3  Remote Control 

All cameras should have remote control capabilitie� for 
a l l  functions including off-on. 

In order to minimize the number o f  circuits entering and 
leaving the containment through penetrat ions , a digital or multiplexed 
control system should be employed.  

6 . 1 . 3 . 4  Recording Devices 

In order to provide a permanent record of selected 
events cr operations for archives or training, video recorders should be 
utilized. 

A video cassette recorder should be located in the 
view1ng center with the capability of selecting and recordin� the video 
from any one of the seventeen camera s .  A video cassette recorder should 
be provided for training purposes , w1th the capabil ity to switch video 
from any camera in the system to the recor�- � . The output of the recorder 
should be cJpable of being di splayed on thL · . aini •; moni to r .  

6 . 1 . 3 . 5  Color Video Equipment 

In order to provide add i tional tra1n111g fac il 1ties , 
color video equipment should oe provided for playback o f  offsite pro­
duced train1ng tapes , J S  we l l  as record1ng special · ons i t e  events . The 
color equipment should not be conncct�d into the monoch rome system. 
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Color equipment should consist of a battery-powered 
portable color VCR with hand-held camera, plus a stationary VCR and 
monitor. 

The recording format selected should be compatible with 
existing offsite equipment. 

6 . 1 . 3 . 6  Power Requirements 

Except for the 
Section 6 . 1 . 3 . 5 ,  all equipment 
Hertz grounded neu�ral system. 
st andard grounded plugs . 

battery portable equipment discussed in 
should be operated on 120 volt AC, 60 

Connections should be made through 

6 . 1 . 3 . 7  Containment Penetration Requirements 

Although there should be enough spare conductors on 
existing penetrations for the control cables, there probably wi ll not be 
enough triaxial penetrations for the video cables. 

For this system , the best approach is to route the 
cables through temporary penetrations provided at the access control 
point or through nearby spare containment penetrations and sealed with 
epoxy or impermeable mastic materia l .  

6 . 1 . 4  System Description 

The conceptual design of this system permits remote 
visual surve illance of a l l  aspects of reactor coolant system c leanup as 
well as defueling operations . The RCS cleanup operatic� involves more 
conventional types of CCTV equipment, whereas the defueling operation 
requires the use of undervater , radiation-resistant cameras in addi"tion 
to the conventional monitoring and control equipment. For this reason, 
the system description wi l l  be presented as two subsystems . 

6 .  1 . 4 . 1  General Survei l lance and RCS Cleanup 

The general survei l lance/RCS cleanup system should be 
composed of ten remotely controlled monochrome cameras, with pan-tilt 
and zoom capabil ities . Cameras should be mounted on rugged tripods , 
do l l ies , or wa l l  mounts , depending on the nature of work, the work 
l ocation, and the permanency of the location. 

The interconnection arrangement of this group of cameras 
is shown on Figure 6 . 1 - 1 .  

Th� interconnection arrangement of the training and VIP 
monitors is shown on Figure 6 . 1 - 2 .  

6 .  1 . 4 . 2  Reactor Vessel Interna ls and Defueling 

The undervater system should be basically the same a s  
the convent ional system except for the undervater cameras and undervater 
pan/tilt mechanisms. Each of the cameras has a �eparate control uni t ,  
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located on the fuel handliug hridge. rhc 1nterconnection arrangement is 
shown on Fig.  6 . 1-3.  

Three of the underwater cameras ,  equipped with zoom 
lenses and sel f-contained o r  attached underwater lights , should be 
installed on underwater pan/tilt  heads . They should be located at the 
322 ' -6" elevation near the reactor vessel flange at the three l ift 
points to monitor the RV head l i f t .  In addition, they should be used to 

· perform inspections under the RV head early in the l i ft .  Means should 
be provided to remove these cameras while still under water to permit 
their use elsewhere . 

Four cameras should be equipped with right-angle viewers 
and sel f-contained lights and arranged on a movable mounting ring so 
that a l l  four sides of a fuel assembly can be examined as it is being 
withdrawn from the core. 

6 . 1 . 4 . 3  Monitoring Stations 

A monitor/control center should be set up within the 
command center with communications to remote locations , as described in 
Section 6 . 3 .  

The monitors should be arranged i n  two groups of four, 
in a two-over- two arrangem�nt.  One group should be used for conven­
tional cameras , while the second group should be used for a l l  underwa ter 
work. 

A 23-inch mon1tor capable of independently monitoring 
a l l  cameras in the system should be located nea rby the monitor/control 
center, preferably in a separate room. This monitor should be used for 
visitor and management briefing. Another 23-inch monitor, capable of 
monitoring a l l  cameras in the system, should be set up in the personnel 
access fac i lity. 

In-containment monitors should be set up on the fuel 
handling bridge to monitor defuel ing operations and assist crane oper­
ators . four 9- inch mon itors in a two-over-two arrangement should be 
uti l ized. 

6 . 1 . 5  System Operation 

Defue l i ng and RCS cleanup, as we ll as other in-con­
tainment operat ions , should be contro l led from the command center .  The 
sy�tem should be uti l i zed for management and supe rvision, rather than 
strictly monitoring purposes .  

For the most part, a l l  convent ional cameras w i l l  be used 
to provide coverdge of the fue 1 trans fer can a 1 and the 34 7 '  -6" eleva­
lion. The ca�eras should be pos it ioned as rQquired to cover a given 
operation of the cleanup, and , once in pos i t ton , should be contr� 1 l �d by 
the command center. 
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The removal of the studs from the RV flange and parking 
the studs on the RV head flange should be covered by three or more 
tripod-mounted cameras .  I f  the radiation levels are too high, and the 
removal tool is adapted to semiremote operation, close video support via 
these cameras will  be required. 

Prior to RV head removal ,  and before the refueling canal 
is flooded, three underwater cameras mounted on underwater pan/ tilt 
mechanisms should be installed near the RV flange at the three RV head 
l i ft points. The method of installation of the cameras and pan/tilt 
mechanisms should permit their removal by r�mote means while under 
water. This will permit thei r  use for other purposes after the head and 
plenum are removed. These cameras will be used to monitor the RV head 
initially to assure a level lift.  During this time , each camera output 
will be displayed on a separate monitor, both in the command center and 
at the fuel handling bridge. The cameras will  also be used to perform 
inspections under the RV head early in the lift,  approximately 2 feet 
above the RV flange . 

Video coverage of the plenum cover flange should be 
provided by one or more cameras during the initial part of the lift.  
Video inspections of the plenum should continue throughout the lift,  
including the exterior. 

Much of the video coverage should be recorded on tape , 
both for record purposes and for additional review later. 

During removal of the first fuel assembly, four cameras 
should he positioned in such a manner that ai l four sides can be inspected 
as the assembly is removed. The entire removal sequence should be 
recorded on video tape. for this purpose,  four cameras with right-angle 
viewers and zoom lenses should be vertically mounted on a suitably sized 
ring spaced 90 degrees apart. Each camera should be oriented in such a 
way that it will "loo�' toward the center of the ring. As the fuel 
assembly passes through the field of view of the camera , the zoom lens 
should be adjusted to provide the desired coverage. 

Fuel channel inspection should be accomplished after the 
first fuel assembly is removed. A camera with a right-angle viewer and 
zoom lens is lowered into the channel and a l l  sides are inspected by 
rotating the vertically hung camera . 

Most of the conventional cameras and accessories can be 
used during the reconstruction phase for traffic contro l ,  HP purposes , 
and security functions . At that time the monitor/control stations could 
be relocated to othe r ,  convenient locations. 
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6 . 2  Radiation Monitoring System 

6 . 2 . 1  Introduction 

TMI·2 PLANNING STUDY 
FOR PHASE II 

The radiation monitoring system for the initial containment 
entry and decontamination phases was originally discussed in the Planning 
Study for Containment Entry and Decontamination, Section 4 . 2 . 1 3 ,  Containment 
Radiation and Radioactivity Monitoring Program . 

The assumption was made that all previously installed 
radiation monitors and reactor instrumentation inside the containment 
could not provide the required reliab i l i ty and accurate indications , and 
these monitors should be replaced , or at least supplemented until  they 
can be replaced. 

The recommendation for the radiation monitoring system 
described in this section is to provide protection during initial con­
tainment entry and decontamination (Phase I ) ,  reactor disassembly, fuel 
removal ,  and reactor coolant sys�e� cleanup operations (Phase I I ) .  

The fundamental objective o f  the radiation protection 
program is to limit radiation dose s .  The radiation monitoring system 
(RHS ) ,  in part,  indicates the effectiveness of this program. The bas i c  
function of the RHS for the initial containment entry, reactor vessel 
internals d isassembly, fuel remova l ,  and reactor coolant system decontami­
nation is to provide: 

( 1 )  Rapid and reliable information on the magnitude and 
location of the possible radiation hazards , associated 
with the operations , for the purpose of defining 
the type and extent of any necessary countermeasures, 
implementing emergency procedures .  or reevaluating/ 
redirecting the operation activities. 

(2) An assessment of any hazards from a i rborne radio­
active materials to compare the concentration of 
radioisotopes in the atmosphere to the maximum 
permissible concentration (�PC) leve l s ,  and to 
serve as a bas is for the planning of immediate 
corrective action . 

(3)  An assessment of the adequacy of controls on the 
releases of the radioactive materials to the environ­
ment. 

(4) An estimation of the probable upper limits of the 
potential exposure to the personnel , necessary for 
proper planning of all activities , time frame and 
input for the selection of the equipment to be 
used . 
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(5) Rapid determination of the possible contamination 
from processes and operations of Phases I and I I .  

(6) An input o f  prediction for any long-term changes or 
trends in the radiation levels and/or radioactivity 
concentrations resulting from the operation o f  
equipment ,  and other related activities. 

(7) A demonstration o f  comp l iance, i f  required, with 
the applicable regulations , environmental standa rds , 
technical specification, or other operational 
limits. 

To achieve the foregoing functions the r3diation monitoring 
system should be designed to: 

pattern: 

(a) Continuously detect and record the level of radio­
activity in certain process 3nd a l l  effluent s treams 
to ensure comp liance with the requirements of the 
Cv�e o f  Federal Regulations , Title 10,  Parts 20 and 
50, Regulatory Guides 1 . 2 1 ,  and techn ica l specifica­
tions. 

(b) Provide personn�1 with a continuous indication o f  
the ambient beta, gamma , and neutron radiation and 
radioactivity level in selected a reas . 

(c) Provide alarm and indication in the command center 
and the control room for monitored points as wel l  
as the initiation of protective functions, as 
requi red, on abnormal increases in radiation level 
above the existing conditions in an area , or systems . 

(d) Provide redundant systems through the measurement 
of effluents, both at their point of releases, and 
at their potential source points. 

Sepa rate , independent and redundant monitors a re to 
be instal led for sel ected measurements to increase 
level of re l iab i l i ty .  

( e )  The final selection of the type of moni tors , measure­
ment ranges,  and their sens it1vities wi l l  be based 
on the predominant isotopes and their phys ical 
forms in the syst�m or area to be monitored. 

Funct ionally,  the R�S is divided into the fol lowing 

o Area radiation monitoring (ARH) system 

o Continuous air  radioactivity monitoring (CAH) and 
samp l ing system 

6-8 



1 

TMI·2 PLANNING STUDY 
FOR PHASE II 

o Process and effluent monitoring system 

o Criticality monitoring system 

Area Radiation Monitoring System (ARM) 

Area radiation monitors will utilize detectors to detect 
ambient beta, gamma , and neutron radiation. 

ARM readout will  be mR/hr for beta and gamma , and mrem/hr 
for neutron radiation. 

The radiation detectors may be Geiger-Mueller (GM) 
tubes, scintillation detectors , proportional counters , ionzation chambers , 
or other commonly acceptable detectors , as required, to meet specific 
requi rement for the particular measurements. 

The ARM includes fixed mobile (to allow flexibility in 
locating monitors near the work teams) and portable monitors. Fixed and 
mobile ARM provide local and remote (command center) continuous display, 
local and remote (command center ,  control room) alarms , and recording 
(command center )  of radiation levels during all  operations . Alarm 
indication, audible and visua l ,  includes both high radiation levels and 
monitor channel* failure. A fixed ARM will be continuously recorded on 
a multipoint recorder .  

A mobile ARM will  use a singlepoint recorder to obtain a 
trend chart tor di fferent areas. 

6 . 2 . 2 . 1  Containment Building 

The beta-gamma fixed, mobile and portable ARM will he 
used to continuously moni tor the radiation level in a l l  areas where work 
is expected to be performed. These include the area near the RPV head 
closure assembly adjoining the operating floor, areas adjacent to the 
fuel transfer canal ,  and areas adjacent to the fuel storage poo l .  

Some of the ARM w i l l  be mobile type to provide flexi­
bility in locating them in close proximity to working teams . 

In addition to the mobile monitors , permanent ionizat ion 
chamber monitors will be installed to replace the existing G-H detectors. 

These ARMs w i l l  be capable of detecting wide range 
radiatton levels without saturation by high flux, and responding rapidly 
to a step change in radiatton at any leve l .  

The new monitors will  be insta l led a t  the same locations , 
or at areas where background radiation levels are expected to be the 
highest. 

*ARM Channe l :  A radiation sens1t 1ve detecto r ,  check source, el ectronic 
processing and a l a rm circuitry, and interconnecting cables used to 
measure and display the exposure rate present at the detector location. 
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The high radiation areas can be determined from the 
periodic surveys taken throughout the containment . 

High radiation or loss of a channel will be alarmed 
locally, in the control room and the command center .  

Power for the fixed monitors will be provided from the 
same source as the existing monitors being replaced. Power supply for 
the mobile monitors will be provided from the nearest available power 
source. 

6 . 2 . 2 . 2  Containment Recovery Service Building (CRSB) 

The monitors will be located in areas where access is 
restricted, and where radiation levels could possibly increase due to 
postulated occurrences . The local display unit, located in or adjacent 
to the monitored area , will be provided. 

Alarm, audible and visua l ,  will be provided in the local 
display units and in the command center. A shared alarm for the CRSB 
wi ll be provided in the control room . Alarm indications w i l l  include 
both high radiation levels and channel failure. 

6 . 2 . 1 . 3  Command Center 

The shielding of the command center will be designed to 
ensure that the zone I* designation will apply at a l l  times . Area 
radiation monitors will b� located at selected areas with display, 
recordi ng , and alarm located in the command center and shared alarm in 
the control room. 

6 . 2 . 2 . 4  Radwaste Staging Area (RSA) 

A fixed ARH will be provided in the radwaste staging 
area. These monitors will have local display units which include both 
audible and visual alarms , indication and alarm in the command center 
and a common alarm 1n the control room. Selected monitors should serve 
as area monitors for personnel protection as well as the monitors of the 
radiation levels of the waste containers during movement ,  storage, and 
off-site disposa l .  

6 . 2 . 2 . 5  Personnel Access Facility (PAF) 

Area radiation monitors will be included in selected 
areas of the personnel access facility, with local display units pro­
viding audible and visual alarms , indication and alarms in the command 
center and a common alarm in the control room. 

* Zone 1 :  Provides unlimited access where maximum design radiation dose 
rate is SO . S  mRem/hr. 
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New area radiation monitors in the auxiliary building 
will be added. A local display unit (which includes both audible and 
visual alarms indication) , alarms in the command center, and common 
a larms in the control room wi l l  be provided. 

6 . 2 . 3  Continuous Air  Radioactivity Monitoring (CAH) and Sampling 
System 

The a i r  monitors will provide capabilities for continuous 
sampling and continuous measurement and will utilize beta and beta-gamma 
sensitive detectors. 

The monitors consist of beta detectors for detecting 
noble gases , and beta or gamma detectors with fixed or movable filters 
which sample air for detecting radioactive ai rborne particles . The type 
o f  filters ( fixed versus movable) w i l l  be established based on existing 
and predicted radioactivity. concentrations. 

The monitor ranges of 10-7 to 10- 1 �Ci/cc for noble 
gase s ,  and 10- 1 1  to 10-6 �Ci/cc for particles will be used. 

The CAH will include fixed and mobile a i r  monitors . 
Each CAM will provide local and remote (command center) continuous 
display, local and remote (command center) alarms , combined alarm in the 
control room, and recording (command center) of radioactivity concentra­
tions during a l l  operations. 

A recording system will  be used to provide a continuous 
record of the particulate and noble gas concentrations for permanent 
record purposes . 

Alarm indication, audible and visua l ,  includes both high 
concentration level and a i r  monitor channel fa i lure . In addition, 
mobile high volume continuous a i r  samp lers with charcoal filters to 
obtain samples for onsite halogens analysis will be provided. 

The capability of detectin§ halogens should be based on 
the detection of iodine - 1 3 1  (range of 10- 1 to 10- 5 �Ci/cc) providing 
two single-channel analyzers . 

6 . 2 . 3 . 1 Containment Building 

The fixed and mobile CAM will  be used to samp le and 
measure the a i rborne particles and noble gases in a l l  arPas where work 
must be performed. 

During the decontamination and cleanup opera t i on the CAM 
will be a mob ile  type . In addit ion , the high volume a i r  samplers with 
charcoal or particulate fil ters will be used. 
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Containment Recovery Service Building (CRSB) ,  and Radwaste 
Staging Area (RSA) 

Fixed air  monitors and mobile air samplers will be 
provided during decontamination operation, movement ,  and storage of 
waste containers. 

6 . 2 . 4  Process and Effluent Monitoring System 

The radiation monitors will be installed in the effluent 
streams of the various ventilation and selected process systems which 
could discharge radioactivity to the evironment. 

The RHS may interface with the following systems : 

(a)  Reactor Building Equipment Drains 

(b) Fuel Handling Building Ventilation 

( c )  Containment Purge 

(d) Containment Recovery Service Building Ventilation 

(e) Reactor Building Vent ilation 

Each channel of process radiation monitoring system will 
consist of a remotely-located control cabinet. The detectors will be 
located adjacent to the monitored process. The contro l ,  readout,  record­
ing, and power supply instrumentation will be installed in the radiat1on 
monitoring control cabinet with their respective alarm annunciators 
located in the control room and the command center .  

Each monitor channel wi.ll p rovide indication i n  the 
command center and in the control room and will have the capability o f  
initiating protective o r  control functions o n  high· radioactivity leve l s .  
The system wi l l  b e  redundant through the measurement of the effluents , 
both at their point of release, and at their potential source points . 
Wide range monitors will be selected to cover the broad range of activities 
expected during all conditions . 

Where particulate activity levels will be measured , the 
system will incorporate isokinetic sampling probes. 

Each particulate and gaseous monitoring channe l will use 
a beta detector to monitor the particulate and gaseous activity. A 
gamma detector with spectrometer analysis will be used in the halogen 
monitor. This monitor will use a charcoal cartridge assembly to absorb 
halogen. The liquid monitors utilize assembly with a gamma detector to 
monitor gross gamma activity. 
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The effluent monitors are considered permanent .  

Reactor Bui lJing Sump Discharge Line 

The radiation levels of the l iquid being pumped from the 
reactor building . sump to areas outside containment w i l l  be monito red by 
detectors attached external l y  to the sump discharge l ine. 

One detector w i l l  mon itor the lower range (0- 100 mR/hr) , 
a second detector w i l l  be used to mon itor the higher range ( �100 mR/hr) . 

The radiation level can be related to activity concen­
t rations by means of grab samples ana lyzed in the laboratory. 

A grab sample connection should be provided in the sump 
pump discharge l ine . Sump pump discharge samples w i l l  be used to correlate 
the detectors. 

The reactor bui lding sump pump discharge radiation 
detectors w i l l  be c�ntinuous l y  recorded on a 2-pen recorder in the 
command center. A 2-pen recorder would provide a continuous record from 
each of the two detectors , one for each range. A high radiation signal 
wi l l  bP a l a rmed loca l ly ,  and in the command center. 

The high radiation s igna l ,  which will be set to actuate 
at a predetermined level so as to avoid discha rging highly contaminated 
l iquids from the containment , w i l l  automatically terminate pumping and 
c lose the sump pump discharge l ine containment isolation valves . 

6 . 2 . 4 . 2  Reactor Coolant Letdown Line 

This monitoring channel w i l l  have a s ing l e ,  external 
detector continuous ly monitoring the reactor coolant letdown stream. 

The monitor w i l l  measure the gross gamma radioactivity 
i n  this l i n e .  

The measu rements w i l l  b e  indicated and recorded in the 
control room. 

Alarms wi l l  be provided i n  the command center, and i n  
the control room . 

Provi s i ons w i l l  be added for periodic  grab sample a n a l y s i s  
i n  the labo ra tory .  

6 . 2 . 4 . 3  Conta i nment Vent i l a t ion �lonitoring System 

Th i s  system l.' t l l  have t1.1o redundant d e t ec t i on s y s tems 
complete w i th intl ivitlua l i sokine t i c  samp l ing to conttnuously  mo11 1 to r  the 
cont.a i nment vent1 L1 t i on for p.u t i cu la te .1c t i v 1ty ,  nob l e g.ISf' S ,  .1ntl 
Ita I ogens . The measurement s  �o· i 1 1  be i nol i c a  tt>.l and reconletl on tht• raol i.J­
t ion moni to r i ng control c.1binet �o·t th a l a rm i n  the control room a n d  the 
command cent e r .  
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Containment Atmosphere �onitoring System 

Two detection sys tems wi l l  monitor the containment atmo­
sphere for particulate activity and halogens . Each detector will con­
tinuously draw a sample from the sample lines at d i fferent points within 
the conta inment . Each monitor consists of particulate and ha logen 
fi lters . 

Measurements should be indicated in tht control cabinet 
with alarm in the control room and the command center. 

6 . 2 . 4 . 5  Water Station Effluent 

A s i ngle external detector will  monitor continuously the 
station wate r ' s final discharge path to the collecton box. The detector 
will  measure gross gamma activity. The measurements will be indicated 
and recorded in the radiation monitoring control cabinet. An a larm wi l l  
be provided in the control room and the command center .  

6 . 2 . 4 . 6  Waste Gas Monitor 

The waste gas discharge line wi l l  be continuously mon­
itored by two off-l ine noble gas detection systems. The measurements 
wi ll  be indicated and recorded on the radiation monitoring control 
cabine t .  An alarm wi l l  be provided in the control room and the command 
center. 

In addi tion, an interlock for closing the waste dis­
charge header valve will be provided on high radiation s igna l .  

6 . 2 . 4 . 7  Containment Recovery Service Building Exhaust Monitor 

This system wi l l  monitor the a i r  particulate activity 
levels from the containment recc:wery service building HVAC exhaust duct , 
and continuously collect halogens samples for laboratory analys i s .  

Continuous indication, recording , and al arm will  be 
provided in the command cente r .  A c�mmon a la rm* wi ll be provided in the 
control room. 

6 . 2 . 4 . 8  Personnel Access fac i l i ty Exhaust Monitor 

This system wi ll monitor a i r  pa rticu late activ i ty levels 
and continuously collect halogens samples for laboratory analys 1 s .  

Continuous intlicat1on, recording, and a l a rm wi 1 1  be 
prov1ded in the command cente r .  A common alarm w1l l be providc1l 1n the 
control room. 

:<t:ommon r\l;u·m: Comb i ned a l.l rm for CRSB ,  PAF. anr1 rad�o•asle s t a � 1 11g :trca 
t!Xhaust system. 

b-14 



6 . 2 . !. . 9  Radwaste Staging Area Exhaust Monitor 

TMI·2 PLANNING STUDY 
FOR PHASE II 

The radwaste staging Jrea exhaust HVAC duct w i l l  be 
equipped with monitors for a i r  particulate a c tivity leve l s ,  and halogen� 
samples w i l l  be continuously col lected fo r laboratory analys i s .  

Continuous indication, recording, and a l a rm w i l l  be 
provided in the command center and there w i l l  be a common a l a rm in the 
control room. 

6 . 2 . 4 . 10 Fuel Building Exhaust �on itor 

The fuel bui lding exhaust will have redundant monitors 
providing sample of a i r  from the HVAC ductwork upstream of the f i rs t  
isolation valve. Continuous monitoring of noble gases and sample col lec­
tion for laboratory ana lysis of particulates and halogens w i l l  be pro­
vided. Alarm for both channel s , recording , and indication w i l l  be 
provided in the control room , with alarm in the command center. 

6 . 2 . 5  Critical ity Monitoring System 

The critica l i ty monitoring approach described in this 
section w i l l  be implemented during movement of the removed fuel inside 
and outside the containmen t ,  and decontamination of the reactor coolant 
system. 

Critica l i ty monitoring program for the vessel internals 
disassembly and fuel remova l is discussed in Section 4 . 2 . 2 ,  Criticality 
Moni toring . 

Criticality monitors w i l l  be provided to detect the 
changes of neutron and gamma-flux levels which w i l l  be an indication o f  
changing condi tions , e . g . , changing moderator configurations , mass 
geome try, disappearing of neutron absorbers , etc . 

A monitoring system, using neutron and gamma rad ia tion 
detectors in coincidence to minimize any spurious s igna ls , w i l l  provide 
audible and visual a l a rm which w i l l  be clearly distinct ive from any 
other radiation monitoring a l a rms provided loca l ly ,  in the command 
center and in the control room. 

For the c r i t i c a l i ty events there w i l l  be an automa t i c  
evacua t i on s i gna l over the PA system. Alarm w i l l  be keyed t o  the build­
ing or a rea involved . 

The sens i t ivity o f  the crttica l t ty moni toring system 
should be Jdequate to detect a crittcal i ty event that produres an 
.1hsorbed dose in soft ti ssue o f  20 rads of combined neutron and gamma 
radiat ion at an unshiel clctl dis tance of 2 meters from the f i s s t onab le 
mater i J l s  withi n 1 minute . 

I n  atltl ition,  the c r i l l ca l t ty monitors •.'i l l  provide 
continuous t ndicat ion of \ncreasing neut ron and �.-.nuna f l ux levels in the 
control room and the l:omm.1nd center. 
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6 .  3 . 1  

Communicat ions System 

Introduction 

TMI-2 PLANNING STUDY 
FOR PHASE II 

The communications system suggested for use during the 
initial  entry and decontamination phases is described in Reference 1 ,  
Section 4 . 2 . 1 2 .  I t  was assumed that the existing commun ications system 
inside conta inment would n?t be operable unt i l  such time that it could 
be checked out for service� b i l ity. Should any of the existing system be 
found operable ,  it may then be used to supplement the communications 
system suggested in the fol lowing paragraphs , for the c leanup and defuel ing 
phases . 

The communications system described below does not cover 
radio control o f  cranes or robotic device s ,  which i f  used would come 
with the i r  own dedicated command, feedback, and signal l inks determined 
and integrated by the respective mar.ufacturer. 

6 . 3 . 2  System Functions 

The communications system should provide audio communi­
cations between a central monitoring uni t  located in the command center 
and members of the work crews in the containment, personnel in the fuel 
handling building, and members o f  appropriate support fac i l ities located 
on-s ite . This system could be augmented by, the visua l monitoring 
capa b i l ity of the closed c i rcuit television ( CCTV) system discussed in 
Section 6 . 1 .  

6 . 3 . 3  

objectives : 

System Objectives 

The commun ications system should satisfy the fol lowing 

a .  The system should be a two-way voice communications 
system. The system _ should be capable of a l l owing 
any of the work crew members , fuel handling building 
personnel ,  or appropriate support fac i l i ty personnel 
to verba l l y  communicate with the centra l control 
un i t  in the command center or with each other a t  
wi l l .  The system could also be capable o f  a l lowing 
work crew members to verba l ly communicate with one 
another ,  independent of the central control uni t ,  by 
swi tching to a separate channel . 

b .  The central control uni t  in the command center 
should be equipped w i th earspeakers and m1crophone 
headsets in addition to separate speakers and a 
swivel m i crophone so as to be able to mon1tor and 
control a l l  frequencies being used . 
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c .  The audio receiver/transmitter uni t  worn by personnel 
in the containment ,  fuel handling building , and/or 
appropriate support faci liti es should be sel f-contained 
anrl compact to permit free , unrestricted movement .  
The hc:ddsets worn by the �o·ork crew personnel should 
a l low them to send and receive without any deliberate 
use o f  the i r  hands and should be capable o f  being 
worn comfortably beneath anti-contamination headdress 
and a i r  masks. 

System Description 

The communicat ions system to be used should be as s imple 
and uncomp l i cated as possible,  util izing conventional p roven compone�ts 
to ensure system avai lab i l i ty and to minimize system downtime . As dis­
cussed in Reference 1 ,  Section 4 . 2 . 1 2 . 3 ,  a completely untethered battery 
operated radio system has been proven to a fford the greatest flexibil ity 
and freedom of movement .  For this application, a simplex radio communi­
cation system which both receives and transmits on a single frequency 
should provide an adequate communication system. Since they are a l l  
tuned t o  the same frequency, any one individual may talk and a l l  others 
will  hear his conversation. The advantages and disadvantages of a 
s implex radio communication system are provided in Table 6 . 3- 1 .  An 
alternative to the s implex system would be a duplex system. In a duplex 
system, the central control unit (base stat ion) would transmit on, and 
the portable "Wa lkie Talkie" type radios would receive on , one frequency, 
while the portable radios would transmit on, and the base station would 
receive on,  a second frequency. This would a l low the central control 
un i t  operator and/or the work crew members to s i multaneously receive and 
transmi t .  The advantages and disadvantages o f  a duplex radio communica­
tion system are provided in Table 6 . 3- 1 .  Figure 6 . 3- 1  i llustrates a 
typical two-way communication system. 

Coaxial cable would need to be routed through a spare 
electrica l  penetration in the containment to carry the signal from the 
ce.1tral control uni t  to the antenna located as high in the containment 
as possible,  preferably on the polar crane ra i l .  Additional anten�ae 
should be provided in the fuel handling build ing and in the containment 
recovery service building. These antennae may be a LOSS [ line type 
which radiate a long the entire length of cab le.  This type antennae are 
l imited to applicat ions where there are few phys ical obstructions . 

Hembers o f  the work crews , as we l l  as personnel in the 
fuel handling bui lding and in appropriate support fac i l ities , should be 
equipped with a portable "Wa lkie Ta lkie" type rad i o .  These portable 
radios should be lightweight and capable o f  being attached to their 
body, such as to the belt , and should be cable-connected to an ea rphone/ 
mic rophone headset worn by the work crew member.  The portable radio 
should be battery operated comp lete with a rechargeab l e  battery good for 
at least eight hours of continuous service. At least one recharging 
unit capable of charging mu ltiple batte r1es simul taneously should be 
provided with the system. The battery in the portable radios should be 
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capable of being recharged without the radio case being a t tached so that 
a spare battery can be installed in the radio, thus not rendering it 
inoperable while the battery is being recharged. 

In similar app l ications , voice-actuated microphones have 
been proven to be too sensitive for this type of service , and therefore 
�ither a press-to-talk pad- type actuator or a balanced-pressure-type 
microphone should be used in conjunction with the headset microphones . 
The press-to-talk pad-type actuators can be located a t  a convenient 
location on the team member ' s  body to allow him to be able to press the 
switch with h i s  arm, elbow, or by pressing a part of h i s  body against an 
obstruction to talk and would not require him to spec i fica l l y  use h i s  
hands . The balanced-pressure type microphone actuates on voice levels 
above background no ise.  The advantages and di sadvantages of these two 
types o f  actuators are presented in Table 6 . 3-2 

The headset should b e  an integral earphone and micro­
phone unit capable of being worn comfortably with anti-contamination 
headdress and a i r  masks. The microphone could be located at the throa t ,  
mouth, or cranium. A throat microphone could cause muffled transmis­
sions as we l l  as possibly becoming uncomfortabl e ,  espec i a l ly if a i r  
masks are being worn. A mouth microphone could interfere with wearing 
the a i r  mask. A cranium microphone i s  recommended since it would pro­
vide clear communications and should not interfere with e i ther the work 
crew membe r ' s  activities or with h i s  wearing an a i r  mask. 

The central control unit should be a separate communi­
cations console located in the command center close to the CCTV viewing 
panel. The central control unit operator should be able to transmit to,  
and receive communications from , any individual in the containment, fuel 
handling building, or appropriate on-site support faci l i ty at w i l l .  

6 . 3 . 5  System Operation 

Voice commun�cations with the work crew members inside 
the conta inment ,  personnel inside the fuel handling building, o r  per­
sonnel in the appropriate on-site support fac i l i t ies should originate 
from and be controlled by the central control unit operator located in 
the command center. The central control unit operator should have a 
continuous commun ications l i nk with the personnel having portable radios 
inside the containment and in the fuel handling building ( i f  manned) .  
I f  the ex t s ting containment page system is determined to be operab l e ,  i t  
could b e  disconnected from the plant page system anrl dedicated to the 
cleanup and defue l ing operations under the control of the central control 
unit operator as a backup emergency notification communication system. 
Any other existing in-conta i nment communications systems found to be 
serviceable could be used �s backups to the above described systems i f  
requi rerl. 

During the recons truction phase, the sound-powered 
tel ephone system should be made serviceab l e ,  which could funct1on to 
augment the portable rad 1os . The system could he suitably enhanced by 
provi d 1 ng add i t iona l handset stat1ons , pag 1 n g  spcJ kers , and portable 
h�ndsPl/speaker stations.  
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A recorder should be located in the coa�and center to 
record a l l  voice communicat ions for playback a t  a later t ime i f  neces­
sary. The recorder could be a voice-actuated or a continuous running, 
mu ltichanne l ,  low-speed recorder that records on one reel of tape. One 
channel of the recorder should be dedicated to recording time codes , to 
enable identi fication of the recording at a later da te,  while  the rema in­
ing channe ls can be used to record audio communications on each frequency , 
from each work crew or from each location. For this app lication, a 
multichannel Dictaphone Series 4000 Communications/Logging Retreival 
System, or equa l ,  should give satisfactory service . 

The radio communicat ions system could conta in several 
optional features. These features include a talk-around, time-out 
timer, emergency s igna l ,  selective signa l l ing, and private l ine or 
protected voice capab i l i ties . 

The talk-a round feature would apply mainly to a duplex 
system. This feature would a l low the work crew members to communicate 
among themselves without tying up the centra l control uni t  c i rcui t .  The 
"Wa lkie Talkie" radios would be equipped with a switch which, when 
opera ted , would a l low the radio .to transmit at the same frequency as the 
base uni t ,  but a t  a much more reduced power leve l .  However ,  the central 
control uni t  operator would s t i l l  have the capabi l i ty of communicating 
with the work crew members without interference , since the output from 
the base uni t  is much s tronger than that of the portable radios . For a 
simplex system, this feature would not be requ i red, s ince only one 
frequency i s  used to both transmit and receive. 

The time-out timer feature automatically shuts off a 
keyed transmi tter a fter a se lected time interva l .  This feature would 
prevent the disabl ing of the communications system by a transm i tter 
being inadvertently left keyed- i n ,  especia l ly if a simplex system is 
used. The emergency s ig3al feature could be initiated by any work crew 
member to initiate a visua l a larm on the central control unit i f  he is 
in danger and is unable to communica te.  The central control uni t  would 
provide d visual readout identifying the specific radio that is trans­
mitting the s igna l .  A l i s t  would have to be kept to correlate a larm 
s igna l s  to the assigned radio in order to determine which individual was 
1n trouble. The select ive s igna l l ing feature would provide the central 
control un i t  operator with the capab i l ity of selectively paging any 
spec i f i c  individual .-tthout tying up the commun icat ions channe l .  wben a 
page request is i n i t uted, the number would be passed through the loca l 
tel ephone exchange to the paging terminal via a s ingle telephone trunk 
connection . After a va lidity ve ri fication, the terminal would activate 
the radio transm itter through a two-wt re telephone l i ne . The transmit­
ter �o•ould bro.1dcast a radio s i �na l ,  which is  then detected by the paging 
recetver, which is worn by the person being paged. 

The p r ivate li ne and protected vo ice features use a 
cothng .1110 decod i n g  system \.'h i ch woulcl provide the capab � l i ty o f  pre­
vPnt t ng any rece t ve r  outside the plant tha t does not have this frature 
f rom mon t to r i n R  the commurn c.tt ions tak111g p l aC'e. The pnv.lte l i ne 
fe.tturc 10ou l d  supe r i mpose an aiHJio earner on the selected tt"ansmt tt ing 
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frequency , and the receiver would then be des igned to key only i f  this 
audio carrier is present. The protected voice feature would auto­
matica l ly scramble the transmission so that anyone l istening on the same 
transmitting frequency would hear only electrical noise unless the 
receiver �as equipped with an identi ca l  de-scrambler.  The protected 
voice feature would require a special industrial license or a waiver on 
the existing licens e ,  plus it cannot be used for a permanent instal­
lation. 

To provide greater reliab i l i ty o f  the communications 
system, the central control unit should be powered from a non-interrupt­
ible power source with the capabil ity of being automatica l ly transferred 
to a nickel-cadmium battery power supply. Consideration could be given 
to supplying power to the central· control unit from an on-site vital 
power source. However ,  if this is done, an evaluation would also have 
to be made on the poss ibility of the radio communication system jeop­
ardizing the rel iab i l i ty of this vital power source. Provision c f  
redundant transmitters should b e  considered to enhance system rel iability .  
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Tempora ry Lighting �nd Power System 

Introduction 
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The temporary lighLing and power systems suggested for 
use during the initial entry and decontamination phases were described 
in Reference 1 ,  Section 4 . 2 . 4 .  I t  is  a�sumed that the existing l ighting 
and power systems in the conta inment ·are inoperable unt i l  such time that 
they can be checked for serviceabi l i ty.  Should any of the existing 
systems be found operable they should be util ized in lieu o f ,  or to 
supplement, the temporary sys tems descri bed herein. 

6 . 4 . 2  System Function3 

The temporary lighting and power system provides adequate 
l ighting Jnd power for the initial entry and decontamination phases o f  
the recovery effort. The lighting should include overa l l  area i llumi­
natior. from portable l ighting fixtures which are set in fixed locations 
throughout the containmen t .  Portable fixtures should b e  util ized to 
provide higher i llumination leve l s ,  as required by the visual task at 
specific work locations. These fixtures can be moved from one location 
to another as the work is completed in a. given area . Battery-powered 
l ights should be provided for backup egress l ighting in the event that 
normal power fai l s .  These fixtures should be designed to detect loss o f  
normal power and turn o n  automatica l l y  similar  t o  the norma l plant 
emergency lighting design. 

Lighting levels should be consistent with the require­
ments of the closed c i rcuit television system described in Section 6 . 1 .  

Temporary power outlets should be provided for the 
temporary l ighting, closed c i rcuit TV ,  electric heaters , electric steam 
jennys , hand-powered too l s ,  r�diation monitors , and welding outlets . 

6 . 4 . 3  System Design Requi rements 

The temporary lighting or power can be served from the 
existing electrical system in Lni t 2 via the conta inment recovery ser­
vice building electrical system. Service at 480 vo l t ,  three phase, and 
120/208 vol t ,  three phase, four wire w i l l  be sufficient for a l l  tempo­
rary electrical requi rements . 

The l ighting system should be nes igned to provide adequate 
1 ighting leveb for safe egress throughout the co:ttainment and with 
equipment suitable for the env1 ronment inside the containment. 

Gene ra l area - l ighting should be provided by permanent ly 
located portab le fixtures served by portable waterproof cab:es and 
locking type connectors . The fixtures should be height adjustable and 
cap�ble o f  be ing J imed in any d i rection and should be watertight w i th 
protective guards to prevent damage to gl ass lenses or lamps . Lamps 
should be 500 watt or larger tungsten halogen (quartz iodine) type as 
requLred. Mercury vapor lamps shoulcl not be ut 1 l l zetl in  order to preclude 
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introduction o f  mercury into the NSSS due to possible lamp breakage. 
Ease of maintenance, setup , and lamp replacement and portabi l i ty should 
be considered in fixture selection. The fixtures should be compact or 
capable of being disassembled so that the dispos a l  of contaminated parts 
may be easily accomp l ished. 

Lights should be insta l led in key locat ions such as 
��uipment rooms or area s ,  passages , or stai rways . Addi tional l ighting 
as required should be added to work areas to supplement general area 
l i ghting for TV coverage purposes . 

Portable hand-held incandescent-type work l i ghts o f  a 
watertight design should be used to provide i l lumination in confined 
spaces where normal lighting cannot reach. Fixture design should permit 
hanging of the fixture from supports and the fixture should be provided 
with globe and guard for lamp protection. Cable for portable hand-held 
fixtures should be provided with watertight locking plugs . 

Since personnel sa fety is o f  prime importance, shock 
hazard should be e l iminated by suitably grounded equipment which norma l l y  
consists o f  a separate ground wire i n  a l l  portable cables and ground 
connections in portable equipment which provide a continuous cable 
connection to the station ground grid. Ground faul t  c i rcuit interrupters 
should be provided for ci rcuit ground faul t  protection. 

Portable emergency l ights , battery operated, should be 
provided in the event that normal power is lost , to permit safe �gress 
throughout the containment work area s .  These fixture� should monitor 
the temporary power system and switch on when the power is lost.  Light­
ing levels for emergency l ighting should approximate the origina l plant 
design with the exception that during critical operations additional 
battery-powered fixtures may be required to provide adequate i l lumina­
tion of the work area unt i l  the critical task is completed or put in a 
safe state . 

The temporary power to the conta inment from the con­
tainment service building electrical distrihution system wi l l  be sup­
p l icJ via bul khead-type receptacles and connectors at the temporary door 
and closure which w i l l  rep lace the present �quipment hatch. The bulk­
head receptacles w i l l  permit uninterrupted tempo rary power supply to the 
containment when it is required to close the temporary door .  

Tempo rary power distr ibution can be accomp l i shed by 
portable spot-power distribution units supplied by portable 480-vol t  
cable s .  These units can provide watertight locking receptacles for low 
voltage outlets to supply a l l  portable I ighting and power consuming 
equipment required for decontami�ation. These units should be served by 
600-vo l t  heavy duty power cab l e  wtth a ground conductor and watertight 
locking connectors similar to the cable used in the mining industry. 
The rugged cable constt uction w i l l  prevent damage to the cab l es and 
provide additional protec t i on against short c i rcu i ts and pos s i b l e  fire� . 
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Sufficient quantities of spare fixture s ,  lamps , and 
extension cords should be stocked in the containment to reduce main­
tenance/ replacement time. Extension cord should be kept to the shortest 
practicable length to reduce quantity of contaminated material dnd to 
reduce the possible spread of contamination. 
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The overa ll recovery planning should include considera­
tion of supporting systems and equipment to support the Reactor Coolant 
System (RCS) decontamination program. As ind.icated in Section 5 . 0 ,  
"Reactor Coolant System Decontamination , "  a number of decontamination 
techn1ques are available. Formulation of a detai l ed progran should 
ensue as more is learned about the containment and RCS environments ; 
however, some support requirements can be identified now and contingency 
planning in1tiated thereon . A considerable amount of radioactive waste 
processing can be foreseen in terms of initial RCS cleanup (prior to 
defueling) and potential chemical decontamination (a fter defueling) . To 
enable contingency planning, decisions must be made soon regarding the 
availability of existing systems for this effort. 

6 . 5 . 1 . 2 Mechanical Techniques 

Since the containment decontamination program precedes 
the RCS decontamination, a considerable amount of mechanical dec�ntami­
nation equipment should be readily available. As there are a number o f  
experienced companies dealing i n  mechanical decontam1oatioc it is expected 
that relatively short lead times will be required to acquire a l l  but 
very specialized equipment , which may have to be designed specifically 
for the task.  Therefore, to some extent, RCS decontamination planning 
will be directed by the containment decontamination effort. Generally 
speaking, it is expected that mechanical decontamination techniques can 
be readily supported by the then existing plant faci l ities. 

6 . 5 . 1 . 3  Chemical Techniques 

Ava ilable information relative to the reactor coolant 
chemistry and plant operating history indicates that some type of chem1cal 
decontamination may be necessary after defuel ing. Not a great deal of 
experience can be directly related to the TMI situation because ( 1 )  most 
RCS decontaminations , to date , have dealt with plants involving different 
materia l s ,  different coolant chemistry, and d i fferent chemical compos ition 
of corrosion layers ; and (2)  the RCS at TMI has cesium- and strontium­
related compounds versus the typical corrosion products.  Uncertainty 
about the nature and extent of the �orrosion layers and deposition 
within the RCS precludes selection of a specific process at this time . 
The spectrum of chemical decontamination techniques ranges frcm single­
step dilute, or "soit , "  chemical solutions producing relatively small 
volumes of filter and demineralizer resin waste products to multi-step 
concentrated, or "hard , '' chemical solut ions producing as much as ap­
proximately 1 . 5  mill ion gallons of chemical solutions and rinse water 
which must be disposed of.  There is also a question as to whether a 
�ull or partial system chemical decontamination will be required, or 
des i red . 
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I t  is expected that specific process deve lopment will  be 
dependent on analysis of representative samples of the reactor coolant 
system piping and probably subsequent research . In view of the potential 
2-1 /2-year lead time required to develop an acceptable proces s ,  engineer 
an accompanying system, and provide equipment and personnel onsite for 
the decontamination, prelimina� study contracts �hould be let as soon 
as possible to some of the more experienced companies dealing in che�ical 
decontamination. 

Chemical Decontamination Efforts 

The fol lowing discussion is intended only to provide 
some background to show the potential scope of a chemical decontamina­
tion effort.  It must be realized that differences in plant materia l s ,  
operating time at high temperatures, coolant chemist�, and the resultant 
nature of the corrosion or d�pos ition films preclude wholesale direct 
application of previous decontamination effort� to the THI situation. 

6 . 5 . 2 .  1 SENA Decontam�uation 

At the SENA plant, an 825-HWt PWR located near Chooz, 
France, a chemical decontamination was accomp lished on the steam generators 
and a portion o f  the coolant loops using the two-step alkaline permanganate/ 
oxalic acid-citrate (AP-Citrox) process , with TURCO solvents , after 
approximately 2400 EFPH o f  operation. Virtually a l l  o f  the decontamina­
tion equipment requi rements were met using existing standard equipment ,  
a lthough a number o f  design modifications had t o  b e  made to acco�odate 
plant-specific process requirements such as providing a demineralized 
water purge flow through the main coolant pump motor to prevent any 
decontamination solution contact with the pump ' s  graphitar brarings . 
Extensive review o f  material compatibility, testing o f  components and 
modified systems , training of operators , and preparation of operating 
and emergency procedures , and trial operations , were necessa� prior to 
commencing the decon. The required solution temperatures and agitation 
were achieved by operating the main coolant pumps . In addition to the 
waste watel generated during testing and trial operations , three system 
volllmes of rinse water fol lowed each chemical appl ication, a l l  of which 
had to be processed. The decontamination e f fort was successful in that 
Dfs achieved ranged from 40 to 200. 

6 . 5 . 2 . 2  Douglas Point Decontami nation 

The August-1975 decontamination of the Douglas Point 
plant in Onta rio , Canada , was the first large-scale demons tration of the 
fully developed CAN-DECON process (J process using a regene rative di lute 
reagent ) and was di rected primarily at the ca rbon steel piping and 
valves . The Doug las Point reactor is a 200 MWe Ct\NDU P� ( CANada 
Deuterium Uranillm Pressurized Heavy Water Reactor) which has been opera­
tiot. o 1  since m i d- 1 96 7 .  

The AP-Citrox process was considered when a study was 
started to develop a decontaminatio� procedure which would be effective 
on carbon steel . For a nllmber o f  reasons , the most predomtnant being 
closely link�d to the heavy water reactor des i gn ,  AP-Cilrox was not 
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considered feas ible. Subsequent development led to the C��·DECON con· 
cept . This process involves the addition o f  dilute chemica l reag�nts 
d1rectly to the coolant of a shutdown reactor. The reagent attacks the 
surfJce oxide layer and releases both particulate and dissolved material 
to the coolant. A continuous high flow of coolant is passed thrnugh 
sub-micron filters and cation-exchange resin in the reactor purificat ion 
circu i t .  The f i l ters remove the insoluble matter while the resin removes 
dissolved metal ions and a t  the same time regenerates the reagents , 
which are recirculated back to the primary circuit where they again 
attack the contaminated surfaces . The process is continued for as long 
as contaminants a re being removed,  unt i l  the ion-exchange resin is 
spent, or until the allotted time has cxpireJ. The reagents and remain­
ing dissolved corrosion products arc then removed by mixed-bed resin.  

Using this process , with the reactor core in place,  the 
Douglas Point system was decontaminated with a commercial reagent, Nutek 
L- 106.  Since the existing purification system capacity was inadequate , 
an additional purification system was added. Prior to injecting the 
reagen t ,  the coolant system alkalinity was reduced by passing the coolant 
through a mixed-bed ion exchanger. The operating temperature maintained 
during the process was 90 C ( 194 F) . Upon comp letion of the decontami­
nation, the coolant chemistry was restored and the reactor was ready for 
startup. 

Waste generation consisted o f  approximately 1000 cubic 
feet of spent f i l te r  cartridges and ion-exchange resins. �e entire 
proces s ,  including time required to tnterchange the temporary and 
permanent purification sys tems (before and a fter the deconta�ination ) ,  
took a total o f  7 2  hour s ,  resulted in Dfs ranging from 3 to 6 for 
carbon steel surface s ,  and removed appro�imately 250 Ci or Co-60 
from the syste�. In terms of the initia l objectives the treatment ��s 
considered successful and is intended to be repeated on a periodic 
basis to keep primary plant radiation levels down. Development 
work is in progress to apply this technique to light water reactors . 

6 . 5 . 2 . 3  Dresden Decontamination 
. 

Planning for the Dresden decontamin�tion, now in the 
preparatory stages was initiated in 1972 when solvent selection studies 
were unde rtaken by Dow Chemical Company . The plant is a 700 HWt 
(207 HWe ) BWR, located near Morr1 s ,  I l l ino i s ,  which has been operational 
since August of 1960 and has accumulated approxima tely 80,000 EFPII. 
After extensive study of commerci a l l y  avat lable solvents , a decis ion 
was made to develop a solvent speci fically for this project with the 
hope of achieving higher decontamination factors and t c ducing waste 
vol umes . The result�nt Dow SS- 1  solvent was then demonstrated compatible 
with exposed materials  during an intensive materials test program. The 
subsequent engineering effort necessitated addition of some process-specific 
pumps aud a heat e�change r ,  and approximately 500 ,000 ga l lons o f  l iquid 
storage capacity. Since the existing radwa ste trea trr.ent capabil ities 
were l imited, a new radwasle fa c i l i ty was also added for concentrattng 
Jnd sol idi fying the expected l 1 quid wastes . 
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The process is to be applied aft�r the reactor core is 
defueled. The �S- 1  solvent will. be injected, and circulated for ap­
proximately 100 hours at an operating temperature of 225 F ( 10 7 . 2  C ) .  
The first o f  2-3 rinses will  contain chemicals to remove any potential 
copper depos its . The combined solvent and rinses are expected to generate 
approximately 440, 000 gallons of liquid waste for subsequent processing. 
This cleaning is expected to remove approximately 3 , 000 Curies of activity 
and 1 , 100 pounds of particulate from the system, achieving decontamination 
factors of 100 or more. 

The Dresden decontamination is a firs t ,  in terms of a 
full-scale large commercial reactor decontamination . Extensive resea rch , 
testing, and engineering design were involved, and i t  is expected that 
future decontaminations can take advantage of the established criteria 
and many answered questions evolving from this effort . 

6 . 5 . 3  Planning Considerations 

Regardless of the type of chemical decontamination 
process selected, certain common requirements shoulrl be met .  A number 
of these considerations will require long-range planning and should be 
integrated into the overa l l  recovery planning effort .  Use of available 
existing equipment and systems should ue a primary consideration as 
plant recovery will eventually necessi tate their use in any ev�nt . 
Assessments of these should be made now to enable timely ava ilabi l i ty of 
their functions to assist in this decontamination effort. 

6 . 5 . 3 . 1 !kat Source/Circulation 

Virtually a l l  of the chemical methods available employ 
solution temperatures in the 1 70-190 F (76. 6-87 . 7  C )  range and require 
agitation of the solution. The most desirable means of achieving this 
at THI would be to use the reactor coolant pumps . The energy d�veloped 
by the operating pumps themselves is sufficient to heat the solutions to 
the required t�mperatures . In fac t ,  excessive heat would probably need 
to be removed to maintain an upper temperature limi t .  Use o t  the steam 
generators and accompanying secondary system in this regara appears to 
be the most practica l method of temperature contro l .  

The alternative i s  to provide additional (and probably 
very la rge ) pumps and possibly heat exchangers to accomplish the desired 
objectives . In addition to the costs inherent with this alternative are 
the space and 1nterface conside rations . 

Presently, the status of the reactor coolant pumps and 
their motors i s  uncertain. To make use of them in this effort , their 
sta tus must be evaluated as soon as reasonably possible to allow time 
for any necessary refurbishment. Usc of the reactor coolant pumps 
further imp l ies that their support systems must a l so be avail able. An 
add i t ional consideration w i th t h i s  option i s  any limitations imposed on 
pump opera t i on without the reactor core i n  place, as the chemical decon­
tar:�ina t ion is expected to commence after defue l in g .  furthermo re , pres­
sur1zer heaters and spray or vent va lves should be operable,  to enable 
pressu r i z i ng the RCS sufficiently to operate the reac�or coolant pumps .  
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6 . 5 . 3 . 2  Injection/Drain Paths 

TMI·2 PLANNING STUDY 
FOR PHASE II 

Heans should be provided to inject and drain the chemical 
solutions , and rinse water if necessary . The existing makeup and purifi­
cation system would be ideally suited for this purpose .  I f  necessary, 
the decay heat removal system could also be adapted for use . Both of 
these systecs a lready are connected to the RCS and have the needed 
pumps , heat exchangers ( fo r  cooling the removed solutions ) ,  and inter­
connections with tankage , chemical addition systems , deminera l ized 
water, and radwaste syste�� . Some system modifications may sti l l  be 
requi red, dependent on the chemical method used. The makeup and puri fi­
cation system is also a support system for the reactor coolant pumps , 
s ince i t  suppl ie s  sea l injection water to them. 

The a lternative would be to provide auxiliary equipment 
which would in effect duplicate existing equipment. Equipment costs , 
space , and interfaces with this aux i l iary equipment

. 
must be cons idered, 

and compared to restoring availability o f  the existing systems , in 
particular the makeup and purification system. I t  should also be noted 
that the makeup and purification system may also be very useful much 
earlier in the RCS decontamination effort, in terms o f  reactor coolant 
cleanup prior to defuel ing . 

6 . 5 . 3 . 3  Waste Considerations 

As indicated earlier,  chemical decontamination waste 
generation may vary from small volumes of filters �nd deminera lizer 
resins to large volumes o f  l iquid waste which would require subsequent 
processing and disposal .  The existing reactor coolant and miscellaneous 
liquids radwaste disposal systems can provide a considerable amount o f  
storage �apabi l i ty and some processing capab i l i ty .  These fac i li t ies can 
be integrated with the newly installed EPICOR I I  system, and the pre-
sently planned submerged dcmineralizer system and/or the planned evaporator/ 
solid ification fac i l i ty to process and dispose of these waste s .  This of 
course presumes that these sys tems are available a t  the time they are 
nePded, and ca l l s  for some long-term logistics planning now to ensure 
that this is the cas e .  This may reveal a need f o r  additional waste 
storage or processing capab i l i ty .  

6 . 5 . �  Planning Approach 

As chemical decontamination appears to be the longest 
lead time phase of the RCS decontaminat ion effort,  planning for this 
should be considered the point o f  reference. The following summarizes 
the major considerat ions involved: 

a .  -;. lection o f  potential vendors and commencement of 
prel iminary studies with selected processes , in 
addition to the select ion of a l aboratory to study 
the surface to be decontaminated and make recom­
mendations Jccordingly. 

b. Asses sment of reactor coolant pump operab1 li ty. 
restora t ion . and useab i l t t y .  
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c .  Restoration and usabi l i ty o f  the makeup and purifi­
cation system. 

d. I f  pos s i b l e ,  select techniques and chemicals com­
patible with waste systems . 

e .  fressurizer operab i l 1 ty should be established since 
it w i l l  be required to assure adequate net pos1tive 
suction head for the RCPs.  

Since item a .  above is espec i a l ly dependent on obtaining 
represenc�tive samples o f  the RCS piping, a speci a l  effort must ue made 
to obtain these as soon as possible after conta inment reentry. Logistics 
planning for a ccommodating generated wastes shoulJ a lso factor in wastes 
generated during containment decontamination as wel l  as initial  cleanup 
of reactor coolant activity prior to defuel ing . As the initial  stages 
of the RCS decontamination procedure take shape and mechanical decontami­
nation methods are more f i rmly defined, this input w i l l  also have to be 
factored into the logis ti c s  planning. 

· 
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I .  T r..ousm 1 ts ..onol rect' i ves on 
Ollt' f rt'IJIIt'llt'Y 

2 .  Ht•qu l rt>s m i 11 1 11111m l'.llJ 1 �s ..onol 
oJII l l'lllloJI' 

J .  !.•·�.:. �;oph i s t H .J t t'oJ t han dup l (!'( 

4 .  l.c·:.s c·ns l l y  

D i sadvantages 

I .  Cannot transm i t / reLeive 
whi l e  rece i v i ng/tt ansmi t t ing 

2 .  I f  ..ony t ransm i t te r  i s  
..occ i denta l l y keyed , who l e  
system becomes i noperab l e  

DUPLEX SYSTI:I1 

/t !vantages 

I .  Can t ransm i t  and 
receive s i mu l t aneous l y  

2 .  A l l ows private i n t ra/ 
i nter team commu n i c a t i ons 
wi thout t y i ng up system 

3 .  I f  any transm i t te r  i s  
acc i denta l l y keyed, on l y  
one f requency becomes i n­
ope t a b l e  

D i s a dvantages 

1 .  Hc!qu i  res more cab l e  
and antennae 

2. Requi res two or more 
f requt•nc i es 

3. Horr soph i s t i cated 
than s i mp lex anol 
port..oh l e s  more 
comp 1 i ca ted 

'· tlore t·os t l  y 
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f l. lhw� not net•tl to be 
'-' Qpt• r.a l t•<l hy h.tiHis 

D 1 sJ•Iv.uatagcl> Advantages 

- ---------

I .  ill'(!ll l rt's phys i c .t l  act i on 
hy ol•cr.t t o r  

2 .  tiJy h e  i natlvertcnt l y  
haunpcd anti key transmitter 

1 .  No phys i c a l  act ion re­
qui red by operator 

2 .  No extra componen t s  re­
q u i red bes i des m i crophone 

3 .  Keys t ransm i t t e r  on n o i se 
leve l s  above background only 

Di sadvantages 

1 .  M i scel laneous l oud 
no i ses ( i . e .  coughs , rquip­
ment n o i se , et c . )  m.ty key 
t rJnsm i ttcr inadvertent l y  

2 .  Hay not b e  a b l e  L o  
loc.tle o n  person i n  com f o r t ­
a b l e  l oc a t i on and s t i l l  
operate prope r l y  
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APPENDIX A 

Genera l Plant Descript ion 

TMI·2 PLANNING STUDY 
FOR PHASE II 

Three Hile I s land Unit 2 util iz�d a nuclear steam supply 
system incorporat i ng a pressurized water reactor and a two-loop reactor 
coolant system. 

The reactor core consists o f  177 fuel assemblies of 208 
fuel rods each . The rods are made of s l i ghtly enriched uranium dioxide 
pe l lets enclosed in Zircaloy tubes pressurized with helium. 

Water serves as both mode rator and coolant , and is cir­
culated through the reactor vessel and core by four vertical reactor 
coolant pumps , two located in each loop . The coolant water heated by 
the reactor is ci rculated through two vertical once-through steam 
generators , one in each loop , in which heat is transferred to the 
secondary system to p roduce s l ightly superheated steam, and then 
returned to the pumps to repeat the cycle. 

The steam produced in the steam generators is suppl i ed 
via two main steam l ines from each steam generator to a tandem compound 
two-stage reheat four-flow turbine . The exhaust steam ; s  condensed in a 
dual-pressure surface condenser to which cooling water is supplied in a 
closed circulating water system cooled by two natura l-dra ft cooling 
towers . 

The reactor is controlled by a combination o f  the 
regulation o f  the concentration o f  soluble neulron absorber (boric acid) 
and the movement o f  m�chanica l control rods made o f  an a l loy of s i lver­
indium-cadmium enclosed in sta inless steel tub i ng .  A reactor protection 
system is provided which automati c a l ly initiates nppropriate corrective 
act ir'il whenever a sa fety- related condition monitored by the syslem 
approaches pre-estab lished limit s .  This system and an engineered safety 
features actuation system wi l l  act to shut down the reacto r ,  close 
isolation valve s ,  and initiate operation of the engineered sa fety features 
should any or a l l  of these actions be required . 

Engineered sa fety features for this plant include an 
emergency core cooling system which consists of a core flooding system 
and both high and low pressure injection systems with prov i s ions for 
recirculating the borated water a fter the injection phase. Combinal ions 
o f  these systems w i l l  assure core cooling for the complete range of 
postulated reactor coolant pipe breaks . Other engineered sa fety features 
include the containment,. contai nment isola tion va lves , reactor building 
spray system, reactor building a i r  cool ing system, and combus l ible gas 
control systems . 

The nuc lea r steam supply system i s  hou�ed in a carbon­
stee l - l ined prestressed re inforced concrete conta i nment ident L f i erl as 
the re�ctor bu i lding.  The auxi l i a ry and fuel-handling bu i l d i ng contains 
most o f  the eng1 neered sa fety features cot.lponent s ,  radio.1ct1Ve w�ste 
mana gement systems , new and spent fuel storage fac i l 1 t ic s ,  and vari ous 
rela ted aux i l i ary systems . 
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Reactor Coolant System · 

TMI·2 PLANNING STUDY 
FOR PHASE II 

The components that comp r i se the reactor coolant system 
a re the reactor vesse l ,  two vertical once-th rough steam generators , four 
shaft-sealed reactor coolant pumps , an electrica lly  heated pressurizer 
and interconnecting piping. The system is arranged in two heat trans- · 
port loops , each o f " wh i ch has two reactor coolant pumps and one steam 
generator. The reactor coolant is transpo rted through piping connecting 
the reactor vessel to the steam gene rators and flows downward through 
the steam generator tubes , transferring heat to the steam and water on 
the shel l  side of the steam genera tor .  I n  each loop , the coolant is 
returned to the reactor vessel through two l ines , each containing a 
coolant pump . 

Figures A-1  and A-2 are elevation and plan views o f  the 
system arrangement .  A l l  inlet and outlet nozzles are located a t  the 
same elevation and are placed 60 degrees apart on reactor vesse l .  The 
outlet piping leaving the reactor vessel is 36 inches ID and runs in a 
horizontal plane for a few feet, undergoes a 90-degree bend , runs upward 
for approximately 25 feet, enters a 180-degree bend, and enters the top 
plenum o f  the steam generato r .  At the steam generator outlet the loop 
branches into two 28-inch pipes . Each 28-inch pipe leaves the steam 
generator through a bend, runs upward for approximately 20 feet, and 
enters the suction nozzle of a reactor coolant pump . The reactor coolant 
pumps are located at an elevation approximately 2 feet above the hori­
zontal plane of the reactor coolant inlet nozzl e .  Upon leaving the pump 
discharge nozzle the pipe drops down through two 4�-degree bends into a 
horizontal run and enters the _reactor vesse l .  The pressurizer is con­
nected to the reactor coolant piping by a 10- i nch surge l ine and a 
2 - 1 /2-inch spray l ine . The surge l 1ne is· connected to the 36-inch 
piping as $hown in Figure A-2 , and the spray line is connected to the 
28-inch piping on the d ischarge side of the reactor coolant pump as 
shown in Figure A- 1 .  

The genera l design considerations for the entire reactor 
coolant system are as shown in Table A-1 . All  materials in contact with 
reactor coolant fluid are stainless steel o r  lncone l .  A l l  pressure­
containing components of the system are designed, fabricated, inspected, 
and tested to app l icable codes as Li sted in Table A-2.  

The major piping in the coolant system are the 2H-!nch-ID 
cold leg pip1ng and the 36-inch-ID hot leg piping from the reactor 
vessel to the steam generators.  Also inc luded is the 10-inch pressurizer 
surge l i ne and the 2-1/2- i nch pressurizer spray l i ne . The system p i p1ng 
a l so 1ncludes those aux i l i a ry system connections that arc necessary - f o r  
operation. In addition to drains , vents , pressure taps , temperature 
cl ement s ,  and injectton connections , there i s  a flo� meter in each 
36- inch l ine to the steam generators to provide a means for dctermintng 
the f l ow through each loop . 

The 28-inch and 36-inch pip1ng are carbon stcrl c l ad 
with austen 1 t 1 c  sta tnl ess stee l .  Short secttons o f  28- 1 nch sta 1 n lrss 
sU•t>l l r.lns l t l on p i p 1 ng are provided bet�o·ecn the pump c.-. s l n�s .1n•l the 
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28-inch carbon stee l
· lines . Stainless steel or lnconel sa fe-ends are 

provided for field welding the nozzle connections to sma l l e r  piping. 
The piping safe-ends are desi gned so that there is no furnace-sensitized 
stainless steel in the pressure boundary materia l .  This is accomplished 
by e i ther insta l l ing stainless steel sa fe-ends a fter stress rel ie f  or 
using lncone l .  Smal le r  piping , including the pressurizer surge and 
spray l ines , is austenitic stainless s te e l .  A l l  piping connections in 
the reactor coolant system are butt-welded except for the flanged connec­
tions on the pressurizer for re l ief valves . 

Thermal sleeves are insta l led where required to l imit  
the therma l s t resses developed because of rapid changes in fluid tempera­
tures . They are provided in the four high-pressure injection nozzles on 
the reactor inlet pipes , the two core flooding nozzles  on the reactor 
vessel , and the surge line and spray l ine nozzles on the pressurize r .  
The reactor coolant piping is des i gned according t o  American National 
Standards Institute 831 . 7  and to associated nuclear code cases . 

Reactor Vessel Description 

The reactor vessel (RV) is 1 4 ' - 1  5/8" in diameter by 
3 1 ' - 7" high by 8" thick and consists of a cylindrical she l l ,  a spheri­
cally dished bottom head, and a ring flange to which a removable reactor 
c losure head is bolted. A cylinder attached to the vessel ' s  she l l  
supports the vesse l and extends downward to a flanged base ring which is 
bolted to the foundation of the building . The reactor vessel head is 
1 4 ' -2 5/8" in diameter by 5 ' -8 13/ 16" high by 6 5/8" thick and is spheri­
cal l y  dished and welded to a ring f l · ��e which mates with and is bol ted 
to the vessel with sixty (60) 6 1 /2" uiameter studs . The studs are 
threaded into tapped holes in the reactor vessel flange and penetrate 
through holes in the RV head flange. The clamping load between the RV 
and the RV head is maintained with spherical washers under caste l l a ted 
nuts threaded on the studs. A l l  internal surfaces o f  the vessel are 
clad with stainless steel weld depos i t .  

Two concentric metal l ic 0-rings provide the pressure 
integrity sea l between the closure head and the vessel ' s  flanges . The 
reactor vesse l ' s  ring flange includes an internal ledge to support the 
core and the internal structural components. 

The vessel has two outlet nozzles through which the 
reactor coolant is transported to the steam gene rators , and four inlet 
nozzles through which reactor coolant re-enters the reactor vessel .  Two 
sma l ler nozzles between the reactor coolant nozzles serve as inlets for 
decay heat cooling and emergency cooling water injection (core flooding 
and low pressure injection engineered safety function) . The reactor 
coolant and the control rod drive penetrations are loca ted above the top 
o f  the core to ma intain a ( l odded core ill the event o( a rupture in a 
reactor coolant p ipe or a control rod drive pressure housing. 
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The bottom head o f  the vessel is penetrated by f i fty-two 
(52)  sma l l  incore instrumentation nozzles . The closure head is penetrated 
by sixty-nine (69)  flanged nozzles which provide for attaching the 
control rod drive mechanisms and for control rod extension shaft movement , 
and e1gbt small flanged nozzles for vent valve thermocouple insta l lation. 
The thermocouple nozzles are not used and therefore are blind flanged . 

Core guide lugs welded to the reactor vessel inside wa l l  
l imit a vertical drop of the reactor interna ls and core to 1/2 inch o r  
less and prevent rotation about the vertical axis i n  the unlikely event 
that a major internals component fails . These lugs provide shock support 
for the interna ls and control the motion of the lower end of the core 
support assembly while under the influence of horizontal seismic loads . 

Survei l lance specimens made from reactor vessel steel 
are placed between the reactor vessel ' s  wa l l  and the thermal shield. 
These specimens are examined periodically to evaluate nil-ductility 
transition temperature changes in the materia l .  

Metal reflective insulation i s  used on the exterior of 
the vessel from the closure flange down to the support cylinde r ,  on the 
exterior of the bottom head dome , and on a l l  insulated surfaces of the 
support skirt .  Removable metal reflective insulation panels enclose the 
top bead closure flange and studs . These panels must be removed for 
stud detensioning. Metal reflective insulation is used on the closure 
head dome . 

The incore instrument penetrations are fie ld-weld-joined 
to pipes that contain two 90-degree - bends and terminate in bolted sealing 
flanges in � shielded area a t  a higher elevation in the reactor building . 
These tubes contain incore detector assembl ies · for measuring the neutron 
flux and temperatures in the reactor core . The incore detector assembl ies 
are subject to the reactor coolant pressure. 

The reactor coolant system is protected against over­
pressure by the high-pressure trip (set at 2350 psig) and ASA code 
relief valves (set at 2500 psig) on the pressurize r ' s  top head. 

Reactor Vessel Haterial 

The reactor vessel is fabricated from low-al loy manganese­
molybdenum stee l (p late specification SA-5338 Class I and forging spec i f i­
cation A-508 ) ,  which is readily fabricated in both plate and

.
forging 

forms . This material lS heat-treated spec i fically to obta1n good notch 
duc t i l i ty to ensure a low ducti l i ty transit ion temperature (NDTT) and 
thereby give assurance that the finished vessel can be inita l ly hydro­
sta t i ca l ly tested and operate at near room temperature without restric­
tions . The studs , nut s ,  and washers are fabricated from A540 Grade 823 , 
which ha� a minimum yield po1nt of 130 ,000 ps i .  The stud s ,  when ti ghtened 
for operating cond itions . w i l l  have a tens i le stress of approxima tely 
30 , 00() pS I .  
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The reactor internals support the core , maintain fuel 
asse11bly a l igrunent , limit fu�l assembly movement, and maintain CRA guide 
tube a ligrunent between fuel assemblies and control rod drives . They 
also di rect the flow of reactor coolant, provide gamma and neutron 
shielding, provide guides for incore instrumentation between the reactor 
vesse l ' s  lower head and the fuel assembl ie s ,  support the surve i l lance 
specimen assemblies in the annulus between the thermal shield and the 
reactor vessel wal l ,  and support the internals vent valve s .  

The internal components inc l ude the plenum assembly and 
the core support assembly. Figure 3 . 1 - 1  shows the reactor vesse l ,  
reactor vessel internals arrangement ,  and the reactor coolant flow path . 
Figure A-3 is a cross section through the reactor vessel .  All the 
internal components can be removed from the r·eactor vessel to a l low 
inspection o f  the reactor internals and the reactor vessel internal 
surface. 

The reactor internals are fabricated from SA-� (type 
304) material and des igned to within the allowable stress lev ls per­
mitted by the ASHE Code, Section I I I ,  for normal reactor ope tion and 
transients. The structural integrity of a l l  core support ass mbly 
ci rcumferential welds is ensured by compliance with the ASHE ode , 
Sections I l l  and I X ,  radiographic inspection acceptance standards ,  and 
welding qua l i fication. 

Material  for the reactor internals bolting is subjected 
to rigid qual i ty control requirements to ensure the structural integ­
rity. All core support c i rcumferential weld j o ints in the interna ls 
shells a re inspected according to the requirements o f  the ASHE Code, 
Sect ion I l l .  

Plenum Assembly 

The p lenum assembly is located directly above the reactor 
core and is removed as a single component before refue ling. It consists 
of a plenum cover ,  upper grid , CRA guide tube assemb l ies , and a flanged 
plenum cylinder with openings for reactor coolant outlet flow. The 
p lenum cvver is a series of parallel flat plates intersecting to form 
square lattices with a perforated top p late and flange; i t  is attached 
to the plenum cylinde r ' s  top flange. The perforated top plate is 1 / 2-inch 
thick and has s ixty-nine (69) 8 . 520-inch-diameter holes . The plenum 
cover is attached to the top flange of the p lenum cyl inder by a flange. 
The three T-shaped l i fting lugs are provided for handling the p lenum 
assembly. These lugs , 1 7 - 1 / 4  inches high, 3 inches thick, and 3 inches 
(min) wide , are bolted to the lattice systems of the cove r .  The CRA 
�u i de tubes a re welded to the pl enum cover top plate . and bolted to the 
upper grid . CRA guide assemb l ies provide guidance and prot�ct the CRA 
from the e f fects of coolant crossf low and provide structural attachment 
of the grid assembly to the pl enum cov� r .  
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The plenum cylinder is a 130- inch-OD, 1 - 1 /2-inch-thick 
cylinder with flanges on both ends to connect the cylinder to the p lenum 
cover and upper grid.  Six 34-inch-diameter holes and four 22-inch-diamet�r 
holes in the plenum cylinder provide a flow path for the coolant water.  

Locating keyways in the plenum assembly cover flange 
engage the reactor vessel ' s  top flange locating keys to a l i gn the plenum 
assembly with the reactor vesse l ,  reactor closure head control rod drive 
penetrations . and the core support assembly. The bottom of the plenum 
assembly is guided by the inside surface of the lower flange of the core 
support shield. 

The plenum assembly upper grid, attached to the bottom 
of the p lenum assembly, is a rolled plate with machined holes that locate 
the lower end of the individual CRA guide tube assembly relative to the 
upper end of a corresponding fuel assembly. 

Al ignment between fuel assembl ies is provided by pads 
bolted to the lower surface of the upper grid.  

Core Support Assembly 

The core support assembly consists o f  the corL support 
shield, core barre l ,  lower grid assembly, flow dis tributo r ,  thermal 
shield , incore instrument guide tubes , surve i llance specimen holder 
tubes , and internals vent valves . Static loads from the assembled com­
ponents and fuel assemblies and dynami c  loads from CRA trip , hydraul i c  
flow, thermal expans ion , seismic disturbances , and loss-of-coolant 
accident considerations are a l l  carried by the core supp�rt assembly. 
The assembly ' s  components are described below. 

The core support shield is a la rge , flanged cylinder 
which mates with the reactor vessel opening. The forged top flange ( 1 46 
inches ID) rests on a c i rcumferential ledge in the reactor vessel top 
c losure flange. The core support shield lower fl ange ( 136 inches 10) is 
bolted to the core barre l .  The inside surface o f  the lower flange 
guides and a l igns the plenum assembly relative to the core support 
shield.  The cyl inder wa l l  has two nozzle openings for coolant flow. 
These openings are formed by two forged rings , which sea l to the reactor 
vessel outlet nozz les by the dif:erential  thermal expansion between thP 
stainless steel core support shield and the carbon steel reactor vesse l .  
The nozzle sea l surfaces are finished and fitted to a predetermined col,! 
gap provid1ng c learance during core support assembly instal lation and 
remova l .  At reactor operating temperature , the mating metal surfaces 
are in contact to make a seal without exceeding a l lowable stresses in 
either the reactor vessel or the interna l s .  The cylinder wa l l  also has 
eight hole� in whi�h v�nt valve mounting rinss are welded . 

The core barrel supports the fuel assemb l ies , lower 
grid , f low distributor, and incore inst rument guide tubes . The barre l 
consists o f  a f l anged cyl inde r ,  a series o f  internal horizontal spacers 
bolted to the cylinde r ,  and a series of vertical pl ates bol ted to the 
inner surfaces of the horizontal spacers to form an 1nner wa l l  enclos1n� 



TMI·2 PLANNING STUDY 
FOR PHASE II 

the fuel assemb l ies . The upper f lange o f  the cylinder is bolted to the 
mating lower f lange o f  the core support shi�ld assembly,  and the lower 
flange is bolted to the mating f lange of the lower grid assembly.  A l l  
bolts a re lock-welded a fter fina l assemb ly. 

The lower grid assembly provides a l ignment and support 
for the fuel assemb l ies , supports the thermal shield and flow dist ri­
butor, and a l igns the incore instrument guid� tubes with the fuel assembly 
instrument tubes . The lower grid consists of two l attice st ructures 
separated by short tubul a r  columns and surrounded by a for:ged f langed 
cylinder. The top flange o f  the forged cylinder is bolted to the lower 
f lange of the core barre l .  A perforated flat plate,  midway between the 
two lattice structure s ,  aids in distributing coolant flow through the 
core . Al ignment between fuel assemblies is provided by pads bolted to 
the top surface of the upper l a ttice structure. 

The flow distributor is a perforated, dished head with 
an external flange which is bolted to the bottom flange of the lower 
grid. The distributor supports the incore instrument guide tubes and 
distributes the reactor coolant entering the bottom of the core . The 
therma l shield is a stainless steel cylinder 152 inches in 00, instal led 
in the annulus between the core barrel cylinder and the reactor vesse l ' s  
inner wall .  The shield reduces the neutron and gamma internal heat 
gene rat ion in the reactor vessel w a l l  and thereby reduces the resu l tant 
thermal stresse s .  

Holder tubes a re instal led o n  the core support assembly ' s  
outer wall  to contain the surve i l lance specimen assemb l ies.  The tubes 
extend from the top f lange of the core support shield to the lower end 
of the thermal shie l d .  

RV Head and Interna ls Lift ing Equipment 

The equipment used to l i f t  the reactor vessel head and 
reactor internals is norma l ly stored in containment . 

A l i fting tr ipod is a t tached to the polar crane hook and 
pos it ions each of three pendants relative to each other for the three 
point li fts of the RV head , plenum assemb l y ,  and core support structure . 
See Fig. 3 . 6- 2 .  

Pendant l i fting cables a re pinned to the t n pod and 
l i f t ing lugs on the RV head for the RV head l i f t .  Two turnbuckle 
assemb l ies are inst a l led between two pendants and the t r i pod for l ev e l ing 
adJustment. 

Three internals nandl ing adaptors a rc pinned to the 
tri pod for p l enum assembly and core support assembly l i ft s .  These 
adaptors incl ude a turnbuckle i n  each for leve l ing adjtistmPn t .  The 
lower ends of the adaptors have a latch box attJched wh tch CJil be l o ca l l y 
or remotely operated to latch and unlatch the adaptors to the T-shapcd 
l i ft i ng lugs that are a part of the pl enum assembly ancl the core support 
assel'lbl y . A spreader ring i:; used to pos t t l Oil the l o..,·c r  cncls o t  the 
handl tng Jdaptors re lative to each othe r .  
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The fuel for the reactor is in the form of sintered 
pel lets of low-enriched uranium dioxide clad in Zirca loy-4 tubing. The 
ends o f  the tubing are sealed by Zirca loy-4 end caps attached to the 
tubing by welding. The cladding, fuel pel lets , end caps , and fuel 
support components form a "fuel rod . "  The bas i c  fuel assembly is made 
up of 208 fuel rods , 16 control rod guide tubes ; 1 instrumenta tion tube 
assembly, 7 spacer sleeve s ,  8 spacer grids , and 2 end fittings . The 
guide tubes , spacer grids , and end fittings form a structural cage which 
contains the rods and tubes in a 15  X 15 array. The center pos i t ion in 
the assembly is reserved for inst rumentation, and the rema ining 16 
positions are provided for the guide tubes which guide the control rods . 
Fi gure A-4 shows the construction features o f  a fuel assembly. Fuel 
assembly components , materials , and dimensions are l i sted below. 

I tem 

Fuel Rol! 

Fuel 
Fuel c ladding 

Fuel rod pitch 
Active fuel length 
Ceramic spacer 
Corrugated tubing 

Fuel Assembly 
Fuel assy pitch 
Overa l l  length 
Control rod guide tube 
Instrumentation tube 
End fittings 
Spacer grid 

Spacer sleev� 

�aterial 

uo2 sintered pellets 
Zirca loy-4 

Zr02 
SS,  type 321 

Zirca loy-4 
Zirca loy-4 
SS , grade CF3� 
Inconel-718  str ips 

Zirca loy-4 

Dimensions, i n .  

0 . 370 dia . 
0 . 430 OD X 0 . 377 ID 
X 153-1/8 long 
0 . 568 
144 
0 . 368 dia . 
10 and 14 

8 . 587 
165-3/4 
0 . 530 OD X 0 . 0 16 ID 
0 . 493 OD X 0 . 44 1  ID 

0 . 020 thick exteriors 
0 . 0 1 6  thick interiors 
0 . 554 OD X 0 . 502 ID 

The fuel assemb l i es are des i gned to operate satis­
factorily to design burnup and to retain adequate integrity at the 
end-of- l i fe to permit the i r  safe removal from the core . The cold-�orked 
Zi rca loy-4 c ladding IS des i gned to be free-stand ing,  to contain f i s s ion 
product s ,  and to ma intain dimensional integri t y .  Fuel rods are he ld i n  
p l ace by spacer grids that maintain d i mens ional control o f  the fuel rod 
spactng throughout the des i gn l i fetime, �i thout impa i ring cladding 
integrity.  

The fuel assembly upper end fitt ing and the control roJ 
gu t de a ssembly in the interna l s  structure a re tndexed to the g r t d  plate 
above the fuel assemblies to ensure cont1nuous a l i gnment o f  the gutde 
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channels for the CRA and APSRA. The rod travel is des1gned to keep the 
rods engaged in the fuel assembly guide tubes so that the CRAs and 
APSRAs can always be inserted into the core . 

Control Rod Assembly 

Each control rod assembly has 1 6  control rod s ,  a stain­
less steel spider ,  and a fema le coupling. Figure A-5 shows the cont rol 
rod assembly configurations . The 16 control rods are attached to one 
s ide of the spide r ,  and the female coupling is attached to the other. 
The control rod drive connects to the CRA at the fema le coupling by a 
male- female connection. On the side of the spider opposite the control 
rod drive connection , the 16 control rods are tightly connected . When 
the CRA is inserted into the fuel assembly ' s  upper end fittings , the 
rods are guided by the guide tubes of the fuel assembly. Fu l l - length 
guidance for the CRA is also provided in the uppet plenum assembly by 
the control rod guide assembly. When the reactor closure head i s  in­
st�lled and the control rod drives are attachea , the CRA cannot be 
withdrawn far enough to cause disengagement of the control rods from tl� 
fuel assembly guide tubes. The CRAs are des igned to permit maximum con­
formity with the fuel assembly guide tube throughout the stroke. 

Each control rod contains a section of neutron absorber 
material - an a lloy of s i lver- indium-cadmium clad in cold-worked, type 
304 stainless steel tubing and type 304 stainless steel (upper and lower 
end pieces ) .  The end pieces are welded to the tubing to form a water­
and pressure-tight container for the absorber materia l .  The stainless 
steel tubing provides the structural strength o f  the control rods , 
prevents corrosion of the absorber materia l ,  and eliminates possible 
s i lver contamination o f  the reactor coolant . Above the absorber material 
is a spacer o f  corrugated tubing which keeps the absorber material in 
place during shipping and handling. Pertinent da ta on the CRAs are as 
fol lows : 

I tem 

Number of CRAs 
�umber of control rods per afisy 
OD of control rod , i n .  
Cladding thickness , i n .  
Clddding mate rial  
End plug mate rial  
Spider material  
Poison matenal 
Female coupling material 
Co. rugated tubing 
Length of poison section, i n .  
S t roke of control rod, i n .  

6 1  
1 6  
0 . 440 
0 . 02 1  

Data 

type 304 SS , cold-worked 
type 304 SS annealed 
SS , grade CF3H 
80% Ag , IS% I n ,  5% Cd 
type 304 SS,  annealed 
type 321 SS 
134 
1 39 
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The control rod drive mechanism is use� to ra ise,  lo�e r ,  
and maintain control rod pos i t ion and axial power shaping rod po�ition 
in response to the control rod drive motor control systems . The control 
system provides a sequentially p rogrammed de input to the drive motor. 
The motor has seven input leads , one for each phase of the s ix-phase 
sta r-connected winding and one for the neutral return line . The stator 
coils are sequ� ,tially energized in a repetitive 2-3-2-3 manner to 
produce a rotating magnetic field around the rotor assembly. A5 the 
stator coils are progressively energized, the rotor rotates (steps ) to 
orient i tself  to a new pos i t ion . This rctary motion is translated into 
linear motion of the leadscrew and the attached control rod. 

Each control rod drive mechanism is associated with a 
control rod (CR) or axial power shaping rod (APSR) assembly. The CR or 
APSR assembly spider i s  attached to the leadscrew extension shaft by 
means of a breachlock-type connecto r .  This breechlock connector must be 
uncoupled to a l low remova l  of the reactor vessel head. 

The leadscrew i s  the connecting link between the rotor 
assembly and the control rod. When the rotor assembly rotates, the 
leadscrew is kept from rotating by keying it to the torque tube through 
the torque take r .  The leadscrew travels along the vertical centerline 
of the drive . In its travel the leadscrew passes through the torque 
tube, the rotor assembly, and the thermal barrier. The leadscrew i s  
uncoupled from the control rod assembly by rotating i t  (the leadscrew) 
within the motor tube . This requires removal of the CRDH closure insert 
assembly and insertion o f  the uncoupling tool .  

The motor tube forms the primary coolant pressure boundary 
when bolted to the reactor head. It i s  a four-section weldment housing 
the rotor assembly, the thermal barrier, the leadscrew, and the torque 
tube assembly. The center (motor) section i s  machined from lncone l-clad, 
low-al loy steel w i th the magnetic properties required for stator/rotor 
coupling. The upper end of the motor tube is threaded to accommodate 
the top closure component s .  The motor tube is bolted t o  its mating 
flange on the RV closure head with eight (8) bolts 1 - 1 /8" diameter and a 
split bolting ring . 

rhc rotor assembly, when actuated through a magne t i c  
coupl i ng by thl' stator, engages , holds , and pos i t i ons t h e  leadscre�>'. 
The major components of the rotor assembly are the rotor tube, the 
segment arms , the ro ller nuts , and the bea ri ngs . 

The thermal barrier restricts  the c i rculat ion o (  hot 
primary fluid and acts as an insulator between the reactor vessel head 
and the drtve. A clea rance hole 1s 1l r i l led through the center of the 
hous tng to allow unrestricted lcadscre� trave l .  Four b� l l -check valves 
a re i nstal led at the base of the thermal barrier to perm t t  tn·f lo\o· to 
the mechan i sm to replace the vo lume left by the extl tng leads� rc�>' durtn� 
a reactor trip .  
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A stator assembly is provided external to the CRDM pres­
sure bounda ry. The stator coils are sequenti a l ly energized to provide 
a rotating magnetic field thus rotating the CRDM rotor. The rotary 
motion is translated into axial leadscrew motion. 

�ooling water inlet and outlet connections are provided 
to each stator assembly near the top of the CRDH. These are connected 
via sma l l  bore tubing, to a cooling water header arrangement which is an 
integral part of the service structure. Cooling water supply to and 
return from the service structure is provided by lines adjacent to the 
service structure. Flanged bolted connections between these lines and 
the service s t ructure must be unbolted for RV head removal . .  

Electrical power and control cables are provided from 
bulkhead connections j us t  above the fuel transfer canal adjacent to the 
service s t ructure to the individual CRDH stators pos ition indicators and 
the rmocouples . These cables must be disconnected to a l low RV head 
remova l .  

A cylindrical service structure 126" diameter and 1 7 '  
high i s  bolted a t  the lower end t o  its support skirt on the RV closure 
head. All the CRDHs are inside the service structure. The upper portion 
of the service structure supports the cooling water heaters and electrical 
cabling, provides vertical a l i gnment o f  the CRDHs , and service as a work 
platform for work in the CRDHs.  

Reactor Coolant Pumps and Motors 

The reactor coolant pumps supply a medium for removin� 
heat from the reactor core . They c i rculate reactor coolant through the 
reactor vessel to the steam generators for heat remova l ,  and return it 
to the reactor vessel . There are four reactor coolant pumps for this 
purpose - two in parallel  between each steam generator and the reactor 
vesse l .  The pumps are vertical suction, horizontal discharge , single­
st�ge centrifugal units sealed with a combination o f  three face-type 
oechanical sea l s  and driven by constant-speed, vertica l ,  squirrel-cage 
induction motors . The pumps are rated at a nominal 92,200 gpm -ith a 
discharge head o f  3o2 feet o f  water at reactor coolant operating tem­
perature and pressure, and the motors have a rating of 9 , 000 hp . The 
combined pump-motor moment of inertia of over 70,000 lb-ft2 is des igned 
to ensure an adequate flow coastdown time for core protection against 
departure from nucleate bo i l ing (DN.B) following a pump trip . 

Figure A-6 shows the reactor coolant pump and motor. 
The pt�p is approximately 15 feet high and the motor is over 17 feet 
high , giving the insta l led pump and motor an overa l l  hei ght of approxi­
mately 32 feet. 

The Al l is -Chalmers pump motors a re des i 11ned to develop 
9 , 000 hp at 1 , 200 rpm f rom a 6 , 600-vo l t ,  J-phase power supply. �1en 
pumping .:old reactor coo lant, the pumps have a ful l load current of 
approx 1matrly 715 amperes and a brake horsepower of over 9 , 500 . Locked­
rotor start 1ng current is approximately 3 , 600 amperes . At no rma l hot 
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operating cond i t ions , the motor develops about 7 , 400 hp with a current 
of about 550 ampere s .  The motors are tota lly enclosed and a i r  cooled. 
They are capable o f  withstanding reactor building des ign pressure a t  
normal room temperature for two �ays . This a l lows for building pressure 
and leak testing. Hot a i r  is discharged from the a i r  housing into the 
a i r  cooler housing, where it is cooled by two a i r-to-water heat exchangers 
and directed back into the a 1 r  housing surrounding the motor. Cooling 
water requirements for the heat exchangers are 176 gpm at 105 F .  

The reactor coolant pumps are Bingham units , type RQV 28 
x 28 x 4 1  (radial quadrant volute, 28-inch-diameter suction nozz l e ;  
28-inch-diameter discharge nozz le ; 4 i - i nc!t-diameter impeller)  des igned 
for a system pressure of 2,500 psig a t  650 F .  

As shown i n  Figure A-6, the pump requires both cooling 
water and seal injection water .  The seal injection water establishes 
the reactor coolant system boundary at the pump restriction bushing (at 
the top o f  the suction bowl ) ,  preventing the release of radioactive 
contaminants from the reactor coolant system through the pumps . Sea l 
injection water also provides the primary means for heat removal from 
the pumps . Cooling water is supplied to the pump sea l water heat 
exchangers and cooling jacket to prevent the p��p as a whole from 
attaining the reactor coolant system operating temperature and damaging 
portions o f  the pump . The mechanical sea l s  at the top of the pumps may 
be damaged i f  the d i f ferential temperature across them exceeds 175 F ;  
the 0-rings in the stuffing box area o f  the pump may be damaged i f  the 
pump temperature exceeds 400 F; and critical tolerances in the pumps may 
be closed up i f  the pump shaft is a l lowed to heat up to more than 200 F 
above its normal operating temperature. 

The pump is capable of operating indefinitely ·a fter 
losing �ither the seal inject ion water supply or the cooling water 
supply, but it must not be operated or a llowed to stand idle in a hot 
loop without at least one of the coolant supplies in service . 

Steam Generators 

As shown in figure A-7 ,  the OTSG is a straight-tube , 
straight-shell heat exchanger .  The primary fluid or reactor coolant is 
on the tube s ide , and the secondary fluid is on the shell side.  The 
primary fl uid from the re�ctor outlet enters the 36-inch inlet nozzle at 
a temperature of about 603 F .  The primary fluid gi�es up heat to the 
secondary fluid as i t  flows through the tubes and leaves through the two 
28-inch-ID outlet nozzles at a temperature of 555 F .  

The tubes are supported b y  tube support pl ates which 
have broached openings to permit flow between the pl ate and the tube. 
The support plates are fixed longitudina l ly by a system of support rods , 
which are welded to the lower tubesheet .  This system perm t t s  pos t t ive 
placement of each support w t thout res tricti ng t he thermal movement of 
the supports within th� cylindrica l  baffle.  The cy l i ndrical  baffle  
comprises two piece s ;  the lower sectton 1 s  bo l ted to t h e  bottom tube­
shee t ,  and the upper section is we l ded to the she l l just below the steam 
outlel nozzles.  A l i �nment pins hold both sec t i ons radi a l ly t n  the 
she l l .  
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As shown in Figure A-8 ,  feedwater enters the boiler 
through 32 spray nozzles connected to the 14- inch-00 main feedwater 
heade r .  The condensing action of the cold feedwa ter (455 F at full 
load) draws steam through the c i rcumferent ial space betw�en the upper 
and lower cylindrical baffle s .  This steam heats t'.c fl"�d-later rapidly 
to the saturation temperature of about 535 F, which prevents thermdl 
shock of the she l l .  The flow of bleed steam is inherently self­
regulating; any change in feedwater flow changes the rate of conden­
sation , thus changing the rate of bleed steam flow. 

- A  mixture of saturated steam anrl water forms in the 
downcome r .  The level and density of the do�ncomer fluid ar� set by the 
static head and pressure drop between the bottom of the tube nest and 
the bleed point . An adjustable orifice in the lower section of the 
downcomer is used to adjust the dynamic characteristics of the steam 
generator .  The fluid enters the tube nest through the ports in the 
lower portion of the cylindrical baffle , bo ils  in the tube bundle,  and 
the superheated steam exits through the two 24-inch-ID ste�m outlet 
nozzles .  

An internal auxiliary fcedwater header a t  the top o f  the 
steam generator distributes sma l l  quant ities of feedwater within the 
tube bundle . The aux i l ia ry feed header can be used to fill  the steam 
generator in the unlikely event that the steam generator is hot w i th the 
secondary side empty. This method of f i l l ing prevents thermal shock o f  
t h e  vess•l wal l  and tubesheet. The auxiliary feedwater header i s  also 
used to .nject feedwa ter into the steam generator upon loss o f  a l l  four 
reactor coolant pump s .  This ensures natural c i rculation o f  the reactor 
coolant after coastdown of the reactor c irculating pumps . 

The materials selected for use in the OTSG vary in 
properties and methods of fabrication. The types and locations of the 
materials in the primary components of the OTSG are shown in Figure A-9 .  
The heads , the tubesheet s ,  and the support skirt are low-a l loy steel ( 1% 
Mn , 0 . 51 Mo ) ,  while the re�ainder o f  the she l l  and nozzle material is 
carbon stee l .  

Pressurizer 

The pressurizer (and associated components , controls and 
instrumentation) establishes and maintain� the reactor coolant system 
pressure w1thin prescribed l imits and pro\ ides a surge chamLc r and a 
water reserve to accommodate reactor coolant den5ity (volume) changes 
during operation .  Re lief valves connected to the pressurizer protect 
a l l  reactor coolant system components from exceeding the des i gn pres­
sure . 

The pressurizer and pressure control equipment inc ludes 
the pressurize r  vesse l ,  pressure re l 1ef valves , clect r t c  1mmers1on 
hedtcrs , and pressure sensing and control device� . The Kcneral a r range­
ment of the vessel ts shown in F i gure A- 1 0 ,  and the drs i Rn and opcratinR  
dJta are  tabulated tn Table A-3 . The vessel i s  a vcrt t c a l l y  mounted 
cylinder with hem1spher1cal  ends ; 1t ts connected to the reactor outlet 
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p1p1ng by a surge line which ter""'inates in the l owe,· enrl of the vesse l .  
Penetrations (nozzles) are provide ! for electric heaters , level and 
temperature measurements , spray l ine , vents , sample  line, and relief 
valves . A manway is installed for internal inspection and spray nozzle 
maintenance . 

The pressurizer heaters are replaceable immersion heating 
elements installed in the lower portion of the pressurizer. Th� elements 
are divided into three bundles for installation purposes and are further 
divi�•d into five banks of varying numbers of elements for control 
purposes . Heater data are presented in Table A-4. Heater banks 1 and 2 
are sized to provide adequate heating caracity to compensate for normal 
heat losses and spray valve bypass flow during steurly-state operation. 
Heater banks 3, 4 ,  and 5 provide additional heating capacity during 
reactor startup and during load changes. 

The pressurizer spray l ine ori ginates at the reactor 
inlet piping and terminates in the top of the pressurizer with a spray 
nozzle . The remote auto/manual motor-operated spray valve is actuated 
(opened) when the reactor coolant system pressure exceeds norma l l imits . 
Since the spray valve i s  norma lly c losed during operation, a bypass 
valve is provided to maintain the spray l ine and components at the same 
temperature as the reactor inlet and to minimize boric acid concen­
tration d i f ference between the pressurizer water and the reactor coolant . 

Fuel Storage and Handl ing 

New Fuel Storage - The new fuel storage pit,  �hi�h is 
shared with Unit 1 ,  provides dry storage for approximately one ful l  core 
( 180 fuel assemb l ies ) .  The storage p i t  and racks are designed to seismic 
Category I requi rements . The racks have a spacing which is sufficient 
to maintain a Keffect " ve of 0 . 90 or less even - in the event the storage 
area were floodea w1t! unborated water. 

Spent Fue l Storage - Spent fuel wi l l  be stored under 
water in the spent fuel storage pool . The spent fuel st�rage racks are 
des igned to prevent fuel assemblies from being placed in other than 
their prescribed lo�ations. The spent fuel storage racks and the spent 
fuel pool can accommodate a tota l of approximately two and one-ha l f  
cores (448 fuel assemblies ) ,  representing norma l maximum storage o f  one 
and one- third cores , p l us postulated unloading o f  a fu l l  core from the 
reactor. 

The fuel pool is o f  re inforced concrete construction 
with a stainless steel l iner ,  and is destgned to seismi c Category I 
requirements . The spent fuel storage racks a re designed to withst and 
the maximum up l i f t  forces of the spent fuel pool bridge ho1 s t .  The 
racks have d center-to-center spacing which is suf fi cien� to ma tntain a 
K ff . of 0 . 90 o r  less , assum1ng the pool water i s  unbora ed. The f�c1f�E�vfs designed to prevent the cask hand l in� crane from traveltng  
ove r ,  or in  the vi cinity o f ,  the spent fuel storage areas , thereby 
precludin� damage to the stored fuel tn the event of d d ropped C 3 S k .  
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Spent Fuel Pool Cooling and Cleanup Systems - The spent 
fuel pool cooling and cleanup is designed to maintain the water qua l ity 
dnd clarity of the pool water and to remove the decay heat generated by 
the stored spent fuel assemb l ies . The cooling system consists of two 
SO-percent-capacity spent fuel pool cooling pumps and heat exchangers . 
The capab1lity to supply makeup to the pool is by permanently installed 
connections to the borated water storage tank. I•1 addition, the fuel 
pool piping is arranged so that the pool cannot be i�adv�rtently dra ined 
to uncover the fuel. All inlet and outlet connections �o the pool are 
made at the approximate normal water level in the poo l .  

The spent fuel pool cooling system, with both pumps and 
heat exchangers operating, has a cap�city to maintain the spent fuel 
pool water temperature below 1 16 degrees Fahrenheit with one-third of a 
core stored, and below 145 degrees Fahrenhei t  when one and one-third 
cores are stored in the spent fuel pool .  I f  up to one and one-third 
cores are stored in the spent fuel pool and it becomes necessary to 
unlodd a full core from the reactor ,  the decay heat remova l  system would 
be uti lized i f  necessary to supplement the spent fuel cooling system. 

Fuel Hand l ing System - The fuel handling system provides 
the :::cans of trausporting and handling fuel from the time it reaches the 
plant in an unirradiated condition until it leaves after it has been 
removed from the reactor. The system cons1sts of the fuel transfer 
cana l ,  fuel storage handling bridge , the fuel handling building crane 
(shared with Unit 1 ) ,  main and a uxiliary fuel handling bridge , handling 
equipment, and the fuel transfer system. 

The design of the fuel-handl ing fac i l i ty is such that no 
cranes capable o f  carryi�g heavy loads can operate over the spent fuel 
poo l .  Travel o f  the crane handling the l>i)eut fuel cask i s  limited by 
the physical length of ra i l s , with administratively imposed automatic  
interlocks to  preclude an approach to  the spent fuel pool area.  The 
beam o f  the hoisting yoke for the cask w i l l  be oriented in such a way 
that any trunnion or yoke fai lure wtll impart rotational and lateral 
motion in a d i rection perpendicular to the direction to the spent fuel 
pool and not toward the poo l .  The cask handl ing crane is also des i gned 
so that the cask vertical l i ft will  be less than 30 feet above a 
restraining surface during any moving sequence. 
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GENERAL DESIG� CONS IDERATIONS 
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4 ( a ) System heat output ,  �JWt 2 , 5 8  
(b ) Opera ting pressure, psig 2 , 155 

Ful l-power reactor inlet temp , F 555 
Full-po�er reactor outlet temp, F 603 
Design pressure, psig 2 , 500

( c )  Design temperature , F 650 
Coolant volume, incl pressurizer, ft3 1 1 ,800 
Total reactor flow (4 pumps ) , gpm 352 , 000 

( a ) I nc l udes 16 ��t contribution from the energy 
imparted to the primary coolant by the coolant 
pump s .  

(b )At sensing nozzle on the reactor outlet pipe . 

( c )Except pressurizer and surge l in e ,  designed for 
a temperature of 670 F .  

TABLE A-2 

REACTOR COOLANT SYSTEH CODES 
AND CLASSIFICATIONS 

Component Code Class i f ication 

Reactor vessel 
Steam generator 
Press.Jrizer 
Reacto� Coolant pump 

Ca:.Lng 
Hot o r  

P i p i n g  and va lves 

ASHE I I I  (a ) 
ASHE I I I  ( a ) 
ASHE I I I  ( a ) 

ASHE I I  I (a ) 
IEFE , { � J NEHA, ( c )ASA(d ) 
ANS I 'e ) B3 1 . 7- 1968 and asso­
c iated nuclear code cases 

Class A 
Class A 
Class A 

Class :\ 
Class :\ 

( a )American Society of �Jechanical Engineers, Bo i le r  and Prf'ssure 
b )

Vessel Code, Sect i on I I I ,  Nuclear Vessels � 
)

I n s t t tute o f  ElPctrical Jnd Electron1cs Engineers 1 �  National Electrical Manufacturers Assoc t a t ion 

( 
�American Standard Asso c 1 a t i on �o . C50 . 2- 1 155 . C50 . 2U - 1 954 e American National �tandards Ins t i tute No . B3 1 . i- 19b8 
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TABLE A-3 

PRESSURIZER DESIGN DATA 

Design pressure, psig 

Operating pressure, psig 

Design temperature , F 

Operating tempera ture , F 

Steam volume, ft3 

Water volume , ft3 

Hydrotest pressure, psig 

Electric heater capacity ,  kW 

Dimensions 
Overa l l  height , ft/in 
She l l  OD, in. 
She l l  minimum thickness , i n .  

Dry weight. l b  

Nozzles 
Function No. 

Surge l ine 

Spray line 

Re l ief valve 3 

Vent 

Sample 

Temp we l l  

Level sens1ng 6 

Heater bund l e 3 

�lanway 

IDz in .  

10 , Sch 140 

4, Sch 120 

2 . 5  

1 '  Sch 160 

1 ,  Sch 160 

0 . 375 

I ,  Sch 160 

1 9 .  125 

1 6  

cs , 

cs , 

cs , 

2 , 500 

2 '  155 

670 

649 . 5  

700 

800 

3 , 125 

1 , 638 

44/ 1 1 . 75 
96. 375 

6 . 188 

29 1 , 000 

Hate ria 1 

SS clad (a)  

SS  clad(b) 

SS clad ( a )  

Inconel 

CS , SS c lad (b ) 

Inconel 

cs . SS c l a d ( b ) 

cs,  ss c l J d  

cs , ss c l ad 

( J )Wt th s t a i n l ess steel ( S S )  sa fe-end added after  s t ress re l t P f .  

( b )Wtth lnconel s a fe-Pod . 
A- l l  
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TABLE A-4 
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PRESSUR I ZER HEATER DESIGN �� OPERATING DATA 

Element/Assembly Data 

Total number of elements 
Element rating, kW 
Element length (overa l l ) , f.t - i n .  
Element OD, in .  ( ) Number o f  assemb l ies a 
Number of e l ements per assembly 
Assembly rating, kW 
Overa l l  rating ( a l l  heaters ) , kW 

IJank Data (b)  

Bank 
No . 

1 
2 
3 
4 
5 

No . of e lements/bank 

3 
9 

27 
42 
36 

1 1  � 

1 4  
9-2 . 75 

0 . 66 
3 

39 
546 

1 , 638 

Bank ra t ing, 
kW 

42 
126 
378 
588 
504 

{a)Heaters are equa l ly divided into these assemulies , which are 

insta l l ed in individual pressurizer vessPl nozzles:  
(b)Heaters are di�ided into five banks for  contro l .  
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