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1. PROGRAM DESCRIPTION AND SUMMARY

1.1 PARTICIPANTS

Under the U.S. Department of Energy (formerly U.S. Energy Research and Development Agency)
sponsorship, General Electric Co. (GE) undertook a study of boiling water reactor (BWR) refueling outages for
the purpose of recommending the develobment and demonstration of critical path time savings improvements.
The Tennessee Valley Authority (TVA) joined the study as a subcontractor, providing monitoring assistance and
making the Browns Ferry Site available for improvement demonstrations. Agreement was also reached with
Georgia Power Co., Power Authority of the State of New York, and Commonwealth Edison Co. for monitoring
and data collection at Hatch 1, FitzPatri¢k, and Quad Cities 1 nuclear blants, respectively.

1.2 PROGRAM OBJECTIVES

In 1976, as part of the Light Water Reactor Technology Program, the U.S. Department of Energy (DOE),
then ERDA, established a refueling outage technology improvement program. The objective was to identify,
develop, and demonstrate improved refueling, maintenance, and inspection procedures and equipment. Such
improvements would reduce the consumption of oil and gas for the generation of electricity and thus reduce U.S.
dependence on foreign energy resources by making better use of existing and future nuclear generation
stations.

“To carry out this program, DOE elected to assist the nuclear industry through joinﬂy funded programs for
the accelerated development and demonstration of improved procedures and new equipment. Table 1-1,
Refueling Outage Times BWR Plants During 1977, points out the importance of efforts to reduce refueling
outage times. It has been anticipated that an improvement of 3% or more in plant availability is achlevable
. through such a joint DOE-industry effort to reduce refueling outage time.

Table 1-1
REFUELING OUTAGE TIMES BWR PLANTS DURING 1977
Item ' Days
Average outage time for all plants " 894
Longest outage reported : 140.0
Shortest outage reported : 31.2

The first phase of the program involved the observation of refueling outage activities, analysis of 'data,'
preparation of recommendations, editing of photographs, and report preparation. This report, therefore, con-
cludes the first phase of the program.

_The second phase of the program covers the actual development, design, procurement, installation, and
demonstration of improved equipment as well as the use of improved procedures, scheduling, outage manage-
ment tools, and equipment and facility modifications not requiring further development.

11
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1.3 PHASE 1 STUDY EFFORT

Phase 1 began with preparation of Activity Service Plans (ASPs) and Guide for Activity Monitoring and
Evaluation (GAME) questionnaires in January 1977. These ASPs are contained in Appendix B and consist of
descriptions of each activity originally planned to be monitored, as well as estimates of elapsed time, manpower
. requirements, required tools and spare parts, and man-Rems. During the monitoring at each of the four
participating plants actual values were recorded where different from the advariced estimates and this informa-
tion is also contained in Appendix B. The GAMEs were generic questionnaires to promote creative thinking
during monitoring. A significant number of the recommendations contained in this rebort resulted from use of the
GAMEs.

Activity monitoring, data recording; photography, and evaluation were conducted throughout 1977 during
refueling outages at Hatch 1, Quad Cities 1, FitzPatrick, and Browns Ferry 1 BWR nuclear plants. The moﬁiioring
team consisted of General Electric Co. and TVA delegates. General Electric Co. engineers responsible for
specific activities, groups of activities, or components were added to the monitoring team effort at appropriate
times during these outages in order to obtain optimum results. . '

Finally, the data, photographs, and reports were compiled and analyzed by monitorihg and design'
' engineers in preparing the recommendations contained in this report. Recommendations have been made in all
areas where time savings or man-Rem savings can be realized including: (1) planning for specific activities and
the entire outage, (2) manpower applications, (3) scheduling, (4) procedures, (5) training, (6) eqUipment, (7)
shielding, (8) tooling, (9) spare parts,‘ and (10) general housekeeping and cleanliness.

Recommendations included in this report have been categorized aé follows:

1. Outage Management and Planning

2. Retrofit Recommendations not requiring Equipment Development

3. Retrofit Recommendations requiring Development (Phase 2 development items)

A critical path analysis was performed to determine the overall outage critical path resulting from the
numerous individual activity-related recommendations (Section 7).

A 10-year schedule was prepared for the demonstration plant (Browns Ferry 1) incorporating mainte-
nance cycles for major regulatory guide requirements and balance of plant (BOP) activities.

1.4 SUMMARY AND CONCLUSIONS

The results of the Phase 1 study show that significantimprovement in plant availability is attainable. Table
1-2 summarizes the data and results of the critical path analysis provided by this study for the demonstration

1-2
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plant, Browns Ferry 1. The “scheduled” time of 78 days is the refueling outage length as determined by
pre-outage planning. The “actual” length of 126 days is the time that was in fact consumed by the outage (Fall
1977 refueling oUtage). The “typical” refueling outage length of 32 days is the theoretical time that would be
required to conduct an outage assuming: (1) no nonrecurring or one-time activities, (2) only one-third of the core
is replaced, sipped, and inspected, (3) one-third of the LPRMs are replaced, (4) 10% of the CRDs are replaced,
and (5) no unplanned delays. This “typical” outage schedule is used as the basis for the critical path analysis of
recommended benefits (see Section 7) . The “ideal” refueling outage time of 24 days is derived by applying the
benefits of the recommendations contained in this report to the “typical” refueling outage schedule.

Table, 1-2
SUMMARY OF CRITICAL PATH ANALYSIS
(days)
v Additional
Scheduled Actual Typical Ideal Expected Annual
Savings
Brown's Ferry 1 - 78 126 32 24 8

This new critical path time represents an expected average annual outage time reduction of 8 days for
each plant implementing the recommendations provided by this study. The “typical” and “ideal” nuclear steam
- supply system (NSSS) refueling outégé schedules in this study can be used as a basis for planning future
" refueling outages, but additions to this schedule will have to be made as a result of periodic and surveillance
tests, as well as the required inservice inspections. Although this study was limited to the four specific plants, the
findings are applicable to other nuclear plants of similar design and construction. '

Four types of savings can result from implementation of these recommendations which are currently
applicable to 24 operating BWR units:

1. Savings of an estimated 8 critical path days, resulting in lower replacement power costs. This time
savings represents a replacement energy cost savings of about $1.5 million per 1100 MWe unit.

2. Anequivalent oil savings. If the replacement power were from an oil-fired unit, the oil savings would
be approximately 250,000 barrels.

3. Savings in manpower resulting from approximately 8 less working days during the outage.

4. Significant savings in personnel radiation exposure resulting from fewer people working for shorter
times in high radiation fields during an outage.

By 1985 the cumulative annual savings projection is 600 days of refueling outage time and $125 million for an

estimated 20 billion barrels of replacement energy fuel oil. These savings are based on an assumed operating
capacity of 75,000 MWe supplied by 85 nuclear power plants of GE design. '

1-3
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Recommendations believed to have significant benefits to the industry were evaluated in detail to
determine their applicability and the cost benefit for a utility implementing those recommendations. The majority
of these recommendations can be implemented immediately by utilities without further technical development.
Improvements having significant benefit but requiring further development have been recommended to DOE for
prototype demonstration at Browns Ferry 1. These development recommendations are listed in Table 1-3.

' Table 1-3 .
_ RETROFIT RECOMMENDATIONS REQUIRING DEVELOPMENT
WITH EXPECTED SAVINGS AND DELIVERY SCHEDULE

Schedule *
Benefit Engineering
Time Saved Complete Delivery
(hours) (months) (months)
1. Redesign of Reactor Vessel Stud Removal Tools 6 3 9
2. Moisture Separator “T" Wrench Improvements 8 5 12
3. Turbidity Control 72 8 22
4. Reactor Pressure Vessel Stud Cleaning Device 4 2 3
5. Back-fit of BWR-6 CRD Handling Equipment 60 6 12
- (Figure 5-1)
6. Reactor Pressure Vessel Nut Removal Tooling ‘ 16 6 12
7. Service Line Control 4 4 10
" 8. - Rapid Engagement Head Spray Line Connection 2. - 8 Co12
(Figure 5-2)
9. Back-Fit BWR-6 Refueling Platform 40 : 8 ‘ 17
10. Reactor Pressure Vessel Head Tensioning/ : -~ 40 8 A 20.
Detensioning Improvements:
11. Loose Parts Prevention Program ' 48 8 14
12. Develop Minimum Pass Tensioning/Detensioning 15 12 12
Sequence :
13. Reactor Pressure Vessel Stud Thread Lubricant 2.5 8 14
Application ] -
14. Loose Parts Retrieval Program 45 10 15
15.  Reactor Cavity Elevator (Figure 5-4) 15 10 : ‘ 16
16. Communications ' 24 18 28
17. Decontamination Equipment (Figure 5-5) ' 8 8 10
18. -Multiple LPRM Handling Strongback 7 3 8
(Figure 5-6) - .
19. Reactor Pressure Vessel Recirculation Outlet ) 4 2 6
Nozzle Debris Screens (Figure 5-7)
20. Reactor Pressure Vessel Recirculation Outlet 4 2 6
Nozzle Plugs (Figure 5-8) .
* 21.  Main Steam Line Plug Holder 4 8 20
22. Optical Positioning of Refueling Platform 24 10 18
Grapple
23. Improve Rotating Platform Drives 1 : 4 . 7

* After Receipt of Order

1-4
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In conclusion, the improvements recommended in this study are applicable to BWR nuclear plants
currently in operation as well as those in the design and construction phases. The recommendations and outage
information contained in this report can be used as a basis to plan and conduct the first outages of new plants and
to improve the planning and facilities of currently operating plants. Many of the recommendations can readily be
incorporated in plants currently in the design and construction phases as well as in the desigh of future plants.
Many of these recommended improvements can be implemented inimediately by utilities without further
technical development. Planning for Phase 2, recommendations requiring development, is underway.

1-5/1-6
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2. DESCRIPTION OF MONITORED ACTIVITIES

Table 2-1 describes each refueling outage activity monitored. All activities that are considered critical
path and numerous additional activities are included. Activities 1 through 50 are critical path activities listed in
approximate chronological order. The remaining activities, 51 through 65, are not normally critical path activities.

' These latter activities are essentially independerit and their listing is not intended to imply sequence. Appendix A
is a photographic display of the refueling activities monitored during Phase 1 and is used to illustrate the activity -
descriptions.* Appendix A also contains general area and balance-of-plant (BOP) activity photographs. The
chronology of Appendix A is not intended to coincide with the tabular listing in this section.

Monitoring was also conducted to a limited extent in the BOP areas of the turbine and reactor buildings.
This effort began late in Phase 1 and was authorized by a supplemental contract agreement‘ between the
General Electric Co. and the U.S. Department of Energy, effective February 1, 1978. Time was not available,
however, to perform the advanced planning for this BOP effort to the extent that had been done for the original
scope (NSSS) activities. This section and Appendix B describe the NSSS but not the BOP activities. Recom-
mendations for the BOP activities are contained in Section 3.

_* Photographs were taken at Hatch 1, Quad Cities 1, FitzPatrick and Browns Ferry 1.

21
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Table 2-1

Activity Times

Activity Min |[Max [Avg |Appendix A
No. Activity Title Description (hrs) "Photo No. -
1 Remaove Reactor Well Inspect and assemble rigging, rig 3 3 3 30,31 32
Shield Blocks to lift, and store blocks
2 Remove Equipment Pool Rig, remove, and store four blocks. 1.5 6 3 33,34,77
Shield Blocks '
3 Remove Fuel Pool Shield Rig, lift, and store blocké. 1 -2 1.5
Blocks :
4 Unbolt Drywell Head Unbolt drywell head and store 3 6 45 |3536,37,38,
’ bolts. 39,40 )
5 Rig and Lift Drywell Lay cribbing; inspect a}nd adjust 0.5 4 25 43,44,45,46
Head strongback; rig, lift, and store
drywell head.
6 Remove Head Spray and Remove piping insulation, head 4 18 9 48,49
| Vent Line Piping piping; unbolt five flanges; install
blind flanges; remove pipe
restraints; rig, lift,-and store
. head spray line.
7 Remove Head Insulation Unbolt (if applicable), uncouple 1 5 3 47,50,51,52
thermocouples, disconnect vent
ducting, lift and store package,
reconnect thermocouples.
8 Install Spider or Stud Rig, lift, and position in place. 0.5 2 1 57,58,59,60
Tensioner :
9 Detension Studs Sequentially detension studs by 0.11/] 0.48/| 0.23/ 61,63
pressure sequence. Stud | Stud | Stud
10 ‘Remove Stud Tensioners Rig, lift and store carousel. 0.25 2 0.38 58,62
11 Remove and Lift Nuts and Lower nut rack, remove nuts and 0.03/| 0.08/| 0.06/ 63,64
Washers, and Install washers, install thread protectors, Stud | Stud | Stud
Stud Protectors lift and store nuts and washers.
12 Vacuum Ventilate Reactor |- Ventilate Reactor Pressure Vessel 3.5 6 5 54,55,56
Pressure Vessel Head 4 Head :
13 Close and Seal Drywell Clean sealing surface, install 1 2 1

Manways

O-rings, bolt down latch covers.

2-2
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Table 2-1

DESCRIPTION OF MONITORED ACTIVITIES (Continued)

Activity Times

Activity - Min | Max [ Avg | Appendix'A
No. Activity Title - Description - (hrs) Photo No.
14 Transfer RPV Head to Attach and adjust strongback; rig, 2 15 7 65,66,67

Laydown Area _ lift, and store head; and install
flange protector.
15 Remove Steam Dryer Adjusi and attach strongback, lift 1 3 - 2 | 78,79,80,81
and store in equipment pool.
16 Remove Transfer Slot Rig and lower stud racks, install 0.5 30 9 71,72
Studs stud removal tool, remove studs,
store studs in racks, remove and
store racks.
17 Install Main Steam Plugs Install main steam plugs and drain 1.5 5 3 93,94
and Drain Steam Lines steam lines.
18 Install Cattle Chute Rig, lift, install cattle chute. 05.| 1.5 1 101,102,103, -
104
19 Unlatch Moisture Unlatch moisture separator holddown | 3 8 6
Separator bolts, adjust strongback turn- ‘
buckles, attach strongback to
separator. Verify latching.
20 Flood Cavity and Transfer Flood reactor cavity, lift and 2 17 10 82,83,84,85,
Separator Underwater store separator in eqﬁipment pool. 86,87,88
21 Cleanup Water Purify water at maximum rate. 8 72 30 105
22 Unload Fuel Transfer fuel bundies to fuel pool, 0.2/ 0.671 0.344 106to 117
install blade guides and dunking Bu. Bu. Bu. ’
chambers.
23 _Fuet Sipping Transfer fuel to sipping cans, sip 1.3/ 1.7/ 1.5/
’ fuel, return fuel to storage racks Can| Can| Can
and analyze samples.
24, Install Equipment Pool Rig and install equipment pool 3 5 4 89,90,91,92
' Shield Blocks shield plugs. .
25 Install Fuel Pool Shield Rig, lift and set the fuel pool 1 1 1
Blocks shield blocks. : ) :
26 Drain and Decontaminate Drain and decontaminate reactor well.| 24 67 51 97,98,99,100
Reactor Well
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DESCRIPTION OF MONITORED ACTIVITIES (Continued)
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Table 2-1

Activity
No.

Activity Title

Description

Activity Times

Min | Max | Avg

(hrs)

Appendix A
Photo No.

27

28

29

30

31

32

+ 38

34

35

36

Install Service Platform

RPV ISI (Underwater)

Jet Pump Plug Removal

Remove Service Platform

Remove and Replace LPRM's

Reload Core

Verify Core Loading

Functional/Friction Test
CRD System

Transfer Dry and Install

Moisture Separator
)

.Remove Main Steam Line
-Plugs

Assemble and install track; rig,
install and operationally check
service platform.

Visually inspect jet pumps, core
spray system, cladding patches, and
LPRM's (if required) for cracks, .
cracked welds, indication of
movement, etc.

This task was performed from the
refueling bridge. Removal of jet
pump plugs (one loop).

Rig to lift and store service
platform.

Remove LPRM, bend and store in
fuel pool, attach to strongback and
position replacement LPRM in reactor
well, transfer weight of LPRM to
instrument handling tool, place LPRM
in proper position and verify latch-
ing with TV camera.

Install fue! bundles, remove blade
guides and dunking chambers.

Inspect-and record fuel location
(using TV camera), and verify
bundle seating by traversing
grapple just above bales.

Cycle and vent hydraulic control
system, perform stroke timing and
differential pressure measurement
friction testing for all CRD’s.

Install rigging, lift and install

separator, remove strongback.

Attach strongback, deflate, and
remove steam line plug.

0.5

2.5

0.5

thr/
Unit

0.16
hr/
Bu.

25

21

0.75

56

13

2hr/
Unit

0.5
hr/
Bu.

19

68

14.5

0.6

19

0.75

1.5hr/
Unit

0.3
hr/
Bu.

13.5

43

25.

136,137,138

146,148,165,
166,167,168

177,178

179

180,181

24
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Table 2-1

DESCRIPTION OF MONITORED ACTIVITIES (Continued)

Activity Times

Activity Min | Max JAvg |Appendix A
No. Activity Title Descriptivin - (Ars) Photo No.
37 Torque Moisture Separator Latch moisture separator holddown - 1 13 5.5

bolts.
38 Install Steam Dryer Attach strongback; rig, lift, and 1 2 1.5
position in reactor vessel.
39 Install Transfer Slot Rig and lift stud stofage racks into 2 3 25 74,75,76
‘Studs reactor well, install studs, install
remaining protectors.
40 Remove Flange Protectors, Remove flange protectors and clean | 0.5 2 1
Clean Flange vessel flange.
41 Install Reactor Pressure Rig strongback to RPV head, clean 3 14 7.3
Vessel Head flange, install O-rings.
42 Remove Stud Protectors and | Lower nuts and washers into reactor 5 24 13
Install Nuts and Washers well, remove stud protectors, clean
and lubricate studs, install washers,
and install nuts.
43 Tension Reactor Pressure Measure unloaded studs; tension 27 40 32
Vessel Studs. studs; make final measurements,
calculations, and adjustments.
44 Install Reactor Pressure Install thermocouples, install - 1.5 8 4
Vessel Thermocouples and insulation package, connect
‘Insulation thermocouples.
45 Install Head Vent and Spray | Rig, lift, andvposition head spray . 13.5 24 165
Piping line; remove blind flanges; connect Cd
and bolt five flanges; install pipe *
restraints and insulation.
46 Perform Reactor Pressure Pressurize veséel, inspect for leaks. | 4.5 [ 72 36
47 Open Drywell Vents Open drywell vents. 05 | 05 |05
48 Install Drywell Head Clean flanges, install O-rings, rig 2 6 45
' and install drywell head.
49 Bolt and Leak-Rate Test Torque drywell hiead bolts, leak- 6 14 |10
Drywell Head check.
50 Install Reactor Well Shield . | Rig, lift, ‘and install two layers 4 10 7
Blocks of reactor well shield blocks.
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Table 2-1

DESCRIPTION OF MONITORED ACTIVITIES (Continued)

Activity Times
Activity . Min | Max_| Avg |Appendix A
No. Activity Title Description (hrs) Photo No.
51 Channel Inspection Visual inspection of wear marks for | 6.5 24 15 .
comparison against a calibrated
standard.
52 . | Drywell Entry De-inert drywell, cool down, take 0] 24 10
radiation surveys, make oxygen
analysis. Inspect for leaks.
53 Torus Inspection Inspect visible piping supports, 60 |336 |200 229,230,231
ring girder, catwalk, penetrations ‘
(both internal and external), and
paint.
54 Containment Valve Testing Leak rate and functional test per 2hr/ |2hr/ |2 hr/ 242
technical specifications. val. |val. |val.
55 MSIV Leak Rate Test Make test connections and perform 8 40 20
' rate test.
56 MSIV Repéir Disassemble, lap valve seat and 36 |96 70 185 to 199
. pilot seat, machine poppet seat, hr/ hr/ hr/ '
reassemble, repair operators as val. {Vval. |Val
required.
57 Inservice Inspection Remove insulation, build scaffold- 120 |450 |285 226,227
‘ ' ing, clean required areas, cali-.
brate equipment, UT inspect, clean
up areas inspected, replace
insulation, remove scaffolding.
58 Tésting and Replacement - Replace O-rings, secure inner door, 8- 12 10
' of O-Rings on Personnel test air lock, test interlock system.
Air Lock
59 CRD Removal and Remove and transfer to rebuild 2hr/{6hr/ |4 ht/ 149 to 157
Replacement area, move from rebuild area, and Dr. Dr. Dr.
replace.
60 Recirculation Pump Motor Perform electrical tests‘and 2 2 2 241
Testing mechanical run-out checks.
61 Drywell Exit Inspection Test resilient seals, rebair as 20 26 23

and Resilient Seal Testing

required, visdally inspect drywell
for operational readiness.
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Table 2-1
DESCRIPTION OF MONITORED ACTIVITIES (Continued)

Activity Times

Activity ‘ ' Min | Max | Avg | Appendix A
No. Activity Title , . Description (hrs) ' Photo No.
62 Inspect and Service Drywell Perform general inspection (both 1hr/| 4br/) 3 hr/

Cooling Units with units operating and while Unit | Unit | Unit
shut down), perform electrical :
test, repair as necessary.

63 Safety Relief Valve Air Test operation of each instrument 4 8 6 200 to 213
Supply Testing and air supply, check valve and accumu-
Servicing lator, replace or repair as necessary.

64 Inspect and Repair Snubbers| Visually inspect ali snubbers, 30 ' 70 50 214 to 225

remove and test 10 snubbers,
rebuild and retest as necessary.

65 Traversing in-Core Probe Overhaul indexer, drive, service | = 40 8 36 172,173,174
Servicing ' and/or replace tubing. ' '
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3. OUTAGE MANAGEMENT AND PLANNING

This section contains recommendations that could be implemented near term at any BWR plant. These
recommendations involve management, planning, maintenance and operating procedures, techniques, tooling,
organizing, spare parts, etc., but not equipment modifications, additions, or development. Estimated savings in
critical path time and man-Rem are itemized in Table 7-1 of Section 7. '

3.1 MAINTENANCE PBOCEDURES

Maintenance procedures should be updated prior to each refueling outage. The following problem areas
were noted:

1. Equipment modifications are not always reflected in the procedures, and time is wasted reading
outdated procedures.

2. Tools and spare parts are not identified in the procedures. Time is lost identifying and locating
proper tools and spare parts. )

3. Manpower requirements are not identified. Time is wasted getting the proper crafts on the job.

4. Elapsed time estimates are not identified. Time is lost between jobs because completions were not
accurately anticipated and preparations for the next activities were not completed. '

3.2 WATER CLARITY

1. ~ Improved operating procedures for flushing systems, flooding the cavuty, and using alternate
systems would result in better water clarlty

2. Optimized schéduling of strainer and filter/demineralizer servicing would increase deanup capacity
and efficiency. ' ‘

3. Precoating the reactor water cleanup system demineralizer with Ecodex (or equivalent) in lieu of
Powdex, 2 days prior to reactor shutdown and when necessary during the refueling outage would
improve water clarity.

33 UNBOLTING DRYWELL HEAD

The use of four air wrenches instead of tWo would reduce the time required to unbolt thé drywell head. It
may be necessary to increase the supply air capacity if the number of air wrenches are increased.
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3.4 REMOVAL OF RPV HEAD INSULATION

" Insulated gloves should be used by personnel removing the RPV head insulation. Time was lost trying to
handle hot insulation with rubber gloves. In addition, damage to the insulation resulted when the hot insulation
was dropped.

3.5 RPV HEAD STUD TENSIONER
1. A spare stud tensioner would save critical path time in the event of stud tensioner failure.

2. The preventive maintenance concept of overhauling two stud tensioners after each refueling
outage would increase their reliability and reduce repair time during critical path time.

3.6 TRANSFER SLOT RPV HEAD STUDS

It is recommended that the transfer slot studs be removed prior to RPV head removal. This would
eliminate the possibility of dropping foreign objects into the RPV during stud removal. '

3.7 COOLDOWN OF DRYWELL
It is recommended that additional drywell coolers be put in operation 8 hours before reactor shutdown.

This will facilitate early drywell entry and allow drywell head and insulation removal to be accomplished under
more tolerable conditions. Crews may not have to be rotated, due to heat exhaustion, as frequently.'

3.8 REFUELING BRIDGE

A Breakdowns during refueling have resulted in many hours of lost time. A reliability program for the
refueling bridge should be developed at each plant. This program should include either seminars or training
sessions, or both, for bridge operators and maintenance personnel. In addition, a detailed preventive mainte-

nance program should be enacted. Incorporating changes which improve the operation of the refueling bridge
and maintaining an adequate supply of spare parts will reduce the downtime of the bridge.

3.9 VERIFICATION OF CORE LOADING

ltis recommended that at least one spare television camera of each type needed be available for activities
on the critical path. Time lost while awaiting camera repairs at some sites was significant.

/3.10° STEAM LINE PLUG INSTALLATION AND REMOVAL

Many plants utilize the overhead auxiliary crane for removing and replacing the steam line plugs. This
crane does not have the sensitive control needed. It is recommended that a chain fall be used in conjunction with

32




NEDG-21860

the auxiliary hoist. The use of a chain fall will give the sensitive “feel” required. In addition, close voice
- communications will be more effective than hand signals for sensitive control. '

3.11 RPV HEAD NUT INSTALLATION AND REMOVAL

The use of four air impact wrenches instead of two would speed up this operation considerably. If the air
compressor capacity is not sufficient, increasing its capacity should be considered.

3.12 CONTROL ROD DRIVE REBUILDING

1. An inventory of spare rebuilt control rod drives (CRD) would reduce activity duration and man-Rem
- exposure for CRD removal, rebuilding, and replacement. Approximately 10% or the number usually
repaired is recommended for spare inventory.

2. Spare collets that have been dye penetrant checked should be available for any CRDs that must be
rebuilt during the outage. This will reduce rebuilding time and man-Rem exposure.

3. The following available new tools would aid personnel in rebuilding CRDs more efficiently and also
reduce radiation exposure:

a. Filter Removal Tool. This too! is used to remove the outer filter. Foreign material which
becomes lodged between th'e mating surfaces of the filter and the CRD guide cap makes
removal of the filter can difficult. This tool provides an effective means of removing the filter. It
‘also eliminates direct contact with the filter, which can be highly contaminated.

b. T-Handle Assembly. This tool is used to remove the guide cap plugs.

c. Control Rod Drive Jacking Tool and Block. The jacking tool and block are used to push on the
index tube once the stud and inner filter have been removed. The tool is designed to provide
sufficient mechanical advantage to dislodge the stationary piston from the CRD cylinder bore. -

d. Shoe. The nylon shoe is used to protect both the index tube and the CRD cylinder bore when
the index is being removed.

e. Collet Assembly Insertion Tool. This tool is used when collet piston rings are replaced to
correct failures identified during the CRD leak test. It facilitates the insertion of the collet
assembly with the tube in place. Itis used in conjunction with the collet ring compression tool
currently in use.

3.13 CRD RETRACTION FIXTURE

During removal of a CRD from its housing in the reactor vessel, if the CRD inadvertently recouples to the
control rod, the CRD index tube will extend as the CRD is lowered. In such an event, this fixture will permit
hydraulic retraction of the index tube asthe CRD is reinserted into the housing. Using this method, the control rod
remains backseated as the CRD is reinserted. This fixture is similar to the standard leak test fixture and can also
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be used for leak testing. To facilitate its use below vessel, threaded holes, instead of retaining nuts, are used to
secure the fixture to the drive, and the water port is provided at right angles.

- 3.14 LOCAL POWER RANGE MONITOR (LPRM)

It is recommended that an inspection be done to verify the latching of all LPRMs after all LPRMs have
been replaced.

The instrument handling tool, used to replace LPRMs, has operated sluggishly when excessive amounts
of water have been present in the air lines. This sluggish operation of the instrument handling tool has resulted in
difficulty in latching LPRMs. Thus, to prevent sluggish operation of the instrument handling tool it is recom-
mended that the operating air be free of water. This will require continuous draining of the air lines at plants witha
high humidity. '

In addition, LPRM replacement can be done more efficiently if those LPRMSs which are difficult to latch
with the instrument handling tool are left unlatched, and later latched manually. The manual latching should be
performed during the latch ihspection. The manual latching of LPRMs has been performed using the manual
latching tool that is now available. |

3.15 DROPPEDAARTICLELS IN THE REACTOR PRESSURE VESSEL

Almost every outage is‘delayed by articles inadvertently dropped into the reactor pressure vessel.
Several suggestions to minimize this are: '

1. Pre-Shutdown

a. Caution all workers and supervisors about the consequences of dropped articles. it is
suggested that this be in conjunction with the Radiation Protection indoctrination classes.

b. Clean the refueling floor, particularly the area around the cavity.
Carefully inspect all tools for loose parts or breaks.

d. Any tools with removable segments should have the removable segments lock-wired, tied, or
faped to the main body. If this is not feasible, minimize or, if possible, avoid using the tool.

e. Inspect the service platform, refueling bridge, and crane for loose items.

f. Post warning signs.

2. Shutdown
a. Place a solid guardsheet around the cavity. Attach the guardsheet to the railing and run flush
to the floor. - '
b. To the greatest extent practical, secure all tools with lanyards either to the operator or a solid
restraint. On small tools it may be more practical to attach a float to the tool.y
c. - Establish a tool exclusion area around the reactor pressdre vessel.
(1)  All tools brought into this area should be approved for use within the reactor vessgl.
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(2) Al tools must be logged into the area and logged out when no longer: reqﬁired.
Emphasize the importance of removing all tools from the work areas as soon as
possible. ;

d. Supervisors should check work areas on a routine basis. A clean work area and a place for

each itein is a key t0 minimizing tool droppage. .

e. Personnel entering the tool exclusion area should be required to empty all pockets This
means establishing a safe area for storing personal valuables.

f. Radiation pfotection personnel controlling entry to the containment should make a final
personnel check for loose articles.

g. When wearing glasses, headbands should be required.

h. Provide baskets or boxes to hold tools and items which cannot be tied to stationary restraints.

The boxes should be securely fastened to prevent them from being knocked into the vessel.

3. Other
a. Consider covering the bottom of the service platform.
b. Color tools and other articles to make them bright and easily visible. In the event they are
dropped into the vessel, it makes retrieval easier. '

3.16 FUEL LOADING (DUNKING) CHAMBER HOSE ROUTING

To reduce interference and delays during fuel movement caused by the dunking chamber hose, a hook
could be utilized to move the dunking chamber hbse away from the path of fuel movement. One end of the hook
could be attached to the hose, the hose is then pulled out of the way and the other end of the hook is attached to
one of the feedwater sparger headers.

3.17 TOOL AND LOOSE PARTS CONTAINERS

Considerable time and effort can be saved by providing containers for tools and loose parts. Areas such
as the catwalk inside the torus and catwalks at different levels in the drywell seem to always have tools and loose
parts scattered around. Containment of these parts and tools would prevent chasing for dropped items at the
lower levels and would reduce the possibility of pérsonnel injury.

3.18 PLANNING AND SCHEDULING OF CONTAINMENT VALVE REPAIR

Containment valve leak rate testing should be completed as soon as possible in the refueling outage. As
soon as it is known which valve will need repair, a schedule should be prepared for repair and retest of these
valves. Consideration should be given to line isolation, line draining, valve tag out, tools, and spare parts. Also,
parallel or interfering opefations, testing, or other maintenance activities should be factored into the schedule.
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3.19 DOCUMENTATION AND FOLLOWUP ON IMPROVEMENT SUGGESTIONS

During an outage, suggestions are made by the craft and supervisory personnel concerning tool
adaptions, fixtures, etc., that would facilitate specific activities: Since there usually is ihsuffiéient time, material,
or manpower right then to develop these innovations, the majority of the ideas are forgotten. A system for
cdllecting, evaluating, and fdllowing up on such ideas should be employed.

3.20 GENERAL AREA CLEANING AND HOUSEKEEPING

One important consideration during an outage is general area cleaning and housekeeping. Indirect
results can be significant in the areas of tool control, spare parts control, personnel injury, equipment damage,
- efficient work performance, and personnel attitude toward the work.

3.21 SAFETY RELIEF VALVE FLANGE BOLTING |

Several safety relief valves are usually removed and replaced each refueling outage. The accessibility to
these valves is very limited. Using a torque wrench with a 4-foot handle for reassembly in these areas of limited
access is cumbersome and time consuming. An electric or pneumatic torque wrench could be used to reduce
assembly time and man-Rem exposure.

3.22 BALANCE OF PLANT (BOP) ACTIVITIES

Monitoring of the BOP areas was conducted to a limited extent and it was determined that these activities
are planned and executed largely in a parallel, independent manner. This work was not noted to be the critical
path during any of the monitored refueling-outages. Use of additional manpower and additional work shifts could
shorten these activities’ durations, if necessary.
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4. RETROFIT RECOMMENDATIONS NOT REQUIRING
EQUIPMENT DEVELOPMENT

Estimated savings in critical path time and man-Rem are itemized in Table 7-1 of Section 7.
4.1 MAIN STEAM ISOLATION VALVE LEAK TESTING MANIFOLD -

Permanent leak test piping for both the inboard and outboard main steam isolation valves (MSIVs) should
be provided by installing a tee connection at each valve drainline. All test lines from these tees should be piped to
an area outside the primary containment and into a manifold. (Double isolation valves would be required in each
line.) With this system leak testing could be performed in lower radiation areas and from one location.

4.2 RUBBER-SEATED VALVES

The sealing surfaces on the torus vacuum breaker valves are made of a rubber material that tends togum
up and cause leakage after some period. This is probably due to environmental conditions in this area. A more
heat-resistant material might be used. '

4.3 CRD SERVICING PLATFORM

Some of the CRD servicing platforms were manufactured with only a narrow platform grating along each
side of the center slot. This limits the work area and also leaves an open area that might be considered ‘unsafe.
By extending the grating over the entire radius with the exception of the center slot, personnel would have more
room to work, less rotation of the platform would be required, and the work could be completed more efficiently.

4.4 MAIN STEAM SAFETY RELIEF VALVE TRANSFER
Several safety relief valves usually require removal for testing during each refueling outage. Some plants
have jib booms over each valve area for removing the valves from the main steam headers. However, the

transfer from the main steam header area to the lower level is difficult. It would be beneficial to have a monorail
for transporting and lowering the valves to the lower level.

4.5 CONTROL ROD BLADE GUIDES
The fuel bundle Epring clips occasionally catch the blade guide crossbars when the fuel bundles are being

lowered into position. This causes the spring clip bolt to become bent. itis recommended that a bevel be applied
to the top of the control rod blade guide crossbars.
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4.6 HEAD SPRAY PIPING

Critical path time has been lost during the installation of the head spray piping due to difficulty in aligning
and installing the Flexitallic gasket in position on the flange. The flange makeup is tongue and groove and it
would be much better if the groove flange -were on the RPV head rather than on the piping portion. Also,
installation of an additional gdide pin at another position to maintain correct orientation would be helpful during
flange fitup. A wrench that could be used from the reactor cavity during flange assembly and disassembly should
be developed. Currently, a workman must enter the drywell to keep the bolts from turning.

4.7 REFUELING PLATFORM

1. To eliminate the refueling bridge twisting on the tracks, it is recommended that end track guide roller
assemblies be installed at all four positions of the refueling bridge.

2. Moisture in the supply air causes malfunction of the air valves. The installation of moisture
separators with automatic blowdown valves would help to eliminate this problem.

Critical path time has been lost due to failure of the power cables. Itis recommended that all power cables
be positioned with a minimum of a 12-inch radius. This will help prevent internal shorts in the power cables.

4.8 CRD REMOVAL AND REPLACEMENT

Utilization of the CRD housing flange attachment in use at Browns Ferfy 1 (see Figure 4-1) would save
time during the control rod drive removal and replacement. This attachment is placed over the CRD flange, three
latches drop into place and support the flange. Mating bolts and nuts in atight place while wearing Anti-C clbthing
is eliminated. | ‘

4.9 MSIV TEST FIXTURES

1. The test fixture developed at Browns Ferry to test the pilot valve seat prior to reassembly of the
MSIV saves time by eliminating unnecessary assembly and disassembly of the MSIV (Figure 4-2).

2.  Also atBrowns Ferry, atest plug (Figure 4-3) is used to seal the inboard MSIV to obtain accurate test
results on the outboard MSIV. This permits independent work on the inboard MSIV internals.

4.10 FUNCTIONAL FRICTION TEST — CRD SYSTEM i '
improved communication would result from the installation of a sound-powered telephone’system
between the control rod drive hydraulic unit area and the control room. The use of radio communications

(walkie-talkies) interferes with the operation of the oscilloscope and the public address telephone system
experiences frequent interruptionSl
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Figure 4-1.

CRD Housing Flange Attachment at Browns Ferry 1
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4.11 MOISTURE SEPARATOR REMOVAL AND INSTALLATION

Time was'lost trying to verify the latching and unlatching of the moisture separator strongback. Itis difficult
to see the position of the plunger relative to the hydraulic cylinder. Verification could be improved by attaching a
tab'to the plunger that would extend alongside parallel to the hydraulic cylinder. Then the tab, which is attached
to the plunger, could be painted with contrasting color rings. In this way, any mismatch could be easily seen
through the water and latching easily verified. ‘

4.12 CONTROL ROD DRIVE REMOVAL AND REPLACEMENT

1. CRD transfer tunnel lighting. Poor lighting in the tunnel has contributed to delays in moving the
CRDs out of and into the drywell. A special purpose permanent (or portable) lighting system should
be installed.

2. CRD Hoist Electrical Power Cables. These cables have caught on the CRD platform and have been
pulled loose resulting in significant activity delays. These cables should be rerouted so that they
come up from under the hoist and cannot hang up on the CRD platform. '

3. CRD Hoist Cable Breakage. A heavy overload spring attached at the CRD flange and supporting
the hoist cable at this high point would absorb the overloads frequently induced by CRD misalign-
ment or bottoming during installation. The spring arrangement must be stiff enough to permit normal
foading with minimum deflection and still compress (extend) adequately during overload to prevent
cable breakage. ‘

4.13 REFUELING PLATFORM — FUEL GRAPPLE

It is recommended that electromagnetic-type proximity switches supplement or replace the elec-
tromechanical switches. The electromechanical switches are prone to failure of the mechanical parts.
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‘5. RECOMMENDATIONS REQUIRING DEVELOPMENT

This section contains recommendations that require the development of new or modified equipment,
procedures, and methods, which can be retrofit to existing BWR plants. Estimated time savings for each
. recommendation are included. Table 7-1 in Section 7 itemizes time savings and man-Rem savings estimates.

5.1 REDESIGN OF REACTOR VESSEL STUD REMOVAL TOOLS

Reduce stud removal and installation time by redesign of tooling. The new tool will consist of airpower or
electric motor drive. The too! will balance to support the stud weight and develop adequate torque to break loose
and unthread the studs. It will be designed to remove the studs with the reactor head either in place or removed.
(6 hours)

5.2 MOISTURE SEPARATOR T-WRENCH'IMPROVEMENTS

During removal and replacement of the moisture separator, the shroud head bolt keepers frequently s'tick.. '
' During removal the keepers are difficult to depress as required to permit head bolt loosening. During replace- -
ment, the keepers stick in the depressed, disengaged position and do not spring return to the locked position
when the T-wrench is removed. It is therefore recommended that the moisture separator T-wrench be rede-
signed or modified to permit easier disengaging for removal and alignment and engaging for replacement.
((8 hours)

5.3 TURBIDITY CONTROL

The objective is to eliminate outage delays caused by poor water clarity (turbidity). This recommendation
is for developing an optimized, supplemental, cleanup, and holding system to establish and maintain the
required water clarity. (72 hours) '

5.4 REACTOR PRESSURE VESSEL STUD CLEANING DEVICE

Develop a stud cleaning device which will be an insert installed in the nut removal tool. The tool will require
an integral debris collector. (4 hours) '

5.5 BACK-FIT OF BWR-6 CRD HANDLING EQUIPMENT (Figure 5-1)
The objective is to significantly improve equipment control, efficiency, and speed, as well as reduce

man-Rem exposure when performing CRD maintenance. Necessary design modifications to provide the
- improved CRD handling equipment now being used for BWR-6 plants would be included. (60 hours)
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EQUIPMENT PENDANT CONT.
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l : TORQUE MECHANISM

Figure 5-1. CRD Handling Equipment

5-2




NEDG-21860

5.6 REACTOR PRESSURE VESSEL NUT REMOVAL TOOLING

Design and fabricate a power-operated reactor pressure vessel nut removal tool. The tool would mate
with the castellated nuts, would be compatible with the new carousel and would incorporate a lifting device for
transfer of the nuts to and from the nut storage rack. (16 hours) -

5.7 SERVICE LINE CONTROL

The objective is to prevent outage delays caused by fouling of service lines (air, water, electrical, etc.)
during in-vessel and under-vessel work. This would be accomplished by developing a device that could
effectively control all service leads. It would be suitable for rotating platforms also. This device would be a type of

commutating mechanism permitting neatly arrénged input lines and wires and easily managed and dispensed
outlets. (4 hours) ) '

5.8 RAPID ENGAGEMENT HEAD SPRAY LINE CONNECTION (Figure 5-2)

The objective is to reduce the time required for bolting and unbolting the head spray piping flanged joints.
This modification requires design stress analysis and installation of a quick disconnect coupling into the head
spray, instrument and vent lines. (12 hours) '
5.9 BACK-FIT BWR-6 REFUELING PLATFORM

The objective is to improve refueling platform reliability. The BWR-6 platform incorporates the latest
state-of-the-art electrical and mec‘hanical improvements. When compared to a modification program to upgrade
the existing refueling platform, the BWR-6 back-fit yields better results at a lower cost. (40 hours)
5.10 REACTOR PRESSURE VESSEL HEAD TENSIONING/DETENSIONING IMPROVEMENTS

1. Newly designed RPV head carousel strongback with eight power engagement drive-tensioners.

2. Nut storage rack for removing nuts from the cavity.

3. Incorporate some aspects of service line control (Recommendation 5.7). (40 hours)
5.11 LOOSE PARTS PREVENTION PROGRAM (Figure 5-3)

Develop a loose parts prevention program consisting of the design, fabrication, and assembly of a guard
or screen system to cover the vessel opening to catch dropped objects. The screen would be supported from the

RPV shroud or wall, would have a remotely operated panel system, and permit Ioading and unloading fuel and
selected core components and also permit normal inspections. (48 hours)
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ADDED GRAYLOC OR
MARMAN CLAMP JOINT
(SEE EXAMPLE DETAIL)

REACTOR VESSEL HEAD

CLAMP

SEALING SURFACE

GRAYLOC 2-PIECE CLAMPS DETAIL

Figure 5-2. Rapid Engagement Head-Spray Line
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5.12 DEVELOP MINIMUM PASS TENSIONING/DETENSIONING SEQUENCE

Develop a tensioning sequence requiring the minimum possible number of steps. This improvement
requires the development and analysis of a generic mathematical model of the RPV stud/flange arrangement
and instrumented tensuonmg testmg to verify the results (13 hours)

5.13 REACTOR PRE‘SSURE VESSEL STUD THREAD LUBRICANT APPLICATiON

This program consists of the development of an air-driven rotating applicator with pressurized lubricant
feed and integral reservoir. It would be a compact, light; enclosed unit which applies a metered, thin coating. In
addition to the time savings projected for its initial use, it would also reddce the time required for subsequent
thread cleanup cycles, since thorough cleanmg and reapplication is required, and reduce the probability of
binding during nut removal (2.5 hours)

5.14 LOOSE PARTS RETRIEVAL PROGRAM
. Develop an underwater retrieval tooling package consisting of:
1. 'Light sources of sufficient intensity and quality to illuminate any area of interest. -

2. Viewing apparatus consisting of fiber optics suited for radiation environment.provided with 50-mm
focal Iength and 80-degree viewing angle lense. (Signal attenuation has been estimeted at 12% for
direct viewing.) A signal intensifier with TV monitor (possibly) with a bend radius of 1-3/4 inches,
right angle viewer, and other accessories should be supplied so that the grapple is observable
during operation.

3. Retrieving mechanism proViding access into a 5 by 5-inch cross section access, into and behind a
jet pump diffuser, and sufficient maneuverability to read all areas of the lower core plate and shroud

annulus. The mechanism may have a neutral buoyancy and may be remotely operated in con'j!unc-A

{
tion with a television monitor.

" This program is considered essential in addition to loose parts prevention (5.11) since the screen
cannot be in place all the time that the RPV head is removed (e.qg., dryer and separator removal and
replacement). (45-hours)

5.15 REACTOR CAVITY ELEVATOR (Figure 5-4)
The objective is to improve personnel safety and work area accessibility and thus reduce tool/man
transport time into the cavity while freeing the building crane in many cases. The equipment would consist of a

' portable lift with special requirements-of close ground clearance, easy decontamination, and secured compo-
nent parts. (15 hours) '
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REFUELING FLOOR

REACTOR WELL WALL \

A&\////
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Figure 5-4. Reactor -Ca\)ity Elevator : .
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5.16 COMMUNICATIONS

Develop a communications system to improve the ability to manage, control, and organize the outage
activities on the refueling floor, reactor cavity, and drywell. The system will utilize headset, radio transceivers,
portable television monitors to provide communications between the drywell, reactor cavity and control room,
and area control points to m'ohitor fuel movement, undervessel maintenance, and maintenance in high radiation
areas. A development effort to design and specify a remotely controlled underwater camera is also included.
(24 hours) ' ' :

5.17 DECONTAMINATION EQUIPMENT. (Figure ‘5-5)

The objective is to develop a semiautomatic method to decontaminate the reactor cavity and vessel walls.
Hydrolasing of the veséel walls reduces the contamination level by a factor of up to 600. A semiautomatic
process could in some cases save up to 48 hours with an average of 8 hours per outage as well as reducing
exposure rates significantly. (8 hours) ' ‘

5.8 MULTIPLE LPRM HANDLING STRONGBACK (Figure 5-6)

The objective is to develop a complete LPRM handling system. The development of an integral system
. compatible with the shipping'pontainer and insertion tool is proposed. This system would include a strongback
with storage capacity for all LPRMs to be installed at the same time. Such a system would not only minimize time
but would also free the building crane by requiring only one move to handle all LPRMs to be replaced. (7 hours)

519 REACTOR i’RESSURE VESSEL RECIRCULATION OUTLET NOZZLE DEBRIS SCREENS (Figure
5-7)

The objective is to provide a quick and economical method to remove some types of debris from the
reactor vessel. These screens should be easily installed and removed to assure a minimum of lost downtime.
(4 hours)

5.20 REACTOR PRESSURE VESSEL RECIRCULATION OUTLET NOZZLE PLUGS (Figure 5-8)

These plugs would provide isolation of the recirculation lines against the static head of water inthe reactor
vessel. This would allow more timely maintenance of the recirculation pump suction valves and it would no
longer be necessary to drain the annulus around the core barrel to accomplish this work. (4 hours)

5.21 MAIN STEAM LINE PLUG HOLDER
The deveiopment of this-tool would permit testing of the MSIVs in the direction of flow which aids the

positive seating of the valve. The intent is to prevent false leakage readings, and thus needless maintenance
work on the valves, which is thought to sometimes occur with the current testing method. It would also allow
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Decontamination Device

Figure 5-5. Remote Hydro/aser
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MAIN CRANE
AUXILIARY HOOK

CABLE

SADDLE WITH ROLLERS

AIR HOSES

" Figure 5-6. Multiple LPRM Handling and Rofating Strongback
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NEOPRENE SEAL

Figure 5-7. Recirculation Line Screen
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Figure 5-8. Recirculation Line Plug
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these tests to be conducted without interference with other reactor activities. This holder is a tubular ring that is

lowered into the RPV on the guide bars. It has four plugs that are powér inserted into the steam lines, inthe same

" position as the existing plugs. This ring and the new plugs are designed to withstand MSIV leak test pressure
while permitting in-vessél work. (4 hours) '

5.22 OPTICAL POSITIONING OF REFUELING PLATFORM GRAPPLE

The objective is to provide capability for service platform-mounted grappling devices to be adtomaticaily
positioned at any coordinate without intermediate pauses or stops and within required positioning tolerances.
This could be accomplished by means of a laser beam signal reflecting from an accurately located datum. (24
hours)

5.23 IMPROVE ROTATING PLATFORM DRIVES
. The objective is to reduce outage time by increasing efficiency during items worked from the service
- platform and the under-vessel platform. The existing platform drives would be improved in the following areas:

(1) precision of tracks and wheels, (2) control and smoothness of operation, and (3) sufficient power to overcome
minor frictions and bindings, thereby eliminating the need for manual assisting. (1 hour)
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6. TEN-YEAR OUTAGE SCHEDULE

The main objective of this DOE program is to improve nuclear plant availability. One method to aid in
meeting this objective is to utilize long-range planning. By setting up a 10-year nitage schedule, in service
inspection (I1Sl) can be scheduled to meet the 10-year code requirements, and preventive and periodic
maintenance can be scheduled to better utilize outage time and available manpower.

Figure 6-1 is a 10-year schedule for the demonstration plant, Browns Ferry 1. The first annual refueiing
'6utage is based on current activity duration experiences for normal, recurring activities. One-time only and
nonrecurring activities are not included in this schedule. For the first year, therefore, an optimized, “typical”
32-day outage is depicted (see Section 7 for a detailed description of the “typical” schedule).

For the purposes of this 10-year schedule it is assumed that the recommendations of this section are
incorporated in 3 years and, therefore, for the 4th through 10th years the “ideal” outage schedule is used.

This projected schedule for a 10-year program assumes 10 annual refueling outages. Should a power
station change to an 18-month operating cycle, the planning would have to be shifted accordingly.
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REFUELING OUTAGE 1
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DAYS’ 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3 32
e | I T T T | T T | T I ] [ | | | | 1 | | | ] | ] | | | | | | |
N
RPV ISI (INTERNAL)
. VT REACTOR INTERNALS
REMOVE RPV HEAD , ! AND SUPPORTS — (2) CLAD PATCHES — :
REMOVE AND ACCESSORIES OTHER IN-VESSEL INSP
gT.L)ECLD?S REMOVE DRYER, ' LPRM INSTALL SEPARATOR
REACTOR UNBOLT iip€?w’§§i?f?n?f$f$§§“°s INSTALL SHIELD REPLACEMENT . - SLOT STUDS, REMOVE
shuToowN | W j INSTALL REMOVE SURV SAMPLES = MSL PLUGS AND : INSTALL SHIELD
AEMOV FLOOD CAVITY ] INSPECT SOURCES VERIFY CORE INSTALL DRYER .INSTALL AND BOLT
EMOVE AND CLEAN Hy0 DRAIN CAVITY, FLOOD-UP - A W HEAD BLOCKS
ACTUAL DW HEAD . 2 . DECON 0oD-U . CRD FRICTION INSTALL RPV HEAD RPV A I START-UP AND
ASURS O / _'UNLOAD CORE INSPECTION | REACTOR WELL _ _ ] RELOAD CORE _TESTING AND ACCESSORIES _ HYDRO . [ o ILRT BN, | TESTING
757.0 53.0 T 215 s 40.0 87.0 50 51.0 40.4 225 16.75 76.5 13.5 430 20.0 73.8 360 160 720 7.0 50.0
MSIV
DRYWELL ENTRY RECIRC TEST AND A
LEAK TEST MSIV REPAIR AND RETEST PUMP SEALS REPAIR AIR LOCK 31.65 DAYS'
10.0 20.0 350 CONTAINMENT VALVE LEAK TEST N\ o/ '
g 416.0 ISLC TEST] 23.0 10,0 -
TORUS INSPECTION _INSPECT AND REPAIR SNUBBERS LOOP 1 A
200.0 50.0 y 24.0
- IN-SERVICE INSPECTION (DRYWELL) _ .
285.0 CRD R%I\éIOVE AND gslzrl,:zwcwc NOTES
REPLA !
e ; 80.0 ~ 360 /\  CODE Il REQUIRES THAT 25% OF THE REQUIRED
EXAMINATION TO BE COMPLETE AFTER 1/3 OF THE
INSPECTION INTERVAL (10 YEARS). CREDIT FOR
. NO MORE THAN 33-1/3% IS GIVEN. FIFTY PERCENT
; SHOULD BE COMPLETE AFTER 2/3 OF THE
. v INSPECTION INTERVAL. CREDIT FOR NO MORE
BENCH CHECK 50% SRV'S — DISASSEMBLY & INSPECT (1) SRV o THAN 66-2/3% IS GIVEN
! 216.0 :
‘ A\ CODE | REQUIRES THAT ALL AREAS OF INTEREST
BE INSPECTED DURING THE INSPECTION INTERVAL
/A AN AIR TEST ON RHR DRYWELL AND TORUS
HEADERS AND NOZZLES ONCE EACH 5 YEARS.
HIGH PRESSURE TURBINE INSPECTION, BYPASS VALVES, STOP AND CONTROL VALVE INSPECTION o WATER MAY BE USED ON TORUS HEADER
1 26 DAYS /A ONESTANDBY LIQUID CONTROL SYSTEM (SLCS)
. LOOP WILL BE INITIATED MANUALLY EACH OUTAGE
(DEMIN WATER TEST ONLY}. BOTH LOOPS,
INCLUDING BOTH EXPLOSIVE VALVES SHALL BE
MOIST SEPARATO TESTED IN THE COURSE OF TWO OPERATING CYCLES
, ’ARATOR )
FEED PUMP TURBINE AND THROTTLE VALVE (A) INSP . OPEN AND INSP A INITIAL INTEGRATED LEAK RATE TEST (ILRT) IS
10 DAYS " 4 DAYS PERFORMED PRIOR TO INITIAL OPERATION. ILRT'S
R : ARE THEN PERFORMED AT APPROXIMATELY
3-1/3-YEAR INTERVALS TO EQUAL (4) ILRT OVER
‘ 10-YEAR PERIOD. LLRT'S MUST PRECEDE ILRT
‘. A\  PRIMARY NOZZLES 4 INCHES AND LARGER AND

INCLUDES:
a. UT OF VESSEL-TO-NOZZLE AND INSIDE RADII
b. VT, PT, UT NOZZLE TO SAFE END

Figure 6-1. Ten-Year Schedule for Demonstration Plant
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. \REFUELING QUTAGE 2 !
oays © 1 2 a4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
T T I T T ) T T T T I I I | T T I I ] | | T | | 2 | | | I | |
. : ]
! ]
RPV 1SI INTERNAL)
UT 1/3 VESSEL TO FLG WELD
REMOVE RPV HEAD - .
REMOVE AND ACCESSORIES , UT 1/3 HEAD TO FLG WELD,
SHIELD REMOVE DRYER, UT HEAD SPRAY NOZ2ZLE INSTALL AND BOLT
BLOCKS SEPARATOR AND SLOT STUDS OTHER IN-VESSEL INSP LPRM INSTALL SEPARATOR, DW HEAD
REACTOR UNBOLT AND INSTALL MSL PLUGS INSTALL SHIELD ' REPLACEMENT SLOT STUDS, REMOVE '
N
SHUTOOW uns BLOGKS REMOVE SURV SAMPLES MSL PLUGS AND INSTALL SHIELD
REMOVE FLOOD CAVITY DRAIN CAVITY INSPECT SOURCES - VERIFY CORE INSTALL DRYER BLOCKS .
AND CLEAN H50 ’ FLOOD-UP : :
ACTUAL DW HEAD DECON CRD FRICTION INSTAL RPV HEAD RPV l START-UP AND .
AGURS Oled / _ UNLOAD CORE INSPECTION | REACTOR WELL _ . _ ] RELOAD CORE _TESTING AND ACCESSORIES . HYDRO . | J_ TESTING _
¥57.0 53.0 T 215 R 40.0 h 87.0 5.0 51.0 404 225 16.75 76.5 135] 430 .- 200 73.8 360  16.0 7.0 50.0
MSIV '
DRYWELL ENTRY M RECIRC TEST AND
LEAK TEST SIV REPAIR AND RETEST : - PUMP SEALS REPAIR AIR LOCK 28.65 DAYS
100 20.0 350 CONTAINMENT VALVE LEAK TEST - N\ L/ A
416.0 SLC TEST "~ 23,0 ;00. '
TORUS INSPECTION ~_INSPECT AND REPAIR SNUBBERS 0P 2 & |
200.0 - 50.0 e — '
IN-SERVICE INSPECTION (DRYWELL) _ .
285.0 o ¢ '
CRD REMOVE AND TIP i NOTES
REPLACE GSERVICING '
80.0 36.0 /N CODE Il REQUIRES THAT 25% OF THE REQUIRED
EXAMINATION TO BE COMPLETE AFTER 1/3 OF THE
INSPECTION INTERVAL (10 YEARS). CREDIT FOR
NO MORE THAN 33-1/3% IS GIVEN. FIFTY PERCENT
. SHOULD BE COMPLETE AFTER 2/3 OF THE
INSPECTION INTERVAL. CREDIT FOR NO MORE
. BENCH CHECK 50% SRV'S — DISASSEMBLY AND INSP (1) SRV ° . THAN 66-2/3% IS GIVEN
16. ‘
26.0 - A\ CODE I REQUIRES THAT ALL AREAS OF INTEREST
BE INSPECTED DURING THE INSPECTION INTERVAL
/A AN AIR TEST ON RHR DRYWELL AND TORUS
. HEADERS AND NOZZLES ONCE EACH § YEARS.
LOW PRESSURE TURBINE INSPECTION (A SECTION) INCLUDES COMB REHEAT AND INTERMEDIATE VALVES - WATER MAY BE USED ON TORUS HEADER

24 DAYS

MOIST SEPARATORS

FEED PUMP TURBINE (B) AND THROTTLE VALVE INSPECTION OPEN AND INSP

10 DAYS 4 DAYS

A ONE STANDBY LIQUID CONTROL SYSTEM (SLCS)
LOOP WILL BE INITIATED MANUALLY EACH OUTAGE
(DEMIN WATER TEST ONLY). BOTH LOOPS,

. INCLUDING BOTH EXPLOSIVE VALVES SHALL BE
TESTED IN THE COURSE OF TWO OPERATING CYCLES

NO ILRT PERFORMED THIS REFUELING OUTAGE.
) OVERALL REFUELING OUTAGE SHORTENED 3
x4 DAYS (72 HOURS) )

PRIMARY NOZZLES 4 INCHES AND LARGER AND
INCLUDES:

a. UT OF VESSEL-TO-NOZZLE AND INSIDE RADII
' b. VT, PT, UT NOZZLE TO SAFE END

)
Figure 6-{1 . Ten-Year Schedule for Demonstration Plant (Continued)
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REFUELING OUTAGE 3

DAYS 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 1é 19 20 yal 22 23 24 . 25 26 27 28 - 29 30 31 32
[ T T T T T T T T T I | T T I ] I I I T T | | | | 1 | ] | | | | ‘

VT UT 1/3 VESSEL STUDS AND NUTS . 1
UT 1/3 VESSEL FLANGE LIGAMENTS .
VT 1/3 VESSEL WASHERS

VT XFER SLOT STUD BUSHINGS IN-VESSEL INSP ,

REMOVE RPV HEAD UT SUPPORT SKIRT-TO-VESSEL WELD
REMOVE AND ACCESSORIES .
SHIELD REMOVE DRYER /6\ NOZZLES N3A, N5A, N4A, N4B ,
BLOCKS d N2A, N2C, N2D, N18B, N88, N9 LPRM INSTALL SEPARATOR,
SEPARATOR AND SLOT STUDS . v .
REACTOR REPLACEMENT SLOT STUDS, REMOVE
UNBOLT AND INSTALL MSL PLUGS INSTALL SHIELD
SHUTDOWN | YNBOL BLOCKS REMOVE SURV SAMPLES MSL PLUGS AND INSTALL SHIELD
REMOVE FLOOD CAVITY DRAIN CAVITY i INSPECT SOURCES VERIFY CORE INSTALL DRYER INSTALL AND BOLT BLOCKS
. AND CLEAN H20 : ' FLOOD-UP CRD FRICTION INSTAL RPV HEAD RPV DW HEAD START-UP AND
ACTUAL DW HEAD DECON ) & !
AT olel R / _ UNLOAD CORE INSPECTION | REACTOR WELL _ o R RELOAD CORE  _!/ TESTING AND ACCESSORIES . HYDRO _ [ _ ILRT _ | TESTING
7570 53.0 T 218 40.0 e 87.0 5.0 51.0 - 40.4 T 225 16.75 765 135| 430 200 73.8 36.0 16.0 72.0 7.0 . 50.0
MSIv } RECIRC :
DRYWELL ENTRY LEAK TEST MSIV REPAIR AND RETEST ‘ TEST AND
*—e ) o= DAETES PUMPSEALS  REPAIR AIR LOCK 31.65 DAYS
100 20.0 350 CONTAINMENT VALVE LEAK TEST . . R
- 416.0 LC TES 23.0 10.0
TORUS INSPECTION _INSPECT AND REPAIR SNUBBERS LOOP 1 A
200.0 50.0 g . 24.0
IN-SERVICE INSPECTION (DRYWELL) 4
5.0 !
28 CRD REMOVE AND TIP NOTES
REPLACE _SERVICING : ‘ ' |
80.0 ~ 380 A A , A\  CODE I REQUIRES THAT 25% OF THE REQUIRED
, EXAMINATION TO BE COMPLETE AFTER 1/3 OF THE
\ INSPECTION INTERVAL (10 YEARS). CREDIT FOR
: NO MORE THAN 33-1/3% IS GIVEN. FIFTY PERCENT
‘ SHOULD BE COMPLETE AFTER 2/3 OF THE
‘ i INSPECTION INTERVAL. CREDIT FOR NO MORE
. BENCH CHECK 50% SRV'S DISASSEMBLY AND INSP (1) SRV )\ i THAN 66:2/3% IS GIVEN
16. ’
216.0 J A\ CODE | REQUIRES THAT ALL AREAS OF INTEREST
BE INSPECTED DURING THE INSPECTION INTERVAL
A\ AN AIR TEST ON RHR DRYWELL AND TORUS
o ' HEADERS AND NOZZLES ONCE EACH § YEARS.
LOW PRESSURE TURBINE INSPECTION (8 SECTION) INCLUDES COMB REHEAT AND INTERMEDIATE VALVES WATER MAY BE USED ON TORUS HEADER
25 DAYS ! ‘ /A ONESTANDBY LIQUID CONTROL SYSTEM (SLCS)
' LOOPWILL BE INITIATED MANUALLY EACH OUTAGE
| {DEMIN WATER TEST ONLY). BOTH LOOPS,
i INCLUDING BOTH EXPLOSIVE VALVES SHALL BE
! TESTED IN THE COURSE OF TWO OPERATING CYCLES
- MOISTURE SEPARATORS - ,
FEED PUMP TURBINE (C) INSPECTION o OPEN AND INSPECT t A INITIAL INTEGRATED LEAK RATE TEST (ILRT) 1S
10 DAYS 4DAYS : PERFORMED PRIOR TO INITIAL OPERATION. ILRT'S
: ARE THEN PERFORMED AT APPROXIMATELY
) } 3-1/3-YEAR INTERVALS TO EQUAL (4) ILRT OVER
P ; 10-YEAR PERIOD. LLRT'S MUST PRECEDE ILRT

A\  PRIMARY NOZZLES 4 INCHES AND LARGER AND -
INCLUDES: _
a. UT OF VESSEL-TO-NOZZLE AND INSIDE RADII
b. VT, PT, UT NOZZLE TO SAFE END

< ——

Figure 6-1. Ten-Year Schedule for Demonstration Plant (Continued)
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DAYS 1 2 3 4 6 7 8 9 10 M 12 13 14 15 16 17 18 19 20 21 24 25 26 27 28 29 30 3 32
T I T T T T T 1 T T T T T T T T T T l T T l |
~ .
. : - ' INSTALL SHIELD
- : BLOCKS :
: ' DRAIN AND DECON ;
: REMOVE SHIELD CAVITY WALL
BLOCKS ‘
RPV ISI (INTERNAL) ?
guBF?EL:DAND REMOVE VT REACTOR INTERNALS AND SUPPORTS :
VT 3RD CLADDING PATCH - ‘
REMOVE RPV HEAD OTHER IN-VESSEL INSP - »
AND ACCESSORIES : CRD FRICTION TEST ;
. - REMOVE DRYER, LPRM . .
SEPARATOR, SLOT STUDS REPLACEMENT INSTALL SEPARATOR, :DN‘,?LA,‘E';']DAND BOLT
AND INSTA SLOT STUDS, REMOVE MSL X
. STALL MSL PLUGS REMOVE SURV SAMPLES PLUGS. INSTALL DRYER
. FLOOD CAVITY AND INSPECT SOURCES . INSTALL SHIELD .
CLEAR H50 FLOOD-UP INSTALL RPV HEAD BLOCKS :
REACTOR ) VERIFY AND ACCESSORIES
* UNLOAD CORE
SHUTDOWN W CORE RELOAD RPV START-UP AND
o !NSPECTION CORE +HYORO TESTING
7560 325. 160 19.0 53.0 85 120 395 36.0 16.0 7.0 500,
DRYWELL LEAK NOTES
ENTRY TEST MSIV REPAIR AND RETEST 20.75 DAYS
~—e —e
90 - 9.0 - 290.0 A CODE Il REQUIRES THAT 25% OF THE REQUIRED
EXAMINATION TO BE COMPLETE AFTER 1/30F THE  °
CONTAINMENT VALVE LEAK TEST AND REPAIR . INSPECTION INTERVAL (10 YEARS). CREDIT FOR

351.0
INSPECT-REPAIR
.= TORUS INSPECTION SNUBBERS
200.0 50.0

INSERVICE INSPECTION (DRYWELL) é
. 285.0

CRD REMOVE TIP

AND REPLACE ‘.iERVICING

50.0 36.0

l BENCH CHECK 50% SRV'S — DISASSEMBLY & INSP (1) SRV AA
204.0

LOW PRESSURE TURBINE INSPECTION (C SECTION) INCLUDES COMB REHEAT AND INTERMEDIATE VALVES

17 DAYS

FEED PUMP TURBINE (A) AND THROTTLE INSP

MOISTURE SEPARATOR
OPEN AND INSPECT

10 DAYS

4 DAYS

Figure 6’1

© NO MORE THAN 33-1/3% IS GIVEN. FIFTY PERCENT

SHOULD BE COMPLETE AFTER 2/3 OF THE

INSPECTION INTERVAL. CREDIT FOR NO MORE .
* THAN 66-2/3% IS GIVEN

CODE | REQUIRES THAT ALL AREAS OF INTEREST
i BE INSPECTED DURING THE INSPECTION INTERVAL

AN AIR TEST ON RHR DRYWELL AND TORUS
i HEADERS AND NOZZLES ONCE EACH 5 YEARS.
WATER MAY BE USED ON TORUS HEADER

/A\ |\ ONE STANDBY LIQUID CONTROL SYSTEM (SLCS)

LOOPWILL BE INITIATED MANUALLY EACH OUTAGE
+ (DEMIN WATER TEST ONLY). BOTH LOOPS,
! INCLUDING BOTH EXPLOSIVE VALVES SHALL BE
‘ TESTED IN THE COURSE OF TWO OPERATING CYCLES

& ¥ NOILRT PERFORMED THIS REFUELING OUTAGE.

OVERALL REFUELING OUTAGE SHORTENED 3
DAYS {72 HOURS)

A } PRIMARY NOZZLES 4 INCHES AND LARGER AND

* INCLUDES:
" a. UT OF VESSEL-TO-NOZZLE AND INSIDE RADII
b. VT, PT, UT NOZZLE TO SAFE END

' Ten-Year Schedule for Demonstration Plant (Continued)
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-REFUELING OUTAGE 5

NEDG-21860

bAys © 1 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 23 24 25 26 27 28 29 30 31 32
| | I I T | I | T | ] | | | | | 1 1 | | | | | i | | 1 | | | 1
INSTALL SHIELD
BLOCKS ,
DRAIN AND DECON ] .
REMOVE SHIELD CAVITY WALL i
BLOCKS RPV 1S! (INTERNAL)
'/ UNBOLT AND REMOVE UT 2ND 1/3 VESSEL-TO-FLANGE WELD, :
DW HEAD UT 2ND 1/3 HEAT-TO-FLANGE WELD,
REMOVE RPV HEAD UT HEAD VENT NOZZLE )
AND ACCESSORIES OTHER IN-VESSEL INSP CRD FRICTION TEST
REMOVE DRYER, LPRM } :!
SEPARATOR, SLOT STUDS REPLACEMENT INSTALL SEPARATOR, lDstLAEI;AIBAND BOLT
AND INSTALL MSL PLUGS REMOVE SURV SAMPLES SLOT STUDS, REMOVE MSL
FLOOD CAVITY AND INSPECT SOURCES PLUGS, INS'I_:ALL DRYER INSTALL SHIELD
CLEAR H50 ELOOD-UP ey INSTALL RPV HEAD BLOCKS
REACTOR UNLOAD VERI AND ACCESSORIES
SHUTDOWN W CORE RELOAD  CORE ] RPV START-UP AND
INSPECTION . CORE { HYDRO TESTING
7560 325 160 190 53.0 50 385 32.0 185 1275 395 55.3 : 36.0 16.0 7.0 500,
L]
DRYWELL LEAK ! NOTES
ENTRY STEST MSIV REPAIR AND RETEST .~ 240 2075 DAYS
9.0 : 9.0 290.0 A /N CODE Il REQUIRES THAT 25% OF THE REQUIRED
' : & RHR TEST EXAMINATION TO BE COMPLETE AFTER 1/3 OF THE
CONTAINMENT VALVE LEAK TEST AND REPAIR  48.0 INSPECTION INTERVAL (10 YEARS). CREDIT FOR
351.0 ,- NO MORE THAN 33-1/3% IS GIVEN. FIFTY PERCENT
INSPECT-REPAIR ,. SHOULD BE COMPLETE AFTER 2/3 OF THE
. TORUS INSPECTION & SNUBBERS R 'TNHS:'EZL';@;'\:;EGF:\\//;‘[L-- CREDIT FOR NO MORE
200.0 50.0 ; "2/3%
INSERVICE INSPECTION (DRYWELL) i A\ CODE | REQUIRES THAT ALL AREAS OF INTEREST
>85.0 A BE INSPECTED DURING THE INSPECTION INTERVAL
CRD REMOVE TP -
l AND REPLACE SERV'C'N4 . A\ AN AIR TEST ON RHR DRYWELL AND TORUS
50.0 36.0 ) HEADERS AND NOZZLES ONCE EACH 5 YEARS.
! WATER MAY BE USED ON TORUS HEADER
/A\ ONESTANDBY LIQUID CONTROL SYSTEM (SLCS)
; LOOP WILL BE INITIATED MANUALLY EACH OUTAGE
| (DEMIN WATER TEST ONLY). BOTH LOOPS,
L BENCH CHECK 50% SRV'S — DISASSEMBLY & INSP (1) SRV o INCLUDING BOTH EXPLOSIVE VALVES SHALL BE
2030 * b TESTED IN THE COURSE OF TWO OPERATING CYCLES
! A
‘ . A\ NOILRT PERFORMED THIS REFUELING OUTAGE.
} : OVERALL REFUELING OUTAGE SHORTENED 3
: DAYS {72 HOURS)
N GENERATOR INSPECTION AND BYPASS VALVE INSPECTION ! . 7N :’Ec':"fcg;’s'f‘ozz'-ss 4 INCHES AND LARGER AND
18.5 DAYS ! 2. UT OF VESSEL-TO-NOZZLE AND INSIDE RADII
! b. VT, PT, UT NOZZLE TO SAFE END
)j
MOISTURE SEPARATOR
FEED PUMP TURBINE AND THROTTLE VALVE (B) INSPECTION - OPEN AND INSPECT )|

10 DAYS 4 DAYS [

Figure 6-1. Ten-Year Schedule for Demonstration Plant (Continued)
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REFUELING OUTAGE 6 I

) L . . .

pays © 1 2 3 4 5 ‘6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3 32
f I T I T ] I | I I < B K ] | T | | | | T | { | S 1} | | | | | |
)
DRAIN AND DECON : ‘
CAVITY WALL - A ,
RPV ISI (INTERNAL) ;
. VT UT 2ND 1/3 VESSEL STUDS AND NUTS
REMOVE SHIELD UT 2ND 1/3 VESSEL FLANGE LIGAMENTS
BLOCKS . VT 2ND 1/3 VESSEL WASHER
BOLT AND REMOVE INSTALL SHIELD VT ACCESSIBLE STUD BUSHINGS » .
LoJ\';‘v l-?ELAD BLOCKS NOZZLES N4C, N4F, N3C, . 'l
REMOVE RPV HEAD N2B, N2E, N2G, N6A, N7 :'
AND ACCESSORIES : OTHER IN-VESSEL INSP CRD FRICTION TEST _ .;
- : REMOVE DRYER, . LPRM INSTALL AND BOLT
SEPARATOR, SLOT STUDS REPLACEMENT . .- INSTALL SEPARATOR, s DW HEAD ‘ !
AND INSTALL MSL PLUGS REMOVE SURV SAMPLES SLOT STUDS, REMOVE MSL : _
FLOOD CAVITY AND PLUGS, INSTALL DRYER INSTALL SHIELD
. INSPECT SOURCES g
CLEAR H,0 FLOOD-UP INSTALL RPV HEAD BLOCKS
VERIFY .
REACTOR. UNLOAD . ORE AND ACCESSORIES
SHUTDOWN W CORE RELOAD ¢ RPV A START-UP AND
, INSPECTION CORE . HYDRO ILRT TESTING '
- olo— o > . —<Lo — - °
7560 325 16.0 19.0 53.0 50 385 32.0 185 1275 395 125 &16.0 55.3 36.0 16.0 72.0 7.0 50.0 A
DRYWELL LEAK : ] 123.75 DAYS
ENTRY TEST MSIV REPAIR AND RETEST 24.0
—a
9.0 . 9.0 290.0
l CONTAINMENT VALVE LEAK TEST AND REPAIR . NOTES
351.0 - . ' ;
INSPECT-REPAIR 4 /\ | CODE Il REQUIRES THAT 25% OF THE REQUIRED
TORUS INSPECTION SNUBBERS EXAMINATION TO BE COMPLETE AFTER 1/30F THE
. 200.0 > 00 T INSPECTION INTERVAL (10 YEARS). CREDIT FOR
' ) ‘ NO MORE THAN 33-1/3% IS GIVEN. FIFTY PERCENT
INSERVICE INSPECTION (DRYWELL) . . SHOULD BE COMPLETE AFTER 2/3 OF THE
285.0 , " INSPECTION INTERVAL. CREDIT FOR NO MORE
CRD REMOVE TP " THAN 66-2/3% IS GIVEN
AND REPLACE _SERVICING ‘
B
500 360 - A‘w CODE | REQUIRES THAT ALL AREAS OF INTEREST
BE INSPECTED DURING THE INSPECTION INTERVAL
/A AN AIR TEST ON RHR DRYWELL AND TORUS
. HEADERS AND NOZZLES ONCE EACH 5 YEARS.
* WATER MAY BE USED ON TORUS HEADER
L BENCH CHECK 50% SRV'S — DISASSEMBLY & INSP (1) SRV _{d Ai
204.0 - ONE STANDBY LIQUID CONTROL SYSTEM {(SLCS)
LOOP WILL BE INITIATED MANUALLY EACH OUTAGE
{DEMIN WATER TEST ONLY). BOTH LOOPS,
INCLUDING BOTH EXPLOSIVE.VALVES SHALL BE -
| TESTED IN THE COURSE OF TWO OPERATING CYCLES
HIGH PRESSURE TURBINE INSPECTION, STOP AND CONTROL VALVE INSPECTION . A\ ”‘é'T'gL 'NTDES:%';ESOLFNA':'RALE TEST (ILRT) IS
- 4 . PERFORME NITIAL OPERATION. ILRT'S
19 DAYS ARE THEN PERFORMED AT APPROXIMATELY
’ , 3-1/3-YEAR INTERVALS TO EQUAL (4) ILRT OVER
, 10-YEAR PERIOD. LLRT'S MUST PRECEDE ILRT
A\’ PRIMARY.NOZZLES 4 INCHES AND LARGER AND
. MOIST SEPARATOR INCLUDES:
FEED PUMP TURBINE AND VALVE (C) INSPECTION - OPEN AND INSP . s UTOF VESSEL-TO-NOZZLE AND INSIDE RADIL
] . 10 DAYS 4 DAYS 7' b. VT,PT,UT NOZZLE TO SAFE END
Al }
Figure 6-1. Ten-Year Schedule for Demonstration Plant Continued)
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REFUELING OUTAGE 7 '

'NEDG-21860

‘ )
bays © 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16" 17 18 19 20 21 22 23 24 25 ., 26 27 28 29 30 31 32
T I [ T I I | I I I | | 1 | R | | | [ | | | | i ] | | | 1 | 1
Co
INSTALL SHIELD IMPROVED REFUELING OUTAGE '
BLOCKS
DRAIN AND DECON
REMOVE SHIELD CAVITY WALL . :
BLOCKS RPV ISI (INTERNAL) :
UNBOLT AND REMOVE VT REACTOR INTERNALS AND SUPPORTS
DW HEAD VT 4TH AND 5TH CLADDING PATCHES
REMOVE RPV HEAD 2\ UT SUPPORT SKIRT-TO- VESSEL WELD ,
AND ACCESSORIES OTHER IN-VESSEL INSP CRD FRICTION TEST .
REMOVE DRYER, LPRM : : INSTALL AND BOLT
SEPARATOR, SLOT STUDS REPLACEMENT INSTALL SEPARATOR, DW HEAD
AND INSTALL MSL PLUGS REMOVE SURV SAMPLES SLOT STUDS, REMOVE MSL
FLOOD CAVITY AND INSPECT SOURCES ] PLUGS, INSTALL DRYER INSTALL SHIELD
, CLEAR H,0 * ELOOD-UP . INSTALL RPV HEAD BLOCKS
REACTOR UNLOAD ng:g Y AND ACCESSORIES
SHUTDOWN W CORE RELOAD c RPV START-UPAND '
) _ INSPECTION CORE - HYDRO TESTING
7560 325 160 190 53.0 —* 859270 395 . . .0 553 36.0 16.0 7.0 so.oA
DRYWELL LEAK NOTES
ENTRY TEST MSIV REPAIR AND RETEST 2075 DAYS
d *—0 A y
5.0 5.0 5300 . CODE 11 REQUIRES THAT 25% OF THE REQUIRED |
, j EXAMINATION TO BE COMPLETE AFTER 1/3 OF THE
CONTAINMENT VALVE LEAK TEST AND REPAIR- by INSPECTION INTERVAL (10 YEARS). CREDIT FOR
3510 NO MORE THAN 33-1/3% IS GIVEN. FIFTY PERCENT
INSPECT REPAIR , SHOULD BE COMPLETE AFTER 2/3 OF THE
TORUS INSPECTION SNUBBERS : 'TNHS':E%L';’/';;'\:;EGF:\‘/’&-' CREDIT FOR NO MORE
200.0 50.0 e I
INSERVICE INSPECTION (DRYWELL) A CODE | REQUIRES THAT ALL AREAS OF INTEREST
3850 BE INSPECTED DURING THE INSPECTION INTERVAL
CRD REMOVE TIP
AND REPLACE _SERVICING /A AN AIR TEST ON RHR DRYWELL AND TORUS
50.0 36.0 HEADERS AND NOZZLES ONCE EACH 5 YEARS.
WATER MAY BE USED ON TORUS HEADER
/A  ONESTANDBY LIQUID CONTROL SYSTEM (SLCS)
LOOP WILL BE INITIATED MANUALLY EACH OUTAGE
. , (DEMIN WATER TEST ONLY). BOTH LOOPS,
BENCH CHECK 50% SRV'S — DISASSEMBLY & INSP {1) SRV ‘ INCLUDING BOTH EXPLOSIVE VALVES SHALL BE
>03.0 - TESTED IN THE COURSE OF TWO OPERATING CYCLES
1
| A\ NOILRT PERFORMED THIS REFUELING OUTAGE.
i OVERALL REFUELING OUTAGE SHORTENED 3
. DAYS (72 HOURS)
LOW PRESSURE TURBINE (A SECTION) INSPECTION — INCLUDES COMB REHEAT & INTERMEDIATE VALVES o A 'I’S(':"C'CS;S"_‘OZZLES 4 INCHES AND LARGER AND
17 DAYS \ a. UT OF VESSEL-TO-NOZZLE AND INSIDE RADI!I
1 b. VT,PT,UT NOZZLE TO SAFE END
:
. : MOISTURE SEPARATOR
. FEED PUMP TURBINE AND THROTTLE VALVE (A) INSPECTION . , OPEN AND INSPECT 4

10 DAYS 4 DAYS 3

!

Figure 6-1.

Ten-Year Schedule for Demonstration Plant (Continued)
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REFUELING OUTAGES8 . °

6 7 8 9 10 11 12 13 14 - 15 16 17 18 19 20 21

NEDG-21860

DAYS ! 3 4 5 22 23 - 24 25 26 27 28 2 30 31 32
I T I T | I I I | | | | | | [ | | | | | | | ] | | | | | | 1 1
INSTALL SHIELD . o ' .
BLOCKS ' .
DRAIN AND DECON )
REMOVE SHIELD CAVITY WALL
BLOCKS RPV ISI (INTERNAL)
UNBOLT AND REMOVE 'UT FINAL 1/3 VESSEL TO FLANGE WELD
DW HEAD "-/A\ UT FINAL 1/3 HEAD TO FLANGE WELD ‘ |
REMOVE RPV HEAD UT HEAD INSTR NOZZLE : i
AND ACCESSORIES OTHER IN-VESSEL INSP - CRD FRICTION TEST )
REMOVE DRYER, LPRM .
SEPARATOR, SLOT STUDS REPLACEMENT INSTALL SEPARATOR, g‘:ﬁL‘&LDAND BOLT i
AND INSTALL MSL PLUGS REMOVE SURY SAMPLES . SLOT STUDS, REMOVE MSL _
FLOOD CAVITY AND INSPEGT SOURCES ~ PLUGS, INSTALL DRYER INSTALL SHIELD '
CLEAR H,0 FLOOD-UP - INSTALL RPV HEAD BLOCKS i
REACTOR UNLOAD VERI AND ACCESSORIES . ‘
SHUTDOWN W CORE RELOAD CORE / RPV START-UP AND :
INSPECTION {
ol o C CORE A o HYDRO TESTING o
Yoo b 325 160190 53.0 S ss 270 395 _ . . 553 36.0 16.0 7.0 50.0 4
DRYWELL LEAK NOTES
ENTRY TEST MSIV REPAIR AND RETEST 20.75 DAYS
[ | A f
9.0 9.0 290.0 A CODE Il REQUIRES THAT 25% OF THE REQUIRED
EXAMINATION TO BE COMPLETE AFTER 1/3 OF THE
CONTAINMENT VALVE LEAK TEST AND REPAIR INSPECTION INTERVAL (10 YEARS). CREDIT FOR
351.0 NO MORE THAN 33-1/3% IS GIVEN. FIFTY PERCENT
INSPECT-REPAIR SHOULD BE COMPLETE AFTER 2/3 OF THE
° TORUS INSPECTION SNUBBERS INSPECT!OI;IO/INTERVAL. CREDIT FOR NO MORE
2000 =0 THAN 66-2/3% IS GIVEN
INSERVICE INSPECTION (DRYWELL) A\ CODE | REQUIRES THAT ALL AREAS OF INTEREST
285.0 ® ¢ BETNSPECTED DURING THE INSPECTION INTERVAL
CRD REMOVE  TIp _ 4
AND REPLACE _SERVICING ‘ A\ AN AIR TEST ON RHR DRYWELL AND TORUS
50.0 36.0 HEADERS AND NOZZLES ONCE EACH 5 YEARS.
WATER MAY BE USED ON TORUS HEADER
/. ONESTANDBY LIQUID CONTROL SYSTEM (SLCS)
LOOP WILL BE INITIATED MANUALLY EACH OUTAGE
(DEMIN WATER TEST ONLY). BOTH LOOPS,’
. BENCH CHECK 50% SRV'S — DISASSEMBLY & INSP (1) SRV INCLUDING BOTH EXPLOSIVE VALVES SHALL BE
204.0 | TESTED IN THE COURSE OF TWO OPERATING CYCLES
Al no ILRT PERFORMED THIS REFUELING OUTAGE.
..} OVERALL REFUELING OUTAGE SHORTENED 3
DAYS (72 HOURS)
* LOW PRESSURE TURBINE (B SECTION) INSPECTION — INCLUDES COMB REHEAT & INTERMEDIATE VALVES ° & :’ 'I’SCI:AL/ICS;/SNOZZLES 4{ INCHES AND LARGER AND

FEED PUMP TURBINE AND_THROfTLE VALVE (B) INSPECTION

17 DAYS

1

: .
MOISTURE SEPARATOR
OPEN AND INSPECT

10 DAYS 4 DAYS .

Figure 6-1.

a. UT OF VESSEL-TO-NOZZLE AND INSIDE RADII
b. VT,PT,UT NOZZLE TO SAFE END

Ten-Year Schedule for Demonstration Plant (Continued)




REFUELINGOUTAGE 9 . g

DAYS

NEDG-21860

DRAIN AND DECON
CAVITY WALL

INSTALL SHIELD
BLOCKS

START-UP AND
TESTING

&

| |
REMOVE SHIELD RPV ISI (INTERNAL) :
: BLOCKS INSTALL SHIELD VT UT FINAL 1/3 VESSEL STUDS AND NUTS { :
' . UNBOLT AND REMOVE BLOCKS UT FINAL 1/3 VESSEL FLANGE LIGAMENTS | ,
: DW HEAD VT FINAL 1/3 VESSEL WASHERS ‘ ' ‘
REMOVE RPV HEAD VT STUD BUSHINGS +
AND ACCESSORIES . OTHER IN-VESSEL INSP : CRD FRICTION TEST’;
- REMOVE DRYER, LPRM , . INSTALL AND BOLT
SEPARATOR, SLOT STUDS REPLACEMENT : INSTALL SERARATOR, DW HEAD - ‘
AND INSTALL MSL PLUGS : . SLOT STUDS; REMOVE MSL
: FLOOD CAVITY AND INSPECT SSRF\( Sg;MPLES -+ PLUGS, INSTALL DRYER
: CLEAR H0 L'\:_%’CESTU?, URC INSTALL RPV HEAD
REACTOR UNLOAD VERIFY AND ACCESSORIES
SHUTDOWN VW | CORE RELOAD CORE ;. RPV
INSPECTION CORE , .\ nvoro /. ILRT {S .

756.0 325 16.0 19.0 53.0 METTR 2 75 395 55.3 j 36.0 16.0 72.0 7.0
DRYWELL LEAK
ENTRY TEST MSIV REPAIR AND RETEST

9.0 9.0 ' 290.0

CONTAINMENT VALVE LEAK TEST AND REPAIR

351.0 ;
INSPECT-REPAIR . :

TORUS INSPECTION SNUBBERS ‘

Lg o= —

200.0 50.0 .
]
INSERVICE INSPECTION (DRYWELL) L

285.0
CRD REMOVE TIP
AND REPLACE _SERVICING ¢
50.0 36.0

& BENCH CHECK 50% SRV'S — DISASSEMBLY & INSP (1) SRV

<
204.0 | ,
f i
1
;
LOW PRESSURE TURBINE (C SECTION) INSPECTION — INCLUDES COMB REHEAT AND INTERMEDJATE VALVES . o
19 DAYS )
' ) ‘MOIST SEPARATORS i
FEED PUMP TURBINE AND THROTTLE VALVE (C) INSPECTION . OPEN AND INSP fl
10 DAYS 4 DAYS ;Y

50.0
A

' 24.25 DAYS

NOTES

A CODE Il REQUIRES THAT 25% OF THE REQUIRED
EXAMINATION TO BE COMPLETE AFTER 1/3 OF THE
INSPECTION INTERVAL (10 YEARS). CREDIT FOR
NO MORE THAN 33-1/3% IS GIVEN. FIFTY PERCENT
SHOULD BE COMPLETE AFTER 2/3 OF THE
INSPECTION INTERVAL. CREDIT FOR NO MORE
THAN 66-2/3% IS GIVEN

B>

CODE | REQUIRES THAT ALL AREAS OF INTEREST
" BE INSPECTED DURING THE INSPECTION INTERVAL

AN AIR TEST ON RHR DRYWELL AND TORUS
. HEADERS AND NOZZLES ONCE EACH 5 YEARS.
WATER MAY BE USED ON TORUS HEADER

B

A ONE STANDBY LIQUID CONTROL SYSTEM (SLCS)
LOOPWILL BE INITIATED MANUALLY EACH OUTAGE
(DEMIN WATER TEST ONLY). BOTH LOOPS,
INCLUDING BOTH EXPLOSIVE VALVES SHALL BE
TESTED IN THE COURSE OF TWO OPERATING CYCLES

& INITIAL INTEGRATED LEAK RATE TEST (ILRT} IS
PERFORMED PRIOR TO INITIAL OPERATION. ILRT'S
ARE THEN PERFORMED AT APPROXIMATELY
3-1/3-YEAR INTERVALS TO EQUAL (4} ILRT OVER
10-YEAR PERIOD. LLRT'S MUST PRECEDE ILRT

A PRIMARY NOZZLES 4 INCHES AND LARGER AND
INCLUDES:
a. UT OF VESSEL-TO-NOZZLE AND INSIDE RADII
b. VT,PT,UT NOZZLE TO SAFE END

a

Figure 6-1. Ten-Year Schedule for Demonstration Plant (Continued)
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REFUELING OUTAGE 10

NEDG-21860

pays © 1 <2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 241 25 26 27 28 29 30 31 32
. T T | I | | I I 1 | [ | | | | 1 | | | | | | | I | | ] | | 1 | 1
RPV ISI {INTERNAL)
VT REACTOR INTERNALS AND
REMOVE SHIELD VT 6TH CLADDING PATCH )
BLOCKS AT 10% LONGITUDINAL HEAD WELDS
UNBOLT AND REMOVE , UT 5% CIRCUMFERENTIAL HEAD WELDS
OW HEAD /B\ NOZZLES N3D, N5B, N4D, N4E,
REMOVE RPV HEAD - INSTALL SHIELD N2F, N2H, N2J, N2K, N8B, N6B )
AND ACCESSORIES BLOCKS OTHER IN-VESSEL INSP CAD FRICTION TEST
REMOVE DRYER PRM .
. INSTALL AND BOLT
SEPARATOR, SLOT sTuDS | DRAIN AND DECON REPLACEMENT INSTALL SEPARATOR, DW HEAD -
AND INSTALL MSL PLUGS CAVITY WALL SLOT STUDS, REMOVE MSL
REMOVE SURV SAMPLES PLUGS, INSTALL DRYER
FLOOD CAVITY AND | _ . INSPECT SOURCES . INSTALL SHIELD
CLEAR H,0 FLOOD.UP ERIFY INSTALL RPV HEAD BLOCKS
REACTOR UNLOAD N VERI AND ACCESSORIES ' )
SHUTDOWN W CORE { RELOAD  CORE / RPV START-UP AND
INSPECTION
c . -l CORE - HYDRO TESTING :
7560 325 160 190 53.0 50 385 32.0 185 1275 395 125 375 A16.0 55.3 36.0 16.0 7.0 50.0 A
DRYWELL LEAK : SLC TEST NOTES
- LOOP 2 21.75 DAYS
ENTRY TSt MSIV REPAIR AND RETEST 24.0
o’ 50 2900 _ A\  CODE Il REQUIRES THAT 25% OF THE REQUIRED
& RHR TEST l EXAMINATION TO BE COMPLETE AFTER 1/3 OF THE
CONTAINMENT VALVE LEAK TEST AND REPAIR  48.0 INSPECTION INTERVAL (10 YEARS). CREDIT FOR
35710 NO MORE THAN 33-1/3% IS GIVEN. FIFTY PERCENT
- INSPECT REPAIR | SHOULD BE COMPLETE AFTER 2/3 OF THE
TORUS INSPECTION SNUBBERS ITNHSXS(:;ES/':"/“\:;Z’T\\//:; CREDIT FOR NO MORE
200.0 50.0 - ! Iahdts
INSERVICE INSPECTION (DRYWELL) A\ | CODE I REQUIRES THAT ALL AREAS OF INTEREST
385.0 . , BE INSPECTED DURING THE INSPECTION INTERVAL
CRD REMOVE TIP
AND REPLACE _SERVICING /A AN AIR TEST ON RHR DRYWELL AND TORUS
50.0 36.0 HEADERS AND NOZZLES ONCE EACH 5 YEARS.
WATER MAY BE USED ON TORUS HEADER
[\ ' ONE STANDBY LIQUID CONTROL SYSTEM (SLCS)
- ; LOOPWILL BE INITIATED.MANUALLY EACH OUTAGE
" {DEMIN WATER TEST ONLY). BOTH LOOPS,
. ‘BENCH CHECK 50% SRV'S — DISASSEMBLY AND INSPECTION (1) SRV , INCLUDING BOTH EXPLOSIVE VALVES SHALL BE
204.0 < TESTED IN THE COURSE OF TWO OPERATING CYCLES
A\ NOILRT PERFORMED THIS REFUELING OUTAGE.
OVERALL REFUELING OUTAGE SHORTENED 3
. . DAYS {72 HOURS)
GENERATOR INSPECTION — BYPASS VALVE INSPECTION [\ - PRIMARY NOZZLES 4 INCHES AND LARGER AND
° + INCLUDES: :
19 DAYS a. UT OF VESSEL-TO-NOZZLE AND INSIDE RADII
, b VT,PT, UT NOZZLE TO SAFE END
‘ |
’ )
, MOISTURE SEPARATOR . l
L FEED PUMP TURBINE AND THROTTLE VALVE (A) INSPECTION OPEN AND INSPECT d
10 DAYS " 4DAYS
, | .
Figure 6:1. Ten-Year Schedule for Demonstration Plant (Continued)
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7. SUMMARY OF POTENTIAL BENEFITS

Recommendations pertaining to equipment, procedural, and design changes are listed in Sections 3, 4,
and 5 of this document. Significant benefits can be realized by implementing these recommendations. This
reduction in the refueling outage duration improves plant availability and results in economic benefits to the utility
and their customers.

Several of the recommendations are not directly or fully related to outage critical path time since they
reflect changes to parallel activities (parallel to critical path time). However, these items can reduce manpower
requirements, man-Rem exposures and contribute positively in many other ways. .

Since all outages are essentially controlled by the critical path time schedule, this section will deal mostly
in this area. Potential benefits will be fit into the schedule, resulting in a reduction in overall outage critical path
time.

The Potential Benefit Analysis (Table 7-1) is a list of improvement recommendations that can be used to
reduce outage times. The table shows the estimated time savings that could be realized for critical path and
noncritical path time schedules as well as the man-Rem reductions.

Table 1-2 summarized the critical path analysis. The Browns Ferry 1 Fall 1977 refueling outage was
originally planned to take 78 days. The actual outage took 126 days. For the purposes of this critical path benefit
analysis a “typical” outage schedule was utilized. No nonrecurring or one-time activities were scheduled. Also,
only one-third of the core is removed, sipped, and replaced, one-third of the LPRMs replaced, and 10% of the
CRDs replaced. No margin was included for unplanned delays or other problems (i.e., activities, start and end
on time, and everyone knows what to do, etc.,). This “typical” schedule of approximately 32 days is, then, the
starting point for this critical path analysis.

' It should be noted that a reduction of 57.5 days is assumed from the average BWR outagein 1977 (Table
1-1) of 89.4 days in arriving at the “typical” refueling outage starting point of this section. This is theoretically
accomplished by making the eliminations discussed above. '

The recommendations of Sections 3, 4, and 5 are then listed in Table 7-1 with associated time savings.
Table 7-2 categorizes these savings by each refueling outage activity contained in the “typical” schedule.
Finally, these savings are applied to the “typical” outage activities resulting in the “ideal” refueling outage of
Figure 7-1.

In conclusion, the “ideal” refueling outage of about 24 days (23.75) is échievab|e by imp|ementing the .

recommendations of this report. This implementation represents about an 8 day (7.9) savings over the “typical”

refueling outage of about 32 days (31.65). Coupled with the reduction of 57.5 days from the average BWR

outage of 89.4 days an overall reduction of 73% is. theoretically achievable.

7-1
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Table 7-1
POTENTIAL BENEFIT ANALYSIS

Projected Outage

Related Time Savings
Activity | Estimated Outage .
Time Time Critical |Noncritical | ' Time Man-Rem
Item Description (Avg) Savings Path Path Reduction | Savings
3.1 | Maintenance procedures 80 30 50 30.0 1.60
3.2 | Water clarity 30 30 30.0
3.3 | Unbolting drywell head 4.5 2.0 1.0 1.0 1.0 0.03
3.4 Remqval of RPV head insulation 3.0 1.0 1.0 .0.02
3.5 | RPV head stud tensioner 21 2.0 2.0 2.0 0.20 -
3.6 | Transfer slot RPV head studs 9 1.0 1.0 1.0 0.07
3.7 | Cooldown of drywell 1.0 1.0 1.0
3.8 | Refueling platform 504 20 20 20.0 0.08
3.9 | Veritication of core loading 13.5 2.0 2.0 2.0 0.02
3.10| Steam line plug installation and ‘5.5 1.5 1.5 1.5 0.08
removal
3.11| RPV head nut installation and removal 18.5 6.0 6.0 6.0 0.60
3.12{ Control rod drive rebuilding 50.0 10 10.0 0.50
3.13| CRD retraction fixture 80.0 8.0 8.0 - 1.00
3.14] Local Power Range Monitor (LPRM) 16.5 5.0 5.0 3.05
3.15| Dropped articles in the RPV . 30 30 30.0 2.50
3.16 | Fuel loading (dunking) chamber -12 12 6.0 0.20
hose routing )
3.17 Tool and loose parts container 15 7.5 7.5 7.5 1 0.50
3.18] Planning and scheduling of contain- 30 30 1.20
ment valve repair
3.19| Documentation and followup on 15 7.5 7.5 7.5
improvement suggestions
3.20| General area cleaning and 30 15 15 15 0.30

housekeeping

7-2
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Table 7-1 -
POTENTIAL BENEFIT ANALYSIS (Continued)
. _ Projected Outage
Related Time Savings
Activity ‘| Estimated Outage
: ‘ Time Time Critical | Noncritical Time Man-Rem
item Description (Avg) Savings Path Path Reduction | Savings
3.21 | Safety relief valve flange bolting 5.0 5.0 0.60
4.1 |Main steam isolation valve leak 20 7.0 7.0 0.50
testing manifold '
4.2 |Rubber seated valves - 10.0 10.0
43 | CRD servicing platform 4.0 4.0 3.50
4.4 |Main steam safety relief valve 7.0 7.0 0.14.
transfer
4.5 | Control rod blade guides ) 4.0 4.0 4.0 0.02
4.6 |Head spray piping 17.4 10.0 - 5.0 5.0 5.0 0.05
4.7 | Refueling platform 504 22.0 22.0 22.0 0.08
4.8 | CRD removal and replacement 80 10.0 10.0 6.00
4.9 | MSIV test fixtures 20.0 20.0 . 2.50
- 4.10 | Functional friction test — CRD system 43 11.0 11.0 5.5
. 4.11 | Moisture separator removal and 21.5 1.5 1.5 1.5 0.11
installation )
4.12 | CRD removal and replacement 80 - 5.0 5.0 0.50
4.13 | Refueling platform fuel grapple 2.0 20 2.0 0.05
5.1 | Redesign of réactor vessel stud 9 6 20 - " 4.0 2.0 0.80
removal tools
5.2 | Moisture separator T-wrench ‘ 21.5 8 . 8 - 8.0 1.20
improvements
5.3 | Turbidity control : 72 - 12 ' 20.0 12.0
5.4 | Reactor pressure vessel stud . 4 4 0.10
cleaning device ' ‘
5.5 | Study of back-fitting of BWR-6 _ ) 60 20 40 20 3.00
.| CRD handiing equipment 1 X

7-3



NEDG-21860

Table 7-1
POTENTIAL BENEFIT ANALYSIS (Continued)

Projected Outage
Related Time Savings
Activity | Estimated | Outage
] Time Time Critical |Noncritical Time Man-Rem
Item Description (Avg) Savings Path Path . Reduction | Savings
5.6 |Reactor pressure vessel nut 18.5 16 8 8 8 0.16
removal tooling
5.7 |Service line management 4 2 2 2
5.8 |Rapid engagement head spra); 17.4 12 12 4 8 0.12
line connection :
5.9 |Back-fit BWR-6 refueling platform 504 40 40 40 0.10
s.io Reactor pressure vesse! head 40 0.30
tensioning/detensioning improvements
5.11 |Loose parts prevention program 48 24 24 24 0.48
5.12 |Develop minimum pass tensioning/ 15 8 8 0.13
detensioning sequence
5.13 |Reactor pressure vessel stud 2.5 25 0.03
thread lubricant application :
5.14 |Loose parts retrieval program 45 20 20 0.45
5.15 | Reactor cavity el_evator 15 8 "7 8 0.50
5.16 | Communications 24 12 12 12 0.40
5.17 |Decontamination equipment 8 4 4 4 "0.50
5.18 |Multiple LPRM handling strongback 16.5 7 4 3 4 0.10
5.19 |Reactor pressure vessel recirculation 4 4 4
outlet nozzle debris screens
5.20 |Reactor pressure vessel recirculation 4 4- 4
outlet nozzle plugs
5.21 |Main steam line plug holder for MSIV 20 4 4 0.50
test
5.22 |Optical positioning of refueling 24 24 24 0.10
platform grapple
5.23 |Improved platform drives 1 1 1 0.03
TOTAL, man-Rem . 35.0°
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Table 7-2
TIME SAVINGS

Prbjei:tecl,Time

. -Savings
B . " | Benefit -
ltems
Outage Activities (Figure 7-1) -|(Table 7-1)-| Critical | Noncritical - ‘Explanation . -
Remove shield blocks (reactor None No significant procedure or
well, equip pool, fuel pool) equipment changes noted
Unbolt and remove drywell head 3.3 1.0 By increasing tool quantities
5.7 05 and better service (air,
1.5 electric, etc.) improvement
will be seen
Remove RPV head and accessories. 3.5 1.0 Head spray line improvement.
(Head spray piping, detension- 3.1 3.0 Reactor vessel studs and nut
ing and removal of nuts and 4.6 2.5 removal improvements
washers) 5.1 2.0
5.6 4.0
5.8 4.0
5.12 _40
20.5 (
Remove dryer, séparator, slot 3.6 1.0 Moisture separator tooling
studs, and install MSL plugs 3.10 0.75 improvements transfer slot
, : 4.11 0.75 studs.
52: 3.0
: 5.50
Flood up cavity and clean up 3.2 15.0 Water clarity (turbidity/
H,0 ' 5.3 _ 6.0 control)
21.0
Unload core — inspection - 3.8 10.0 Improvements to refueling
: 47 11.0 platform, bridge- and grapple
4.13 1.0
5.22 120
34.0
Install shield blocks None No significant changes
Drain and decontaminate reactor 5.15 4.0 Decontamination improvements
cavity well 5.17 4.0
5.7 0.5
5.16 _40
' 12,5
RPV ISl (internal and other 5.156 4.0 Improved communications and
in-vessel inspection) 5.16 _40 reactor.cavity elevator
8.0
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Table 7-2°
TIME SAVINGS (Continued)

Projected Time

Savings
Benefit
. Items
Outage Activities (Figure 7-1) (Table 7-1) | Critical | Noncritical . Explanation
10. LPRM replacement 3.14 5.0 Multiple LPRM strongback -
’ 5.18 4.0 3.0 :
: 4.0
11. Remove surveillance samples, 5.16 - 4.0 Communications between
inspect sources, flood-up refuel floor and vessel
. flange
12. Reload core 3.8 10.0 Refueling platform
’ 4.7 11.0 improvements
4.13 . 1.0
5.22 12.0
5.23 1.0
3.16 6.0
4.5 4.0
.45.0
13. Verify core 'oadirig 3.9 2.0 Backup cameras
14.  CROD friction tesfing 4.10 5.5 Communication improvement
15. . Install separator and. slot .3.10 -0.75 Tooling improvements
studs, remove MSL plugs, 4.11 0.75 '
- install dryer 5.2 5.0
6.50
B 16. Install RPV head and 3.1 3.0 Head spray line improvements
accessories ' 3.5 1.0 stud tensioning improvements
) 4.6 25
5.6 4.0
5.8 4.0
5.12 4.0
18.5
17. RPV hydro ‘ None No significant time savfngs
noted
18. Install-and bolt drywell © 3.3 0.5 Tooling and service managemént
head 5.7 0.5 improvements
1.0
19. ILRT None None
20. Install shield blocks None None
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Table 7-2

TIME SAVINGS (Continued)
Projected Time
- Savings
Benefit :
items
Outage Activities (Figure 7-1) (Table 7-1) | Critical | Nuncritical Explanation
21. Startup and testing ‘None None’
22. Drywell entry 3.7 1.0 Cooldown Improvement
23.  MSIV leak testing 4.1 77.0 Leak test manifold and MSL
: 5.21 4.0 plugs
24. MSIV repair and retest 3.1 20.0 Test fixtures, procedures,
3.20 5.0 housekeeping
41 7.0
4.9 20.0
5.21 4.0
3.17 4.0
25. Containment valve leak test 3.1 20.0 Procedures, planning, cleaning
3.18 30.0 valve seat changes
4.2 10.0 -
3.20 5.0
. 26. Torus inspection None
27.  Inspect-repair snubbers
28. In-service inspection
drywell
29. CRD removal and 3.1 5.0 Improved tooling and handling
replacement 3.12 2.0 equipment
3.13 4.0
43 4.0
4.8 5.0
412 5.0
5.0
30. TIP servicing No significant improvements
observed
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TYPICAL REFUELING OUTAGE

NEDG-21860

0 1 2 3 4 5 .7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
DAYS -
f T I T T T I I T [ I T I i | | [ [ [ [ | [ i I I | I | | |
REMOVE RPV HEAD !
REMOVE AND ACCESSORIES 3
SHIELD REMOVE DRYER, RPV ISI (INTERNAL) .
BLOCKS SEPARATOR AND SLOT STUDS OTHER IN-VESSEL INsp  LPRM INSTALL SEPARATOR, )
REACTOR b ‘ REPLACEMENT SLOT STUDS, REMOVE )
UNBOLT AND INSTALL MSLPLUGS ! INSTALL SHIELD .
sHuTDOWN [ UNB BLOGKS REMOVE SURV SAMPLES MSL PLUGS AND . INSTALL SHIELD
FLOOD CAVITY INSPECT SOURCES VERIFY CORE INSTALL DRYER INSTALL AND BOLT
REMOVE AND CLEAN Hp0 ORAIN CAVITY, FLOOD-UP : ' DW HEAD BLOCKS
ACTUAL DW HEAD 2~ DECON : CRD FRICTION INSTAL RPV HEAD RPV START-UP AND
HOURS / o 2NLOAD CORE INSPECTION | REACTOR WELL . . / RELOAD CORE TESTING AND ACCESSORIES HYDRO / ILRT TESTING
75.7.0 53.0 5 40.0 . I 87.0 5.0 51.0 40.4 225 16.75 76.5 135 43.0 20.0 73.8 36.0 16.0 72.0 7.0 50.0
DRYWELL ENTRY . | RECIRC TEST AND A
M
LEAK TEST SIV REPAIR AND RETEST PUMP SEALS TP AIRER LOCK 31.65 DAYS
10.0 20.0 350 CONTAINMENT VALVE LEAK TEST
416.0 23.0 10.0
l | TORUS INSPECTION ' INSPECT AND REPAIR SNUBBERS ,
> —
5 200.0 50.0
s i IN-SERVICE INSPECTION (DRYWELL) - .
285.0
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80.0 36.0
|
. IDEAL REFUELING OUTAGE
b
R
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' . REMOVE SURV SAMPLES PLUGS, INSTALL DRYER
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CLEAR H50 FLOOD-UP INSTALL SHIELD
2 VERIFY INSTALL RPV HEAD \nSTALL AND BOLT BLOCKS
REACTOR UNLOAD vt AND ACCESSORIES ~ [RSTALL
SHUTDOWN W CORE RELOAD RPV : START-UP AND
INSPECTION . CORE [ HYDRO / ILRT TESTING
9~ & G
7555 325 16.0 190 53.0 50 385 32.4 185 12.75  31.5 11.5 375 1350 36.0 15.0 72.0 7.0 50.0 A
DRYWELL |LEAK 23.75 DAYS
ENTRY TEST MSIV REPAIR AND RETEST
9.0 9.0 R 290.0
!
CONTAINMENT VALVE LEAK TEST AND REPAIR

351.0

“ TORUS INSPECTION

INSPECT-REPAIR
SNUBBERS

| 200.0

* INSERVICE INSPECTION (DRYWELL)

50.0

F 285.0

]
i . CRD REMOVE TP
1

i AND REPLACE _SERVICING

) 50.0

36.0

Figure 7-1. Typical Refueling Outage
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8. CONCLUSIONS — TOTAL BENEFITS

The results of the Phase 1 study-show that a significant improvement in plant availability is attainable. By
incorporating the recommendations and taking credit for the time savings, an “ideal” refueling outage length of
24 days for the NSSS could be realized with an expected average annual outage time reduction of 8 days from
the “typical” refuelmg outage length for each plant, implementing the recommendations provided by this study.
There is a savings in manpower of approximately 1000 man-hours for routine refueling activities only; there is
also a savings of about 35 man-Rem in personnel radiation exposure, which represents a 25% reduction for
routine refueling activities and a 10% reduction for the entire refueling outage. There is a savings in replacement
energy cost of about $1.5 million per 1100 MWe unit. If the replacement power were from an oil-fired unit, the oil
savings would be approximately 250,000 barrels.

The longer-range savings expected from the implementation of the generic recommendations will benefit
both currently operating plants and plants presently in the design and construction stages. Based on the generic
recommendations, it is estimated that the average annual outage will be decreased by as much as 8 days for
these plants. It is estimated that by 1985, a total annual savings from nuéléar power plants of GE design will be
approximately 600 days. The savings in replacement energy cost is estimated to be $125 million. Replacement
energy fuel savings are estimated to be equivalent to 20 billion barrels of oil per year. These savings are based
on an assumed nuclear operating capacity of 75,000 MWe supplied by the same 85 nuclear power plants.

The program to evaluate and improve nuclear power plant availability is a vital part of managing the
nation’s energy resources. Through the combined efforts of Georgia Power, Power Authority of the State of New
York (PASNY), Commonwealth Edison, TVA, GE and DOE, a significant reduction in outage time can be '/
realized. The goal of the shortest outage coupled with the completion of the maximum amount of work with

-reduced man-Rem exposure is significaht in improving nuclear power plant availability and reducing the
dependencé of the utility industry on expendable fossil fuels.
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Figure 1. Tennessee Valley Authority’s (TVA) Browns Ferry Nuclear Power Station, Decator, Alabama
(Front View with Administration Building and Outage Support Trailer Offices

Figure 2. Browns Ferry Nuclear Power Station (River View)
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Figure 3. Public Service of New York (PASNY) Fitzpatrick Nuclear Power
Station, Oswego, N.Y. (West View)

Figure 4. Fitzpatrick NPS Administration Building (Fitzpatrick)
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Figure 5. Niagara Mohawks Nine Mile Point 1 with Nine Mile Point 2 Construction Site and
Fitzpatrick’s Power Switch Yard in the Foreground

Figure 6. Fitzpatrick NPS East Side with Outage Support Trailer Offices ERDA Outage Monitoring
Office Located in the First Trailer
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Figure 7. Outage Critical Path Flow Chart (Quad Cities)
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Figure 8. Critical Path Flow Chart in Outage Control Office (Fitzpatrick)

9. Station Control Room (Browns Ferry)
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Figure 10. Control Room (Fitzpatrick)

Figure 11. Refueling Floor During Reactor Power Operation (Browns Ferry)




NEDG-21860

Figure 14. Refueling Platform Power Cable (See Figure 13) and Floor Connection Cable and Connector
Flexing Cause Bridge Power Interruptions and Fueling Delays (Browns Ferry)

Figure 15. Refueling Bridge Truck, Unflanged Wheel and Track —Keeping the Bridge on the Track is Sometimes
a Problem, Especially if Guide Rollers and Track are Misaligned (Browns Ferry)
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Figure 12. Refueling Platform (Bridge) and Fuel Grapple (Browns Ferry)

%
-

Figure 13. Refueling Platform Power Cable and Floor Connection (See Figure 14) Cable and Connector
Flexing Cause Bridge Power Interruptions and Fueling Delays (Browns Ferry)
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Figure 18. Bridge Trolley Main Hoist Sheave and Load Gage Assembly (Cover Removed for Servicing) and Grapple
Compressed Air Hose and Electrical Cable Supply Reels (Browns Ferry)

Figure 19. Special Air Hose Support to Reduce Wear and Binding (Browns Ferry)
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Figure 16. Fueling Grapple and Tower Frame (Fully Retracted and Lifted) —The Failure of Pneumatic and
5 Electrical Components Delay Fueling. (Browns Ferry)

Figure 17. Grapple Operator Controls and Instruments — Incorrect or the Lack of Proper Control
and Indication Cause Errors and Delays (Browns Ferry)
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Figure 20. Refueling Bridge Main Compressed Air Supply Tank and Compressor
(Browns Ferry)

Figure 21. Bridge Upper Structure and Festooned Cables—Frequent Flexing of Special Heavy
Shielded Power Cables to Trolley and Monorail Hoists Cause E xcessive Wear and
Failure at Tag Line Supports (Browns Ferry)

A-11




NEDG-21860

Figure 22. Festoon Cable and Tag Line Supports (Browns Ferry—3)

Figure 23. Bridge Trolley Drive Motor and Upper Cab Support Equipment Main Hoist
(Browns Ferry)
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Figure 24. Refueling Floor Equipment Lay-Down Area and Fuel Pool Jib Cranes and Cab
Controlled Overhead Crane (Browns Ferry)

Figure 25, Refueling Floor Overhead Crane with Twenty-Ton Hoist and Dual Hook
(Browns Ferry)
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Figure 26. Crane Hook-Two Leg Bridle Slings (Browns Ferry)

Figure 27. Rigging Inspection and Mounting for Lift - Note Center Hook Hole
Used for Lifting Bail (Browns Ferry)
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Figure 29. Equipment Pool Shield Blocks - In Position from RPV Cavity Side (Browns Ferry)
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Figure 30. Rigging to Second Layer Center Figure 31. Second Layer Center Long Sling
Block (Hatch) to Left (Hatch)

Figure 32. Center - Stuck on Far Corner Using Pry

Bar to Loosen (Hatch)
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Figure 33. Pre-test and Leveling of Shield Block Rigging Figure 34. Removing Third Equipment Pool
Saved Critical Path Time (Fitzpatrick) Block (Browns Ferry)

Figure 35. Unbolting DW Head (Hatch)
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Figure 36. Lowering Drywell Head Bolt Removal Tools into
Reactor Cavity (Browns Ferry)

Figure 37. Untorquing DW Bolt (Hatch)
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Figure 39. Drywell Head Bolts Loose (Hatch)
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Figure 40. Corroded and Broken Drywell Head Bolts (Quad Cities)

Figure 41. Drywell Head Bolts Stacked on Refueling Floor (Fitzpatrick)
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Figure 42. Drywell Head Bolt Removal Crew Find Masks Figure 43. Rigging Drywell Head to Remove
Hinder Communications (Browns Ferry)

Figure 44. Drywell Head Removal Crew Exiting
Reactor Cavity (Browns Ferry)
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Figure 45. Setting Drywell Head on Reactor Cavity Block on Refueling Floor (Browns Ferry)

Figure 46. Drywell Head Servicing on Refueling Floor Cradle (Browns Ferry)
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Figure 47. Reactor Head Mirror Insulation, Reactor Head Vent and Liquid Level
Sensing Piping and Cooling Ducts (Browns Ferry)

Figure 48. Removing Mirror Insulation from Reactor Head Nozzles
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| Figure 49. Removing Reactor Head Vent Piping (Fitzpatrick)

Figure 50. Rigging for Removal of Mirror Insulation (Browns Ferry)
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Figure 51. Lifting Mirror Insulation from Cavity - Crane Rigging too Long to Clear Refueling Floor;

Had to Reset Insulation and Re-rig. Need Lifting Strong Back (Hatch)

i ‘ : \A S— -
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Figure 52. Setting Mirror Insulation on Reactor Cavity Blocks
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Figure 53. Reactor Pressure Vessel (RPV)

Figure 54. Temporary RPV Head Vent Line (Fitzpatrick)
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Figure 55. RPV Head Ventline Filter (Quad Cities)

Figure 56. RPV Head Vent Pump (Quad Cities)
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Figure 57. RPV Head Nut Removal Tools on Carousel Assembly (Browns Ferry)

Figure 58. RPV Head Nut Removal Spider Assembly where Tensioners are Fixed.
This Requires Lifting and Turning Spider to Detorque all Nuts.

A-28




NEDG-21860

Figure 59. RPV Head Nut Removal Tool on Spider (Browns Ferry)

Figure 60. Spider Being Positioned (Browns Ferry)
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Figure 61. Head Nut Removal (Browns Ferry)

Figure 62. Preparing to Lift Carousel Type Assembly (Browns Ferry)
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Figure 63. Spinning Off Head Nuts by Hand (Browns Ferry)

Figure 64. Installing Head Bolt Thread Shield Cylinders (Browns Ferry)
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Figure 65. Lowering Head Strong Back to Rig for Lifting Head (Browns Ferry)

Figure 66. Reactor Head Removal (Hatch)
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Figure 67. Lifting Head to Clear Refueling Floor Rail (Browns Ferry)

Figure 68. Removing Head Flange O-Ring (Browns Ferry)
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Figure 69. Head Flange O-Ring (Browns Ferry)

Figure 70. Reactor Open, Dryer Exposed (Browns Ferry)
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Figure 71. Removing Reactor Stud Bolts to Install “‘Cattle Chute” (Hatch)

Figure 72. Stud Bolt Slot Removal Tool. Frequent Breakdowns Experienced with this Tool (Browns Ferry)

A=85
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Figure 74. Reactor Pressure Vessel Closure Studs (Browns Ferry)
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Figure 75. Reactor Pressure Vessel Closure Studs (Hatch)

Figure 76. Reactor Pressure Vessel Closure Studs (Browns Ferry)
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Figure 77. Lifting Equipment Pool Shield Blocks

Figure 78. Dryer Strong Back Rigged to Lift Dryer (Hatch)
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Figure 79. Lifting Dryer from RPV - Note Equipment Pool Spray

Figure 80. Hosing Down Dryer (Fitzpatrick) Figure 81. Placing Dryer in Equipment Pool (Fitzpatrick)
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Figure 82. Removal of Shroud Head and Figure 83. Removal of Shroud Head and
Separator (Fitzpatrick) Separator (Fitzpatrick)

—

Figure 84. Removal of Shroud Head and Figure 85. Removal of Shroud Head and
Separator (Browns Ferry) Separator (Browns Ferry)
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Figure 86. Lifting Separator Under Water (Browns Ferry)

Figure 87. Moving Separator Into Equipment Pool (Browns Ferry)
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Figure 89. Installing Equipment Pool Shield Figure 90. Installing Top Shield Block

Block (Browns Ferry) (Browns Ferry)
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Figure 92. Removing Equipment Pool Seal Gate to Repair Seal Leakage (Browns Ferry)
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Figure 93. Main Steam Line Plugs - Note Tie Lines Used Because Upper Latch Would
Not Latch Due to Bending of Installation Jig. (Browns Ferry)

Figure 94. Installing Steam Line Plugs in RPV - Use of Auxiliary Crane

Causes Undue Strain on Installation Jig (Browns Ferry)
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Figure 95. RPV, Feedwater Spargers (Below Middle Light) and Core Top Guide (Browns Ferry)

Figure 96. Personnel in Crane Skip Preparing to Hydrolase Reactor Cavity
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Figure 97. Hydrolaser Pump (Hatch)

Figure 98. Hydrolaser (Fitzpatrick)
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Figure 99. Decontaminating Reactor Well with Hydrolaser - Operator
Should Have a 30° to 40° Down Angle (Browns Ferry)

Figure 100. Operator Should Have Hydrolaser About Twelve Inches
from Wall and 30° to 40° Down Angle (Browns Ferry)
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Figure 101. In Process of Attaching Cattle Chute Figure 102. Installing Cattle Chute into Refueling Slot -
Sling to Crane (Browns Ferry) Main Crane Being Used (Browns Ferry)

Figure 103. Cattle Chute Set in Position (Browns Ferry)
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Figure 104. Fuel Pool Shield Blocks Removed - Cattle Chute in
Position - Fuel Pool Gate in Position - Ready to
Flood Reactor Well (Browns Ferry)

Figure 105. Reactor Well Flooded Ready to Unload Fuel (Browns Ferry)
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Figure 107. Latching on to a Fuel Bundle (Fitzpatrick)
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Figure 109. Transferring Fuel Bundle from Core to Fuel
Storage Pool (Browns Ferry)

Figure 110. Refueling Bridge Moving Toward the Cattle Chute
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Figure 112. Fuel Bundle in Cattle Chute Figure 113. Refueling Bridge Console and Floating
View Boxes - Corners of Viewing Boxes
Interferred with Grapple Telescoping
Action Frequently (Fitzpatrick)
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Figure 115. Refueling Bridge Over the Fuel Storage Pool (Browns Ferry)
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Figure 116. Fuel Storage Pool Showing Irradiated Fuel in Storage Racks (Browns Ferry)

Figure 117. Fuel Storage Pool Showing Blade Guides Hanging
on Wall and in Storage Racks on Pool Floor
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Figure 119. Viewing Boxes were Lifted or Guided During Grapple Transit
to Avoid Entanglement in Grapple (Browns Ferry)
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Figure 120. Putting Blade Guide into Plastic Bag (These
Blade Guides are to be Modified by Changing
the Upper Bracket from Aluminum to
Stainless Steel) (Fitzpatrick)

Figure 121. Bagging Blade Guide (Fitzpatrick)

i‘ z\

Figure 122. Lowering Blade Guide into Decon Room (Fitzpatrick)
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Figure 123. Attaching Brackets to Blade Guides (Fitzpatrick)

Figure 124. Aluminum Blade Guide Bracket Broke Figure 125. Aluminum Blade Guide Bracket (Fitzpatrick)
During Lift When Blade Guide Interferred
with Storage Racks (See Figure 125)
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Figure 126. Equipment and Fixtures for Lower Tie Figure 127. Equipment and Fixtures for Lower Tie
Plate Drilling by EDM (Browns Ferry) Plate Drilling by EDM (Fitzpatrick)

Figure 128. Equipment and Fixtures for Lower Tie Figure 129. Equipment and Fixtures for Lower Tie
Plate Drilling by EDM (Browns Ferry) Plate Drilling by EDM (Fitzpatrick)
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130. Fuel Bundle Disassembly Tools (Fitzpatrick)

Figure 131. Channel Measurement Fixture (Fitzpatrick)
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Figure 132. Channel Replacement - Fuel Prep Machine (Browns Ferry)

Figure 133. Lower Tie Plate Machining (Browns Ferry)
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Figure 135. Underwater TV used to Assist in Vibration Instrumentation Removal (Fitzpatrick)
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Figure 136. Lifting Service Platform (Browns Ferry)

Figure 137. Lowering Service Platform onto the Reactor Vessel Track (Browns Ferry)
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Figure 138. Service Platform in Position (Browns Ferry)

Figure 139. Removing Blade Guide (Browns Ferry)
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Figure 140. Grid Guide Tool (Browns Ferry) Figure 141. Lowering Guide Tube Grapple (Browns Ferry)

Figure 142. Removing Blade Guide (Browns Ferry)
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Figure 143. Pulling Control Rod Blade (Browns Ferry) Figure 144. Making Ready the Fuel Support
Grapple (Browns Ferry)

Figure 145. Pulling Guide Tube (Browns Ferry)
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Figure 146. Undervessel LPRM Work (Fitzpatrick)

Figure 147. TIP Tubing Pedestal Penetration Undervessel - Also CRD Winch (Fitzpatrick)
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Figure 148. Undervessel Before LPRM Sleeves Installed (Fitzpatrick)

Figure 149. Control Rod Drive Housing Flange Attachment (Browns Ferry)
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Figure 151. H. P. Surveying CRD Strainer -
Lead Shield Pig is in Position

Figure 152. CRD Being Removed Freeing Binding Cable
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Figure 153. Removing CRD From Drywell - Note Poor Lighting

Figure 154. Lifting CRD Out of CRD Cart (Browns Ferry)




NEDG-21860

B o, s e

Figure 155. CRD in Cradle and Ready for Lift (Browns Ferry)

Figure 156. CRD in Cradle and Enroute to Overhaul Room (Browns Ferry)
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Figure 157. Control Rod Drive Overhaul Room

Figure 158. Refueling Floor Clad Removal Equipment
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Figure 159. Reactor Pressure Vessel Temporary Shielding

Figure 160. Feedwater Nozzle Clad Removal Machine
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Figure 161. LPRM Handling Tool

Figure 162. View through Cattle Chute
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Figure 163. Lifting an LPRM to Check Bullet Nose

Figure 164. Spent LPRM in Fuel Pool (Fitzpatrick)
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Figure 165. LPRM Strongback - Holds only One (1) LPRM (Fitzpatrick)

O

Figure 166. New LPRM has been Removed from Strongback - Will
now be Placed in LPRM Holding Tool (Fitzpatrick)
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Figure 167. Undervessel after LPRM Replacement Figure 168. LPRM Connection under Vessel Before
(Fitzpatrick) Installation of Sleeve Cover (Fitzpatrick)

Figure 169. Undervessel showing SRM’s and IRM’s (Browns Ferry)

A-76



NEDG-21860

Figure 170. TIP Tubing and Pedestal Penetration - Note RPV Drain Line (Fitzpatrick)

Figure 171. (Removed)
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Figure 173. TIP Indexing Mechanism in Rework Tent - Reactor Building (Fitzpatrick)
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Figure 175. Under Vessel (Browns Ferry)
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Figure 176. SRM Drive Motor Modules - Drywell (Fitzpatrick)

Figure 177. (Right) Dunking Chamber Installation (Fitzpatrick) - (Left) Fuel Loading in Core (Fitzpatrick)
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Figure 178. Dunking Chamber Hose (Fitzpatrick)

Figure 179. Verifying Core Loading - Looking at Video Tape of Core Load (Browns Ferry)
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Figure 180. Friction Test of CRD’s - Oscilloscope and Camera (Browns Ferry)

Figure 181. CRD Drop Timing (Fitzpatrick)
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Figure 182. Underwater Light Before Use (Fitzpatrick)

Figure 183. Underwater Light Failure (Fitzpatrick)
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Figure 184. Broken Underwater Light Cord Caused by Light Becoming
Trapped Under Separator (Browns Ferry)

Figure 185. Inboard MSIV - Looking Through Equipment Hatch into Drywell (Browns Ferry)
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Figure 186. “D” Inboard MSIV (Fitzpatrick)

Figure 187. MSIV Operator Hanging at Right - Note MSIV Test
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