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ABSTRACT 

Since the events at the Three Mile Island Nuclear Station 

(Unit II) on March 28, 1979, there has been much analysis 

and speculation as to the condition of the reactor core. 

The purpose of the In-Vessel Inspection Before Head Removal 

project is to provide a video inspection of the reactor 

internals, including the tops of some of the fuel assemblies. 

This "early look" will be a data point and serve to guide 

the rest of the reactor disassembly program. The inspection 

will be accomplished by lowering a video camera throu�h a 

Control Rod Drive Nozzle and manipulating it around the ple _ urn  

and down to the top of the reactor core. 

ii 



TABLE OF CONTENTS 

PAGE 

TITLE PAGE . • • • . • • • • . • • • • • • • . • • • • • • • • . • . . . • • . • . • • • • • . . • . • • • • •  

ABS TRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i i 
TABLE OF CONTENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i i i  
LIST OF FIGURES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V 
LIST OF TABLES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi 

I. II�TRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 

A. Objective.. . . ..... . . . .. . ....... .. . ........ ... ...... .. l 
B. Task Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l 
C. General Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
D. Sununary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
E. Tooling and Equipment Summary . . . . . . . . . . . . . . . . . . . . . . . 5 

II. Rl\DIOLOGICAL BOUNDARIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
A. Purge System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
B. Other Radiological Boundaries .. .. ...... . . . .. . . .... .. 15 

l. Manipulator Support Tube .... .. .... . ........ . .. . .. 15 
2. Temporary Penetration Closures . . ..... . . . . ...... . . 15 
3. Permanent Penetration Closures . ... ....... . . . . ... .  15 

III. PRU.Li\RY WATER LEVEL SENSING SYSTD� . . . . . . . . . . . . . . . . . . . . . . 16 
A. System Requirements . . . . . .... .. . . .... . ... . ... . .. . . . . .. lh 

IV. CRDM REMOVAL ........................................... . 19 
A. Deviations From Procedures Presented In Phase I . . . .  . 19 

19 
19 
20 
20 

l. Cutting Techniques ............................. . 

2. Destructive CRDM Removal Procedures ............ . 
3. In-Head Leadscrew Cutter ....................... . 
�- Leadscrew Pin Torque Shearing Option ........... . 

B. Normal CRDM Removal Procedures ..................... . 2l 

2 3  c. Contingency Tooling 

1. CRDH Holddown Bolt Removal Tool . . . . . . . . . . . . . . . . . 2 3 
2. Stator Removal Tool . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 

25 3. Plasma Arc Cutting System ...................... . 
4. Push/Pull Leadscrew/Extension Separator . . .. . . . . . 25 
5 .  Lead screw Support Clamp . . . . . . . . . . . . . . . . . . . . . . . . . 26 
6. Leadscrew Holding Tool .. .. . . .. .. . . .. ..... .... .. . 26 
7. Leadscrew Lowering Tool .... ........ .... . . ... . .. . 27 

iii 



TABLE OF cm:TE::�s (Con' t. ) 

PAGE 
D. Contingency C:KDH Removal Procedure . . . . . . . . . . . . . . • • .  27 
E. Axial Power Shaping Rod Drive :-1echa:1isrr. Removal . . . . 2 9 
f . Operation With Missile Shields In Place 30 

V. VIDEO EQUIPNE:JT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
A. Functional Requirements .. . . . . ....... ..... .......... 39 
B. Camera . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 40 

..L. System Descrj.ption . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 4�. 
2. Accessories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
3. Reconunended Eqt<iprr.ent and Spare Parts . . . . . . . . . . 41 

C. Video Recorder and �onitor .. . . .  . . • . . . . . . . . . . . . . . . . .  41 
D. Lighting .. . . . . .. ...... . . . .  _ . . . . . . . . . . . . . . . . . . . . . . . .  42 
E. Murky \·1a ter VieHing . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . • • 4 4 
F. Other Inspection Equipment Co�sidered . . . . . . . . . . . • • •  45 

VI. i'1ANIPC'LATORS . . . . • . . . . . . . . . . . • . . . . . . . . • • . • . . . . . . • . . . . • • . 49 

VII. 

A. Functional Requireme:1ts • . . .  . . . . . . . . . . . . . . . • . . . . . . • •  49 

B. 

l. Camera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . 49 
2. Auxiliary Lighting • . . . . . . • . . • . . . . . . . . . • . . . . . . . . 50 
Description ....................................... . 51 

kADIOACTIVE EQUIPNENT STORAGE 55 
A. Reactor Component Storage • • . . . . . . . .  . .  . . . • . . . • . . . . . .  55 
B. Tool Storage ....................................... 55 
C. Special Equipment Storage . . .  . . . . . . . . . . • . . . . . • • . . . . .  56 

VIII. i'10CK-UPS • . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . . . • . . . • • • . . • • . . 57 

IX. 1-:ISCELLANEOUS EQUIPHENT . . • . . . . . • . . • . . . . . . . . . . . . . . . . . . . . 58 

X. INTERFACE REQUIRE�lENTS . • . • . • • • . • • • . . . • . . • • • • . • • • • . • • • . • 59 

XI. INGRESS OF EQUIPHENT . . . . . . • . . . • . . . . . . . . . . . • . . • • • • • • . . . . 61 
XII. S\HPE SAL'1PLING . . . • . . • • . • . . . • . • . • • • • • . . • • . • . • • • . • . • • • . . • 62 

APPENDIX I . • . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . . . • • • • . . . . • . • 6 3 
APPENDIX II . . . • . • . . . • . . . . . . . . . . . . . . • . . . . . . . • . . . . . • . . • • . . • . . 65 

APPENDIX III . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . . . . . • . . • • • • . • • • 6 8  

APPENDIX IV . . . . . . . . . . . . . . • . • . . . . . . . . . . • . • • . . . . . . • • • • • . • • • • . 69 
APPENDIX V • • • • • • • • • • • • • • • • •  • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • 7 2 
APPENDIX VI • . . . . . . • . . • • . • . . . • •  · . · · . . . • . . . . . . . . . . . . • • . . • . • • . 77 
APPENDIX VI I • . . . . . . . . • . . . . . . . . . . . . . . . . • . . . . . . . , • . . . . • . . . • .  , 8 2 

iv 



FIGURE 

l.l 

1.2 
1.3 

4.1 
4.2 
4.3 
4. 4 
4. 5 

4.6 
4.7 
4.8 
6.1 
6 . 2 
A2 . l  
A4.l 

AS.l 

A5.2 

A5.3 

LIST OF FIGURES 

Location of Control Assemblies .............. . 
General Approach ............................ . 

Reactor and Service Structure ............... . 
Inspection Locations ................... - . . . . . 

In-Head Leadscrew Holding Tool .............. . 
CRDM Removal ................................ . 

Special Leadscrew Nut Tool .................. . 
Special Leadscrew Lifting Tool .............. . 

"�\Iindow" Method ............................. . 
"Punch" Method .............................. . 
Leadscrew Lowering Tool ..................... . 

APSR Removal ................................ . 

Camera and Light Manipulator ................ . 
Murky Water Manipulator ..................... . 

Test Stand .................................. . 
Pin Shear Test Block ........................ . 
Test Assembly ............................... . 

Part 1 A 1 Guide .............................. . 

Tube End . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

v 

PAGE 

9 
10 
ll 
12 
31 

3� 
35 
36 
37 
38 
53 

54 
67 
71 
74 
75 
76 



TABLE 

1. 1 

1. 2 

5.1 

5 .  2 

LIST OF TABLES 

Inspection Locations .......... ... .. ....... . 

Tool ing and Equipment Summary ............. . 

Camera Equipment ...... ..... ... ..... .... . .. . 

Video Equipment . . . . . . . . . . • . . . . . . . . . • . . • . . . .  

vi 

PAGE 

6 

8 

47 

48 



I .  I NTRODUCT I ON 

B&W was assigned the task to perform Phase I of the Three Mile 

I sland Unit 2 !Juclear Generation Station (TMI-I I )  Reactor Vessel 

I nspection Before Head Removal by General Public Utilities Service 

Corporation on June 9, 1980. The definition of work was outlined 

in Babcock & Wilcox proposal letter B&W/GPU-80-67, dated May 1, 1980. 

Approval was obtained at the end of Phase I to proceed to Phase I I . 

A. Obj ective 

The obJective of the I n-Vessel I nspection Before Head Removal 

Project is to provide an internal inspection of the reactor 

vessel and fuel assemblies, prior to head removal. Since the 

degree of damage in the TMI-II reactor is not known, it is 

important that information be obtained or• conditions inside 

the reactor. This information will guide the development of 

programs to obtain more information on the TMI- I I  core damage. 

B. Task Description 

The entire task is divided into three phases: 

(1) Conceptual Development, ( 2) Tooling and Systems Design, 

( 3) Tooling fabrication, inspection equipment fabrication, 

and mock-up testing of all tools and equipment . 

This report covers the work done in Phase I I ,  Tooling and 

Systems Design . Phase I was completed September 1 5 ,  1980, 

with the release of the P".ase I Report D&l"l 

Document. HUI!lber 86-1121208-00. The Phase I Report 
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B, Task Description (Con't. ) 

contains details of the Conceptual Development phase of 

the project. This Phase II report transmits designs of the 

concepts presented in the Phase I report. This report 

justifies any deviation from the �rocedures and tooling 

concepts presented in the Phase I report . 

procedures are presented in this report. 

Also, preliminary 

At the end of Phase III, detailed procedures will be 

prepared. These procedures will be finalized after 

mock-up testing. 

C .  General �pproach 

The initial penetration made into the TMI-II reactor vessel 

will be through a vent valve thermocouple nozzle. Five of 

these nozzles will be opened; four for use by a reactor 

vessel purge system and one for the reactor vessel primary 

�vater Level Indicator. The Purge System will provide a 

continuous inflow through all subsequent penetrations open 

to the containment. This Purge System will prevent gases 

and particulates from being released in the area of the 

inspection personnel. 

Up to three control rod drive mechanisms (CRDM's) will 

initially be removed by normal or abnormal procedures to 

permit the insertion of a video camera, lighting, and 

sampling equipment. Th� locations for initial CRDM removal 

are shown in Figure 1.1. The most desirable situation would 

be if any set of three could be removed . 
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General Approach (Con't.) 

The video camera, once placed inside the head through the 

CRDM nozzle, will inspect the plenum cover . A .sp(�cial 

manipulator wil� be used to move the camera over to the 

edge of the plenum cover. At suitable locations the camera 

will be lowered beth inside and outside the plenum cylinder . 

This will permit video inspections of the r-lenum cylinder and 

the core support shield . The camera, while inside the plenum 

cylinder will be lowered to inspect the tops of several 

peripheral fuel assemblies. Also, the camera \..-i il be lowered 

down the center of the guide tube brazement to inspect the 

brazement and a portion of the top of o�e fuel assembly. 

Once the peripheral inspection is complete, a center CRDM 

will be removed by normal (existing scope) or abnormal 

procedures. An inspection will be performed by lowering 

the camera and light down the guide tube brazement . One 

CRDM nozzle is needed for this inspection and any CRDM 

close to the center is ncceptable . 

This general aprroach is summarlzed in Figure 1.2. A general 

cross section of the reactor vessel and service structure is 

shown in Figure l.J. The inspection locations are sununarized 

in Table 1 .1 and lllustrated in Figure 1.4. 

D .  Summary 

Chapter II presents the functional requirements of a Reactor 

Purge System . This system is designed to maintain a 

continuous "inflow" of air through all penetrations in the 

reactor vessel that are open to the containment . This 

system provides filters to remove particulate activity and 

releases gases away from inspecting personnel, thereby, 

avoiding the need for gland seals on inspection equipment. 
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D .  Summary ( Con ' t . ) 

Other s econdary bounda r i e s  and �ad i o l osica l  con tro l procedur e s  

are discus s ed i n  :hapter II. 

Chap ter III provides a de ta i l ed de s ign of a p r 1mary Wa ter 

Level Se n s ing Sysrem . Th i s  sys tem is i n s e r ted in a ven t 

valve the rmocoup l e  nozz l e  and provides for bot h  high aPd 
l ow water level warning . Th i s  Jys t em w i lt provide i n s pe c t i on 

pe:::-sonne l  wi th immed i a te warning e> f  change s in the pr imary 

wa ter leve l . 

Chapter IV pre s e n t s  d e tai l ed des i g n s  and procedures for 

norma l an� abnorma l control rod drive mechan i sm remova l .  

The too l s  cons i s t  o f  cu t t i ng and l ift ing too l s  des igned 

to remove a CRDM accoun t i ng for any d i f f i cu l t ies encoun t e r ed. 

Chapter V has a d e ta i l ed technic a l  d e s c r i pt i on o f  the v ideo 

c amera cho s en for t h i s  project . De s ig n s  of s pec i a l  lig h t ing 

d e s i gned to f i t  through a C RDM no z z le are a l so presented in 

th i s  c hap ter . 

Chapter VI pre s e n t s  d e s igns o f  man i pulators , whi c h  wi l l  

nanipu l a te c amera and l ig h t s  t o  the var iou s  in s pec t i on 

poi n t s  requ i red . 

Chapter VII d e s c r ibes the concept for s torage o f  radioac tive 

equ ipment r emoved from the reac t o r  vess e l . 

Chap ter VIII d e s c r ibe s the nece s s ar y  meeK-ups for t e s ting 

ins pec t i on equ i pme n t  and for t e s t ing of cut t ing equ i pme nt .  
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D .  Surrunary ( Con ' t . ) 

Chapte r X con tains s i te inter f a c e  requ i rement s . 

Chapter X I I  pre sent s  des ig n s  cf t he swipe s amp l i ng equipmen t. 

Appendix I contain� a list of all drawings, and documents 

prepared for thi s  project. The r e st of the appendi ce s  

document te sts performed by B&W and presents various o ther 

mate�ial �efe�enced in the chapte�s. 

E. Toolinq and Equi[Jm£2nt Summary 

Tabl e 1. 2 is  a surrunary o f  the too l s  and equi pment needed 

f or this pro j ec t .  

r 



INSPECTION AREA 

1. Plenum Cover 

2. Internal Structure of 
Control Rod Guide Tube8 

3. Fuel Assembly Upper 
Structures 

4. Core Region (possiL�e, 
probability uncertain) 

5. Internals Vent Valve 

TABLE l.l 

INSPECTION LOCATIONS 

��CESS ROUTE (See Fig. 1.4) 

Any open CRDM typical of 
several locations; view is 
straight down or at an angle. 

#1 & #4; typical of severul 
locations; camera is dropped 
straight dovm. Right angle 
attachment is used 

#1, #3, & #4; typical of 
several locations. Route #4 
provides access to peripheral 
fuel assemblies which do not 
contain control el�Jents; ID. 

#1, #3, & #4; available only 
if fuel assembly upper 
structure is found to be 
missing (i.e., has dropped 
into core). 

INFORMATION ANTICIPATED
l 

Presence, size, and distribution of debris; 
if debris present, it's indicative of flow 
paths & velociti.es (size & distribution) in 
a normally low-flow region, and potential 
radiation-field problems for head removal. 

Presence of distortion of tube and/or release 
of control r0d guide brazements; indicative 
of thermal distortion of plenum and/or temper
atures > 2300

°
F (braze melting point) ; input 

for plenum removal task. 

Evidence of core "slumping", missing t.:pper 
structure(s), and/or accumulations of debris 
above the upper struct��es; input indicative 
of flow velocities, inference of core damage 0'\ 
severity; input for plenum removal. 

Camera lowered into core; the only direct 
access route possible. 

Evidence of ja�ning or distortion of vent 
valve; input for plenum removal. 

1 
From EDF-TCEP-116 Analysis of data is beyond B&W's current scope of supply. 



WSPECTION AREA 

6. Plenum-to-Core Support 

Flange 

7. Nozzle-to-Plenum 

Standoffs 

TABLE 1.1 (Cont 'd) 

ACCESS ROUTE (See Fig. 1.4) 
#2 

#2 

INFORMATION ANTICIPATED 

Evidence of debris accumulatlon in flange area, 

inference of size and quantity of debri.s swept 

iPto outlet nozzles; input for plenum removal 

anc. later work on primary piping. 

Evidence of binding between distorted plenum 

and core support shield; input for plenum 

removal. 
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TABLE 1.2 

TOOLING AND EQUIPMEtJT SUMMARY 

________________ D_E __ SCRIPTION QUANTITY 

Purge Sy stern. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Manipulator Support Tube ................. 3 
Temporary Closure Plugs . ..... . ... .... . ... 3 
CRDM Flanges. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
T/C �langes (blind) ...................... 5 
T/C Nut Rings. . . . . . . . . . . . . . . . . . . . . . . . . . . . l 
CRDM Bolts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
CRDM Nut Rings........................... l 
Flexitallic Gaskets (CRDM) ... . ........... 8 
Flexitallic Gaskets (T/C) . .............. . 1 0  
Water Level Sensing System ............... l 
Normal P.I. Adjustment Tool .............. l 
Normal P.I. Lifting Tool ................. l 
Normal CRDM Venting Tool ....... . .. . ...... 1 

"0" Ring Removal Tool.................... 1 
Alternate Uncoupling Tool ................ 1 
Leadscrew Lifting Tool .......... . ........ 1 
CRDM Lifting Tool ................... . .... 1 

Special Leadscrew Lifting Tool ....... .... 1 
Special Leadscrew Nut Tool ........... .... 1 

Contingency Bolt Removal Tool ........... . 1 
Contingency Stator Removal Tool .......... 1 

Plasma Arc Cutting System ................ l 
Push/Pull Leadscrew Separator ............ 1 
Leadscrew Support Clamp . . . ... . ... . ....... 1 
Leadscrew P.olding Tool ...... . ............ 1 
Leadscrew Lowering Tool .................. 1 

Under Missile Shield Hoist .... . .......... 1 
Extra Video Camera ....................... 1 
Spare Parts for Camera. . . . . . . . . . . . . . . . . Table 5.1 
Video Recorder .. . . .... . .... . ............. 2 
Video Monitor. . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Small Underwater Light ...... . . . .......... 2 
Large In-Head Light ...................... 2 
Murky Water Deployment System ............ l 
Manipulator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Fuel Swipe Sample Tool ................... 1 
Plenum Swipe Sample Tool . ..... . ....... . .. 1 
Hock-Up................................... 1 
In-Head Plasma Arc System ......... . ...... 1 
Radioactive Equipment Stora�� ���Ks ...... 1 
Lighting (outside head) ................. . 
Blind Flange Replacement Tool ........... . 1 
Lifting equipment for Equipment Ingress .. 1 

Sprinq Scales ........................... As Required 

2 This equipment is currently under the Phase III scope of supply. 

REPORT 
PAGES 

13-14 .... 
14 
14 
15 

15 

16-18 .... 
21 
21 
21 
21 
21 
21 
21 
22 
22 
23 
24 

19 ,25 . • • .  

25 
26 
26 
27 
30 

40 14 7 • • • • 

40 '4 7 . • . •  

4 1 ,  4 8  • • • . 

41 ,48 ... . 
4 3,48 ... . 
43,48 . . • .  

44 
49 '52 .... 

62 
63 
57 
20 
55 
58 

SEE 
NOTE 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
5 
5 
5 
5 
5 
5 
5 
5 
5 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
4 
2 

2 
2 
2 
6 
2 
2 
2 
2 
2 
2 
2 
2 

3 This equipment can be provided on a rental basis, however, new equipment procurement 

is recorrunended. 

4 This equipment can be furnished on a rental basis. 

5 This equipment is a recommended addition to the Phase III scope of supply. 
6 Deleted from Phase III sc ope of supply. 
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Figure 1-1 LOCATION OF CONTROL ASSEMBLIES 
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ESTABLISH WATER LEVEL. ESTABLISH RADIOLOGICAL CONTROLS 
INCLUDING REACTOR VESSEL HEAD PURGE THROUGH THERMOCOUPLE 

NOZZLES 

INSTAL� WATER LEVEL MONITORING EQUIPMENT 

ATTEMPT NORMAL CR8� REMOVAL UNTIL DESIRED ACCESS 

IS OBTAINED 

SATISFACTORY 

UNSATISFACTORY 

ESTABL:SH ADDITIONAL RADIOLOGICAL CONTROLS 

USE ABNORMAL PROCEDURES FOR CROM REMOVAL 

INSTALL CAMERA. LIGHTS, AND MANlPULATOR 

REMOVE EQUIPMENT 

CLOSE CRDM NOZZLES WITH 6LIND FLANGES 

REMOVE WATER LEVEL INDICATION SYSTEM AND CLOSE 

THERMOCOUPLE NOZZLE WITH A BLIND FLANGE 

REMOVE PURGE SYSTEM AND CLOSE THERMOCOUPLE 

NOZZLES WITH BLIND FLANGES 

Ftgure 1.2 GENERAL APPROACH 
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WORKING PLATFORM 

STRUCTURE 

CRDM 

VENT VALVE T/C 
NOZZLE 

CRDM NOZZLE 

VESSEL H�AD 

CONTROL ROD 
GUIDE BRAZEMENT 

CORE SUPPORT 
SHIELD 

CORE 

FIGURE 1.3- REACTOR AND SERVICE STRUCTURE 
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CORE INSPECT I ON 

CROM NOZZLE (TYP) 

R.V. HEAD 

PLENUM 

VENT VA�VE INSPECTION 

CORE SUPPORT 

� CENTER GUIDE TUBE BRAZEMENT 

� OUTSIDE PLENUM CYLINDER 

� INSIDE PLENUM CYLINDER 

�INSIDE PERIPHERAL 
GUIDE TUBE BRAZEMENT 

F igure 1.4 INSPECTION LOCATIONS 
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The reactor vessel Purge System has the following functional 

requirements: 

l. Maintain a continuous air inflow throuah all reactor 

vessel penetrations �hat are directly open to the 

containment in the event that a previously intact fuel 

assembly is ruptured during the CRDM removal or in

spection work. T�ice the average fuel assembly gas 
inventory is to be assumed to account for the highe�t 

fuel assembly burn up. The system shall be capable 

of maintaining air inflow at velocity sufficient to 

assure no gases diffuse out through the open penetra

tions during all anticipated operations involving 

openings in the head (e.g., removal of CRDM top closure, 

se� ,ration of a CRDM from the nozzle flange, removal 

of a CRDM, etc.). The system shall also accommodate 

anticipated plasma-arc gases du�ing in-head cutting. 

Filtration and moisture removal provisions are not 

included. 

2. The system shall consist of two 100 percent capacity 

blowers; the blowers shall be of non-sparking con

struction. 

3 . All system components shall be of explosion proof 

construction (i.e., NEMA enclosures on electrical 

connections, totally enclosed motors, etc). 

4 . The intake piping/duct shall connect to no more than 

seven thermocouple nozzles. All connections shall be 

headered to provide one flanged connection at the 

blower skid interface. Mating flange materials shall 

be compatible. Flange accessories (e.g., bolts, nuts, 

and gasket) shall be provided. 
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5. The blowers shall be no���ed so as to facilitate 

removal, including q�ick disconnect t�pe �lugs for 

power supplies. Blower inlet and exhaust connections 

shall be flanged. 

provided. 

A:l flange accessories shall be 

6 .  The sysccm shall have provisions for isolatino anJ dis

connecting each blo�er indepe ndently. �he blowers, 

blower controls, and associated piping/duct and ddnpers 

shall be skid mounted. 

7. The blower skld dimensions shall be limited to 2 ft. x 

3 ft. The skid shall be of ricid construction. 

lugs shall be provided. The blower skid will be 

located on top of the service st�ucture. 

Li!:tinq 

8 .  One flanged exhaust connec���� shall be provided at the 

skid outlet. Flange accessories shall be provided. 

S tatic or total pressure at the exhaust connection, at 

design flow, shall be specified. 

9. Polyvinyl Chloride (PVC) shall not be used for any system 

applicettion. 

10. All equipment shall be of commercial grad0 c�ua�it�·. 

11. The System should be constructed in such a manner that 

assembly inside the reactor building is minimized. 

12. No component or skid should weigh over approximately 150 lbs. 

13. All components and skid' must pass through the personnel 

air lock. 

14. A method to control the head vacuum should be available. 
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A rede s i gn o f  the Purge Sy s tem 1 s  underway and t h i s  des ign 

will be s ubmi t ted separately for rev i ew . 

B .  O t her ���i�log ical Boundaries 

l .  Manipulator Supoort Tube 

Th i s  dev i c e  s h own in B&\v Drawing Number 11214 2 4 E 

replaces each CRDM once the CRDM is  removed . This 

mani pula tor 5uppor t t ube a c t s  as a gu ide t ube for 

the man ipula tor and s erve s  a s  a rad iolug i c al boundary 

s ince it length en� the di s t ance th a t  p ar t i cles mu s t  

travel ( again s t the d irec t ion of air flow caused by 

the Purge Sy s tem) to e s cape th e reac tor ves s el . Th i s  

tube c an b e  s e aled when not 1 n  use . 

2. Temporary Pene tra t i on Closures 

Th i s  dev i ce is an expandable plug t h a t  forms a temporary 

s e al a t  the top o f  t he man i pulator suppor t  tube . Th i s  

plus will prevent g a s e s  and par t i cula tes from e s cap ing 

and help prevent t ools and o ther i tems from b e ing dropped 

in t o  t h e  ves s el . 

pres s ure boundary . 

3 .  P ermanen t Clos ure 

Th i s  dev i c e  i s  not intended as a 

The f inal closure used on t h e  reac t or ves s el upon com

ple t i on o f  the in spection t a sk will be blind flanges 

(B&W Drawing Numbers 1 12 3 0 1 00 and ll2 3 0llC ) . 
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PRH1ARY WATER LEVEL SENSING SYSTE!'-1 

During the reac tor in terna l  ins pe c tion , t h e  pr imary water le vel 

i s  cr i t i ca l  and i t  is impor tant for the vi deo in s pec t i on team 

to moni t or t h i s  l e ve l . A 'O in tne water le ve l  cou l d  re s u l t  

in a l o s s  o f  s h i e lding be tween the insp e c t ion pers onnel and 

the re ac tor core. A l so, a ri s e  1n the water leve l c o u l d  ren der 

the Purge Sys tem inopera t i ve as we l l  as l ead to the s p i l l age o f  

the pri mary coo l ant . If the insp e c t i on team h a s  i mme d i a t e  warn ing 

of change s in the wa ter l e ve l , the personne l on t h e  serv i ce 

s truc t ure can be e vacuated �ntil p l an t  opera t ions s t abi l ize 

the wa ter l e ve l . 

The wa ter l e ve l  indi cator to be used i s  common ly re ferred 

to as  the " Bubb l er Sys tem" .  'T'he Bubb l er Sy s tem i s  con

s truct e d  by p l a cing a pipe, wh i ch i s  open on bo th end s , 1n 

the wa ter .  A cons tant f l ow gas source is a t tached to th e top 

of t he p i pe . Th i s  gas force s the water ou t of the p i pe , and 

re l e a s e s  gas bubb l e s  out of the bo t tom o f  t h e  p i pe . A corre-

l a t ion can be ma de be tween the pres s ure nece s s ary to re ach the 

poin t of equi l i br i um (po int wh ere bubb les e s cape out of the bot

t om of the tube ) and the wa t er l e ve l . Tne pre s s ure in the p i pe 

i s  propor t iona l  to the d i f ference in t he wa ter l e ve l  and the leve l 

o f  t h e  bot tom o f  the p i pe . Hence , t h e  wa ter l eve l can be d ire c t ly 

ind i ca te d  by a pre s s ure gauge . Further , s ince t h e  gas f l ow r a t e  

i s  s low , t here i s  e s s en t i a l ly no pre s s ure drop i n  t he p ipe and 

the pre s s ure gauge m3y be p laced on t he top o f  the p i pe . A l s o , 

h igh and l ow pre s s ure a l arms wi l l  be ins t a l l e d  on the t o p  o f  the 

p i pe . The sys tem is  shown in B&W Drawing Number l l 2 1 39 6 D .  

A .  S y s t em Requirement s  

1 .  An a ir b ubb l er s y s tem s h a l l  be pcovioed for mon itoring 

water l e ve l in the reactor ve s sel during a l l  pre - head 

l i f t  examina t i on a c t iv i t i e s . Acce ss to the ves s e l  s h a ll 

be ob t ained t hrough a t h ermocoup l e  nozz l e  l ocated on 

the reactor ve s s e l  head . The s y s tem s h a l l  be capab l e  o f  
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monitoring w..1ter level from the bottom of the thermocouple 

nozzle to at least the top of the plenum. 

A reference leg for the air bubbler shall b� used. 'I' he 

mating flange for the thermocouple �ozzle flange shall 

have provisions for both the reference and the senslng 

legs. The reference leg shall t�rminate after pene

trating through the mating flange, and the sensing leg 

shall extend through the thermocouple nozzle to the proper 

depth. The tubing shall be 316 L stainless steel. The 

end of the sensing leg shall be V-notched to ensure smaller 

pressure fluctuations. 

3. Dry, oil-free instrument quality air shall be supplied to 

the system at a pressure of 20 psig. Air and air supply 

tubing shall be provided by others. 

4 .  A pu�ge flow controller with rotameter shall be pro

vided for the sensing leg. 

5 .  A panel, suitable for mounting on the railing of the 

service structure, shall be pro�ided with the following 

devices: 

a. Differential pressure indicator for water level 

indication. 

b. Differential pressure switches for high and lower 

level alarms (set points to be determined by B&W) . 

c. Flashing red light for local level alarm (actuated 

by item b on high or low level). 1 2 0  vac will be 

supplied by others. 

d. Purge rotameter assemblies. 

e. Electronic differential pressure transmitter cali

brated for the same range as item a. Output shall 

be 1 0 - 5 0  rna DC. It shall be provided with a junction 

box for field terminations. Power supply remote 



- 18 -

indication and interconn�cting cable w1ll be supplied 

by others. 

Item b shall be provided with additional contacts for actuating 

a remote ularm (supplied by othc1.s}. 

in the alarm state. 

The contacts shall open 

6 .  Isolation and calibration valves shall be provided at 

the panel for each instrument. In addit"on, valves which 

permit the introduction of higher pressure air to remove 

an obstruction in the bubbler �;ball be provided. 

7. The tubing f rom the n.ating flange to the par�el mav be 

flexible t�bing (tygon, nylon, etc.) provided that it 
is 1) securely restrained, 2 )  radiation resiscant, and 

3) ca�able of withstanding the higher pressure air re

quired to remove an obstruction. 

8. This system shall contain no PVC. 
9. i\11 components shall be of corrunercial grade quality. 



IV. CRD:'l RE�·10Vt\L 

! ' 
J.. J 

H. Deviations ?tor:t Procedurts P re sentee I:� Phase I 

?he origina l approach fo r destruc tive CRDM re�ova l w a s  

discu s s ed in the Aug u s t  7, 1930 meet ing and is s�own 1n 

Figures l. 2-1 and l. 2-3 o: the Phase I Rer,JO r t. This 

procedure has changed sub stantia l ly dur ing Phase II. 

J:'hese c!1anse s  a r e : 

1. Cutt.ir,c: tec :1 :-:iq ue s - Or ic;.lnzt:Ll y sa·.-:s and a b r a sive 

cutte rs �e£e proposed �or �otor tube and lead s c r ew 

The se �e tnod s h ave not proven feas ible 

du:-ing Phase II. Pla sma arc cutting sys tems have 
proven to be a� accep table way to �ake tne requi red 

cut s . [ence, the p l asma arc is now the p roposed 

�e thod to make al l r equ ired cu�s . 

2. �e struc tive CRDM Removal 2ro�ed�res - The Pha s e  I 

Report pres en t s  destructive CRDM re mova l procedure s ,  

wh ich involve CRDM mo tor tube cutt ina. Dur inq Pha s e  

II a procedure wa s deve loped, wh i c h  would cause a 

sma l l  s e pa r a tion be t\·:een L.r,� CRO:: motor tub e  and the 

CRDM no z z l e of a coupl e d  dr ive without w i thdrawing 

the contro l r od s  beyond the tr ipped pos i t ion . Th i s  

s eparati on w il l  b e  l a rge enough to insert �he pla s�a 

torch and cut tte l e ad s crew and the l ead 5c r ew s uppo r t. 

Th i s  w i l l  permi t CRDM r e�cva l w it hou t motor tube 

cut ting even in the even t  the l ead s c r ew coupl ing 1s 

fus ed to the c ontrol rod hub . S ince t h i s  procedLre 

i s  fas t e r , wi l l  r educe p e r s onne l exposure , and 

doe s  not require motor tube c u t t ing , i t  ha s repl aced 

the or i g ina l ly propos ed d e s truct i v e  CRDM r emov a l  

procedure .  
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3. I n  Head Lead s crew Cutter - Al so propos ed in the Pha s e  

I Repo r t  ( F igure 2 . 3 - 1 2  o f  the P h a s e  I Repor t )  w a s  an 

i n- he ad l e ads crew cutter . Thi s  tool would hav e  used 

a hydrau l i c  s hear or s a\v a c t i on to c u t  the leadscJ·ew . 

Thi s  has not proven to b e  a p r a c tica l opt ion i n  P�a s e  

I I  t e s t ing and i t  ha s been dropped a s  a n  option . The 

p l a sma arc s y s tem has the cap ability to cut the l e ad

s c r ew f rom an adjacen;: CRD£·1 noz z le . A conceptua l 

s ketch of  this p l a sma arc i n-head l e ad s crew c�tter i s  

shown 1 n  B&W S ke tch Number SKTDP 1 0 3 1 8 0 .  Not e  t h a t  

p r i o r  t o  the in-head c u t ti ng , the l e a d s crew mus t  be 

captured below t he cut l ocat ion to prev e n t  the l e ad

s crew and c on t r o l  rod from dropping ( in the eve n t  the 

fuel a s s embly is mis s i ng ) . To capture the l e ad s c rew 

hold i ng too l, concep t ua l l y  s hown in Figure 4 . 1 , will 

be i�se r ted from a n  ad j acent CRDM no z z l e  with a 

spec i a l  man i p u l a tor ( a l so shown i n  Figure 4 . 1 ) . The 

mani pu l a tor w i l l  be rer:1oved a fter the ho lding too l 

i s  i n  p l ace to a l low acces s  for the p l a sma tool . 

4. Leads c r ew P i n  Torque Shearing Option -

A l t hough t h i s  procedure was n o t  pre se n ted i n  the Phas e  

I Report ,  i t  w a s  d i scus s ed a t  t h e  Augus t  7, 1 980 

meeting a s  a po s sibl e  abnormal l e adscrew separation 

procedure .  T e s t s , documented in Append ix I I , ind i c a te 

t h a t  t h i s  procedure w i l l  no t wor k  sin c e  the control 

rod s pi d er/hub connec t io n  wil l  f ai l  b e fore the pin s  

in t he l eadscrew . 

A f lowc h a r t  o f  the revi s e d  contingency p l a n  for CRDM r emov a l  

i s  s hown i n  F igure 4 . 2 . 
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B. i�ormal CfWH H.e mo ·;a l Procedures and Too l ing 

The normal CROM removal procedures and too l ing are d escribed 

i n  t he C RDM Manual, B&II Ins t ruc t io n  Boo k  N umber 620-0006-01-
0018-03. Minor modific a t io n s  t o  t he p r o c ed u r es ( s uch as a 
step to verify the weight of the torque t ube wi l l  be necessarJ 

as it is lowered. The noroal tooling is available insi�e the 

'rMI-II reac tor buildi:1g and there is no reason to beli eve t hat 

t'1ese tools cannot be made to function. However, these tools 

were 1 n  the reactor building on March 28, 197 9, and t hey may 

requ1re d econtaminat��n befo re usc . Sin c e  this could c ause 

delays and u.nn e c e s s<try pe:L·so n n e l  exp:Jsur e ,  i t  is recom.<lend cd 

th.::t t bac k-up tocl s be available. Henc e , B&l'l re c ommends that 

replacements f o r  th� fo llow1ng normal tools �e added to the 

c ur r e n t  s cope of s1.pply ( if these tools cannot be supplied 

�y the site) 

l. Pc �ion Indicator (P.I.) AdjusLmen t  Too l . In 

order that t his tool be capable of passing through the 

personnel hatch, it will not be c omple tely asse�bled 

until after being taken into the r e ac to r  buil d ing . 

2. P.I. Lifting Tool 

3 .  C RDM Venting Tool 

4. "0" Ring Removal Too l 

5. AlLer1 ate Uncoupling Tool with Jumping Jack 

6. Leadscrew Lifting Too l 

7 .  C RDM Lifting Too l 
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B. l;or:nal CRD:: H.c:;:�ov.:1J.. P roc edures and ':'ooli:1c_; (Co::'t.) 

I t  should be r.otcd that the Stator I r .stal lat l on/Re:-:-�oval 

Tool and the llolddu.-:n 3ol t .1\cmoval �'ool are !lOt i:1c luc:.ed 

in th is list. The currently proposed contingency tooling 

can (in the event that the tools ir.side the reactor 

building will not �ork) per�orm the function o� those two 

tools even for normal CRD!·' rt.:moval procedures. Also, not 

included in the recom ... llencied repl.:1cernent list is the Lead -

sere� I ns t a l l .:1 t 1 on/ Re:-:1oval Tool. 7his tool will no t pass 

througi1 the personnel hatch and no currently proposed 

contin0er.c; tool will per form the function of this tool 

(ie. back the le.:1dscrew nut off, uncouple the leadscrew, 

and raise the leads�rew to the parked position) . 

B&� can provide two t �ols to take Lhe pla ce of the lead-

screw installation removal tool. The first tool, 

conceptual ly shown in Fisure 4 .3, will back the leadscre� 

::-,ut of:: and the second tool, conceptually shovm in Figure 

4. 4 will uncouple and raise the leadscrew to the parked 

position . It should be noted that the special leadscrew 

lifting tool can be inserted down the hollow shaft of the 

special leadscrew nut tool to prever.t the premature 

rotation of the leadscrew to the uncoupled position while 

the leadscrew nut is being backed off. Since these two 

tools are only cequircd if back-up normal CRD:·l tools are 

added to the scope of supply, only conceptual designs 

have been prepared. 

Also needed is a special tool to lower a blind flange onto 

inaccessible CRDM nozzle flanges. B&W will supply this 

tool under the current scope of supply. (See B&\!-1 Drawing 

No. 11230100). 



C. Co�t�ngency Toolina 

Standard tooling and proc0 dures for lead scre� uncoupling 

and CR0:·: re:-aoval r.1ay prove to be lnadequate due to conditions 

.l::l[)Oscd dur incj the �: . .,�nsicnt.. 

considered LJ.re: 

Possible complicating contiltlons 

L .  Corrosion of bolts and f1ttings. 

2. �el ting / fusing of !�adscrew to the co n trol rod splder . 

3. \·:a rpag c of lea'-.iscrcH of C H.D: l  due to ther;:1al stresses. 

�- �elting or warpage of the guide tube brazcments. 

It has Lecll esti::1ated that the lcadscrc\·:s ln the periphe ral 
0 

CRDM's exper l ence a minimur.1 of 1 500 F �or a period of 
l 

approximately one hour before bci�g quenched. Although 

thi3 by itself would not have signi f icantly changed the 

metallurgical properties of any of the key components, it 

could have bee!• sufficient to cause degree of warpage. If 

the temperature reached as high as 2100
°

F, the rod guide 

braze material could have begun to nelt. It is possible 

that the male coupling on the end of the leudscrew asse�bly 

was damagPd and will not uncouple from the SDider. Some 

degradat ion of both components is expected due to the 

transient and subsequent environment. 

Contingency tooling has been designed to permit CRD!l re1.1oval 

despite problems which may be encountered. SnecificaJly 

these tools are: CRDM Holddown Bolt Removal Tool, Stator 

Removal Tool, Plasma Arc Cuttin g System, a Leadscrew 

Support Cla1.1p, and a Leadscrew Lowering Tool. 

l. CRDM Holddown Bolt Removal Tool -

The func t i o n a l  r equ i remen t s  of this tool are: 

l 
Based on data from Trli-II Reactor Coolant System Component 

:evaluation Task 27, Hay, 1980. 
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• P rod u ce 2500 ft.-lbs. of torque with 
factor. The 2500 �t.-lbs. f igure is the worst 

case es ti�ate of the force necessary to sme ar the 

threads and remove the holddown bolts. This numbe r 

is based on B&� f ie ld experience. 

• :.:eet all geometric rl:strictions lmpo sed D�' the C1<D.'1' s 

and service structure. 

• Pass through personnel hatch. 

• Function belm·: ::-�issile si1ielcl. 

The tool shm·:n iJ� B&;·; Dr.:nving I�umbcr ll21446F meets 

all of these req uirements . This tool employs two 

torque multipliers to �·ield a mechanical advantage 

o: 12. 

2. Stator �emoval Tool 

�he functional requirements of this tool are: 

• Be cai_Jable of liftins 1000 li.Js . (-1 tir.1es the 

weight of the stator)with a 1. 5 safety facto� 

• Meet all of the s eometric restrictions imposed by 

the CRDM's and servicl: structure. 

• Function below missile shield. 

• Pass through personnel hatch. 

The teal shown ln B&W Drawing �umber ll21432F meets 

all of these requjrements. This tool can be maneuvered 

below the stutor and then a cr2>1e or hoist can be used 

to lift the stator. 

' � 
. " 

• 4 . 



3. I'l.:lSffid 1\�-C .:uttinc S'j':;tL':�1 
�he f uncti ona l requirements of this tool are: 

• Cut Ui_J to l\ ir.ch b1ic� l7-.; PE stainless steel . 

• Torch head must be small enougi1 to fit between 

the cm:i flar:.c;e s eparation of l-1/:2". 

• ::ust Dake requi r ed cut ln just a fe\\7 seconds. 

• �ust be portable. 

• :-ius t operate o: f ,:; 80 v, J p.�ase c lrcul t.. 

T'; ' i.J ical pl asma arc cutting syste1:1s :;H::ct these re(1uircc.tents. 

,\vailablc s�·stems Jse n itrogen or c:n-goll mixed v:i th hydrogen 

to :'orm the plasr.1.:1 q.:1s. '1!1is :;as is he.:1 ted to its plasma 

state bj an electric.:1l arc, forming a plasma arc. The arc 

lS contained by a secon d.:1ry fluid, usu.:1lly car Lo n dioxide 

or water. The sases n eeded can be brought into the reactor 

�uildin g , in tanks, through the personnel hatch and the 

power requirc�ents for this system will be 100 amps .:1t 480 

volts (3 phase ) . The successful te st ing of the plasma arc 

system is documented in Appendix I I I. 

4. Push/Pull Leadscrew/Extension Separa tor 

This tool has the following functional requirements: 

• Fit around leadscrew and inside control rod guide 

brazement. 

• Function under all geor.tetric restrictions imposed by 

other CRDl•l' s and the service structure. 

• Generate 25 tons of force with a 1. 5 safety factor 

necessary to separate the leadscrew from its 

extensions. This figure is calculated in Document 

Number 32-ll22lll 
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• Pre v e n t  co n t r o l  r od ou t - mo t i o n . 

• F u n c t i on b c : ow m i s s i l e s h i cl� . 

The tool s hm·:n i :1 J & !;; O raw i :1 g : : u:-1bers l l � l 3 9 9 F  a n d  

l l 2 l4 0 0 r=  � e c t s  a l l  o �  t hes e r eq J i r e m c n t s .  

'i S e d  a �allow t u 0c t o  � i t  a r o u n d  t he leadscrew and in

� i d c  t�c b r a z emen t . A s0 0 m e n ted nu t i s  used t o  a pply 

ll !)\va r cl  fc c c e  o n  t h L?  l c.> �td s c rew , h' i1 i l e  the t u b e  preven t s  
t h e  cor: L r ol roc:. S i' l d c r  f rom r i s i ng . S t r e n g t h  t e s t s  of 

c r i c ical compon e n t s  were per f ormed dur i n g  t ool design 

t o  v e r i f ·.' c o l ·..:.: u l a t i o n s . Tes t r e s u l t s  a r c  presen t ed i n  

A?pend i x  I V  and V .  

5 .  Lead s c r c w  S u p � o r c Clamp 

':..' h i s  t ool w i ll )_;e a c h .J. i n  \-: r e nci;. or " C "  t Y !X !  clam p . 

Its f u n c t i o n  i s  t o  pre v e n c  t h e  l e .J.dscrew S U ? po r t  tube 

f r o1:1 d r o ;) ;) i n q in s i d e  L1e ves s el wh i le cu t t i ng t i1e lead

s ere \·: .:md l e a.clscre\·: ·. u �) po r t bc tv:e e n  Ci\o:-: f la n g e s . 

S t a :1 d a r d  c h .J. i n  ·.-.- r c: :� ..:.: h c s  a n d  " C "  clar:1;_�s \·: i l l  be e v a l u a t ed 

d u r i n g Phase I I I  mock - u p  test i ng . I f  standard t ools do 

no t prove .J.cce p t a ble a s pe c i a l  t ool will be d e s i g n e d . 

6 .  Leadscrew Holding l'ool 

T h i s  tool w i ll b e  us e d to hold t � e  leadscrew i n  the even t 

t he f u e l  a s s emb l y  upper end f i t t i n g  is m i ss i ng. There are 

two o p t i ons \·J h i c h  w ill b e  e v a l u a t ed dur i ng Phase I II 

tes t i ng before t he des � gn o f  t h i s  t o ol w ill be f i nal i z ed. 

The f irs t op t i on ( concep tually s hown i n  F i g ure 4 . 5 ) i s  

t o  cut a " w i ndow " i n  t he leadscrew suppor t tube a n d  i nser t 

a spec i al clampi ng t ool. The second opt i on would cons i s t  

of " punch i ng "  a hole ( w i t h  t h e  plasma arc sys tem ) t h 1·ou g h  

t he leadscrew and leadscrew support tube w i thou t  suppor t 

i n g  t he leadscrew. A " p i n "  cou l d  t hen b e  i nserted to 



6 .  L c a d s c r cv; l i o l d i n c; Too l l .:_· o n ' t . )  

h o l d  t i1 c  l e .:1 d s c r c w . T h 1 s co :1 c '--' p t i s i l l  u s  t r .:t t ..:  u 1 n F i g  u r e 

4 . 6 . O t h e r  o p t i o n s  w i l l  a l s o be t e s t e d  and ev a l u a t ed 

d u r i n g  P h a s e  I I I .  

7. Lead s crew Lowe r inq Too l -
A t oo l wi l l  be ne ce s s a r y to p r ov 1de cont r o l l ed d e s cent 

of the l e ad sc rew if th e f u e l a s s emb l y  is mi s s 1 ng . I f  

t :1 e  " p u n c h " m e t h o d  i s  u s e J , t h i s  too l wi l l  s imp l y  b e  

a w i r e r o p e  wh i c h  i s  in s e r ted t hroug h a g roove 1n t h e  

h o l d i n g to o l . I f  t h e  window me thod i s  u s e d , a s �ec i a l 

toe 1 ( co:1ce ptua l l y s hown in F i g u r e  4 .  7 )  \-J i 1 1  be needed . 

u .  C o n t i :�g e n c y C l{D;-: l{e:no v .:l l P r o c e d u r e  

Pr e r eq u i s i te s : 

1 .  Lowe r p r i m a r y  wa t e r  l e v e l . 

2 .  E s tab l i s h pu rge s y s te:n . 
3 .  E s t a b l i s h  pr ima ry \ta t e r  l e v e  1 mo n i t or ing . 

� .  P r ov id e an a ccep t ab l e ho i s t .  

5. Vent C RD:-1 . 

6 .  Remo v e  P . I .  and s t a t or . 

7 .  Top c l o s u r e  and " o "  r ing removed . 

8 .  Norma l uncoup ling proced u r e s  a t t e mp t e d . 

Procedure : 

1 .  U s ing t h e  p l a sma a r c  t o r c h , c u t  a ho l e  i n  the s e rv i c e  

s t ructure ad j acent to the CRDM being r emoved . 

2 .  I f  requi r ed , back t h e  l ead screw nu t off to the h a rd 

s to p . 

3. I f  r equ i r ed , r e l e a s e  t h e  t o r q u e  t ub e  u sing the a � terna t e  

uncoup l ing too l wi t h  j umping j ac k . 

4 .  U s ing t h e  a l terna t e  uncoupl ing too l and s p r ing s c a l e , 

r ai s e  t h e  torque t ube . If t � e  s p ring s c a l e  r e ading 

s u b s t an tia l l y  exceed s  t h e  combined weigh t  of torque 

t ube and a l terna te uncoup ling tool , the precaut i onary 

proced u r e s  pre s en t ed in S te p  9 mus t  b e  fo l lowed to 

prevent uncontrolled leadscrew descent . 
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D. Contingenc y  C R 8� Re�o v a l P r o c c � � r c  ( Can ' t. )  

�\ote : S tep 4 ver i f .:_ e s  th<1 t t. h e  ·.-;e i ght o :  t:�e l eac s c re·.·: and 

control rod a s s e ::1L l y  l S  being supported b:.:' something 

other than the tor q u e  tube . 

5 .  Unbo l t  the C i\0:·1 . For ce bol t s  if nece s s a r y . 

6 .  Li : t  the CI\0:·1 app r ox i mate l y  l "  w i th t!1e chain hois t. 

t�ote : P r ecautionar y  step s mu s t  be taken to prevent raising 

the C RDM high enoug h to cau s e  control rod withd r awa l 

beyond the trip ped posit l on. 

7 .  Continue r c:1 i s ing the CRD� unti l there l S  a su f fic i ent 

Q u .  

g a �  between the C RD� f l ange s for the c utting ope rat i on. 

Do not ::.:-ai s e  the C RD:-1 e noug h to c c:1u s c  control rod v: i th

d r awal be yor.d t ;:e  tr i �J £Jed position. 

C l amp t h e  l c ad s c rew suppor t  tube in p l ace u s l ng a 

Position the too l  f 1 u s h  \·.· i th the CRD�·l 

nozz l e. 

9 .  I f  during Step 4 it was pos s ib l e  to ver i f y  that the 

tor que tube was not sup porting the weigh t of the l ead 

s c r ew , cut the l cad s c reH and l ead s c r eH support tube 

between the l ead s c reH c l amping tool and the 2 RD� motor 

tube f l ange , then p r oceed to Step 1 4 . I f  it \·.'as not 

pos s ib l e  to veri f y  that the l ead s c rew was suppo rtei , 

f o l l ow Steps 1 0 - 1 3 . 

10 . U s ing the p l a s ma tor c h , c ut the l ead s c rew s up port 

tube . Cut as much of the exposed tube aHay a s  pos sib l e . 

Do not cut t he lead s c r ew. 

1 1 . Attach the l ead s c rew hol d i ng tool to the exposed . 

l ead s c r ew . 

1 2 . Cut the l ead s c rew above the ho ld i ng too l and be l oH the 

CRDM motor tube f l ange . 

C RDM nozz l e  f l ange. 

P rovide suitab l e  p r otection for 

1 3 . Attach the l ead s c rew l owering too l and remove the ho lding 

too l . Caref u l l y , at a s low r ate , l ower the l ead s c � ew 

unt i l it reaches a hard stop . 

I 

t 
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Con L i nC ! L: l l C Y  C .KiJ.·i i{e ! . tova l ? r o c � ci. u r e  ( Con ' : . )  

1 4 . C s i � s t h e  p u s h/ p ull too l ,  s ep ara t e a nd r emove t he le a d -

s ere\-: . 

This pro c ed ure a p p l i e s  on l y  to C RDM ' s  whe r e the s i d e  of 

the C RD� i s  a c c e s sib l e . I n i t i a l l y , t h i s  proc ed u r e a p p l i e s  

on l y to per i pheral C RD� ' s .  A c e n ter CRD� c a n, ho� e v e r, be 
removed b y  f irs t removing a p er i phera l d r i ve and th en re 

movi n g a dr i ve one rmv in f ron< the p e r i p h e ra l d rive , u s 1 ng 

the side - acce s s  prov i d e d  by the first drive remova l .  

Co n t i n u i n g i nw a r d , on e row a t  a t i me wi l l  eventual l y  

permit the neces s ary side ac c e s s  f o r  abnormal remov a l  

o f  a c e nter d r i v e . How ever , a s  e a ch d r i v e  i s  remo v ed 
a c l os ure w i l l  be req u i red f o r  t h e  C RDM n o z z le . A 

total of f our clos u r e s  wi l l  be p rov1d ed u n d e r  t h e  current 

s cope o f  s u p p l y . 

E .  1\.;. : i a l  PoHer Shaping Contro l Rod ( JI.P S R )  Drive ;1echan ism Removal 

The A P SR ' s are � n  t h e  s ame position a s  t h e y  were p r l or to lhe 

r e a c tor trip on �arch 2 8 ,  1 9 7 9 .  The norma l  u �coupl i n g proc e d u r e  

w i ll c au s e  the A P SR ' s t o  d rop, re s u l t ing i n  th e A P SR ' s impac ting 

the f u e l  a s s e mb l i e s .  Since t h e  cond i t io n  o :  the c o r e  i s  un-

� n own , i t  i s  impo s sibl e  to e va l uate the con s equenc e s  o f  this 

ir.1pa c t .  

There are t hre e proc e d ure s ,  which u s e  t h e  con t i n s e n c y  tooling 

cre s en t e d  in this chapter, that will permi t the uncoup l ing of 

the A P SR drive w itho ut d ropping the ;\P SR. The s e  are a s  f o l lows : 

.!. .  I n  H ead C utting This pro c e d ure \v i l l  u s e  the i n - h e ad 

plasma cut t er and the in- head holding too l to remove 

the d rive without dropping the A P SR .  This method Ho u l d 

invo lve onl y  a s ma l l  APSR movement ( if any ) and wil l u s e  

t h e  s ame p r o ce d u r e  a s  CRDM r emova l with in- h e ad p l asma . 
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to u n bo l t t h e AP S R  d r 1 v e , r a i � �  t h e d r � v e a f �� i n c h e s  
t o  e x po s e  t h e  l e ad s cr ew a n �  s ·'" ! ' i� Or t t J be , a :. c  p e r f o rm 

S t e p s  1 0 - 1 3  o f  t � c  c � n t i n g e n c ;  C RDX r 0mo v a l  p r o c e d u r e . 

T h i s  p r o c e d u r e  w i l l  i n v o l v e  b o � h  l n  a n d o u t mo t i on o f  

the AP S IL 

3 .  �o t o r  �ube Cu t t i n g - 7 h i s me � �od wo u l d  be s i � i l a r  t o  

t h e  l e a d s c r e w  il n d  s u p p o r � t u be me t h o d  e x c e p t  t h a t t h e  

l e a d s c r e·1v w i l l  be c x p c .:> e c.i u:r' c u t t i n g a w i ::.dov; 1 n  t h e  
mo t o r  t ub e . 

A l t ho u g h  mo c k - u p  � e s t l n g  l S  � e c e s s a r y  t o r e s o l ve w h i c h 

p r o c e d u r e  1 s  r e c orr .. ":lc nd c d , t h e  i n - :-: e a d  p l .:1 s ma me t h o d l S  

b e l i e v e d  t o  be t h e  p r e f E: r r c d  a j) t= r o c. c h  a n d  t h e  mo t o r  t u b e  

c u t t i n g i s  be l i e v e d  t o  be t h e  l e a s t  d e s i r e d  t e c h n i q u e . 

T h e  remo v a l o f  A P S R ' s  w i l l  i n vo l v e  a d d i t 1 o n a l c l o s u r e s  

n o t  und e r  t h e  c u r r e n t  s c o p e  o f  s u � p l y . A f 1 m·: c h a r  t 

f o r  AP S R  r e mo v a l  i s  s hown i n  F i g u r e  4 . 8 .  

r .  O p e r a t i o n W i t h  X i s s i l e Sh i e l ds I n  ? l a c e  

A l l  too l i ng de s i g ned u n d e r  P h a s e  I I  c an b e  u s ed f o r  t h e  

i n s pe c t i o n u nd e r  the m 1 s s i l e  s h i e l d s . The no rma l C RDI·l 
to o l i n g , w h i c h  i s  r eq u i r ed i n  s u ppor t o f  t h e  i n s p e c t i o n 

c a n  a l s o  be o pe r a t e d  u n d e r  t h e  m i s s i l e s h i e l d s . Howev e r , 

a n  a ux i l i a r y  l i f t i n g h o i s t  o r  r i g g i n g w i l l  be n e c e s s a r y  

f o r  v a r i o u s  o p e r a t i o n s  d u r i n g  t h e  i n s p e c t i o n p r o c e d u r e s .  

T h i s  a u x i l i a r y  ho i s t  o r  r i g g i n g mu s t  be l o c a t ed u n d e r  t h e  

�· i s s i l e s h i e l d s  a nd a l l ow t r a n s p o r t  o f  c o m p o n e n t s  t o  a n  

a p p r o p r i a t a  l a y d own a r e a , s u c h  a s  t h e  c a n a l  f l o o r . B&W 

w i l l  d e s i gn , f a b r i c a t e , a n d  t e s t  t h i s  l i f t i n g  e q u i pme n t  

( e x p a n d ed s cope o f  s u pp l y )  d ur i n g Pha s e  I I I .  



TOP OF SER V I CE 

STRUCTURE 

LEAD SCREW 

SUPPORT 

R V  HEAD 

CONTROL ROD 

GU I DE 

L E ADSCREW 

L E A D  S CR E W  

H OLD I NG TOOL 

ELE V ATIO. 

CONTROL 

1 - >-

F i g u r e  4 . 1 I N - H E A D L E AD S C R E W  

SPR I NG 

I I LEA OSCR E W  

LEAD SCR E W  
H OLD I NG 
TOOL 

H O L D I NG TOO L A N D  MAN I PU L A T OR ( 

" • 

L-----------�---------------------· ·:.-.................. .. 



Remove 
F l a n g e  

I 
s 

C RDt-1 
Bo l t s 

2 -

Rc��. o v e  Pc s i  t i on 
I nd i c a t o r  f, nd 

S t a t o r  !' s s emb l ";' 

f V c n  t C i<D:-i !'. :-.c: l !Remov e  To p C l o s L r e  I 
1 r C :1 c o u ;:, l e  :, e .J.c:t s c r ev: 

I r ;o rrr.a l r, nd ;\ _l ter�a te 
P r'.:J C ·  · cl � :  r e 

I u � s c-. '.: .:;_ s :: a  c co :_- ·: 

r� Bo l :. s  I u 

rcu t  S :2 r v i c e  LS !: r u c t u r e  

Rer.o \· e C RD�·: 
F l a n g e Bo l t s  

l I Fo r c e  1 s 
Remove w-1/ ______ _. 

C R D�·1 "'-
Bo l t s 

l '-r 

C u t  Le a d s c r eH 
S u piJOr t !\n d  

L e a d  s e r e\·: 

I Remov e C RD>: 

� 

S e p a r a t e 
F l a r: g e  

s 

C RO:·i 

u 

CJ t C RD� i 
i'-:o t o r  Tube 

t\n d  L e a d s c r e \·J 

Rer:1ove U p p e r  

C u t  S e c t i o n  

O f  C u t  C RDr1 
Remove C u t 

Le a d s c r eH S u p ?o r t 

F I G U kE  11 .2 

Remov e  Lmv e r  
S e c t i o n  

o f  c u t  C R Dr-1 

U s e  Le3.d s c r e\·J 
S e p a r a t o r  To 

Remove Le aci. s c r eH 

C RDi'l Remov a l  

I 



r 

- 3 3 -

I I I 
I I I I 
I I I I I 
I I I 
I I 
I I 
I I 
I 

I 

I I I I I I I I I I ; I I I I I I I I I I I  

HOL L OW SHAF r 
IN SERTION OF 

LE6 0 SCREW L l  

I 

TO P E RMIT THE 

THE SP ECIAL 

FTING TOOL 

v SPECIAL SO 

L EA D S r :1 E W  

CK E T  FOR 

NUT 

F 1 gu r e  4 . 3 SP E C I AL L E ADSCREW NUT TOOL 



I 

- 3 4  -

I---

ll 

, .. .. �-- • .-t -

J 

F i g u r e  4 . 4  S P E C I A L L E A D S C R E W  L I F T I N G T O O L  



- 3 5  -

..---�,------·---------------, 

C R D M  ____ ..., j L E A DS C R E W  S U P P O R T  -�====;.rJITJ --
L E A D S C R E W  

� 
S U P P O RT C L A M P  

K"'--- C R D M  N O Z Z L E 

1 E S TA B L I S H G A P  AND CUT  W I ND OW 

-�----------------��----� 

-,.:,r [ 1-oF. 
I 

C U T  
L O C A T I ON 

H O LD I N G 
T O O L  

2 I N ST A L L  H O LD I N G T OO L  

( S PE C I A L P L I E RS ) 

3 M A KE CUT  A T  C U T  L O CA T I ON 

"'..,.___ ���t R l N G 

r 

0 
__ __.__1.&--__ _ 

1 
4 I N S T A L L  LOW E R I N G T O O L  

S H OWN I N  F I GU R E  4 . 7  
5 R E M O V E  H O L D I N G  T OO L  

6 L OW E R  L E A D S C R EW 

F I G U RE 4.  5 " TvHJ DOq " l1ETHOD 



C R D M  

'----,-""'1+===- L E A D S C R E W  ( L IS ) S U P P O R T  

wr---- H OL E  

L IS S U P P O R T  C L A M P  

C R D M  N O Z Z L E  

1 E S T A B L I S H G A P  

2 I N S T A L L  L IS S U P P O R T  C L A M P  

3 PUNCH  H O L E T H R O U GH LIS A N D  

L / S  S U P P O R T  T U B E  

6 .  C U T  A W A Y  L /S S U P PO R T  T U B E  

A B O V E  H O L D I N G  T O O L  C E N T E R  L I N E  

H O L D I N G T O O L  

L/S 
S U P P O R T  C L A M P 

C R D M  
N O Z Z L E 

C U T  L O C A T I O N 

H O L D I N G T O O L  

4 I N S E R T  H O L D I N G D E V I C E 

5 C U T  l/S A N D L /S S U P P O R T  T U B E  
A T  C U T  L O C A T I O N 

7 L O O P  W I R E R O P E  T H R O U G H  T H E  
G R O O V E  I N  T H E  H O L D I N G T O O L  

L IS 

GR O O V E  

8 R E MO V E  H u L O I N G T O O L  A N D L OW E R  

l /S W I T H W I R E R O P E 

F I C l l l � E  4 .  r, P U fJ C ! l  r 1 E T I I O D  



HO L D I N G D E V I C E 

F 1 gure 4 .  7 L E A D SCREW  L O W E R I N G T O O L  



O P TIO N 

E S T A B L I S H 

AD J ACE N T  

OP E N  C RDM 

L 
I NS TALL 

l N H EAD L S 

HOLD I N G TOOL 

� 
U S E  I N - HEAD 

P L \ SMA T O  

CUT L ' S 

L 
UNBOL T AND 

R E MO V E  D RIVE 

R E M O V E  P C SI TIO N I NDICATOR A ND S TA T OR 

Of � I ON 2 
E S TA BL I SH 

GAP 

l 
I IN S TALL 

LEAD SC R E W  t L / S )  

HOLDING TOOL 

l 
CUT L/ S 

AND SUP P O R T  

TUBE 

l 
L OW E R  L l S  

W I TH LOW E RING 

TOOL 

F 1 g u r e  4 . 8 AP S R  R E MOVAL 

r-

�r 
OP TIO N 3 

CUT W l t-;DO W 

IN MO TOR TUBE 

INS TALL 

LEAD SC R E W  ( L  s )  
HOLDING TOOL 

CU T 

L EAD S C R E W  

LOW E R  L ' S  

WIT H  LOW E R I NG 

TOOL 

�r 
UNBOL T AND 

R E MOVE 

DRIVE 



- 3 '-J  -

V. V I DEG EQU I P�E�T 

� - F u n c t i ona l �cqu i r emen t s  

T h e  fun c t i o� d l  r e q u i r eme n t s  o f  t he c a m e r a  s y s t e m  a r c  
d i v i d e d  i n to t h r e e  a r e a s : r e s u l t s , p h y s i c a l  l im i t a t i o n s , 

aad env i ronme n t .  

C nd c r  r e s u l t s , t h e  f o l l o � i n g  c h a r a c t e r i s t i c s  w e r e  c o n s 1 d c r e d : 

• i<c so l u t i on ':.' he s y s t em mu s t  have s u f f i c i e n t  r e s o l u t i o n  

t o  a c c u r d  t c  l /  r e p r c s e n  t t he c omp l ex s i1 a p e s  o f  a n y  d .J. rna g c  
� r  u n u s u a l f i n d i n g s . 

• �e :' e r e !1 c e s  T h e  v i d e o  s y s t e m  mu s t  h a v e  a f i e l d o f  v 1 ew 

( g r e a te r  t h a n  2 0
°

) s u f f i c i e n t l y  l a r g e  s o  t h a t  e n o ug h po i n t s  

o f  r e f e r e n c e  a r c  i n c l ud e d  t o  d e f i n e  t h e  l o c a t i o n . 

• Reco r d a b l e  Ou t p u t The i n s p e c t i on r e s u l t s  mu s t  be 

a c c ur a t e l y  r e co r d e d  by v id e o  t a pe . 

l n d e r  p h y s i c a l  s i z e  l im i t a t i on s , t h e  f o l l o w i ng c h a r a c t e r i s t i c s  

• The c am e r a  h e a d  mu s t  o pe r a t e  a t  a m 1 n 1 m um o f  8 0  f e e t  f rom 

t h e  con t ro l  u n i t .  

• The c ame r a  h e a d  mu s t  be c apab l e  o f  p a s s i ng t h r o u g h  a 2 . 7 6 ) "  

d i ame t e r  o p e n i n g . 

• The r i g i d  l e n g t h  o f  t he c ame r a  h e ad s ho u l d  be m i n im i z ed t o  

f ac i l i ta t � e a s e  o f  e n try v i a  a comp l e x  p a t h . 

U n d e r  e n v i r onmen t ,  t he f o l l ow i ng r e a c to r  v e s s e l  c o nd i t i o n s  

w e r e  con s id e r e d : 

• Max i mum \va t e r  d e p t h  o f  8 0 I t 

• Max imum w a t e r  t empe r a t u r e  o f  l 4 0
°

F ,  

• Rad i a t i o n  l ev e l s  u p  to lO O O R/hr . ,  

• Low L i g h t , 

• Pos s i b l e  opaque wa ter . 
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E .  C am e r a  

The v i d e o  came r a  cho s e n  i s  the i'"!c s t i ngho u s e  ETV- 1 2 5 0 . 

The purch a s e  par t drawing i s  B & �;' Draw i nq Number 

l l 2 1 4 1 7 A ,  

1 .  
1 

S y s tem De s cr i p ti on 

T h e  E�V- 1 2 5 0 i s  a comp l e t e  und erwa ter v i d eo s y s tem 

s pc c i � i c a l l y  d e s i g n e d  for n u c l e a r  r e a c tor i n -

spcc t i on s . 

7he s c  a r e : 

T h i s s y s tem con s i s ts of  two un i ts . 

the came ra head and the control 

uni t .  The s e  two un i ts a r c  connec ted by a 1 2 5 ' 

c a b l e . The �a j or i ty o f  the s y s tem ' s e l ec tron i c s  

a r e  1 n  the con trol un i t , thereby , m i n imi z i ng the 

compone n t s  exposed to the harsh reac tor env iron

men t .  

The camera head i s  1 2 "  l o ng , and has  an outs ide 

d i amc ter o f  1 .  2 5 . "  7h i s un i t  conta i n s  a f i e ld 

e f f e c t  tra nsi s to r  v i deo preamp l i f i e r , the camera 

tube , l e n s e s , and a remo te f ocus mo tor . Th e s e  

compon e n t s  are hou sej i n  a 3 1 6 s ta i n l e s s s te e l  

c a s e . T h e  came r a  head can \v i ths tand a g amr:1a d o s e  

r a te o f  2 X 1 0 6 R/hr for a cumu l a tive d o s e  of  1 0
8

R .  

The camera control un i t  con s i s ts o f  a 4 "  ( d i agon a l  

mea sured ) mon i tor and conta i ns a l l  e le c tron i c s  

n o t  l o c a ted i n  the c amera head . 7he s e  e lec tron i c s  

i n c l ud e  v i d e o  proc e s s i ng c i rcui try , l i g h t  control 

c i rcui t r y , r o t a t i ng r i ght ang l e  v i ew i ng a t tachmen t  

motor con tr o l  c i r cu i tr y , and focus notor control 

1 Uote the ETV- 1 2 5 0  s p e c i f i ca t i on s  shee t is  i n c l uded 
in Append i x  V I . 
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l .  S y s tem Descr i p t i on ( con ' t . ) 

c i rcui try . Th i s  un i t  i s  hou sed 1 n  an a l uci num 

c a s e . A l l  con trol s and conn e c t i o n s  are loca ted 

on the f ront pane l . 

2 .  Ac c esso r i es 

The E7V- l 2 5 0  has a comp l e te l i ne o f  acce s s o r 1 e s  i n 
c l ud i �g a rota t i ng r i ght ang le v i ew i ng a t tachmen t  

comp l e te wi th a 1 5 0  wa t t  �ung s te n  ha logen l amp , a 

l i gh ted f i xed r i g ht ang l e  v i ewing a t tachmen t w i t h  

two 2 0  wa t t  tung s te n  ha logen l amp s , and a l i ghted 

axi a l  v i ew i ng a t tachMen t wi th two ( 2 )  2 0  wa tt 

tung s ten ha logen l amps . 

J .  Recommended equ i pmen t  a nd spare p a r t s  i nven tory 

Tab l e  5 - l  shows the r ecommended camera , s pare p a r t s , 

and acces sor i e s  i nven tory . Th i s  i nven tory cons i s ts 

o f  two comp l e te c aMera s y s tems , a s p a r e  head , and 

a s sor ted s pare par t s . The com� l e te s p a r e  s y s tem i s  

nec e s s ar y  i n  the eve n t  the s y s tem i s  damaged beyond 

imme d i a te repai r .  By having a n  extra c amer a  head , 

the need to change the v i ew i n g  a ttac hmen t s  on a h i g h l y  

con t �Ji na ted h e a d  c a n  be avo ided . 

C .  V i deo r ecorder and mon i tor 

I n  order to provide a permanent r ecord of the i ns pe c t i on s , 

a v ideo r e cord i s  needed . The f o l low i ng l i s t  enume r a t e s  

the needed r e co r d i ng e q u i pme n t : 

1 Thi s  equi pment may be s up pl ied b y  GPU , however ,  B &W wi l l  
require a n  i n s p e c ti on { to e nsure compat i b i l i ty )  e a r l y  i n  
Pha s e  I I I . Later i n  Pha s e  I I I , B &W w i l l  requ i r e  exc l u s ive 
u s e  of t h i s  equ i pmen t  for mock-up tes t i ng . 



c .  V i deo r e c or d e r  and mo:1 i t or ( con ' t . ) 

2 Son:y vc 3 8 0 0  V i d e o  Re corcier or e q u i v a l e n t  

2 S o n y  AC- 3 4 0  AC Ad a p t e r  

2 S o n y  I3P - 2 0 A D a t t e r y  

2 0  S o n y  1 2 5  A 6 0  V i deo C a s s e t te s  

1 D i s t r i but i o n  !v:1p l i f  i e r  

T h e  c a s s e t t e  r e c o rd e r  w a s  c h o s e n  t o  r e d u c e  t h e  tape han d l i n g , 

and t h e r e b y , d e c r e a s e  the r i s k  o f  c o n t a m i n a t i n g  the tape . Two 

r e cor d e r s  s h o u l d  be c o n n e c ted i n  p a r a l l e l  w i t h a d i s tr i bu t i on 

amp l i f i e r  to avo i d  a n y  pos s i b i l i ty o f  r e co r d e r  p ro b l ems r e s u l t -

i n g  i n  a n  i n s p e c t i on no t b e i ng r e corded . The s e  c a s s e t te 

r e c o r d e r s  a r e  not owned by B & W , and c a n n o t  be s u pp l i e d  b y  B & W  

o n  a r e n t a l  ba s i s . Re e l  to r e e l r e c o rd e r s  own e d  by B & W  c a n  

b e  supp l i ed b y  B & W  o n  a r e n t a l  ba s i s . Howev e r , p r o c u r e m e n t  

o f  n ew r e corde r s  i s  r e comme nded s in c e  t h e r e  i s  a h "!._ g h  

p r o ba b i l i ty t h a t equ i pme n t  ( i n c l ud i ng t h e  r e e l  to r e e l  t a p e s ) ,  

w i l l  be impo s s i b l e  to d e co n t am i n a t e  t o  an a c c e p t a b l e  l e ve l . 

Th i s  wou ld n e c e s s i t a t e  B & W  c h a r g i n g  for t h e  equ i pmen t .  I t  i s  

f e l t  t h a t  procur i n g  equ i pme n t  b e s t  s u i t e d  f o r  the t a s k  i n  the 

f i r s t  p l a c e  i s  t h e  mo s t  prud e n t  approach . 

O t h e r  equ i pm e n t  �c0ded i s  a n  a c c e p ta b l e  v i d e o  mon i to r , and 

a s s o r t e d  c ab l e s  requ i red to con n e c t the c ame r a  s y s tem w i t h  

t h e  mon i to r  a n d  v id e o  r e c o r de r . 

D .  L i g ht i ng 

Aux i l i ar y  l ig h t i ng w i l l  b e  prov i d e d  f o r  two r e a s on s . F i r s t ,  

t h e  i n t e g r a l  c amer a  l ig ht i ng o u t p u t  i s  n o t  s u f f i c i e n t  f o r  

b r o ad a r e a  v i e w i n g . The m a n u f a c t u r e r  s ta t e s  t h a t  t h e s e  l ig h t s  
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D .  L i g h t i ng ( Can ' t . ) 

are not d e s i g ned for v 1 ew 1 n g  o b j e c t s  furth �r  th�1 '  2 f e e t  away . 

Second , the camer a  l ight w i l l  overheat i f  u s ed i n  a l r . Hence , 

other l i ght ing i n  the upper head o f  the d r a i ned r e a c tor v e s s e l  

i s  nece s s ar'/ .  

S i nce a research o f  dVa i l a b l e  equ i pment has  not y i e lded 

s a t i s f a c tory l i g h t i ng , i t  h a s  been nece s s ary to d e s i gn 

spec i a l  l i g h t i ng f i x t ure s . Two l ig h t s  have been deve loped 

for use i n s iJe the reac tor ve s se l . 

?he f i r s t  l i ght , shown i n  Babcock and �i lcox Draw i n g  Number 

l l 2 1 4 3 1 E 1  l S  a mod i f i c a t ion o f  a s tandard underwater l ight . 

The s e  mod i f i c a tions s imp l y  r e p l ace the large protec t i ve 

l exan cover on the l i ght w i t h  a w i re screen and protective 

brace s . Thi s  mod i f i c a tion reduc e s  the d i amete r , and perm i t s  

t h e  l ight t o  pa s s  through t h e  2 . 7 6 5  C R�M no z z le w i th a 2 5 0  W 

l amp . Thi s  l ight wi l l  be used for upper head i l l um i n a tion . 

The s econd l i ght t h a t  ha s been d e s i g ned h a s  an out s id e  

d i amet e r  o f  on l y  1 '' . Thi s  l ight i s  shown i n  B &W ' s  Drawing 

Humber l l 2 1 4 3 0 E .  T h i s  l ight u �- e s  '- - 2 5 0  watt l amp . A 

prototype o f  th i s  l ight has  been f abr i c a ted a nd t e s ted 

w i th s a t i s f a c tory r e s u l t s . Thi s  l ig h t  can be i n s e r ted i n  

the camer a  mani p u l a tor ( be h i nd the c amera )  , o r  a separate 

man ipul a tor , and f o l low the c ame r a  to the r e a c to r  cor e . 

L i gh t  control s  w i l l  be nece s s ary to control the i nten s i ty 

o f  t he s e  two l ightE . Tabl e  5 - 2  s unuua r i z e s  a l l  v ideo 

equi pmen t  ( except c ame r a  s y s tem)  needed . 
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As d i scus s ed i n  the pha s e  one repo r t , the mos t  suc c e s s 

f u l  murky wa ter v i ewing sys tem tes ted con s i s t s  o f  p l ac

l ng a p la s t i c  bag i n  front o f  the v ideo camer a .  Once 

the bag is i n f la ted w i th c l ea r  water and brough t  i n  

contact wi th the ob j ect t 0  b e  v i ewed , i t  i s  pos s ib l e  

t o  ob ta i n  c l e a r  v i deo p i c t u r e s  even though t h e  w a t e r  
l n  the r e a c tor ve s s e l  i s  mu rky . 

The dep loyme n t  mechan i s n  for the p l a s t i c  bag i s  s hown 

in B &W Draw i ng Number 1 1 2 1 4 3 3 £ .  Thi s mechan i sm 

cons i s ts o f  a tube surround i ng the camera . C l e a r  wa ter 

i s  fed to the bag by a f eed l i ne , whi le a i r  i s  re l ea s ed 

by an a1r b leed l i ne . 

The p l a s t i c  bag i s  made o f  1 0  mi l l  t h i ck po l y  and has 

proven to be  r e s i s tant to punc ture and abr a s ions during 

t e s � s . A l s o , the bags have been tes ted to 3 psi  wi thout 

f a i lure whi l e i n f l a t ion p r e s sures above 1 / 2  psi  pro

v ide s u f f ic ie n t  bag expa n s ion to obtai n  good r e s u l t s . 

The s y s tem to ma i n t a i n  1/2 to 2 p s i  i n  the p l a s t i c  bag 

w i l l  be evaluated dur i ng mock-up t e s t i ng . Thi s  s y s tem 

con s i s t s  of i n j e c t i ng o n l y  a f ixed volume of water and 

h av i ng a feed and bleed sys tem where the b leed tube i s  

a few i n c h e s  above the water l ev e l  i n  the reac tor 

ves se l , caus ing 1/2 to 2 p s i  s ta t i c  pres s ur e  in t h e  

p l a s t i c  bag .  T h e  f eed w a t e r  w i l l  b e  s uppl i ed from 

the top of the s e r v i ce s tructur e . 

The murk y  water v ideo s y s t em w i l l  be employed o n l y  d S  a 
l a s t  r e s or t .  B &W expe c t s  o n l y  l imi ted r e s u l t s  u s i n g  thi s 

techn ique . The f i e ld o f  v i ew w i l l  be l imited to the s i z e 

o f  the p l a s t i c  bag . 

• 
e 

- . 
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F .  OTHE R  I N S P EC'I' I O� E Q U I P: !EIJT C00:S I DE RED 

Dur i ng P h a s e  I ,  two other v i d e o  came r il s  ( D l amond S T - G and 

F 2 r sneh R- 9 3 )  we re con s idered . The compa r i son o� the s e  

c ameras i s  documen ted i n  t h e  P h a s e  I Repor t ( i3 & \'l ' s Documen t  

�0 . 8 6 - 1 1 2 1 2 0 8 - 0 0 ) .  

Dur i ng P � a s e  I I ,  ano ther ca�er� was cons i d e red - the EDO 

We s tern 1 8 0 0  Ser i e c  Cndenva ter Camera . Th i s  came ra h·a s  

re j e c ted f o r  the f o l low i ng r e a s on s : 

l .  The foc us P ro j e c t ion S c r e e n  ( F P S )  tube requ i red 2 0  time s 

a s  �uc h  l ig h t  a s  the We s t i ng house ETV- 1 2 5 0  Newvi con tube . 

2 .  The large d i ame ter ( 2 . 0 '' )  o f  t he E DO We s tern Came ra make s 

the man i pulator des ign more comp l i ca ted and e l im i n a t e s  

t h e  pos s i b i l i ty o f  u s i ng the murky water v iewing a t tacb�e n t . 

3 .  7he E DO Wes tern Came r a  doe s not have i n tegral l ig h t s . 

4 .  The EDO We s tern Camer a  doe s not have r i g h t  ang l e  v i ew i ng 

attachme n t s . 

5 .  The h igher reso lut ion o f fe red by the F P S  Tube ( F � S = 8 0 0  

l ines , Newv i con= 5 2 5  l in e s ) 1 s  o f  l i t t l e  va lue s in c e  a l l  

resolut ion over 3 2 5  l in e s  i s  l o s t  once the video s ignal 

is  s tored on a v ideo type recorder .  S ince prac t i c a l l y  

a l l  analy s i s  o f  d a ta w i l l  be done f rom t h e  re corded 

i n f orma t ion , a l l  r e s o lu t ion over 3 2 5  l in e s  is was ted . 

Al so con s idered wa s the u s e  o f  b lue-green l i gh t . Th i s  option 

wa s r e j e c t ed s i nce tha l l i um ( b l ue-green ) l amps con t a i n  mercury , 

wh i c h  can damage the s t a i n l e s s  s t e e l  p a rt s  o f  the reac tor . The 

o n l y  other prac t i c a l  way to produce b l ue-green l i g h t  wou l d  be 

to u s e  an i nc ande scent l ig h t  a nd a n  o p ti ca l  f i l te r . Thi s  f i l te r  

would a t tenuate the e n t i r e  s p e c trum o f  l ig h t  emi t ted a n d  hence , 

t hi s  i s  n o t  a r e asonable approach . 
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F .  OTH E R  I �S P ECTIO� EQU I P�IENT CON S I DE RE D  ( Can ' t . )  

U l tra son i c  s y s tems were cons ide�ed i n  P h a s e  I a nd the probl ems 

a s soc i a ted wi t h  u l traso n i c  i n s pect ion a r e  docume n ted in t h e  

P h a s e  I Repor t .  
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QUA!:1T I TY 1 
' Q UA:� T I 2Y t : E S T I NGHOU S E  I ON O R D E R  m:::coEo D E S C R I P T I ON P A RT NO . 

· - -

1 2 : !i na ture Cnderwa ter TV Camera ETV- 1 2 5 0  
f or cJuc l ear Re a c tor I n spec t i on 

2 3 Newv i con I'ube f o r  ETV- 1 2 5 0  t·iL- 5 1 7  3 
1--- - - -

1 1 Spare Cab le ( 1 2 5 ' ) \vi th 3 5 - 4 4 6 3  _._ 

connector s for ETV- 1 2 5 0  

2 0  2 0  � � 0 .. :;> ;  r - ... ng for ETV- 1 2 5 0  4 3 - 1 0 1 6  
1 1 Te s t  S tand for E':'V- 1 2 5 0 3 5 9 3 7 2  

1 I 1 Ro ta t i ne; r ic; h t  anc; l e  V l ewlng 3 5 - 4 1 5 2  
a ttachmen t 

G 6 !Janps f or 3 5 - 4 1 5 2  3 5 - 4 3 5 7  

1 l L i g h ted f i xed r ig h t  a n s l c  rn r ro r 3 3 9 1 6  

1 2 Lig h ted ax i a l  v i ewing a t tac h - 3 3 9 1 5  
men t  

1 2  1 2  Lamp s for 3 3 9 1 6  .C, 3 3 9 1 5  2 - 7 9 0  

0 1 L i c; h t  co n tr o l  c i rcui t board - 3 5 - 2 9 0 5  
1 2 0 1  

I 0 1 Tsync . generator c i rc u i t boarq- 3 5 - 2 9 7 6  
I 1 2 0 2  

f--
0 1 De f le c t i on c i rcui t b-:,c1r u - 1 2 0 3  3 5 - 2 9 7 5  

0 1 V ideo amp l i f ier c i rcu i t  board - 3 5 - 2 9 7 8  
1 2 0 4  

0 
-r 

1 Low vo l tage supp l y  c i r cu i t  board 3 5 - 1 9 7 4  
- 1 2 0 5  I 

· -

I 0 1 H i g h  vo l tage s upp ly c i r c u i t  �· "i - 8 9 3 :. 
boar a - 1 2 0 6  

0 1 Automilt i c  l igh t con t r o l  board - 3 5 - 2 9 7 7  
1 2 0 7  I 0 1 I Carr.er a  head c ar tage a s s emb l y  3 5 - 4 4 6 7  

0 1 V i d eo preamp l i f ie r  c ir c u i t  3 5 - 3 4 6 5  
board - 1 2 0 8  

0 1 Polyca.rbonate cover f or 3 5 - 4 1 5 2  4 0 - 4 2 7 8 

0 1 :1o tor control c i rc u i t  board - 3 5 - 2 9 6 "1 
1 2 0 9  

0 2 0  " 0 "  RL1CJS for 3 5 - 4 1 5 2 4 3 - 1 Cl � 9  
--

lrnh " 2 _,_  l S  equ ipment h a s  been ordered und e r  Pha s e  7. • 

Thi s qun.n t i t y  i s  n e eded . 
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TABLE 5 - 2  V I DEO EQU I PMCNT 4 

I QUAN 'L' I TY QUANTITY ! -, VENDOR 
, ON ORD E R  NEEDED I DES C R I P T I ON VENDOR MODEL NO . 

I 
I 

0 2 Video Record e r  Sony vo 3 8 0 0  

0 2 D i s t r ibut ion Any -
A!np l i f ier 

0 2 !·li crophone Sony -
, - 0 I 2 AC Adapter Sony AC- 3 4 0 

0 2 B .:1 t tery Sony B P- 2 0A 

0 2 0  Video Cas s e t tes j Sony 1 2 5/.- 6 0  
I 

0 2 Video �·1on i tor Conrack S NA- 9 
· -

0 2 S e t s  A s s or ted l en g t h  c ab l e s  B &W -
to connect c amera 
s y s tem , mon i tor , and 
recorder 

0 3 Powe r s ta t  l ig h t  Any -
control 

0 2 Underwater light - -
0 1 0  Lamp 2 5 0  wat t  - -

0 2 Cabl e  to be used on - -
B &�\' f abr i c a ted l "  
l ight 

4 s e e  Tabl e  5 - l  for c amera equ1pmen t .  
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A .  Func t i o n a l  Requir eme nt � 

Man i pu l a to r s  mus t  be d e s igned to maneuver both came r a s  

and l ig h t i ng i r s id e  the reac tor ve s s e l . Spec i f i c 

requi rement s are : 

l .  Came ras - Mani pu l a tor mus t  be a b l e  to �ove a 

camera to four d e s i red po i n ts o f  observa t i on : 

a .  Tops o f  per i ph e r a l  fue l a s s emb l i e s . 

• To reach t hi s  area , the camera �u s t  trave l 

from po i n t  o f  �n try , around the edge o f  the 

p lenum cover , then down a long the i n s id e  o f  

o f  the p lenum cy l i nd e r  t o  a po i n t  d i r e c t l y  

above t h e  peripher a l  f ue l  a s semb l i e s . 

b .  The area betweer the core s uppo r t  s h i e ld i ng 

and the p l enum . 

• The came r a  mus t  t r ave l f r om po i n t  o f  e n try 

to the g ap b e tween the core suppo r t  s h i e ld 

and the p l enum � then down i n to thi s  gap a s  

f a r  a s  pos s i b l e . 

c .  The i n te rior o f  the control rod bra z eme n t s . 

• The came r a  w i l l  b e  l owered s tr a i gh t  down 

f r om the control rod d r ive mech a n i sm 

no z z l e  i nto the guide tube bra zeme n t s . 
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A .  Fun c t i o n a l  Rec ui r emen t s  ( can ' t . ) 

d .  The a r e a  on top o f  the p lenum cover . 

• The camera wi l l  be swe p t  over the p l en um 

i n  the ava i l a b l e  open a r � �  �� l ow the entry 

po i n t . 

2 .  Aux i l iary L i g h t i n g  - Man ipul �tor mus t  be a b l e  to 

pos i ti on the auxi l i ary l i gh � ing in the upper head 

r e g i on for general  i l l umination . I t  mus t be a l s o  

c a ?able o f  pos i t ioning auxi l i a ry l ighting down i n

s i de the p l enun c y l i nd e r  to a poi n t  a bove the f u e l  

a s s emb l i e s  and down be t\-1een the p lenum cy l inder 

and core s uppo r t  s h i e l d . 

I n  add i t ion to maneuver ing i ts par t ic u l a r  dev i c e  

t o  a de s i red loc a t i on , each man i pu l a tor mus t  a l so : 

l .  Be abl e  to f i t  through the C Rml noz z le . 

2 .  No t encounter i nter f erence f rom e x i s t i ng 

s tr u c t u r e s  w i t h i n  the c lo sure head . 

3 .  A l low the conn e c t i ng cable for the device 

t o  f eed f re e l y  f o r  both entry and exi t 

oper a t i on s . 

4 .  Oper a te r e l i a b l y . 

5 .  F i t  be l ow the m i s s i le s h i e l d  and pa s s  through 

the per sonne l a i r  lock . 

6 .  Al l ow man i pu l a tor control f r om o u t s i d e  o f  

penetra t ion i n  v e s s e l  � ? � 0 . 

7 .  Al l ow coord i n a ti on w i t h  v i s t a l  observation 

equi pmen t for p l a c ement ,  s ample gathe r i ng , e tc . 



B .  De s c r iption 

' , - :.J ..L.  -

To f u l f i l l  a l l  o f  the s e  requi remen t s , o n e  mani pu l a tor 

has been d e s i gned . Thi s  man i pu l a tor , wh i c h  i s  s hown 

in B & �·l Draw i ng Numb e r  l l 2 1 4 3 1 E ( 3 s he e t s ) cons i s ts 

o f  a h i nged tube connec ted to a long tube . The conce p t  

o f  how th i s  man i pu l ator wor k s  i s  i l lu s t ra ted i n  F i g u r e  
6 . 1 . 

The man i pu l a to r  i s  cons tructed f rom a l um i num tub i ng 

s e c t i on s  wi th threaded e n d s  for e a s e  o f  a s s embly . 

Onc e  i n s i de in the r e a c tor lJui ld i ng t h e  man i pu l a to r  

c a n  b e  a s s embled f r om the s e rv i c e  s tr u c ture a s  i t  i s  

i n s e r ted i n to the rnani�u l a to r  s u�po r t  tube . ?he mov e 

ab l e  tube , a s  we l l  a s  t h e  l ower o f f s e t  tube , h a s  

rol l e r s  to reduce f r i c ti on o f  t h e  c a b l e  a s  t h e  c amera 

i s  lower ed . The s e  two s e c t i o n s  are connec ted by an 

o i l - l e s s bea r i ng . The o f f se t  tube moveme n t  h a s  a 

range o f  0 °- 9 0� The we i g h t  o f  t h e  man i pu l a tor wi l l  

be s uppo r ted b y  a s ha f t  co l la r  r e s t i ng o n  the top 

of the C RDM r e p l aceme n t  mo tor tube . A s ta i n l e s s  

s te e l  cable i s  a t t ac hed t o  the e n d  o f  the moveabl e  

tube and runs t h e  l e n g t h  o f  t h e  man i pu l a to r  u p  t o  

a hand w i nch . The w i n c h  a l lows for c o n tr o l l ed move

ment of the lower tube as we l l  as p r ov i d i ng a lock

i n g  mechan i sm t o  ho l d  the tube i n  a s e t  pos i t ion . 

The longes t  s e c t i on o f  the nan i pu l a to r  i s  1 2 ' � n  

l e ng t h . Thi s  w i l l  f i t  i nt o  the p e rs onne l hatch w i t h  

t n e  aoo r s  s n u t  a n d  wi l l  a l s o  f i t  u nd e r  m i s s i le s hi e l d  

dur i n g  a s s embl y . The overa l l  we i g h t  o f  the too l w i t h  

camer a  does not exceed 8 5  l b s . 
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B .  De s c r i p t i o n  ( Co n ' t . )  

The sma l l  l i g h t  c a n  be i n s e r t e d  b e h i nd t h e  c a �e r a  a n d  f o l l ow 

the c ame r a  t o  the t o p  o f  t h e  c o r e . A s e p a r a te ma n i pu l a t o r  

f o r  t he l i g h t  c a n  be u s ed i f  a s e cond C �DM no z z l e i s  a va i l a b l e . 

The m u r k y  wa t e r  v i ew i ng s y s tem w i l l  h a v e  t o  be i n s e r t ed be f o r e  

t h e  m a n i p u l a to r  i s  p l a c e d  i n s i d e  t he h e a d . The comb i n ed l e n g th 

o f  the m u r k y  wa t e r  a t t a c h�ten t a n d  o n e  a r t i c u l a te d  por t i o n  o f  

t h e  ma n i pu l a tor w i l l  r e q u i re t h a t  a pu l l  u p  c a b l e  be u s e d  to 

p u l l  t h e  came r a  w i t h  murky wa t e r  a t t achme n t  u p  t o  p r e ve n t 

i n t e r f e r e n c e  wi th the b r a z emen t .  Th i s  c o n c e p t  i s  i l l u s t r a ted 

in F i g u r e  6 . 2 .  
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RAD I OACT IVE EQUI P:-.1ENT STORAGE 

Dur i ng Phase I I I , B &W w i l l  d e s i g n  s torage r a c k s  for r a d i o ac t i ve 

equ i pme nt removed f rom the r e a c tor ve s s e l  during the i n spec t ion 

ta sk . The equipmen t  racks wi l l  be d e s igned to p � s s  through 

per sonne l hatch and be cons truc ted i n  the re fue l i ng c a n a l . The 

rad ioac tive equ i pme nt whi c h  wi l l  be s tored i n  the s e  racks f a l l s  

i nto three catagor i e s : R'"=a c tor ��omponents removed to g a i n  ac c e s s  

�o the i n s ide o f  the v e s se l , too l s  u s e d  t o  r emove the r e a c tor 

componen ts , and s pe c i a l  equ i pment used for the i nspect ion ( came r a , 

l ig h t i ng man i pu l a tor , water l e ve l s y s tem , r e p l aceme n t  mo tor tube , 

purge sy s tem ,  e tc . ) 

A .  Reactor Component S torage 

The ma j or r e actor components removed a r e  the CRDH ' s .  Rack s  

wi l l  b e  con s tructed t o  h o l d  a l l par t s  ( motor tube , s t a tor , 

l e ad s crew , e tc . ) for up to four C RDM ' s .  Por t a b l e  s h i e ld ing 

( not part o f  B &W ' s scope of suppl y ) , s uch a s  l e ad b r i c k s  

a n d  l e ad b l ankets wi l l  b e  u s e d  t o  a ttenuate L h e  r ad i at ion 

f rom poten t ia l ly r ad ioac t i ve leadscr ews . The l e a d s c r ews 

wi l l  h ave h i g he s t  a c t i vi ty a s  they a r e  r emoved f rom the 

v e s se l . Other C RDM components ( motor tube , po s i t i o n  

i n d i c a tor , e tc . ) wi l l  h ave much l ower l eve l s  o f  a c t i v i ty 

and hence , w i l l  require o n l y  a m i n imum o f  s h i e ld i ng . 

B .  Too l S torage 

The onl y  too l s  whi c h  may become h i g h l y  radioactive or have 

h i g h l y  radioactive mater i a l  a t tached are the i n - head p l a sma 

cutter and the push/pu l l  l eadscrew s e p a r a tor . Both of t h e s e  

too l s  c a n  potenti a l ly have h i g h l y  r a d i o a c tive debr i s  a t tached . 
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B .  Too l  S torage ( Can ' t . ) 

Portab l e  s h i e l di ng w i l l  be used a s  nece s sary . Other too l s  

( s tator remova l ,  bo l t  removal ,  e tc . ) wi l l  b e  l e s s  ac tive . 

C .  Spe c i a l  Equ ipment Storage 

The o n l y  s pe c i a l  equipment that h a s  the potent i a l  to become 

a r a d i a tion h a z ard i s  the v ideo c amer a  head ( in c l ud i ng murky 

water and other attachment s )  and the underwater l ig h t . S ince 

those i t ems wi l l  be i n  c l o s e  proximity to the core , there i s  

the potent i a l  for h i g h l y  r ad ioactive debr i s  to become embedded . 

Other s pec i a l  equipment ,  such a s  man ipu la tor s ,  water leve l 

s y s tem , and repl acement mo tor tube may become contaminated 

to l ow l e ve l s . Racks or  containers wi l l  be u s ed ( w i th 

temporary s h i e lding i f  nece s s ary ) to s tore the s e  i tems . 

I n  a l l  c a s e s , B &W w i l l  re ly on s i te H e al th P hy s i c s  personnel to 

e s t ab l i s h  s hi e l d ing and decont amination procedur e s . 
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I n s pe c t ion equi pmen t  wi l l  be t e s ted on a f u l l  s c a l e  mock-up o f  

a segment o f  the reac tor ve s se l . The c u t t i ng equipmen t  w i l l  

be t e s ted on scrap mater i a l  i n  a s eparate mock-up . 

The f u l l  s c a l e  mock-up o f  the re actor i s  s hown in  B & W  Ske t ch 

Numbers SKNEC9 2 9 8 0 , SKNEC 1 0 1 8 0 , and S KN EC 1 0 2 8 0 . Th i s  mock-up 

con s i s t s  of a s teel tank with the reac tor i nterna l s  s imu l a ted 

by wood . The re are three C RDM no z z l e s  i n c l uded to permi t f u l l  

s imu l a t ion o f  inspection and s amp l i n g  procedure s .  A l s o  i n c l uded 

is a thermocoupl e  no z z l e  and s imu l ated mi s s i le s h i e ld . An under 

mi s s i le s h i e ld hoi s t  wi l l  be i n r l uded . 

Scrap mater i a l  wi l l  be used to t e s t  cut t i ng equipmen t  and 

procedur e s . A scrap motor tube and leadscrew have a lready 

been obtained for t h i s  purpo s e . 

I n  a l l  c a s e s , f u l l  rad iolog i c a l  pro t e c t ion equ i pmen t  and procedures 

w i l l  be used . 
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I X . MI S C E LLANEOUS TOOLS & EQ U I PMEnT 

Al l mi sce l l aneous too l s  and equi pment wi l l  be i d en t i f i ed and 

procured during P ha s e  I I I . Thi s wi l l  i n c l ude such i tems a s  

hand too l s  f o r  CRDM work and l on g  handl e  too l s . The needed 

too l s  w i l l  be iden t i f ied dur ing moc k - up t e s t ing . 

B &W wi l l  al so supply a l l  l ight i ng for i nspection opera t i on s . 

Thi s  wi l l  be both i n- ve s se l  and o u t s ide ve s s e l  l ig h t i ng . 
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:c n ;TE RFACE REQ C I REHEUTS 

The f o l lowing l i s t  enumerates  areas l n  which B &W w i l l  need s i te 

suppor t to per form the i ns p e c t i on s : 

l .  

2 .  

Tra i n ing S i te should supply a l l  secur i ty , hea l th phys i c s , 

and o ther t r a i ning required so that E&W personnel may g a i n  

s i te/reac tor bui l d i ng acce s s . 

I: l ec t r i c  Power B &W prov ided equi pmen t  wi l l  req u l r e  Ten 

( 1 0 )  twenty amp , 1 1 0  �o l t  s in g l e  pha s e  c i rcui t s ; One ( l )  1 0 0  

amp , 3 pha se , 4 8 0  vo l t  c i r cu i t ; and Two ( 2 )  5 0  amp , 3 pha s e , 

4 8 0  vol t  c ircu i t s . The s e  two 5 0  amp c ir c u i t s  should n o t  be 

supp l i ed fro1:1 a cormnon c i rcui t .  

3 .  Por table s h i e l d i ng , pe rson a l  rad i a t ion mon i to r i ng d e v i ce s , 

a n t i - con taminat ion c l o thing , and forced a i r  r e s p i r a tcr s -

s i te s hould supply the se i tems a s  we l l  a s  any o ther r ad i a t iort 

protection equipmen t  requi r ed by s i te hea l th phy s i c s  

proc edur e s . 

4 .  

5 .  

Hea l th Phys i c s  Coverage S i te should s upply s u f f i c i en t  

hea l th phy s i c s  personnel t o  provide cont i n uous coverage 

dur i n g  the i n s pection task . 

Draindmvr1 equipmen t  and per sonne l S i te should supply a l l  

personne l and equi pmen t  t o  d r a i n  the r e a c to r  ve s s e l  down to 

the p lenum cover . B &W ' s cur r e n t  propos a l  d o e s  not i n c lude 

the l ower i n g  or ma i n t a i n i n g  the wa ter l e ve l of the reactor 

v e s se l . 

6 .  Personnel S ite s hould supply a l l  c r af t  per sonne l 

con s i s te n t  w i t h  s i t e/union agreeme n t s . B &W c an s upply t h i s  

l abor i f  reques ted t o  d o  so . To m i n imi z e  organ i z at i o n a l  

i nter f ace s , B &W recormnends t h a t  B &W ' s cra f t  l abor be 

u ti l i zed . B &W - Sp� c i a l  Produc t s  - w i l l  s up p l y  a cont i nuous 

coverage o f  three engineers to per f o rm the i n s pe c ti o n . 
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X .  I NT E RFACE REQ C I RE�lCNTS ( Con ' t . ) 

7 .  Aud io commun i . ....: a t io n s  S i te should s upply an acceptabl e  mea n s  

8 .  

fer i n s pec t ion per sonne l to co��unicate w i t h  personn e l  outs ide 

the reactor bu i ld i ng . 

Service s tructure acce s s  S i te s hould supply a n  accepta0le 

mean s to g e t  per sonne l and equi pmen t  to the top of the s ervice 

s truc ture . Al l curre n t l y  propos ed equi p�en t  can be hand 

carr i ed or ho i s ted up to the oper a t i ng f loor . S i te should 

a l so supp l y  an acceptab l e  mea n s  for a person to get down 

onto the rea�tor ve s s e l  head outs ide the serv i c e  s tructure 

to remove the thermocouple f lange s . S i te should a l so supply 

an acceptab l e  locat ion where a 4 X 4 pa l le t  can be hoi s ted 

f rom the 3 0 5 ' leve l to the 3 4 7 ' leve l . 

9 .  Norma l C RDM too l ing S i te s hould suppl y  a l l  norma l CRDM 

too l i ng . B & W  does not curren t l y  p l an to supp ly replaceme n t s  

f o r  t h e  normal C RDM too l i ng . B&N wi l l  suppl y  the s e  too l s  

upon reque s t .  

1 0 . Laydown area S i te s hould supp ly an acceptable l aydown 

area f or the racks described in Chapter 7 - De tai l ed s i ze 

requi reme n t s  w i l l  be provided l a t e r . 

1 1 . Tool a s s emb l y  area S i te shoul d  s uppl y  an area i n s ide 

the reac tor bui lding d e s ignated for the purpos e  o f  

a s semb l ing C RDM too l i ng and i nspection equi pment .  An 

area on the 3 4 7 ' l eve l , approximate l y  1 0 ' X 2 0 ' i s  

required . 

12 . Air Supply S i te s hould supp l y  the normal a i r  s uppl y  for 

the normal CRDM too l s , which require an air source . 

1 
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X I . I NG RE S S  OF EQU I P�lliNT AND TOOLS 

Al l too l s  and equipmen t  used on t h i s  pro j e c t  w i l l  be h and c a r r i ed 

through the per sonne l a i r  lock and e i ther hand c a r r i ed o r  ho i s ted 

up to the 3 4 7 ' leve l . S pe c i a l  r igging wi l l  be suppl i ed by B &W 

for this  t a s k . 



X I I . 

- 6 2  -

S\'li P E  SANP L I N G  

The f un c t i on a l  requ i r ements o f  the swipe s amp l ing too l s  a re 

a s  f o l l ows : 

• Be c apa b l e  o f  taking swipe samp l e s  o f  the p lenum cover in 

the v i c ini ty o f  the acces s  no z z le . 

• Be c apable o f  taking swipe s amp l e s  i n  the r e g ion o f  the 

s p i d e r  a s s embl y  of a normal ly uncoupled c on trol e l ement . 

• Have swi pe a ttachme n t  tha t can be e a s i l y  r Pmoved and 

r e p l aced . 

� Function be low mi s s i l e  s h i e ld . 

• P a s s  through personnel hatch . 

To f u l f i l ]  the s e  requirement s , two too l s  wi l l  be used . 

The f i r s t  too l , s hown in B & l'J Drawing Number l l 2 1 J 4  8E, has 

the c a pabi l i ty to :ake swipe s amp l e s  o f  the p lenum cover . 

Thi s  tool h a s  three hinged tube s that a r e  con t ro l led by 

tw0 c ab l e s . The swipe taking ma t er i a l  i s  dep loyed , and 

r e t r a cted by a s ti f f  wire . 

The s econd swipe too l , shmvn in B &\·1 Drawing number 1 1 2 1 4 4 4 r". 

i s  f o r  taking swipe s amp l e s  from the top o f  the control rod 

s p i d e r  a s s emb l y . 'l'h i s  tool wi l l  b e  a s tr a i g h t  man i pu l a tor 

i n  whi ch swipe taking ma�er i a l  i s  inser ted and r e trac ted by 

a s ti f f  w ir e . 
• 
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APPEN D I X  I 

Th i s  appendix con t a ins a l i s t  o f  mat e r i a l  p repared for th i s  pro j e c t . 

DOCUMENTS 

B &W N UMBE R  

:) 2 - � 1 1 9 8 2 9  

8 6 - 1 1 2 0 4 9 3  

3 2 - 1 1 2 2 1 1 7  

3 2 - 1 1 2 2 3 4 9  

3 2 - 1 12 2 3 5 0  

3 2 - 1 12 2 5 0 7  

3 2 - 1 1 2  3 4  7 6  

8 6 - 1 1 2 12 0 8  

8 6 - 1 1 2 3 1 3 7  

8 6 - 1 12 3 4 8 4  

3 2 - 11 2 3 9 0 2  

DRAWINGS 

B & \'l N UMBE R 

1 1 2 1 3 9 6 D  

1 1 2 1 3 9 9 F  

T ITLE 

Gamma Do se Rat e s  in  Uppe r 
P l enum o f  TMI - 2  A f t e r  6 0 0 0  
Hours 

Various Dos e s  and Dos e  Rat e s  
As s o c i a t e d  w i t h  TMI - 2  Ves s e l  
I n s p e c t ion 

Leads crew S eparat i on 
Fe as i b i l i ty 

S ta t o r  Remova l Too l De s ign 
Abnormal Remova l Cond i t i on s  

CRDM Ho ld Down B o l t  Remova l 
Too l De s i gn - Abnormal Remo v a l  
Con d i t ions 

Le ads crew P u l l e r/Separator 
De s i gn 

F l ow Rate Requ i reme n t s  for 
" Bubb l e " W a t e r  Leve l 
Indicator 

In-Ve s s e l  I n s p e c tion Be fore 
He ad Removal TMI - 2  Phase I 
( Conce p t u a l  Deve lopme n t )  

De s i gn Rev i ew Phase I I  Pot
h o l e  Too l i n g  

De s ig n  o f  a P rimary Wate r 
Leve l I ndicator 

B ub b l e  P ipe C le arance for 
Wat e r  Leve l I n d i c a ti on Sy s tem 

T ITLE 

P r imary Water Leve l s en s in g  S y s tem 

Leadsc rew P u l l er/Separator Ass ' y .  

P REPARE R/DATE 

S . Q .  Dogge t t  
9 / 5 / 8 0  

S . Q .  Dogge t t  
9 / 4 / 8 0  

T . D .  P ..:. at t  
1 1/ 5 / 8 0  

G . R .  Lawre n ce 
1 2 / 2 / 8 0  

G . R . Lawren ce 
1 2 / 2 / 8 0  

T . D . P i a t t  
1 2 / 1 0 / 8 0  

D .  \\1 • Greenlee 
1/2 8 / 8 1 

N . E .  C a l loway 
& o t h e r s  
1 0 / 2 8 / 8 0  

T . D .  P i a t t  
1 2 / 8 / 8 0  

D . \'V .  Greenlee 
1/2 9 / 8 1 

D . W .  Green lee 
2 / 2 5 / 8 1  



DRAW INGS 

B &W N UMBE R  

l l2 1 4 0 0 E  

l l 2 1 3 4 8E 

l l 2 1 4 4 4E 

l l 2 1 4 1 7A 

l l2 1 4 2 4 E 

l l 2 1 4 2 9 E  

l l 2 1 4 3 0E 

l l 2 1 4 3 2 F  

l l2 1 4 3 1E 

l l2 1 4 3 1E 

l l 2 1 4 3 1E 

l l2 1 4 3 3E 

l l 2 l 4 4 6 F 

l l 2 1 4 4 7 E 

l l 2 3 0 1 0 D  

l l 2 3 0 l lE 

S KETCHES 

SKETCH N UMBE R  

SKNEC0 9 2 9 8 0  

S KNEC l 0 0 1 8 0  

SKNEC10 0 2 8 0 

S KT DP l 0 3 1 8 0  
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T I T L E  

Le ads crew Pul le r/S eparator De t a i l s  

Swipe Tool As semb ly 

Swi pe Too l As s emb ly 
( Fue l As semb ly Top Are a )  

Came ra f o r  In -Ve s se l  Inspe c t i on 
Be fore Head Removal 

Mani pul ator S upport Tube 

Un derwater L i gh t  

Modi f ied Hydro Li ght Ass ' y .  and De t a i l s  

St ator Li f t i n g  Too l As s ; y .  and De t a i l s  

Came ra and Light Man ipul ator As s ' y . 
Shee t 1 o f  3 

Came ra and Light Man ipulator De t a i l s  
Sheet 2 o f  3 

Came ra and Light Mani p u l a to r  De ta i l s  
Sheet 3 o f  3 

Murky Wate r V i ewing A t tachmen t As s ' y .  
and De tai l s  

Bo l t  Remova l Tool As s ' y .  

B o l t  Removal Tool Det a i l s  

CRDM B l ind F l ange and Rep l a cemen t Tool 

T/C B l ind F l ange 

TITLE 

Intern a l s  Mock- up 

Re a ctor Head Mock-up 

Reactor Ve s se l Penetration Mock-up 

In-Head Le ads crew Cutte r 
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APPEND I X  I I  

LEADSCRE\'1 P I N  TORQUE SHEARI NG TEST S UMHARY 

Thi s  te s t  was per formed to de te rmi ne i f  a p p l y i ng torgue to 

shear the 4 1 0  stain l e s s  s teel pins i s  a viable opt i on . 

Spec i f i c i tems to be detE rmi ned were : 

1 .  How much torgue 1 s  nece s s ary to shear the p i n s ? An 

e s t imat e  o f  thi s  va lue i s  1 1 0 0  F t . - l b s . 

2 .  Do any parts f a i l  be fore the p i n s ? 

3 .  Does the f a i lure , regard l e s s  o f  where i t  i s  p e rm i t  

remova l  o f  the leadscrew wi thou t uncoup l i ng ?  

4 .  I f  f a i l u r e s  occur ( o ther than the p i ns ) , do t he s e  

f a i lure s prec lude c on t i nu i n g  t o  apply more torgue 

to shear p i n s ?  

DESC R I P T I OIJ 

The te s t  s tand i s  s hown i n  F igure A 2 . 1 .  The torgue arm 

was 3 ' - 1 0 "  long , a nd a force of 2 0 0  lbs . was appl i e d  

producing a torgue o f  7 6 6  f t . - lbs . A t  t h i s  poi n t , the 

welds connecti ng the spider and the hub f a i led . S i nce 

t h i s  permi tted the s pider to r o tate on i ts hub , no f ur ther 

torgue could be appl ied , and the t e s t was termina ted . 
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DESC RI PTION ( Co n ' t . ) 

Prior to the spi der hub f a i l ure , the s p ider and control rods 

wer E d e formed . 

RECQt.lt"v!EtWAT IOHS 

I t  is recorrunended tha t the torque shear ing o p tion be abandoned . 
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S P I D E R  

CONTRO L RODS  

UPPER  E N D  
F I TT I N GS 
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APPEND I X  I I I  

LEADSCREH PLASPffi CUTTI NG TEST 

P U RPOSE OF TEST 

The �urpo s e  of thi s te s t  i s  to demo n s trate tha t p l a sma arc 

cut t i ng is a f a s t  e f f i c ie n t  way to cut s ta i n l e s s  s te e l . 

DESC R I P T I ON 

The te s t  cons i s ted o f  cutting an actual leadscrew ( 1 7 - 4 PH 

s ta i n l e s s  s tee l ) , wi th a p la sma a r c  torch . 

RESULTS 

A c u t t i ng t ime o f  approxima tely f i ve s econds was required 

f or t he l eads crew . 
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l'I.PPEN D I X IV 

LEADSCREl·J PIN TEtJ S I LE SHEAR TEST 

P U RPOSE OF TEST 

Thi s t e s t  wa s per formed to dete rmi ne i f  apply ing ten s i le 

s t r e s s  to shear the 4 1 0  s ta i n l e s s  s te e l  p i n s  i s  a v i a b l e  

option . Spec i f i c  i tems to be determined w e r e  a s  f o l lows : 

1 .  How much force i s  nece s s ary to shear the pi n s ?  

E s t ima tes o f  th i s  va l ue a r e  1 2  ton s . 

2 .  When the p i n s  shear , i s  there any r e a s o n  why thi s  does 

not perm i t remova l  of the leadscrew? 

3 .  Does thi s procedure p o s e  a mi s s i le h a z a r d ?  

DESCRI P T I ON 

The shear block shown i n  F i gure A4 . 1  wa s cons t ruc ted to 

tes t  thi s procedur e . The block was then p la c ed i n  a 7 5  ton 

hydrau l i c  pres s , and force appl ied unt i l  the pins f a i led . 
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RESULTS 

In each of four te s t s , the p i n s  f a i l ed a t  approxima t e l y  1 2  

tons . No mi s s i l e  probl ems were observed , and there were 

no i nd i c a t ions that thi s type of separation wou ld cause 

j ammi ng o f  t he p i nned connec t i on . 

\ 



- 7 1  -

I 
I 
I 

_ _J 

F I GURE AlJ-1 
P I N  SHEAR TEST BLOCK 

PLUNGER  

5/16"  D I A .  P i rJ 

BASE 
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APPEN D I X  V 

LEADSCRE�·7 PUSH/PULL S EPARA':'OR HUB TEST 

P U RPOSE OF THE TES� 

To eva luate if the tube end wi l l  de form or expand , and 

get wedged on the spider hub , thus preventing removal 

o f  the push/pu l l  too l . 

P ROCEDURE 

The a s s emb ly was tes ted as  shown i n  F igure A5 . 1 , u s ing 

7 5  ton hydrau l i c  pre s s . The bottom part i nto wh ich 

Part ' A '  set  was the spider a s s emb ly . 

F i r s t  a part ' A ' , F i gure A5 . 2 ,  with outs ide d i ame ter 

l . 6 2 5 '' was u s ed with the 3 0 4  s ta i n l e s s  s te e l , Part ' B ' , 

F igure A 5 . 3 ,  i n  order to s imul ate ide a l  cond i tions o f  

p e r f e c t  centering o n  the hub of  the spider a s s emb l y . 

The a s s emb l y  was pres s ed at increas i ng forces o f  5 , 1 0 , 

1 5 , and 2 0  tons for approximate l y  1 5  s econd s . A f t e r  

each pre s s , Part ' B '  was removed and examined f o r  any 

d e f o rmation s . 

P a r t  ' A ' wa s then repl aced with the sma l l e r , 1 . 5  outside 

d i amet e r  part , and the test was repeated , each time with 

Part ' B ' , a s  f a r  o f f  cente r  a s  pos s ib l e  to s imul a te wor s t  

c a s e . For the f in a l  tes t ,  the hardened 4 1 6  s t a i nl e s s  

s tee l , P a r t  ' B '  was pre s s ed a t  2 0  tons for approximate l y  

1 5  s econd s , a n d  then exami ned . U s i ng the sma l l  outs ide 

d i ameter , Part ' A ' , and wor s t  c a s e  o f f  c e nter , as before . 
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RES ULTS 

The 3 0 4  s t a i n l e s s  s tee l , P a r t  ' B ' s howed a s l i ght o f f  

center i ndent a t i on on i t s  b a s e  where i t  contac ted the hub 

a f ter the 2 0  ton o f f  center t es t . Subs equen t exami nation 

showed tha t it wa s s l i g h t l y  out o f  round a s  i t  would no 

longer s l ide onto the 1 . 6 2 5  outs ide d iame te r , Par t ' A ' , 

a lthough thi s out of round condi t i on coul d  not be mea s ured 

with f a i r l y  prec i s e  c a l i pe r s .  

The hardened 4 1 6 s ta i n l e s s  s tee l , P a r t  ' B ' , showed no s ign 

o f  deforma t i on , and s ti l l  would s l ide e a s i ly over the 1 . 6 2 5  
outs ide d i ame te r , Par t ' A ' . 

CONCLUS IONS 

The 3 0 4  s ta i n l e s s  s t e e l , Part ' B ' , tube end is more than 

adequate for 20 ton s of f or c e  and no prob lems are fore s een , 

however , the 4 1 6  s ta i nl e s s  s te e l  part wi l l  be u s ed . 
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H Y D R A U L I C  P R E S S  

P A R T  B 

P A R T  A 

F I GURE AS . l  ��ST AS SEMBLY 
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D I M .  1 1A
11 

� 1 . 2 5 � 

1 . O N E  PART AS S H OWN . 
-

.... 

T 
1 1 /  2 "  

1 1 /  2 "  

_j_ 

2 .  O � E  P A R T  W I TH D I M . A =  1 . 6 25 TO MAKE S L I D I N G  F I T  W I T H P A R T  B .  I D  

3 .  M A T E R I A L T O  B E  S TA I N L E SS S TE E L ,  C A R BON S T E E L , S O L I D  O R  P I P E ,  A S  

A V A I L A B l E .  N O T  A LOAD B E A R I N G M [ MBE R .  

FI GURE A5 . 2  



3 
1 -4 

' 
2} D I A t 

1i D I A  

i i 

M A T E R I A L :  

TUBE END 
S CA L E :  H A L F S I Z E 

3 0 4  S S  P A R T  8 
2 H A R D E N E D  S S ; 3 0 4 , 4 1 0  

F I GURE A5 . 3  

l R 
1 6 

f t -..J 
� 

1 .  6 2 5  2 D I A  D I A  
t l 
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APPENDI X VI 

Contained in this appendix is the �·Testinghouse ETV- 1 2 5 0  

speci f ication sheet . 



F EATU R ES 

• Sma l l  Camera H ead 1 .25" ( 32 m m )  D1ame ter 

x 1 2"  (305 m m )  Length 

• Ra dia tion To lera n t  Camera Head 

• H 1gh Reso l u t ion - More Than 550 TV L ines 

• R emote O pt i ca l  Focus 

• Wide D y n a m 1 c  R a nge - More Than 1 0,000: 

e l n te1 n a l  Opt 1on For E IA R S 1 70 ( US )  Or 

CC I R  ( E u r o pean ) Sync 

• Edsy To U se, E a sy To M a i n ta i n  

• B u i l t - I n  V 1ew F inder M o n i tor 

• I nternal  L ig h t  Source Power Supply 

• R ig h t  Angle Scanning A tt a chment With 

I n tegra l 1 50 W Light Source 

APP L ICATION 
Closed corcuit  telev1sion cameras h ave found 
increasing use in many aspects of nuclear 
reactor vessel i n ternals inspection, mainten
ance. and fuel ing support operations. TV 
cameras allow remote viewing in  environments 
that are ex tremely hostile to a human observer. 
They provide much greater flexibil ity of setup 
than other optical equipment and facilitate 
permanent record keeping through the use of 
video tape recorders. 

The ETV-1 250 is a complete TV inspection 

system specifically desogned for nuclear reactor 
use. It can operate on high radiatoon environ
ments, up to 1 00 feet underwater and over a 
wide range of temperatures. making the camera 
desirable for a variety of underwater appl ica· 
tions. 

The main feature of the ETV-1 250 1s the 
miniature size of the camera head which allows 
its use in  areas not accessible to cameras used 
previously. Miniaturization is act,ieved while 
essentially maintaining the resolution and 

sensitivity performance of much larger under
water TV cameras. The camera employs a 
2/3" diameter, electrostatic focus, magnetic 
deflection vidicon which provides more than 
550 TV l ines resolution, has its peak sensitiv
ity at 520 nm and produces a useable picture 
with only 0.06 footcandles faceplate i l l u m
ination. This corresponds to a scene brightness 
of approximately 2 foot lamberts when using 
the standard f/2.8 lens. For lower l ight level 
operation, the camera is  designed to accept 
other 2/3" tubes such as Silcon Target Vidicon 
or Newvicon® types, 
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DESCR I PT I O N  
The complete closed circuit T V  camera sy stem 
consists of two units:  a camera head and a 
camera control unit  (CC U )  connected with a 
1 25 foot (38 meted flexible multi lead under
water cable of 0,57" ( 1 4,5 mil l imeter) d iam
eter. As an option, the camera head can be 
equ , ,ed with a rotating right angle mirror 
viewing head with integral light source, The 
complete inspection system is supplied in two 
sturdy f iberglass ca. rying cases, each 20" long, 
1 9 ' .  h igh, and 9" wide (520 x 490 x 220 mml. 
The total weight is 44 and 5 1  pounds, 20 and 
23 kg respectively, 

Camera Head 
The camera head contains a removeable cart
ridge that includes the lens, the camera tube 
assembly, the low noise F E T  video preampli fier, 
and the remme focus motur, T h is plug-in cart
r�dgc os contained in a housing made of series 
300 stainless steel with the outside polished for 
easy clean ing.  One end of the housing is per
manently attached and factory molded to the 
cable. Threaded into the other end of the 
housing is the optical viewing port assembly, 
conta ining a non-browning quartz window. 
The threaded end contains the only replace
able "0" ring seal of the camera head. The 
standard lens is  a radiation tolerant, fixed 
aperture, 1 6  mm f/2,8, providing a diagonal 
field of view of 38° in air and 28° in water. 

R ight A ngle 
Viewing Attachment 
The right angle viewing attachment is an 
optional accessory to the camera head and is 
speci fically designed for underwater applica
tions. It has the same small diameter as the 
camera head ( 1 .25") and provides 360° radial 
scanning capabil ity t'lrough the use of a 
motorized 45° angle mirror assembly. The 
nominal rotational speed is one revolution per 
minute; scan direction and stop are remotely 
controlled from the CCU. This viewing attach
ment contains a single 1 50 W, low vo!tage 
tungsten halogen lamp. Light intensity is  con
trolled from the CCU. The complete assembly 
is threaded into the front of the camera head 
housing in place of the standard opti�al viewing 

Exploded View of Camera Head 
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port, oncreasong the overall camera length to 
2 1 "  (533 m m l .  Electrical contact is made 
automatically. 

Camera Control Unit  
The C C U  contains a 4 "  diagonal v1ewfonder 
monitor. all  camera tube power supplies. con· 
trol and video processi;1g c•rcuitry. and a power 
supply for the integral l ight source. It IS en
closed in a s!'"··dy aluminum cabonet. All  cable 
connectors and operation controls are located 
on the front panel, which IS protected dunng 
transport and storage by a h mged cover plate 
With the cover plate closed, an integral carry ong 
handle makes the CCU an eas1ly portable self
contained unit. 

Solid state circuitry is uti l ized throughout. Cir
cuits are desogned for high stab1l ity, low power 
consumption, reliable operation, and long l i fe. 
Al l  critical power supplies arc electronically 
regulated to assure a stable picture and to 
maintain resolution over the specified temper
ature range and for long periods of unattended 
operation. For easy maintenance, all carnera 
circuits are moun ted on plug-in prir.ted circuit 
cards readily accessible from the top of the 
ccu. 
The sync generator i s  crystal controlled and 
provides composite sync in accordance with 
E I A  Standard R S 1 7 0  (525 TV lines, 60 fields/ 
second ). This allows optimum interface with 
virtually ar { external mon1tor and video tape 
recorder. k jumper wire connection on the 
sync generator permits operation a t  CCIR 
Standard (625 TV lines, 50 fields/second ). A 
sync input/output terminal is available at the 
front panel to use the internal sync generator 
as a master sync or as  a slave to ex tern a I equip
ment. Selection is made with a slide switch 
located also on the sync generator, 

The video circuitry has a bandwidth of 8 MHz 
and includes fixed delay-line aperture correc
tion, DC restoration by a l ine-by-l ine clamp, 
and a white peak clipper. The video signal is 
available at a front panel BNC connector. 

The camera is  designed for "hands off" opera
tion. The only controls are switches for power 
"on-off" and remote focus. Beam current and 

etectrocal focus are internally preset and requore 
no adJuStment during normal operat1on. Auto
matic light control (ALC) circuits sense the 
average vodeo signal and adjust target voltage 
and video gain for vary1ng light levels. The 
video out�ut sig •�I is kept essentially constant 
over more than 1 0:)0. I change of light level 
above the A L r  threshold. The dynamoc range 
is on excess of 1 0,000: 1 .  

The buolt-1n 4 "  monitor is powered by the 
main CCU transformer. Monotor controls 
located on the front panel are Brightness, Con
trast. Horizontal, and Vertical Hold. 

The CCU cabinet contains a 1 50 watt DC 
power supply varoable from 0 to 24 volts to 
power the light source and, through a control 
circuit, the rotating r ight angle mirror motor. 
Overcurrent of the l ight bulb is prevented by 
protective circuitry. A green "Run" l ight 
located on the front panel indicates normal 
operation of the l ight source; a yellow "Max." 
l ight is activated at the rated current of the 
bulb. F urther increase of the lamp curre 1 1 1  wi l l  
trigger an automatic shutoff. The l ight source 
is reactivated by reducing the current and 
pressing the "Reset" button. 

ENV I RONMENTAL 
CONSIDE RATIONS 
T h �  camera has been designed a n d  tested for 
operation at temperatures from -25 to +60°C 
(-1 3  to 140° F )  and underwater operating 
depths in excess of 1 00 feet (30 m l .  

Special consideration was given t o  t h e  radia
tion environment by keeping the electronic 
circuitry in the camera head to a m inimum and 
using radiation tolerant components. Gamma 
radiation dose rate may be in e xaeSS of 2 X 1 06 

R/hr to a cumulative dose of 1 0  R. Faceplate 
glass discoloration of the vidicon tube begins 
near 1 06 R .  Radiation hardened camera tubes 
may be supplied as an option but, since the 
standard tube is  comparatively ine .• pensive and 
easily re{:!!aced, lower overall system cost will 
nNmally result from the use of this tube. 

®Registered trademark of Matsushita 
Electronics Corporation 

Optical Viewing Port Plug-in Cartridge Camera Housing 
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ETV-1 250 

w Westinghouse E T V  1 250 -
�RT INCREASE ON SYNC VIDEO @ MAX FOCUS 
CON @ � � @ � � 

OFF OFF 
RESET R U N  RGTATE [a 0 uJj � • V[R 

� �OR 0 @ 0 
Q 0 

L I G H T  I M A G E  POWE R  CABLES 

CE-A 2 8 7 !  

R I GHT A N G L E  VI EWING ATTACHMENT CAME RA H EAD 

,.o---- - 9_0 ( 2 29)----

Camera Control 

Unit  

Camera Head 

R ight Angle Viewing 

Attachment 

�:u----1 -----l.'�' J.-------..>13 
1+'·-----12_0 (305) ------.t·' • 

U5 1321  Do3 

Dimensions ore In Inches (millimeters) C E -A 2 8 7 0  
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ETV-1 250 

E L ECTRICAL SPECIFICATIONS 

Sensor . . . . • . . . . . . . . • . . • • . • . • • • . . . . . • •  2/3" V idicon 
Resolution . • . . . . . . . . . . . . . . . . . . . . . . . . . .  550 TV l ines/raster 

height minimum 
Sensotivity for Signal to Noose Ratio 

of 10 120 d b )  
Faceplate I llumination . . . . . . . . . • . . • . . . .  0 . 1 2 5  f c  
(2854° K I  
Scene Brightness . . . . . . . . . • . • . . . . . . • • .  4 f l 
f/2.8 l ines - (2854° K) 

Sign� '-to-Noise Ratio . . . • . . . . . . . . . • . . . . . .  36 db at maximum 
(unweigh m-<:: �•Hz bandwidth & light level 
aperture . nost) 

Gray Scale • . . . . • . • • . . . . . . . • • . • . . . . . . •  10 shades of gray, 
rninimum 

Video Bandwl':ith (3db) . . . . . . • . . • . . • . . . . .  8 Mt;, 
Video Outpu t .  • . • • • . • . • • • • • • . • •  , • . . • . •  Overall signal 

1 .4 Vpp, 1 V vido!O, 
0,4 V sync-75 ohms 

Aperture Correction . . . . . . • • • . . • . • . • • . . • .  6 db boost at 5 MHz 
Automatic Light Level Compensation . . . . . . .  Less than 3 db 

change of video out
put for more than 
1000: 1 change of 
light level above 
0,125 fc 

Synchronization • . . . . . . • . • • • • . • • • • . . . • • .  EIA R S  1 70 (525 

Sync Generator 

I ines, 60 fields/sec., 
1 : 1  interlace) Crystal 
controlled, Internal 
option to CCI A 
Standard (625 lines, 
50 fields/sec., 2 : 1  
interlace � 

Input/Output . • . . . • • • • • . • . . . . . . . . . . . .  Composite sync, 
negative going 
4 Vpp, 75 ohms 

Scar. Linearity . • . . • . . . • • • • • • . . . • . . . • . . •  ;!-2% 
Aspect Ratio . . . . . . . . . . . . . • • • • . . • • . • . . . .  4:3 
Power: 

Line Voltage . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 5/220 V, 60/50 Hz 
Camera, Incl. Viewfinder Monitor . . • . . . • . •  37 VA nominal 
Total when light source is in use . • . . . . . . • •  Up to 220 VA 

OPTICAL SPECIFICATIONS 

Lens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 mm f/2.8 
radiation tolerant 

Diaoonal Field of V iew • . . . • . . . . . • • • • • . • .  38° in air; 28° in 
water 

Remote Focus Range: 
Straight Viewing • • . • • • • • . • • • • • • • . • . • • •  2" (50 mm) to 

infinity 
Right Angle Attachment • . . . • . • . • . • • • • • .  1 "  (25 mm) to 

infinity 

Westinghouse Electric Corporation 
Industrial and Government Tube Division 
Westinghouse Circle 
Horseheads, N. Y. U.S.A. 14845 
Printed in u.s.A. 

ENVIRONM ENTAL SPECIF ICATIONS 

Camera Head and Right Angle Viewing Attachment 

Operating Temperature . . . . . . . . . . . . . . . . . .  -25° to +60°C (-1 3 
to 140° F )  

Operatmg Depth . . . . . . • . . •  , , , . . . . . . . . • .  1 00 ft. (30 m )  
Radoatoon . . . . . . . . . . . . . . . . . . . . . . . . • . . . .  Gamm� dose rate 

2 x 10 R/hr 
Cumulative dose 1 08 R 

Camera Control Unit 

Operating Temperature . .  , , , . . . . . . . .  , , , . .  -25°C to 50°C 
(-1 3 to 1 20° F )  

Relative Humodoty . • • • • . . • . • • • • • . • . . . . . .  0 t o  95% 

M ECHANICAL SPECIFICATIONS 

Camera Head: 

Doameter • • •  , • • • •  , . . . . . . . . . . . . • • . . . . . •  1 ,25" (32 m m l  
Length . . • . . . • . . . . . . . . . . . . . . . . • . • • . • . •  1 2" (305 mm) 
Weight (oncluding cable) . . . . . . . . . . . . . . . . . .  30 l b  ( 1 4  kg) 
Housing . . . • . . . . . . . . • . . . . • • . . . . . . . . . • .  Polished 316 stainless 

steel 

Camera Control Unit: 
'_ength • . • . . . . • • • . • • • • • • . . . • • • . • • • • • • .  18.0" (457 mm) 
Wodth • . . . . . • . • . • • • . • . . . . . . . . . . . . • • • . •  1 1 ,5" (292 mm) 
Height . • . . . • • . • . . . . . . . • . . . . • . . . • . • . • .  5.25" ( 1 33 mm) 
Weight • • . . . • • • . . . . . • . . • . . . . . • . • . •  , . • .  33 lb. ( 15 kg) 

Cable: 

Length , , , , , ,  . . . .  , . .  , . . .  , . . . . . .  , , , . . .  1 25' (38 m )  
Diameter . . . . .  _ . . . . . . . . . . . . . . . . . . . . . . .  0.57" ( 14.5 m m l  

Connectors: 

Video and Sync . . • . . . . • . • . . • . . . . . . . . . . .  BNC 
Head/CCU • • . . . . • . . . . . . . • • • • • • . . • . • . • .  Bendix LJT 06 

RP 1 7-26P 

RIGHT ANG LE VIEWINt; ATTACHMENT 

Lamp • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • •  Low Voltage Halogen 
ANSI F CS 
(24 V, 1 50 WI 

M irror • • • •  , , • •  , • • • •  , • •  , • , , , , , , , , , , • •  , 45° front surface 
polished metal 

Rotation Speed , • •  , • , • , , , , , , , , - • • •  , . , , .  1 RPM nominal 
Diameter . • • • . • • • • • • • • • • • • • • . • • • • • • • • • •  1 .25" (32 mm) 
Length . • . . • . • • . . . . • • •  , • • • • • • • • • • . • . • • 9" (229 mm) 
Length (incl.  camera head) • • • • • • • • • • • • • • • •  21" (533 mm) 
Weight . . . • • . • . . . . • • • • • • • • • • . • • • • • . • . •  1 lb. (450 g) 



APPEN D I X  V I I 

Th i s  appendi x cons i s ts of res ponses to the  comments by 
rev i ewers of  the draft report . Comments were p rovi ded 
by : 

EGG/T I O  

Bechtel , N ati onal  

Bech tel , Northern 
f�P R  As soci a tes 

J anuary 14 , 1981 

December 1 1 , 1980 

J an uary 29 , 1981 

J anuary 7 ,  1981 

- 82 -



- 83 -

B&W ' S  R E S PON S E  TO COMMENTS ON 

I N - V E S S E L  I NS P E CT I OI� B E FORE HEAD RE !·tOVAL 

( PHAS E I I  RE PORT ) 

Comments on meet i ng  report ( De cembe r 1 1 - 12 , 1980 ) as p repared  by EG&G 
dated J an uary 14 , 198 1 .  

OBSERVAT I ONS 

1 .  The pu rge sy s tem des i gn mus t  be modi fi ed ( e . g . , b l owers s ho u l d be down
s t rea� of HEPA Fi l te rs , etc . ) . 

Ans . Des i gn wi l l  be mod i fi �d  to meet  BNC req u i rements l i s ted i n  Secti on 
I I .  A .  

2 .  The wate r l ev2 1 sys tem des i gn i n  the Phase  I I  repo rt h a s  been s c rapped . 

Ans . Page 1 5  of  the report p rov i des a des c ri p t i o n  o f  the water l eve l  
sys teffi th at was  des i gned duri n g  the  Phase  I I  wo rk . Based on 
concerns ra i sed duri n g  the December mee t i n g , i t  was dec i ded 
to el i mi n ate th i s  sys tem from th� s cope . Ca l cu l at i ons made 
p ri o r to and s ubsequent  to the December 1 1  meet i n g  has  howe ve r 
conv i nced B&W and BNC that the bubb l e r  sys tem wi l l  wo rk  s J t i s 
fa ctori l y .  Appendi x I o f  the report l i s ts the B&U documen ts 
wh i ch re l ate to the des i gn o f  th i s  sys tem ;  s pec i fi cal l y  Nos . 
32 - 1 12 3476 , 86- 1 12 3484 and 32- 1 1 2 3902 . 

B&W wi l l  s upp ly  a system meeti n g  the req u i rements i n  Secti on  I I . A . 

3 .  A s t ackup c l earance � tudy to ve ri fy_ that  the  CRDMs can be removed wi th 
the mi s s i l e  s h i el ds i n  p l ace shou l d be perfo rmed . 

Ans . B&W has pe rformed the tol erance s ?.ckup  s tudy .  The to l erance 
stackup  cl earance s h ows that  the  moto r  tube can be removed f rom 
the reactor vesse l  i n  one p i e ce wi th the mi s s i l e  s h i el ds i n  
p l ace ,  howeve r ,  the l eads c rew and the l eads crew s upport tube 
may h ave to be cut , i f  the cont ro l  rod has been uncoup l ed i n  
the norma l manner  and p a rked wi th i n  the moto r hous i ng .  

4 .  A cl earance s tudy s hou l d b e  pe rfo rmed t o  determi ne i f  burrs formed 
duri n g  p l a sma a rc c utt i ng ope rat i ons cou l d p revent , 1 )  l atch i ng on to 
the l eads crew for l oweri n g . or  2 ) s l i di ng the  compress i on tube o ve r  
the l ea ds crew fo r tens i l e  s eparat i on .  - · 

Ans . Further work  wi th the  p l asma a rc cutter h a s  s h own �hat  the 
burrs genera ted a re mi n i ma l , howe ve r .  mockup  tes t i n g  w i l l  
further  eva l uate t h i s  p rob l em . 
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5 .  Des i gn s a fety facto rs v1e re not es tab l i s hed . 

Ans . The des i gn s a fety fa cto r for mos t too l i ng has  been estab l i s hed 
as 1 . 5 .  Th i s  h as been app l i ed as  fo l l ows : 

a .  Bo l t  remo val too l - f i e l d experi ence has  s hown tha t  2 500 ft/ 
l bs of  torque  at  the bol t i s  s u ff i c i e� t  to s t ri p the th reads . 
The bo l t  remova l too l has  been des i gned fo r a torque  o f  3750 
ft/ l bs wi tho ut exceed i ng y i e l d .  

b .  S tator l i ft i ng too l - th i s  too l h a s  been des i gned fo r a nomi n a l  
l i ft of  1000 l bs .  T h e  too l i s  des i gned t o  hand l e 1500 l bs 
wi thout exceedi ng y i e l d .  

c .  P u sh/Pu l l tool - the expected l oad o n  the p u sh/pu l l too l  i s  
2 5  tons to s hear the p i ns . I n  tes t ,  the l oad needed to 
shear  the p i ns was on l y  1 2  tons . The too l i s  des i gned for 
a l oad of 3712 tons \-J i th out exceed i ng  y i e l d .  

6 .  B&W ' s  eng i neeri ng  approa ch i s  to sett l e many o f  the des i g n  de tai l s  duri ng  
fabri cati on and  tes t i ng  of  the h a rdware . 

Ans . B &W agrees th at these devel opmental  deta i l s  a re bes t sett l ed as  
the  p rototy pe too l s  a re fab ri cated and tes ted . 

9 .  I f  the brazements a re s ubstant i a l l y  damaged or  i f  the l eads c rew i s  s tuck 
( won ' t  mo ve up or down ) then the l e ads c rew p i n s heari ng  techn i q ue won ' t  
wo rk . 

Ans . B&W agrees that  damaged brazements cou l d p revent opera ti on o f  
t h e  s he a ri n g  tech n i q ues by prevent i n g  entrance o f  t h e  tool . 
Leads crews wh i ch are s tuck  at  o r  near the i nterface wi th the top 
of the acti ve fue l shou l d not thems e l ves p reven t ut i l i z i ng th i s  
techn i q ue fo r separat i on l e ads c rews fror ; con tro l rods . Vert i ca l  
mov i n g  of  the l e ads crews i s  not req u i red i n  u t i l i z i ng th i s  too l 
except after p i n  sheari ng . 

1 0 .  Un de r head  p l asma a rc c utt i ng of  t he  l eads crews rep resen ts an  a l ternate 
cont i ngency method of  non-dest ructi ve CRDM removal  ( th i s  wou l d take care 
of  I tem 9 ) . 

Ans . T he  p l asma a rc cutt i ng i ns i de the head does rep fcsent another  
method at  CRD  uncoup l i ng and  remova l . I f  app roved , the i n- head 
p l asma a rc cutte r  wi l l  be des i gned , bui l t ,  and demons trated i n  
Phase I I I .  Howeve r ,  the pus h / pu l l too l may a l so be requ i red 
i f  none of the l eads c rews unco up l e  i n  a normal manner and no  
open  CRDM i s  ava i l ab l e  for i ns ta l l i ng the i n-head p l asma arc . 

1 1 .  N o  s tudi es  h ave been performed to est i mate the addi t i ona l  man - rem ex
pos u re cns ts o f  pe rfo rmi ng  t h ro ugh head v i s ua l  i nspect i on p ri or  to 
removi n g  the  mi s s i l e  s h i el ds and decontami nati n g  contai nment .  
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Ans . B&W w i l l  reco rd data duri n g  mo ck up tes t i ng to de te rmi ne the 
es ti ma ted t i me req u i red  fo r each t as k . S i nce radi a t i on  s u rveys 
have been pe rfo rmed and ma ny fut ure ones are p "a a i lned , ca l cu l a t i ons  
of  man- rem exposures cou l d  be made . At th i s  t i me ,  B&W does no t a nt i 
ci pate pe rformi ng  these cal cu l at i ons s i nce they a re dependen t  
upon fi el d cond i t i ons . 

1 2 . DOE-HQ ( H .  Fe i n roth )  - the Mockup ( Phase  I I I )  s hou l d  be rea l i s t i ca l l y  
estab l i s hed that a l l ri ggi ng , CRDM remova l  a n d  i ns pecti on operat i ons  
are fu l l y  tested pri or  to pe rfo rmi n g  wo rk i nconta i nmen t .  

Ans . I t  i s  B&W ' s  i ntent i on to , as rea l i st i ca l l y  a s  poss i b l e ,  es tabl i s h  
that a l l ri gg i n g , CRDM removal  and  i ns pect i on o pe rat i ons  are ful l y  
tes ted on a mockup . Duri ng the course o f  Phase  I I I  B&W expects 
s i gn i fi cant i n put from the other p a rt i ci pants i n  the demons trati on 
of  these techn i q ues . 

AGRE EMENTS & COMMI TMENTS 

B&\� wi 1 1 :  

l .  \� ri t�: wh at  they th i nk the q ua l i ty a s s u rance p rogram ought  to be 
as � nput  to Bechtel Northern . 

An s .  Th i s i n format i on \'IdS fonoJa rded to Bechtel  and others 
on J anuary 9 ,  1981 , and a g a i n on �larch 1 1 , 1 98 1 .  
Agreement h a s  been reached bet\oJeen B&W and BNC re l at i ve 
to the QA p rogram.  

2 .  Re f i ne the water l evel sys tem and s u bmi t i t  to ·Bechtel  Northern 
for rev i e\'1 . 

Ans . At the February 5 meet i n g  a t  BNC , B&W p resented the 
" bubb l e r" water l evel  meas u rement  sys tem and des cri bed 
how B&\� \'li 1 1  address p re v i o us concern s . Req u i rements 
were forwa rded to B&W i n  BNC l et te r  BLBW-0028 dated 
Februa ry 20 , 1981 . A ne"' des i gn i s  be i ng p repared i n  
accordance wi th t hese  requ i rements . 

3 .  Make a stack-up c ' ea rance drawi ng  to a s s u re that  the pus h-pu l l 
tool can  be maneu ve red  under the  mi s s i l e  s h i e l ds .  I f  i t  can ' t , 
then redes i gr; i t . 

Ans . The s tackup cl earance h a s  been a n a l yzed  and B&W i s  a s s ured 
that the push-pu l l tool can  be maneuve red  under the m i s s i l e  
sh i e l ds i n  i ts p resent  confi g urat i on .  Further i n formati on 
w i l l  be found i n  our  i n forma t i on package referen ced i n  
Appendi x I o f  the report . 
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4 .  As s u re that  the l eads c rews are ca ptured  so  t h a t  they cannot fal l 
i n to the co re . 

Ans . B&W i n tends to make th i s  an  obj ect i ve of our too l deve l op
ment . A conceptua l  des i gn o f  th i s  equ i pment  h as been pre
pared ( See C hapter 4 ) . 

5 .  Re vi ew the Phase I I  r� vi ew comments , rev i se  and i s s ue the  Phase  I I  
repo rt wi th s ubt i t l e  changed from " De ta i l ed Des i gn "  to " Too l i ng 
and Sys tem Des i gn . "  

Ans . Th i s  had  been done . 
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R &W S RES Pml S E  TO COMME�lTS ON 
I N- V ESSEL I �S PECT I ON B EFOR E H EAD REMOVAL 

( PHAS E I I  REPO RT )  

Commen ts o n  Techn i cal  I ntegra t i on Offi ce rev i e\·1 o f  Tas k Order #8 Phase I I  
dated January 1 4 ,  1 981 . 

A .  GENERAL  COMMENTS 

l .  Do cument does n ' t  address  the  ab i l i ty of  the camera man i pu l ator to 
i n sert the came ra i n to  an occupi ed  ( i . e . , l ea ds c rev1 s t i l l  i n  p l ace ) 
CR  b razement . 

An s . I t  was 8&W ' s  op 1 n 1 on duri n a  the Phase I I  des i gn work that 
l oweri n g  the came ra throu�h a b raze�ent wi th  the  l eads c rew 
s t i l l  i n  p l ace '1/0u l d be very d i ffi cul t .  B &\·! d i d not  addres s  
th i s  i n  t he  Phase  I I  work but  B&W can  moc k-up  th i s  con
fi �urat i on and  asce t ta i n  the  capab i l i ty i n  the mockup  demon
s t rat i on a t  t he  end o f  Ph ase I I I  \vork . ( no t  c urrently  
i nc l uded in  pl anned s cope of  vork ) 

2 .  F i gure l -2 ,  General Approac h  ( b l oc k  d i a aram) i s  i ncompl ete . No 
refe rence to  dummy fl a n �e co vers , dummy nozz l es , etc . 

Ans .  Fi gure l - 2 h as been chan ged to i nc l 1 1de these i tems . 

3 .  Space a n d  we i gh t  l i mi tat i ons  - t h e  on l y  res t ri c t i on s  i n  t h e  document  
are : ( l ) s ma l l en ouah to  pa s s  t h rouah the pers onne l  a i r l ock , and  
( 2 � l es s  th an 300 l bs .  \·!ha t  abo u t  s ta i nvays ? Can pe rsonnel  rea l l y  
maneuver  300 l b . packages up the  s t a i rwel l s ?  I f  the packa ges a re 
go i n g  to be ho i s ted , then wh a t  wi th , where i n  con ta i nmen t , and  where 
are the l i ft i n g  eyes  on  the s k i ds ?  I f  mov i n g  "mach i nes " ( powered 
"Sta i r-Cl i mber" ? )  are go i ng to be used , wha t  a re they , where a re 
they , commerc i a l ly  ava i l abl e ,  how much , e tc . ?  

An s .  The a l l owabl e wei gh t h as been chan ged to 1 50 l bs . , wh i ch can  be 
ca rri ed by two men i nto the b u i l d i n g .  I f  t h e  con f i gurat i on 
o f  1 50 l bs .  i s  s uc h  that  two men cannot carry i t  up a s ta i rwe l l , 
then a rran gements w i l l be made for a ho i s t  ( not  current B &H s cope , 
but  i den t i f i ed as  i nterface reui renent )  to ra i se i f  from the 
pe rs onnel ha tch a rea to the  347 ' l evel  v i a  the  handl i ng a reas  
ava i l ab l e w i th the  removal of th e deck  p l at i n g .  

4 .  " Sh i el d i n g  l aydown a rea " - \�hay cons t i t utes " s h i e l de d " ?  How much 
s h i el d i n g ?  How hot a re t he s o u rces ? 

Ans .  The s h i el d i n g  req u i rements w i l l  be addres sed  dur i n g  Phase I I I .  
B &�! h as the  res pons i b i l i ty ( pendi n q  change i n  s cope of  s uppl y )  
for recommendi n g  s h i el d i n9 prov i s i on s  as soc i a ted wi th tool i n g  
equ i pmen t  and removed reactor component  s torage . 
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A .  GEr i E RAL COt,iMENTS ( cont ' d ) 
5 .  "Tool As sembl y  Area " - \-! here ? Hhat  l evel ? Ho\'1 c l ose  to a i rl oc k  o r  

works tat i on ?  Wh a t  abo ut a con �dmi n at i on  cont rol a rea  fo r handl i nq 
CCTV cameras , l i ghts , sw i pes , etc . ? 

An s .  Th e tool  as semb l y  a rea w i l l  be des i gn a ted i n  Phase I I I , 
howeve r ,  Page 60 , I tem #l l des c ri bes the s pace needed 
on the 34 7 ' l e vel . B &H 11 i l l  \'lo rk 1·1 i th R�IC/GPU to mo re 
ful l y  de f i ne the s peci f i c requ i rements . 

B .  GAS PURGE  SYS� EM 

l .  t·'h a t  " bl i ce th e averane fue l a s semb l y  Clas i nven tu ry ? "  Uha t  i s  bas i s ? 

An s .  Tw i ce t he averane fuel a s semb l y  aas i nventorv was used 
as  a des i an bas i s  beca use  the b u rn up patterns i n  the c ore 
coul d res u l t  i n  h i nher  qas i nventory i n  fuel as semb l i es 
wh i c} l  rece i ved ma xi mum burnup . The des i �n bas i s  a s s umes 
re l eas e o f  fi s s i on oas fro r.1 one fuel a s sembl y  to con s t i tute 
th e ma xi mum ri s k  i n  th i s  renard . 

2 .  " t�a i n ta i n a ne c: at i ve pres s u re . . . .  " How much?  \'!ha t  ran Cle ? \-!ha t  
ass ump t i on ?  Bas i s ?  

An s .  Reoo rt h as been modi fi ed . The requ i rements fo r the n.as 
pu rge system h a ve been rece i ved from B ilC  and ;,.J i 1 1  C10 vern 
th e des i qn .  

3 .  Th e i ntent o f  the sy s tem i s  to prov i de i n- f l ow c f  3 i r  to prevent 
uncon tro l l ed re l ease  of rad i oact i ve qases and/or oart i cu l a tes . 
" ne gati ve pres s ure " i s  a secondary cons i de ra t i on - F l ow vel oc i ty 
is the contro l l i n q  parameter .  

Ans . Report h as been mod i fi ed to reference the new cr i teri a .  

4 .  Us e o f  the  T C  nozz l es to w i thdra\'1 a i r from t he reacto r head  i n 
t roduces a s i gn i fi cant  "choke " i n  the f l m'l rou te . There i s  a 2 
20 : 1  reduct i on i n  the fl ow �ath between t he C RDM nozz l e  ( �6 i n .  ) 
a n d  t he TC no zz l e  ( � . 3  i n .  ) .  

Ans .  I n  o rder to decreas e the  � res s ure d rop an d i nc;reas e the 
poten ti a l  a i r  fl ow a l l owance has  been made to connect to 
as ma ny as s even ( 7 )  thermoco upl e nozzl es . 

5 .  " . . . .  ven t i n g  i s  ( i . e . , purqe d  gas ) to the Cv1 1 t a i nment atmos phere " 
( Pa qe 9 ,  I tem 3 )  does not  s o 1 :; • d  radi o l o � i cal l y  prudent i f  nob l e  
gas es a r e i n vo l ved . 

Ans .  Per BNC req u i rements  B&W wi l l  prov i de a f l ans�rl connec t i on 
fo r i nterface w i th  equ i pment supp l i ed by othe r s . 
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B .  GAS PU RG E  S Y ST EM ( con t ' d ) 
6 .  Sys ter:� ma kes no prov i s i on fo r cha nge out  o r  baqa i r. �  o f  "ho t " 

H EPA f i 1  ters . 

Ans . The fi l ter  h a s  been el i mi n �ted from the des i �n per 
req u i rements in  C h a p ter I I .  

7 .  H E PA f i l ters requ i re pro tect i on from condens a te , s ens i b l e  mo i s tu t·e , 
an d h i gh l e ve l �  �f  h umi d i ty .  The comb i n at i on o f  hea t , wate r ,  and  
;J res s u re d ro p  ur. der  the head  1·1 i l l  l oa d  the H E PA fi l ters v1 i th 11ate r 
a l mo s t  i mme d i a t e l y .  A mo i s � u re s ep a rator i s  fllanda to ry .  

An s .  Th e fi l ter has been el i mi na ted from the des i �n rer req u i rements  
· i n C hapter I I .  

8 .  Th e use o f  a " vacuur1 " pump ( re f .  d11 9 ;  n o  en Cli nee ri n q  data S Jpo l i ed ) 
sounds l i k e a poor cho i ce . The appl i cat i on t·eq u h·es h i gh a i r fl ow 
j . n t , Vil C UU1l capab i l i ty .  S ug9es t u se  o f  a b l owe r .  

Ans . The current des i 9n a nt i c i pates the  use  o f  a r i n a  comp res s o r  
fo r a i r mo vement . 

9 .  Pl ac i ng  t;-:e pumps and the "p l umb i n c1 "  panel  bet11een tne reacto r 
h ead and  the H EPA f i l ters provi des a s ta qqe ri ng  amoun t o f  a rea and  
n umbers o f  "crooks and cran n i es " fo r p I  a teout and  entrapmen t of  
part i cul ates . Pumps and  pane l  v1 i l l  become q u i te "hot " .  rlo 
un f i l te red a i r s ho ul d  pass t � ro u g h  e i ther pumps o r  panel . 

Ans . The  fi l ter  has  been e l i mi na te d  from th � des i gn per requ i re
men ts i n  C hapter  I I .  

C .  WAT ER L EV EL S ENS I NG S YST EM 

1 .  Th e "bubb l e r "  tyoe system s pec i f i ed  \'li l l  not funct i on as shovm .  
Refe rence  pres s ure mus t be that  under the h ea d , net atmo s pher i c  
pres s ure .  Oth erw i s e , t he sys tem measures t h e  water head  p l us 
the p res s u re d rop created by the  pur9e sys t em .  

--

Ans . T 1 : e  re fe rence p res s u re \'li l 1  be tc- ken under the  head . 
Howeve r ,  the maxi mum p re s s u re cha n ge wh i l e  h a v i n 9  one 
open CRDt� t o  a 1 1  open  i s  1 ess than  1 "  H20 .  

2 .  Th e pres s ure dro p  c rea ted by the  pur9e sys tem w i l l  va ry from 
zero ( i . e . , p urge sys tem not operati n g ) to some fa i rl y  h i gh 
n umber .  Th at vari at i on w i l l  chan ge freq uen t l y  a n d  rap i d� y .  
Can the " b1..0bb l e "  sys tem res pond rap i dl y  enou9h t o  a voi d fa l s e  
a l a rms ? 

An s .  Res ponse  t i me i s  cal cul a ted i n  B &W Doc ument  32 - 1 1 2 34 7 6 , 
Rev .  1 .  
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C .  WAT ER L EVEL  SEN3 I �G SYST EM ( con t ' d ) 

3 .  Wh a t  i s  system sens i t i vi ty?  Accuracy ?  Range? 

Ans . Th e sy stem sens i t i v i ty wi l l  be .:!:_2 " ,  the  accuracy 
.:!:_2 " and  the  range .:!:_31 " .  

4 .  Holt/ does the sy stem readout , 1t1h i c h  i s  i n  conta i nment ,  t i e i n to 
the PCS water l evel  control , l oc ated i n  the  con tro l room? Does 
the system have  to be mon i tored i n  contai nment  24 hours a day ?  

Ans . There i s  n o  connect i on bet\·:een t he l evel  s e  3 i n9 system 
and the p ri mary coo l ant  system \'l ater l evel contro l . The 
wa te r l eve l  s ens i n g  sys tem mus t  a l so be mon i to red Hhen 
t�e ves s e l  i s  open ( i . e . , open CRDMs ) and workers a re on  
s tat i on .  Remote l evel i n d i ca t i on i s  a p ropos e d  add i ti on .  

D .  I N-HEAD  L EADSCREW CUTTER  

l .  How i s  to rch t i p- to -work p i ece s ta ndo ff es tabl i shed a nd  ma i nta i ned ? 

An s .  The Ph as e I I  report des cr i bed a des i qn concept . T he  
s t ando ff d i s tance w i l l  b e  determ ined  a nd  the  tool i n g  
used to set  i t  w i l l  b e  devel oped dur i n g  the  deta i l  
des i gn i n  Pha s e  I I I .  

2 .  " Sw i n g "  cont rol knob \'Ji l l  on ly  move torch th rou gh h a l f the arc  
req u i red . ( Pus h - Pu l l Mechan i sm ) 
Ans . The cont rol  w i l l be des i gned to move the mechan i s m  the  

ful l d i s tance req u i red .  

3 .  Wh ere i s  t he  l eads crew s uppo rt s l eeve i n  a l l th i s ?  

An s .  Th e cutter  wi l l  be pos i ti oned be l ow the  l eads c rew 
s upport s l eeve an d above the  9u i de t ube . 

4 .  How i s  l owe r port i on o f  l eads c rew s u pporte d to p revent i t  from 
dropp i n g  i nto  the  core?  Not dropp i n g  t he l eads crews � a 
requ i rement .  

An s A l eads c rew hol d i n g  tool ( s ee Fi g .  1 -4 i n  report ) wi l l  be  
p ro v i ded ( pend i ng a ppro ved  change i n  s cope o f  s upp ly ) . 

E .  L EADS CREvJ PULLER/ S E PARATOR 

1 .  No s uppo rt i nq i n fo rma t i on/data s uppl i ed .  

P . 1s . As req ues te d  from t he meet i n g ,  Append i x I ,  l i s ts the  
pac ka ges of  the  s upport i n fo rmat i on .  

A b ri e f  des c r i pt i on  of  the  l eads c rew pu l l e r/s eparator 
i s  pres ented for cl a ri ty . 
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E .  L EADSCRE\·! PULL E R/SEPA RA fO R ( con t ' d )  

The push/pul l tool con s i s ts o f  th ree bas i c  sect i ons . 

a )  A pus h t ube des i gned to f i t a round the  
l eads c rew and  p us h  o n  the  contro l  rod 
s p i de r  hub . 

b )  A segmen ted nut des i �ned to enqane th e 
exi st i ng thread� o n  the l eads c rew.  

c )  A hydrau l i c  j ac k . 

Th e se9mented n ut en 9a9es the  l eadscrew and  the jack  
i s  used to  pul l up on  the  s e omen ted nut . The l eads crew 
i s  p revented from ri s i n g  by the  push tube ho l d i n g  the 
s p i de r  hub  down . Th i s  puts the l ea ds c rew i n  tens i on .  
Th e p i ns ho l d i n g  th e l eads c rew togethe r a re the wea k  
l i n k  and  wi l l  s hear a s  the  ax i a l  l oad  i nc reases . 

2 .  Effects o f  comp res s i ve  col umn- l oad i n g  on 1 6- foo t p i pe ( up to 
25  tons ) ?  

Ans . The p i pe w i l l  be  i n  comp res s i on and  wi l l  be s uppo rted from 
col l a ps i ng by the l eadscrew . To des i gn the p i pe to wi ths tand  
th i s  comp res s i ve force w i thout the  l eads c rew s uppo rt wou l d 
i nc rease i ts cross -secti on and ma ke the  des i gn i mprac t i ca l . 

3 .  Vl i n q-nuts and attached l /2 i n .  bol ts a re very l on g .  Uhy ? !�ha t  
do yo u use i f  you h a ve to torque o ff th e CRm1 ho l ddown bol ts ? 

Ans . Th es e bo l ts h a ve been de l eted fn.111 1 thP. des i gn .  

4 .  H0\'1 i s  l oc k i n g  s l eeve { part #1 ) mo ved?  Compl e te d i s a ss emb l y  and 
reas s emb l y  of upper  components ?  ( T i me con s um i n � )  

Ans . The l ock i n g  s l eeve i s  mo ved by hand . The t i me t o  h andl e 
the  upper components w i l l  be determi ned  from the  moc kup .  

5 .  Wh ere i s  the cen ter o f  gra v i ty rel a ti ve t o  the  s l i n g  eyes ? 

Ans .  The center  o f  grav i ty i s  on  t h e  center  l i ne .  

6 .  Th e 1 /8 i n .  down p i ns ( 2 )  used t o  l i mi t engagemen t o f  the  pu l l e r 
on th e l eads c rew s ho ul d be  heav i e r ;  they ' l l  bend o ve r  w i th repeated 
use .  How do es operator know h e ' s  fu l ly engaged and not j us t  
"hung  up " on the  th reads ? 

Ans . Th e dowel p i ns  ha ve been chan9ed to l / 2  i n .  and  the 
operator w i l l  know h e  i s  fu l ly en gaged when h e  has 
th e a b i l i ty to s l i p  on t he l ock i n g  s l ee ve . 
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E .  L EADSCREW PULLER/ S E PARATOR ( cont ' d ) 

7 .  I s  some ant i - rotat ion  neces s sary to prevent the  pu l l er from 
turn i n g  the l eads c rew ( doub l e  hel i x , s teep l y  p i tched th reads ) ? 
Or vi ce  ve rsa ? No eng i neeri n g  data . 

Ans . The des i gn i s  se l f- l ock i n g .  Under the l oad th e l eads c rew 
wi l l  not  rotate on the l eads c rew pu l l er a s sembl y .  The 
ca l cul a t i ons s uppo rt i n g  t h i s  a re i n  B &W Doc ument  No . 
32 - 1 1 2 2507 . 

8 .  Hhy i s  a Type 304 col l ar used , �·then t he report says i t  fa i l ed 
the  tes ts ? 

An s .  Th e 304 en d col l a r di d not fa i l  the test b u t  mere ly  defo rmed 
s l i ght ly  under the 1 8Jd . B &� has changed the materi a l  
t o  a 4 1 6 S S  t o  n'i n � 1 1 1i ze  defo rmat i on . 

F .  BOLT R E�O VAL TOOL 

l .  I s  th i s  a mod i f i ca t i on o f  an  exi st i ng des i on o r  i s  i t  to ta l ly  ne�oJ? 

Ans . Th i s  des i gn i s  tota l l y  new . 

2 .  No en o i neer i n�  da ta s upol i ed ; no exp l anat ion  or  i l l u s tra t i on 
o f  t he  adap ter for moun t i n o  pa i red torq ue mul t i pl i e rs ( the p l a te 
i s  s hown , but noth i n g  e l se ) . 

An s . The dl·a�-Ji n g  h as been mod i f i ed .  A des c ri p t i on o f  the 
opera t i on of the C RDr1 Bo l t  Removal Tool fo l l m·ts : 

The CRDM Bol t Removal  Too l  cons i s ts o f  three maj o r  pa rts ; 
th e bol t removal  tool p l a te , ma i n  bo l t  removal  too l , and  
th e torque mu l t i p l i er assembl y .  Du ri n g  bol t removal  
operat i ons , t he ma i n  bo l t  removal  tool  i s  a s sembl ed and  
l m·1e red onto  the bol t to  be removed . The  p i l ot on the bol t 
l i fter on th e mai n tool enters the bo l t  h ead fi rs t and 
a l i gn::; the tool . Depress i n g a pl unger  a t  the upper end 
of the too l  unl ocks the  bol t capture mech ar i sm and a l l ows 
the tool  to s l i p  down and o ve r  the bol t .  The pl un ger i s  
then rel eased and the bol t remova l too l p l ate i s  nO\'/ 
s l i pped ove r  the top po rt i on o f  the ma i n  bo l t  remo val  tool 
and secured to the s ervi ce s upport s tructure by hand
t i gh tened bol ts p l aced in  exi s t i n g  threaded ho l es . The 
torque  mul t i p l i er ass embl y i s  mo un ted on top o f  the ma i n  
bo l t remova l tool and i ns i de the  C-s l eeve of the bo l t  remova l  
p l a t e .  W i th a l l torque mul t i p l i e r  react i on b ars res t i n q 
a ga i ns t  the  re i n forced s l eeve wa l l , s u ffi c i en t  torque i s  
a pp l i ed to remove the CRD� bol ts . After the bo l t  has  been 
comp l ete ly  unth readed , t he bol t remo va l  tool p l a te and  
to rq ue mul t i p l i e r  assembl y a re re�oved . The �a i n  bol t 
removal  too l i s  l i fted to a l eve l \·the re t he bol t may be d i s 
engaged  a nd  removed from t he too l . 
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F .  BOLT REtDVAL TOOL ( cont ' d ) 

3 .  Does the C R m1 fl anqe bo l t ha ve a recess fo r the "Bo l t  L i fter "  
to engage i n ?  I f  � o .  s how dotted o n  d rawi n a .  

Ans . The reces s  i s  i n  the bo l t . The dra\·1 i n9  has been r.�od i fi ed .  

4 .  Uhy such a compl e x ,  one -o ff des i qn for the l i ft i n g  s l i nq ?  The 
des i an i s  expens i ve to bu i l d ,  th� s l i n a cabl e w i l l  b rea � j us t  
a bov� th e b razer.�ent , the s ma l l tabs we1 ded to the t ube won ' t  
take much 1 oad . �·Jhy not use : ( l ) co111me rc i a l l y  a va i l ab l e ha rd\oJa re ; 
( 2 )  bol t the s l  i n 9 mo un t i n 9  i n to the b l ock  s hm·m 2 i n .  bel ov1 the  
current mount i n g  pos i t i on , a nd  ( 3 ) l ea ve th e s l i n g pe rmanen t l y 
a ttached? 

Ans . Tf"Je des i gn has  been mod i fi ed i n  accordance v1 i th s u CJ aes t i ons 
made herei n .  

5 .  "S r.1ea r  th rea ds " ?  Hon ' t  the bo l t  head to rque off  i n s tead?  

Ans . F i e l d exper i ence has s hown that the bol ts w i l l  not 
torque off  as  s u 9aes ted . 

G .  STATO R L I FT i t! G  TOOL 

1 .  Ho enq i neeri n g  or a ppl i ca t i on i n format i on orov i ded . 

An s .  En gi nee ri n g  data i s  re ferenced i n  1ippend i x I .  A des c ri pt i on 
of  the operat i on o f  the s tator l i ft i n g  too l  fo l l ows . 

The s tator  l i ft i ng tool con s i sts  o f  th ree maj o r  com
ponents : th e l ov1er ,  i n terme d i a te and  top l i ft i n o  
p l at� a s s embl i es .  To remove a s tato r the i nte rmed i ate 
l i ft � n g  p l ate i s  s l i d  up the l i fti n q  cabl es unt i l  i t  i s  
d i rect ly  unde r the top l i ft i n g  p l ate and  l oc ked  there . 
Both the pl ates a re th en l a i d  on the serv i ce s u ppo rt 
s t ruc tu re near the open i n �  fo r t he s tator to be removed . 
Us i nq ma n i pul a to r  o f  t he l i ft i n9 c abl es , the  l O\'Jer l i ft i n � 
pl ate i s  maneuvered  under the s ta tor .  The top l i ft i n a 
pl ate i s  atta ched to  the  c rane and l i fted to br i n g  a l l 
l i ft i n g  cabl es taut . S u ff i c i ent  l i ft i n g  force i s  nov1 
a ppl i ed to free the s ta to r  and  i t  i s  l i fted to the l i mi t 
o f  th e crane beneath  the mi s s i l e  s h i el d .  The i n termed i a te 
l i ft i n o  p l ate i s  pos i t i on ed on top o f  the motor tube and 
the l i ft i n g  cabl e l ocks  on  the i n te rmed i ate p l a te a re 
en gaged . The top l i ft i ng p l ate i s  l owered , a l l ow i n �  a l l 
s tator we i qh t  to be ta ken by t he i n terr.�edi ate pl a te , and  
th e top  pl a te i s  removed from the crane . The i ntermed i ate 
l i ft i n g p l ate is  then a ttached to th e c rane  and the s ta to r  
i s  l i fted compl etely o u t  of  t h e  s erv i ce s upport s t ructure . 
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G .  STATOR L I FT I � G  TOOL ( con t ' d ) 
2 .  Where i s  the center o f  gra v i ty ( CG ) o f  the  stato r  rel at i ve 

to the l ower o l ate  ( I tem 4 ) ? Overturn i n g  probl em? 

Ans . Th e s t ator i s  a round the  � to r  t ube  and ove rturn i nq 
cannot o ccur . On ce the  s ta to r  gets to the  top 
of the moto r hous i n g  i t  may be  9u i ded  by h a n d .  

3 .  Hhy t hree l i ft i n q  eyes ( espec i a l l y  so  c l o se ly  s paced ) on t h e  top 
pl ate an3  only one on t he i n te rmed i ate  p l ate?  How i s  the hando ff 
of ri ggi n �  from one pl ate to the  o t her  handl ed  s i nce  you can ' t  
set  th e s tator down ? 

An s .  Th ree l i fti n g  eyes have been pro v i ded to obta i n  an 
even vert i ca l  l i ft i n g  fo rce for the i n i t i a l  uos tag i n g  
of  t h e  s tator  from th e motor tube . Th e h ando ff o f  
ri nq i n g  fro� one p l ate t o  the other i s  accompl i s hed 
by sett i nq  the pl ate on top of the motor tube once 
the cabl es are pro perl y  c l a�ped to the upper pl ate .  

4 .  Load rat i n q  and  proof  test  on the c l amped cabl es ( i n termedi ate 
pl ate ) ? Seems l i ke a ri s ky an d expens i ve way to do i t .  

An s .  The des i gn h as been modi f i ed .  

5 .  I s  t h i s  a mod i f i ca t i on t o  a n  exi s t i n g des i gn? 

Ans . Th i s  i s  a nev1 des i gn .  

H .  STRA I GHT S�.J I PE TOOL 

S i nce th i s  swi oe tool  has been de l e ted from the s co pe , res ponse  to 
thes e  comr1en ts ha ve no t been p repared . 

I .  ART I CULATED  SW I PE TOOL 

1 .  W i l l  the art i cu l a t i ons al l ow t he tool to reach the  p l enum 
cove r and s t i l l  c l ear  the contro l  rod gui de tubes ? 

An s .  Yes . 

2 .  �!ha t  i s  s ampl i n g ( "S\·J i pe " ) materi a l ? Cl oth ? S t i c ky " 9oo ' ' ?  

Ans . Cl oth . 

3 .  The cabl e l oo ps a re go i n g  t o  be di ffi cul t t o  use  wi th gl o ves . 

Ans . Noc kup t es t i ng \•Ji 1 1  i dent i fy any prob l ems . 

I 



- 95  -

I .  ART I CULATED  SH I P E TOOL ( cont ' d ) 

4 .  The a rt i cu l a t i on -con t rol  cabl es don ' t  s eem to be res tra i ned 
s uch tha t  they can l oc k  a j o i nt i n  the fl exed pos i t i on .  

Ans . Al though not  s hown on  d rawi n g ,  cabl e l en gth  w i l l  be  
s i zed to lock  i n  ri ght  pos i t i on .  Th i s  w i l l  be  
demons trated on the mockup . 

5 .  The i ns e rt an d i ns ert hol der seems l i ke a n  expens i ve c rea t i on . 
S i nce  both p arts a re cus tom mac � i ned  a nyway , why not  mach i ne 
the con�ec t i n 9.  l i n k  as  part o f  t he i ns ert  ( ba l l and  pos t  mus h room 
des i qn ) ?  

Ans . Th e B&W des i gn i nvol ves l es s  mac h i ne wor k .  

6 .  H i l l  the  hos e cl amp a t  the end  o f  the  tool c reate a s na 9n i n g  
p robl em? I t  seems so . 

An s .  The des i 0n w i l l  be mod i f i ed . 

J .  CCTV S Y ST EM A:l D L I GHTS 

1 .  Ai r-wa ter i n terface i n  RV h ead w i l l  h ampe r v i ewi n g  of  p l enum 
cove r .  Co�ent  on Phase I re port al s o . 

Ans . I n  fi el d experi ence , 13 &H has  found that  a i r-1·1a ter i n terface 
v i ew i n q  can be accompl i shed  by control l i n 0  the l i gh t  
i n tens i ty and the pos i t i o n  o f  t h e  l i gh t  rel at i ve t o  t he 
came ra . B f,\-J c: xperi e n ce i nd i cates that  us e ful  res u l ts  can 
be obta i ned w i th  qood wate r c l a ri ty .  

2 .  H i l l  the 2 50-\·Jatt l i ghts  run i n  a i r? ( :-lo t i f  they have Lexa n covers . . .  ) 

Ans .  Th e 250-watt l i gh ts can  be r�n i n  a i r p rov i ded one 
removes the l exan covers . 

3 .  I n  th e unde n·1a ter l i ght  hous i n o ,  hm·1 d o  you keep \'later out  o f  
th e l i gh t  soc ket and  cabl e hous i n 9? 

An s .  Hater i s  kept out  by gas ket i n g  - to be s uppl ed . 

4 .  V i deo �ap i n g  sys tem s ho u l d use  two VTRs w i red i n  o ara l l el w i th a 
" sp l i tter " . I f  one  VTR devel ops d i ffi cu l ty ,  ( 1 ) the  proceedi n g  
exam i s  not  reco rded and  mus t be repeat ed ( 2 )  yo u won ' t  fi n d  o u t  
unt i l you try to run t he tape , a n d  ( 3 ) you ' l l  pay day ' s  do�tm t i me 
for t he del ay �tlh i l e  you buy another on� . 

Ans . Two VTRs w i l l  be w i red i n  para l l e l . ( See Page 42 o f  the report ) .  
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J .  CCTV S Y STEM AND L I GHTS ( cont ' d ) 

5 .  Ta bl e 5- 2 ,  V i deo Eq u i pment : ( 1 ) 2 v i deo tape recorders ; ( 2 )  bto 
e xtra ba tte ri es ( mi n ·i mum) for battery o pe rated equ i pfllent ; ( 3 )  
at l eas t one compl ete set  o f  s pa re cabl es fo r connec t i n g  e l ectron i cs 
eq u i pment , an d ( 4 )  at l ea s t  two comp l e te as s embl i es o f  each type 
of aux-i l i a ry l i qht , p l us s pa re bu l bs . 

An s .  B &\·! a 9rees 1·1 i th th i s  s cope o f  s uppl y .  See Pa ge 42 o f  the re port . 

6 .  Mu rky \·later Vi evJ i n g  Attachrrent - �!o ans1·1ers to p rev i ous ques t i on s  
a n d  comnen ts from Ph a s e  I rev i e�,o1 ; tech n i q ue n o t  tes ted t,ol i th compl ex  
parts l i ke th e top of a fue � a s s embl y  w i th a s p i der  in  i t ;  2 - 5/8  i n .  
d i ar.1eter hous i n g 1·10n ' t  f i t i n  came ra man i pul ator ( i nterface w i th  
a rt i c ul a t i on swi n g  c l earance ) ?  

An s . No compl ex na rts \•Jere te sted i n  the i nves t i qat i on 
o f  fllurky wa ter v i ew i ng attac hments wh i ch was s i Mi l ar 
to the top o f  the fue l  a s s emb l y .  HovJever , i n  B&\-l' s  
i n -house  demons trat i on , R &\-1 \·Jas abl e to p i ck  out  
va ri ous obj ects in  the bottom of t he tes t tan k , s uch  
as a bol t or nut o r  s i mi l ar wo rks hop ha rdwa re . 

F i g .  6-2  better demonst rates ho1·1 B&\·! \'l i l l  get the 
mu rky 1-1a ter a ttachmen t i n to the a reas to be i ns pected . 
B&W t,oli l l  demonstra te th i s  techn i que i n  the mockup . 

K .  CMlERA AND L I GHT t�Atl i PUU\TOR 

1 .  Does t he w i nch provi de the fi n e  enou gh con t ro l  over the  ang l e  o f  
the arm to permi t pl acement o f  the camera ?  

2 .  

Ans .  Yes , i t  does . 

Wh ere i s  h i n ge p i n  deta i l ?  
to i nd i ca te that the h i n ne 
a p pl i ed at  r i �h t angl es to 
a rti cu 1 ated j o i n t .  

L / 0  ra t i o  for h i n ge p i ns wou l d s eem 
i s  s us cept i b l e to damage i f  fo rce i s  
pl ane def i n ed by ma i n  tube and 

An s .  Hh i l e  i t  i s  t rue the h i n ge p i n s  wou l d be s us cept i b l e 
to damage by a force appl i ed a t  ri ght ang l es to th e 
center  l i ne  o f  the p i n  - B&\-1 dennns t ra ted  th at  a s t ron a 
200 l b .  man cou l d no t bend the p i n .  

· 

3 .  Ex i t/en tran ce ho l e for ca bl e s hou l d not h ave a s h a rp breakout 
as  s hown ( outs i de of 20° ho l e  i n  Part 3 ) . Pro v i de a generous  
rad i us to p rotect cabl e and  fo res ta l l k i n k i n 9 .  

An s .  B&\·1 has  rrod i f i ed th e man i pu l ator a s  s u gges ted . 
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K .  ,CAt� E RA AND L I GHT MMI I PULAT O R  ( cont ' d ) 
4 .  Why a s q uare shoul dered , l /8 i n .  groove i n  Part 2 ? Why not 

taper the s i des of the qroove to fac i l i ta te the  return of 
th e ca bl es ? 

An s .  8 &\ l  has chan ged th e dra\<� i n q  as  s u9ges ted . 

5 .  Are yo u certa i n  t ha t  the  came ra c an exi t th rough the t i l ted tube?  
Can you rely on p us h i ng i t  out  v i a  an  1 8  foo t , 5/8 i n .  d i amete r 
cabl e ?  

An s .  B &W be l i eves th at  the camera c a n  ex i t properl y  
through the t i l ted tube . B &H h a s  demons trated 
th i s  i n  tes ts wi th t he prototype man i pul a to r .  
Th e ab i l i ty t o  pus h t h e  c ame ra wi t h  t h e  cabl e mus t  be 
demons trated i n  the mockuo  or s ome \'le i  oh t may h ave to be 
a dded to the camera . B &U bel i e ·;�s tha t no  wei gh t  \·t i l l  
be requ i red . 

6 .  Do the came ra cabl e rol l e rs confo rm t o  the mi n i mum-ben d - radi us 
recommen dat i ons of the cabl e manufacturer?  Hhy i sn ' t  there a 
cabl e ro l l e r at  the top of  Pa rt 2 ? 

An s .  Th e s ma l l  \'Ie i gh t  of the car1era \'t i l l  not  force the cab l e 
to  bend under the  rol l ers to confo rm to the  mi n i mum-bend
radi us . 

1 
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[3&1·1 ' S RESPONS E TO COW1ENTS ON 
I N-VESSEL I NS PECT I ON BEFORE H EAD Rn10VAL 

( PHAS � I I  REPO�T ) 

Comments i n  accordance \'l i th B �I I ' s  l ette r ,  R . O .  Sandberg to G . E .  Kul ynych 
da ted December  1 1 , 1 980 . 

GENERAL 

Th e Ph as e I I  deta i l ed des i gn o f  i nspect i on tool i n g  and  eou i pment does not appea r 
to be compl ete or i s  not p 1·ovi  ded ( des i gn of  t he i n -head � eadsc re\'1 cutter , 
s pec i a l  l eads cre\•1 nut  tool , s pec i a l l ea ds c rew l i ft i n g  tool , l eads c rew ho l di n g 
tool , l eadsc rew l owe ri n g  tool , l eads c rew s upport c l amp , murky water v i ewi ng  
eq u i pment , and  unde r mi s s l e  s h i e l d  ho i s t  was  no t p rov i ded ) .  

Th e hand l i ng , packa g i n g ,  s to ra �e , and  d i s pos i ti on o f  remo ved cowponents s hou l d 
be addres sed . Any s peci a l  s h i e l ded conta i ne rs fo r remo ved l ea ds c re\'IS , and any 
spec i a  1 s torage s tands  fo r remove d  CRDt·ls a nd  components s hou l d be i nc l uded .  

Dra\'l i n gs prov i ded w i th  th e Phase I I  rep o rt \'Jere prel  i mi na t·y \·l i th  no approva l s  
i dent i fi ed . t!c refe rences to re l ated d ra�,o1 i nqs  or  doc .Hnents were provi ded to 
i den t i fy i n terfac i n g  d i mens i ons  and con s t ra i nts . tlo de tu i l e d des i gn i n forma t i on 
v1as  p ro vi ded ( des i gn cri teri a ,  s pec i fi ca t i ons , des i gn pa rameters , etc .) fo r 
mos t  o f  the i ns pect i on eq u i pment to a l l m·1 a comp l ete en g i neeri ng  re v i e\'1 . A 
compl ete engi neer i n g  rev i ew of  th e Pha s e  I I  des i gn doc umen ts s hc u l d be comp l e ted  
p ri o r to i s s uance o f  the fi na l Pha se  I I  report a n d  p r i o r  to  i n i � i a t i n g Phase  I I I  
( fa b ri cat i on ) .  

Ans .  Of the tool s and  equ i pmen t men t i oned i n  the fi rs t para graph , t he murky 
water v i ew i n g  equ i pmen t represents th e o n l y  p i ece of h � rdwa re that  
was  part o t  th e s cope a t  the  beg i nn i n g of Ph ase I I .  Al l of  the re 
ma i n i n g i tems ment i oned were i nc l uded i n  the s cope ( vE rbal l y )  a t  the 
end of Phas e I I  o r  we re adde� d u r i n g  di s cu s s i on s  wi t �  the pri nc i p l es 
i n  the  week j us t  pr ior  to our December  meet i n g .  I n  mos t  i ns ta nces , 
o n ly  concept ual  des i gns or  even mo t·e fra gmen tary des i gn s  v1e re a va i l ab l e 
a t  the  t i me o f  the s ubmi tta l  o f  th i s  repo rt . The need , for i ns tance , 
of not a l l ow i ng a severed l eads c rew to d rop i nto the core was d i s cus sed 
r n l y  b ri e t � y  pri o r  to our  December meeti n g  and  on ly  became a n  o ffi c i a l 
req u i rement at that  meet i ng . The conceptua l bas i s  o f  mos t  o f  th i s  
tool i n g and/or  equ i pment ma de i t  very d i ffi cul t t o  p ro v i de many o f  
the types o f  i n forma t i on a s ked for .  

The mur ky v1ater  v i evl i n g  equ i pment , hO\'/ever , \'la s  des i gned i n  s uffi c i en t  
deta i l to p roduce ou r Drawi ng  l l 2 1 433E-00 \'lh i ch v1as p art o f  the 
drawi n g  pac kage s ubmi tted i n  conj unc t i on w i th th i s  report .  

T he  d i s pos i t i on of  remo ved componen ts \·la s not  addres sed becau se  B&\-1 
d i d  no t unde rs tand tha t  i t  was i n tended to be part  of  Phase  I I  s cope . 
The res u l ts o f  t he Decembe r 1 1  mee ti ng  h a ve added these needs to 
B&W s cope .  Pages 55  and  56  o f  the rev i sed  report addres ses  B&W i n
ten t i ons i n  th i s  a rea . 
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Th e dravl i n (ls r rovi ded wi t h  the Pt·e l i mi nary Ph a se  I I  rerort v1e re 
a l so p rel i r1i n a ry .  B&�·! ' s  i nten t i or 1·1as to o rov i de orel i mi na ry 
dra\·J i n qs and  prel i mi na ry report , recei ve commen ts and  rev i se  
them i n  accordance wi th th es e comr1ents . 

Append i x  I i n  the revi sed report l i s ts the  en� i nee ri n g  
data pa ck ages fo r our  des i nn an d t h e  appropri ate  d ravl i n as a n d  
s ketches . B&W cons i de red tha t the  demon s t ra t i on o f  accep tabl e 
des i gn wou l d be made on  the moc k up to be con s t ructed i n  Ph ase  I I I .  
Th i s  ap proach i s  used i n  our  shop  becau se  o f  t he very nature 
used to de vel op much o f  t h i s  tool i n9 .  I n  many i ns tances , B&W fe l t 
i t  v1as cos t  effect i ve to uti l i z e  th e i r des i gn me thods as  opposed 
to  extens i ve en n i neer i n g  ca l cu l at i ons . 

The mate r i a l  packaaes o f  des i gn i n fo rma t i on are cata l ogued a n d  are 
ava i l abl e for rev i ew to any a u thori zed rev i ewer . 

13 &\·i co ns i de red t he December 1 1  meeti n g  pl us the pre l i mi na ry dra1·J i n gs 
and  report i s s ued p r i o r  to the meeti n �  to cons • i t ute a rev i ew o f  
t h e  Ph ase I I  wo rk . Th i s  was s i mi l a r to t h a t  �h i ch was fol l owed i n  
th e conc l us i on o f  the Pha se  I wo rk . 

I .  I NTRODUCT I Ot-1 

A .  General Approa c h  

N o  i ns pect i on cri te ri a or  obj ecti ves a re i dent i fi ed tha t  j us t i fy 
the  need to remo ve th ree a dj acent C RDt·ts . Removal  o f  a central  
CRD�1 w i l l be mo re l i ke ly  to pro v i de more va l uab l e data on fue l 
condi t i on .  Statemen ts a re r1ade th a t  i den t i fy "mos t  des i rabl e "  
l ocat i ons , but  no cr i te ri a  a re es ta bl i s hed fo r the neces s a rv 
con d i t i ons  fo r s ucces s ful i ns pec t i on .  Sta tements  a re ma de ihat  
came ras vli l l  be l m·1ered at  " s u i ta b l e l oc a t i on s " \'li th no  cr i teri a 
fo r 1·1hat  i s  neces s a ry .  

Ans . Th e revi s ed reoort , Tab l e  1 . 1  i denti f i es each o f  the 
i n s pec t i on areas , the  c amera access route and  the 
i n fo rma t i o n  expected to be  obt a i ned at  that l oc a t i on . 
As s ta ted a t  our  December  1 1  meet i n n ,  the  removal  o f  
th ree adj ace n t  CRot•1s a t  t h e  per i phery o f  t h e  core i s  an  
obj ect i ve .  Th ree adj a cen t CRDMs 1·1 i l l  provi de s u ffi c i en t  
fl ex i b i l i ty fo r camera en t ry a n d  man i pu l a t i on , aeneral  
1rea l i gh t i na , and an  add i t i on a l  s pa re nozz l e  s hou l d oth e r  
prob i n g  b e  req u i red dur i n g  t h e  cou rs e  o f  th i s  i n ves t i 
gat i on a t  the  peri pheral  o f  the core . 
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1 .  Rather than mai nta i n i ng a nega t i ve pres s u re under the 
reactor ves se l  he ad , a mo re ap propri ate func t i ona l  re
qu i rement  wo u l d be to mai n t a i n a m1 n 1 mum a i r i nf l ow 
ve l oc i ty t h rough penetrat i ons i n  the hea d .  

Ans . Re fe r to the re vi s i ons � n  the des i gn cri teri a 
( Sect i on I I . A o f  rP v i s e d  repo rt ) . 

2 .  The cri teri on that the sys tem connect to no m0 re than 
fo ur thermocoup l e  noz z l es i s  not j us t i fi ed . 

An s .  Re fe r to the rev i s i on i n  the des i gn cr i teri a 
( Sec t i on I I . A o f  rev i s ed report ) . 

3 .  The cr i teri on that  the sys tem vent to the conta i r  . .  !len t  at
mos phere mi ght  be  j us t i f i ed by a n  as ses sment of th e radi o
l og i ca l  haz a rds associ ated  w i th  re l ease  of rad i oact i ve gases 
i n to the con ta i nment . 

Ans . BNC has  ass umed res pons i b i l i ty fo r gas ex i t i n g  from the 
purge sys tem . 

4 .  A sys tem o r  devi ce to regu l ate or  con trol the head vacuum 
shou l d not be req u i red i f  pu rge sys tem components a re p roperly 
s e l ected to  accommoda te a l l expec t,ed fl m·1 cond i t i ons . 

Ans . T h i s matter wi l l  be reso l ved i n  the p u rge sys tem 
des i gn .  

5 .  The cri te ri on that the system prov i de an  acces s o ry connect i on 
i s  not j us t i fi ed un l es s  the assoc i ated equ i pmen t to con trol  
a i rborne contami nat i on from cutti ng operat i ons i s  a l so  p ro
v i ded wi th the sys tem . 

Ans .  The sys tem wi l l  be redes i gned . B&W wi l l  not i nc l ude 
a p rov i s i on for condi ti ons o f  ex-head cutt i n g  gases . 

6 .  The s e l e ct i on o f  components fo r the purge system does not ap
pea r to be appropr i ate ; the two pumps l i s ted a re pres umed to 
be vacuum pumps wh i ch may not pro v i  de s u ff i c i en t  purge fl ov1 
vol ume ,  and  the f i l ter ( s ) shewn on the purge sys tem assembl y  
d rawi ng  appears to b e  too smal l .  

Ans . The sys tem w i l l  be rede s i gned  per req u i rements i n  
Sec t i on I I . A .  
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7 .  The p u rge sys tem fi l te r ( s )  shoul d be ups t re am o f  th e b l owe r( s ) .  

Ans . The sys tem w i l l  be redes i gned acco rd i ng l y  per req u i rements  
in  Sect i on I I . A . F i l te rs a re not now part o f  the sys tem to 
be s uppl i ed .  

B .  Other  Rad i o l ogi cal  Boundari es 

1 .  Th e pe rma nent cl os u re fo r the CRON no zz l e  on the reactor  ves s e l  
head s ho ul d be des i gned t o  accommoda te cond i t i ons t o  b e  ex
peri enced du r i n g  recove ry , s uch as  RCS decontami n a t i on .  

An s .  B&\-1 w i l l  s u ppl y n a n ges tha t a re d i mens i ona l l y  s i mi i a r 
to the code fl a n oes . B &W w i l l  not pe rfo rm any OA 
a c t i vi ti es on these fl a nges and h enc e , B &\� cannot cert i fy 
th ese c l os u res . 

I I I .  P r i ma ry \·la te r Level Sens i n q Sys tem 

Ra ther  than s ta t i n g  tha t "the p r i ma ry :.-ta ter  l evel  i s  c r i t i c a l , and i t  
i s  i mportant to mon i tor th i s l e vel " ,  the p urpos e  o f  the sy s tem s h ou l d 
be des c r i bed ( i . e . , the p r i ma ry 1·1a ter l eve l i s  rnon i tored to ens u re tha t 
the l e vel  i s  h i gh eno ugh fo r s h i e l d i n g  and l ow enough to a l l ow o p e ra t i on 
of  the head venti l a t i on sys tem ,  e tc . ) .  The e x i s t i n g s ta temen t i s  
amb i guo us . 

Th e i n tended i n s t a l l a t i o n o f  the sys tem a fter the wa ter l e vel h a s  a l rea dy 
been l m·1ered does not a ppe a r  appro p r i a te .  

An s .  The j o b  o f  t he water l evel  s ens i ng sys tem was des c r i bed a t  the  
December 1 1  mee t i n o .  He  h a ve rev i s ed o u r  des c r i pt i on to s a t i s fy 
thes e needs ( Sect i 6n l l l ) .  As s ta ted a t  o u r  rev i ew mee t i n g  i n  
Decembe r ,  t h i s  l evel  sens i n g sy s tem wa s not  i n tended to p ro v i de 
data o r  i n fo rmat i on wh i l e  the RC sys tem wat e r  l evel  was b e i n g  
l ov1e red t o  t h e  operat i o .1a l l e vel fo r t h e  work on  i n -ves s e l  
i n s pect i on .  W e  h a d  e xpected t h i s  l owe r i n g  o f  t h e  water l evPl  to 
h a 'le been pe rfo rmed by e th e rs a nd w i t h o ther  equ i p:nent . The 
purpo s e  o f  th i s  wate1· l evel s en s i ng sys tem was to p ro v i de some 
backup pro cec t i on for th e pers onnel  perfo rmi n g  the  i n head i ns pec t i on .  

A .  Sys tem Funct i on a l  Requ i rements  

1 .  The ran ge o f  wa te r l eve l to be  mon i tored i s  not s tated . 

Ans . Th e re ference l e vel w i l l  be  es tabl i s he d  a p p ro x i mate l y  
1 ft . above the  p l e n um cov e r  and opera t i onal  vari a t i ons 
of  + 6 i n .  wou l d be a l l owa b l e .  

2 .  The requ i red accu racy o f  t h e  sys tem i s  n o t  s ta ted . 

Ans .  The req u i red a cc ura cy i s  + 2 i n .  
I 
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3 .  The cri terion that the system funct i on bel ow the mi s s i l e  
s h i el d  i s  not j us ti fi ed . 

Ans . Bas ed on many di scus s i on s  \'l i th Bechtel /T IO/GPU duri ng  
the  course  o f  the  Phase  I I  work , it  became cl ear to 
B &W that th i s  wo rk ( i n-head i ns pect i o� )  mi gh t have 
to be pe rformed wi thout removi n g  the mi s s i l e  s h i el ds . 
I n  fact , some expectat i on exi s ted that the work mi ght 
be advanced a yea r or  more i f  i t  coul d be performed 
w i th the mi s s i l e  s h i e l ds i n  pl ace . A revi ew o f  the 
tool i n g equi pment needed to do the work reveal ed that 
wi th the except i on of  d ho i s t  or  crane , a l l the tool s 
coul d be des i gned so  that they coul d be used under the 
mi ss i l e  sh i el d .  Th i s  i nves t i gat i on i ndi cated to 
�&W that i t  woul d be prudent to des i gn the tool s accordi nqly . 

4 .  No redundancy cri teri a are es tabl i shed .  

Ans . As stated above , thi s water l evel s ens i n g sys tem i s  a 
�c iundant system . 

5 .  The sy stem may operate wi th varyi ng  press ure under the reactor 
ves sel  head . 

Ans . B &W agrees . Des i gn wi l l  meet requi rements i n  Secti on I I I . A. 

B .  System Des c ri pti on 

1 .  The sta tement that 1 1the pres s ure i n  the bubbl e r  p i pe i s  pro 
porti onal  to the di fference  i n  the water l evel and the l evel 
o f  the bottom o f  the pi pe 11 does not take i nto account any 
pres sure vari at i ons under  the head . 

Ans . B&W agrees . Des i gn wi l l  be modi fi ed to me2t requi rements 
i n  Secti on I I T . A .  

2 .  The a i r  supply to the system shoul d b e  i nst i'ument-qua l i ty ai r 
rathe r than s ervi ce a i r. 

Ans .  BNC has as s umed res pons i b i l i ty for a i r  s upply . 

3 .  Pl ease expl a i n  the a i r connecti on t o  t h e  press ure i ndi cator 
( the referen ce pres sure s houl d be  under the head ) . 

Ans . Th i s  has been changed and press ure now referenced 
unde r  the head . 

4 .  The b ubbl er  tube as l i s ted ( 9/1 6 "  0 . 0 .  s tai n l es s tub i n g )  may 
be d i ffi cul t to obta i n ; l /4 "  O . D . s ta i nl ess tubi n g  i s  s ugges ted 
( eas i er to obta i n  and i f  redundl..ncy i s  needed , both tubes wi l l  
fi t through one thermocoup l e  penetrati on ) .  

Ans . The des i gn h as been rev i s ed to uti l i ze l /2 11 O . D .  p i pe 
wi t h  a 1 / 2 "  O . D. n i ppl e .  The drawi n gs have been changed 
accord i n gl y .  Redundancy i s  not needed . B &H Document 
Nu�ber 32- 1 1 23902 eva l uates the bubbl er  p i pe cl earance . 

I 
I 
I 
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5 .  S teel  or  coppe r t ub i n g  may be mo re approp ri ate ra the r than 
PVC hose . B ra s s  fi t t i n gs and copper tubi n g  fo r panel 
bc � rd connecti ons  may be mo re appropri ate th a n  s t a i n � e s s  
s teel . 

Ans . B&W wi l l  meet req u i remen ts s tated i n  Sect i o n  I I I . A . 

I V .  CRDM Remo val 

A. Devi at i on s  from Pt as e I 

1 .  The ad van tages o f  the p·oposed me thod for des t ructi ve CRDf� remova 1 
may not be rea l i zed fo r removal o f  CRDM ' s  that  a re not  on peri 
phery ,  s i n ce i t  may re q ui re remo val o f  many CRDM ' s  to p rovi de 
acces s .  The  sel ect i on of the method fo r des t ruct i ve CRDM removal  
( i n vo l v i n g s eparat i on o f  the CRDM mo to r tuf)e and r .oz z l e  and c u tt i n g 
the l e ads c rew s up po rt and l eads cre\'J w i th p l asma a rc to t·ch ) does 
not appea r to be  appro p ri ate wi thout co n s i de r i n g  other feas i b l e  
me thods and we i gh i ng the advantages / d i s advan tages . 

Ans . The  remo val o f  CRDM ' s  no t on the co re p e ri phery wi l l  
req u i re the removal o f  many CRDM ' s  to p ro v i de acces s . 
Duri n g  Phase I and furt h e r  i n  Ph ase I I ,  B&W l oo k ed a t  
e l even ( 1 1 )  d i ffe ren t  met h ods of s ep a ra t i n g  the l e ads c rew 
from the con t rol  ro ds . ( Pages 27  & 28 o f  the f i n a l  
Phase I re po rt ) . I t  i s  pos s i bl e  th at  other poten t i a l  
separat i on me thods a re a va i l ab l e  wh i ch were not p u rs ue d . 
A s tudy o f  other po s s i bl e  methods i s  i nc l uded i n  the p ro posed 
c . o .  #2 . 

2 .  The p l asma a rc i n -head l eads crew cutter s hown i n  the  concept ual  
s ketch cannot be i n s tal l ed or used unde r the  mi s s i l e  s h i e l d .  

Ans . The p l asma a rc i n -head cutter was on l y  a con cept . F i n a l  
des i gned too l  wi l l  fi t u nde r  mi s s i l e  s h i e l d .  

B .  Norma l CRDM Removal 

1 .  The normal too l i ng t h a t  req u i re de con tami nati on  to s upport the 
i ns pect i on p ro g ram s h o u l d be l i s t e d  s uch as  the CRDM l i fti n g  
tool ) . 

Ans .  The  n o rma l  tool i n g i s  l i s te d  i n  Tab l e  1 . 2  and the des 
cri p t i on on P ages 2 1  and 2 2  o f  the repo rt . 

2 .  The cont i n gency too l s  t h a t  rep l ace th e l e ads crew i ns ta l l at i on/ 
removal  too l s h ave s evera l  di s advantage s : 1 ) the  s pec i al  l ead
s crew n ut too l ap pare n t l y  doe; not p rovi de a res t ra i n t  to 
prevent rotati o n  of the l eads c rew i nto the un coupl ed pos i t i on ,  
and 2 )  th e s pec i a l  l eads crew n ut tool apparent l y  does not p ro 
v i de fo r to rq ue mon i to ri ng  o r  con t ro l . 
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2 .  ( cont ' d ) 
Ans . The des i gn s  p res ented were o n l y  concepts . The l eadscrew 

n u t  tool w i l l  be des i gned to p revent ro ta t i on . The  o pera tor can  
manu a l l y  meas ure the to rque by h a n d  i f  needed du r� n q  the 
use  o f  th i s  too l . F i n a l  des i g n of t h i s too l  i s  i ncl uded i n  the 
propo s ed C . O .  #2 . 

C .  Con t i n gen cy Tool i n g 

1 .  The s tatment i s  made that " t h e  rod gu i de b raze ma te ri al  co u l d 
h ave begun to me l t . " Th i s  r.-ta te d a l wa s not  i dent i f i ed ,  and the 
pos s i bl e  conseq uences ��s t comp l i ca te l eadsc rew uncou p l i n g o r  
CRot� remo val vJere n e t  i den t i f i ed . 

Ans . I f  bra z e  ma t�ri a l  me l t ed , there i s  a po s s i b i l i ty that 
the con t ro l  rod qui de bra zemen t s  h ave become d i s to rted . 
Acc ess to the top o f  t he con t ro l  rod s p i der wo u l d be 
i mp a i red . 

2 .  The add i t i onal  fea tures p rov i ded by th e n evJ proposed CRDf'l: Ho l d
down Bol t Removal Too l and Sta tor Remo val Too l that  a re no t 
p rovi ded by the exi s t i n g  ::oo l s \'Je re no t c l ea rl y  i den t i fi ed .  
No "torq ue mul t i pl i e r "  i s  a p p a rent i n  the bol t removal  tool 
des i gn .  These too l s a p p aren t l y cannot be i ns ta l l ed or  used 
under th e mi s s i l e  s h i el d .  

Ans . A "torq ue mul t i pl i e r "  i s  i nc l uded i n  the des i gn .  A 
tol e rance s tudy has  s hovm that these too l s can be 
i ns ta l l ed and us ed unde r  the mi s s i l e  s h i el d . 

3 .  Th e p l asma a rc cut t i n g sys tem fun c: i on a l  req u i rements to ma ke 
req u i red c u ts i n  j us t  a few s econds i s  not j us t i fi e d .  Ra te 
of  cutt i n g  s ho u l d be con tro l l ed to reduce b urri ng  and to reduce 
the poten t i a l  fo r dama ge to other  components . 

An s .  The  u s e  of  a p l asma a rc cu t t i n g  sys tem \'la s  uti l i  zed beca us e 
B&H performed some i n - h o u s e  tes t i n g  o f  the  system.  Duri n g  
the  cours e  o f  th i s  t e s t i ng , B &W determ i n e d  the s peed that  
i t  too k  to  do th e c u tt i n g  req u i re d .  These c u t s  too k  but 
a few s econ ds . S i nce cutt i n g t i me i s  rel ated to man - rem 
e xpos ure an d s i nce B &W had e q u i pmen t wh i ch wou l d cut a u i te 
ra p i d l y , a con c l u s i on o f  a requ i rement o f  s hort cutt i n g  
t i mes appeare d  obv i o us . No an a l y ses \'las perfo rmed to 
as certa i n  the best cu t t i n g  t i me but \'le me rel y u t i l i zed 
th e t i mes obs erve d .  

l 



- l 05 -

4 .  Th e req u i rement  th a t  t he c u t t i n g  sys tem o perate wi th 220 vol t 
el ect ri c i ty i s  not j us t i f i e d , s i nce e q u i pment  can be  read i l y  
pu rch ased fo r any con ven t i onal  s upply  vol ta ge .  

Ans . The c utt i n g  system w i l l  be des i gn ed to o pe rate  o ff 
480 vol t . 

5 .  A me ans to prov i de remote to rch pos i t i on i n g  and  i nd i c a t i on  s houl d 
be pro v i ded .  

Ans . B &\·J e xpects to u s e  the p l a s ma a rc c utter fo r a l l cu t t i n g  
externa l o f  t he reacto r  ves s el i n  a norma l mode . The 
vers ati l i ty o f  t he e q u i pment a nd the s k i l l  of the operato rs , 
B&W h as obs ervpd h as con v i nced B &W tha t th i s  i s  the eas i es t  
and mo s t  e f fec t i ve met hod o f  o p e rat i o n . Th i s  i s  partly  
so  because  o f  the  ve ry s h o rt t i mes req u i red to  pe rfo rm 
the cutti n g .  

6 . A v i s ua l  i n s pec t i on o f  the cut l ea ds c rew may be  a pp ro p r i ate 
befJre a t tachment of the l eadscrew p ul l i n g or l owe ri n g  tool s .  

An s . V i s ua l  i n s pec t i on w i l l  be i nco rpora ted i n to th i s  p roced u re . 

7 .  The rel a t i onsh i p  bet\o1een the  "pl a s ma a rc c u tt i n g  sys tem" and the 
" i n - � ead l eads c rew cut te r "  i s  not a pp c rPn t .  

Ans . W i t h  the e xcept i on o f  the a da p to rs a n d  the l ea d  i n  ca bl e 
and the tubi n g ,  t h e  external  h a rdwa re o f  both pl a sma 
a rc cutti n g  sys tems , s ho u l d be  the  s ame . 

8 .  The cahl es fo r th e i n - h ead ves sel  c ut te r  s h oul d h a ve re g i s te r i n g  
c a l i bra t i on and  l oc ks t o  remotely  pos i t i on the to rch . 

Ans . B&�J a g rees and a compa rabl e des i gn \'li l l  be i nco rpo rated . 

9 .  The purge sy s tem s ho ul d be des i gned to accommodate the vol umes 
and types of gases gene rated by t� - p l asma a rc cutt i n g sys tem . 

Ans . B&W ' s  des i gn w i l l  mee t  req u i rements i n  Sect i on I I . A .  

1 0 . Th e p u s h / p u l l l eadsc rew s e p arato r a p p a ren t l y  cannot be  used be l ow 
the mi s s i l e  s h i el d  ( th e  s ep a ra tor i s  about twen ty feet l on g ) . 

An s . B &W ' s tol e rance ana l y s i s  has  con v i nced B &W that  the  tool 
may be used bel ow the mi s s l e  s h i el d .  

1 1 . The l ea ds c rew p u l l er s ho u l d be tested to con fi rm that  1 )  the nut  
fi n gers can be expanded to  fi t over a ny burrs res ul t i n g  from a 
p l asma a rc cut  o f  the  l eads c rew , 2 )  the  h e l i ca l  angl e o f  t h e  n u t  
i s  sel f-l cck i ng on  th e l ea ds c rew when t h e  ma x i mum p u l l fo rce i s  
exe rted , and 3 )  the s e gmen ted n u t  can  be remo tel y  d i s co nnected 
from t he l eads c rew . 

An s .  Th i s  w i l l  be don e .  
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1 2 . The pos s i b i l i ty of s heari n g  o f  l eadsc re\·1 dO'tle1 p i ns a t  
l o cat i ons o th e r  tha n des i rabl e s houl d be addres s ed .  

Ans . Th e re a re o n l y  two l ea ds c rew dowel p i n  l oc a t i ons 
under ten s i o n wi th the tool i n g d· J c ri bed and  
s h ea ri n g  at e i ther  l oc a t i on i s  acceptabl e for p l enum 
remo val . V i ev1 i n g o f  the to p o f  a fue l a s semb l y  \·IOul d be 
i mpa i red i f  the upper p i ns fa i l ed .  B&W ha s no pl ans 
to remo ve the l owe r l eadscrew extens i on shoul d the 
u ppe r p i ns s hea r .  

1 3 . Th e i n ner d i amet e r  of the l e:adsc t�ev/ pu l l e r does not a l l m" 
room fo r bu rrs res u l t i n (J fl-om c ut t i n g .  

An s . Experi me nta t i o n w i th the p l a s ma a rc cutter has  convi n ced 
B&H t ha t  the b u t-r s i ze can be kept  to 1 e s s  than  the . 040 " 
c l earance a va i l a b l e  i n  the l eadscrew pul l er .  B&\-1 has  
a l so been abl e to  fi l e  off  s ome bu rrs to  i mprove cl earances . 

1 4 .  The s ta i n l es s  s teel to s ta i n l es s  s teel i n terface between the 
s e gmented nut  a n d  the s p reader may ga l l .  

Ans . Des i gn has been mo d i f i ed .  

1 5 . Th e s p reade r may need to be p us hed dmoJn to a l l ow s e gmented n u t  
t o  c l o s e .  

Ans .  Th i s  coul d be t rue . b u t  the des i pn s ho u l d p ro v i de 
s u ffi c i en t  vers a t i l i ty to a l l m·1 the o pe ra tor s uc h  
cont rol . 

1 6 .  The  t ech n i que fo r po s i t i on i n g the cy l i nd r i cal  part  ove r the  
s e gmented n u t  i s  not  e v i den t .  

An s . Th i s  i s  a man ua l  opera t i on and w i l l  b e  deta i l e d i n  the 
Ph a s e  I I I  procedures . 

1 7 . The u s e  o f  the l eads crew p u l l e r  s houl d be con s i dered to p rov i de 
the func t i on of  the l eads c re\oJ l moJeri n g  tool . a n d  redes i gned 
acco rd i n gl y .  

Ans . .  Th i s  woul d compl i cate des i gna ted too l operat i on .  

1 8 . The des i gn o f  the s tato r l i ft i n g  tool i n vo l ves p re s s  fi t o f  304 
s ta i n l es s  s teel  to 304 s ta i n l e s s  s teel wh i ch can l ea d  to gal l i n g .  

Ans . B&H wi l l  redes i gn th i s  p ress  fi t to e l i mi na te th i s  
p ro b l em .  

1 9 . The l eads c rew hol d i n g  tool s hown i n  F i g u re 4 . 4  wi l l  b i n d a s  soon 
as the  t oo l  a rms mo ve . 

An s . Fi g u re 4 . 4  was onl y  a con ce p t . 
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D .  Con t i n gency CRDM Remo va 1 Proce d u re 

1 .  Th i s  p rocedure does no t app l y  to CROM ' s  that a re not o n  the 
peri phery . 

Ans . Th e i nc re ased  s cope s u g ges t ed a t  the December 1 1  meet i n g 
addres sed  t he poten t i a 1 remo va 1 o f  a 1 1  C R DMs vii th s ome 
o r  a l l o f  the vari o u s  s u ch too 1 s p ro v i ded i n  t h i s  tas k .  
Thes e a re i n  t he pro�os ed C . O .  #2 . 

2 .  Th i s  procedure res u l ts i n  cons ecut i ve i n s e rt i on s  and wi thdrawa l s  
o f  the control rod oy a bout 2 - l /2 to 5 i n ch es . 

Ans . The p rocedu re w i l l  a l l ow the  rod s  to mo ve howe ver rod 
mo vement i s  not req u i red i f  the rods a re s t uck . 

3 .  Th i s  p rocedure does not account fo r the cont i n gency of a s tuck  
l ea ds c rew n u t  or  s tuck torque t ube . 

Ans . Th i s  p roced u re w i l l  wo rk  i f  e i ther t he l eads c rew n u t  
operates o r  t h e  to rq ue tube can  be rel eas e d , The p ro 
cedure wi l l  a l so work w i t h s t uck  rods . 

4 .  The s i z e o f  the  gap at t he CRDM fl a n ge req u i red fo r cut t i n g  
shoul d b e  defi ned i n  o rde r to j us t i fy tool i n g des i gn .  

Ans . Expe r i menta t i on has  s hovm that  t h e  2 - 3/8 " a va i l a b l e 
gap w i l l  be s u ff i c i en t  fo r t he c utt i n g  i ntende d .  

5 .  The rr. "thod fo r remo v i  n q  t he C RDM mo tor t ube and  1 eads c re\v s upport 
i s  not addres s ed . 

Ans . The p rocedu res devel oped i n  Ph a s e  I I I  w i l l  addres s 
thes e de tai l s .  

E .  Ope rat i on v1 i t h  Mi s s i l e  Sh i e l ds I n - Pl ace 

No conceptual  des i gn or d i s c us s i on of the a ux i l i a ry l i ft i n q ho i s t re
q u i rements v1e re p rovi ded to j us t i fy operat i on under the  mi s s i l e  
s h i e l d� .  I n  a dd i t i on ,  no too l i n g to s uppo rt as s emb l y  of  i n s pect i on 
eq u i pmen t unde r the mi s s i l e  s h i e l ds was des c r i be d , s uch  a s  c l amps , 
too l s s upports , s torage racks , etc . 

An s . An a u x i l i ary l i ft i n g  ho i s t  as wou l d be  needed fo r \vo rk i n g unde r 
th e mi s s i l e  s h i el ds was s u gges ted to be  adde d to the s cope 
at the December  1 1  mee t i n g .  The  detai l ed des i gn p rocu reme n t  
a n d  t e s t i n g  o f  t h i s eq u i pmen t can  b e  accompl i s hed  i n  Ph as e I I I .  
Th i s  hils been i nc l ude d i n  t he p ro posed C . O .  #2 . 



V I . Man i  ou l  a tors 

- 1 0 8 -

1 .  The comb i n a t i on of  a 2 1 " l on q  came ra ( 1·J i th r i Clh t  ano l e v i ew i n g  
a ttach r11en t ) and a 2 5 - 1 /2 " l on Sl  r.1a n i ou l ato r· a n11 may res u l t  i n  
prob l ems w i th acces s ab i l i ty ar.d maneuve ri n g  of  the camera . 

fl.n s .  Th e poten t i a l  fo r p 1·obl ems i s  recoan i zed . Hov1eve r· ,  
bas ed upon work to da te , B &W be l i eves there i s  
s u ffi c i ent room and maneuverab i l i ty to a l l ow t h i s  
eq u i pmen t to orooerly perform a s  i n ten ded . 

2 .  I n vo l vemEnt  o f  a man i pu l a to r  1'1a n ufacturer  i n  the des i gn of  
t h i s tool i n a may be ben P. f i ci a l . 

Ans . P. &H i s  des i qn i n g  the ma n i pu l a to r  and  manufacturi n a  the  
pa rts . He are n ot s ubcont ract i na to a man i pu l a to r  
man u facture r .  

3 .  The m�n i pu l a tor s upport tube a l umi n um t o  a l umi num o i pe threads may 
ga l l .  A ful l pene t rat i on we l d  a t  the s upport  t ube fl anoe may be 
mo re approor i a te ra ther  than  a 1 /4 "  f i l l et �tle l d .  The to l e ra nces 
on the 5/8 " d i ameter dm·1el ho l e and p i n a re no t compa t i bl e .  

Ans . Th e 1·1e l d  has  become mod i f i ed as s u g9es ted . The ho l e 
i n  the f� an0e w i l l  be made s uffi c i e n t ly  l a rne so  
that  the do�t1e l p i n  �tli l l  eas i l '/  fi t i ns i de thereof . 
Th e co upl i n g ma teri a l  h as  been chan qed to s ta i n l es s  
s teel . 

4 .  Th e murky wa �er  v i ew i n 9  eq u i pment  does n o t  appear  t o  be compa t i b l e  
wi t h  the man i pul a tors . 

An s .  B &W ' s  i n tended procedure for man i pul a t i n a  th e murky 
wa te r· v i e\-Ji n o  equi pme n t  unde r the  reac to r h ead  i s  des 
cr i be d on F i gure 6 . 2  i n  the  rev i sed reoo rt . 
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B &W S RES POflS E TO COMMENTS Or! 
I l l - V ESSEL  I N SP ECT I ON R E FORE  H EAD RE�10VAL 

( PHAS E I I REPO RT) 

Commen ts on R . L .  Ri der l e tter to G . E .  Kul ynych dated Janua ry 2 9 , 1 981 . 

1 .  Th e nee d  fo r ra d i o l o g i c a l  boundari es , es pec i a l ly  th e con ceGt o f  a p u r9e 
sy s tem , has not b een adequa te l y  j us t i fi ed .  Pri ma ry ra d i o l o g i ca l  p ro 
tec t i on to th e wo rke rs wi l l  be  9 rov i de d  b y  a i r packs / res p i ra to rs a s  
de termi n ed at t h e  t i me ;  t h e  Re. c :o r  B u  i 1 d i n a  Pur�e Sy s tem \'Ji 1 1  p rotect 
the publ i c . P .. meet i n g  to re de fhe fun c t i ona l req u i rements  fo r t h i s  
s ubsys ter1 i s  s uq ges ted for ,\.1 :1 � a ry 2 7 ,  1 981  fo l l owi n 9  t h e  propo s ed 
mo ckup mee t i n g  i n  Ga i th e rs bu ro , t-10 .  

An s .  B &\-1 l'l i l l  des i gn sy s tem per requ i rements i n  Sec t i on I I . /\ .  

2 .  Dupl i ca t ion  o f  e x i s t i n g  too l i n o  h as not been adequ a t e l y  j us t i fi ed . 
Th e cos t  o f  �ew too l s  ve rs us the cos t o f  checkout and decon tami na t i on 
of e x i st i n g  too l s was no t eval uated . nuol i ca t e  too l i n n  i s  not j u s t i f i e d  
s i nce th i s  tas k i s  n o t  s c h ed ul ed for i mmed i a te i mpl ement a t i on .  I n  
add i t i on ,  some n ew tool s h a ve been p roposed becaus e o f  opera t i n g  
l i mi ta t i ons  � �nos ed by t he mi s s i l e  s h i e l ds , e ven t ho u gh s ome opera t i on s  
( e . g . , compl e te \'li th CRDr1 ( \'l i th l eads c revl } remo val ) \·J i l l  not  be pos s i b l e  
wi t h  t he mi s s i l e  s h i e l ds i n  p l ace . 

An s .  I t  i s  not B &W s i n t en t  t o  dupl i ca te ex i s t i n n  tool i n q .  As B&\·J 
unders tands the s i tua t i on , GPU i s  expec ted to exam i ne the tool i ng 
fo r norma l CRD�1 remo val \'Jh i c h i s  p res e n t l y i n  the  Tr1 I -2  b u i l d i nq .  
Th i s  exami na t i on s h oul d dete rmi ne i f  tha t too l i n g i s  s a t i s fa ctory 
fo r t he 1·1ork on th i s  tas k .  B&\-1 vi i 1 :  no t p rov i de dupl i ca te s e t s  
o f  too l i n q un l es s  d i rec ted t o  do s o .  

3 .  Some o f  the propos ed v i deo eq u i pment  ( v i deo recorde r ,  mon i tor· , mi crophone 
etc . ) c an be de l eted ; these i tems are a va i l ab l e  t h ro uqh the  data ac-
q u i s i t i on p ro g ram.  

· 

An s .  Th i s  eq u i pmen t h as been de l et ed from the s cope . 

4 .  Th e bene fi t o f  the  murky water v i evJ i n g  s y s tem s ho u l d b e  demons t ra te d  o r  
e xp l a i ned ; l i gh t  s o u rce req u i rements  a n d  the  me th od i dent i fy i n q  wh a t  i s  
b e i n g  � i ewed lw i t h  res pect to  the l os s  o f  referen ce po i n ts  �ue to the  
p roxi mi ty of  the came ra ) s ho u l d be  defi ned . In  addi t i on , the  murky \'later 
v i ewi n g  a s s embl y  s h o u l d be capab l e o f  fun c t i on i n g  w i th the p ropo s ed 
man i p u l a tor . 

1-'.n s .  The  murky \'la te r v i e\·J i n q  sys tem i s  i n tended to be u s ed on l y  i f  
the  t u rb i d i ty o f  the \'la ter i s  s uch t h a t  the  o th e r  v i ew i n g  eq u i p
men t  do es n o t  p roduce s at i s fa ctory i ma !les . Expe r i en ce by B &H w i t h  
th i s  typ e  v i ew i n g  eq u i pment i n  va ri ous reactor coo l ant  sys tems and  
s pent  �uel poo l s h a s  i l l u s t ra ted t h a t  cl a r i ty of  the water i s  



- 1 1 0 -

4 .  ( cont ' d )  

essen t i a l  to good {) i c tu res . The murky 1·1a ter  v i ew i n g  sys tem  i s  
an i n nova t i on to p rov i de a method wh i ch may a l l ow the  t a k i n g  
o f  some p i c tu res i n  a d i rty o r  mu rky rea ctor  coo l ant  sys tem 
wa ter  env i ronment . The l i qh t  s o u rce  w i l l  be the  ETV- 1 2 50 
i n terna l  l i qh ts .  F i gure 6 : 2  des c r i bes ho\'J H&H 1·1 i l l  ma n i pu l a te 
th i s  equ i pment  unde r t he reac tor ves s e l  head . 

5 .  Deta i l ed i n terface req u i rements  ( e . n . , se rvi ce a i r fl 01·1/ p res s u re , 
\'la ter  fl 01·1 p res s u re/q ua l i ty ,  s h i e l d i n Cl ,  vent  qas rer10 va l  sys tem fl O\'/ 
capab i l i t i es ,  ho i s t  ra t i n gs , P. tc . ) h Jve not been p ro v i de d .  

An s .  B &1.•1 has  rece i ved  i n te r-:-a ce i n fo rma t i on requ i reme n ts from 
BNC . B&H i s  curren t l y  wo rk i n o  o u t  a pl an of act i on w i th  
B N C  to o rovi de th e req ues ted i n forma t i on . 
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� M ' '  S RESPO t !SE  TO C0t·lr·1E t !T S  m! 
I r� - V E S S EL H! S P E CT I Otl  n E FO R E  H EA D  R a�OV AL 

( PHAS E I I  R E P O RT )  

Commen ts i n  accordance \'l i th t-1P R ' s  l e tte r ,  �loman  Co l e  to D .  Buch anan , Janua ry 
7 ,  1 98 1 . 

1 .  Remo te Smear  Sampl e Equ i pment 

Rerm te equ i pmen t 't/as proposed fo r ta k i n q  smear samp l es from the top 
of the core and  from the top pl a t e  o f  the upper p l enum as semb l y . The 
s t a t ed p u rpos e for th es e  smp � r  s ampl es i s  to  determ i n e  the a ct i v i ty 
l evel o f  the fuel  a nd i n t 2rn a l  componen ts , and accord i n gl y ,  de fi ne any 
s pec i al handl i n o  prov i s i ons i·lh i c h  may be req u i red fo r the recovery 
e ffo rt . 1· 1e do not  bel i eve th i s  equ i pr1ent i s  neces s a ry o r  wa rranted , 
and i t  cou l d  poten t i a l l y  l ead to �robl ems . �e bel i eve th a t  i f  s mea r 
s a�p l es are des i r3b l e ,  the C RDM l ea ds c rews can  be removed from the 
mechan i s m<: a r -:!  smears can  be  t a ken a l on C' the i r l ength . In  th i s  re gard , 
i t  i s  not  c l ea r 1-1 hy s uch sa r.1pl es are needed or requ i re d .  There h a ve 
been fuel  i rrad i at i on tes t l oops i n  1t1h i c h ox i de type fue l el ements s uch 
as  at  TM I h a ve undergone gross  fa i l u res at  much h i gh er  b urn ups a n d  
s e rv i c i n g  o f  th e tes t l oops d i d n o t  requ i re ul t ras oec i a l  hand l i n g methods . 
Bas i ca l ly , these tes t l oops were hand l e d  wi th t he  norma l serv i ce 
equ i pme n t  wh i ch wa s used for hand l i n g unfa i l ed fu� 1 e l emen ts and that  
pro ved q u i te adequate . 

An s . Bo t h  the B Z. � I  and t-1P R � roposed s ampl i n n  methods 'tl i l l  req u i re 
s pec i a l too l s .  /l. remote l eads crev1 s ampl i n g too: vm ul d be req u i red 
because o f  potent i a l l y  h i gh l y  rad i oact i ve l eadscrews . 

B &W can s upp l y  one or  both too l s .  B&W ' s  current  d i rect i on i s  
to s uppl y a pl en um sampl e tool on l y .  B &W bel i eves t h at  the  
devel op i n g  of  the  sampl i n g  equ i pment i s  not  a s i gn i fi cant  
effo rt  and  tha t  data  from thes e s ampl es w i l l  be usefu l . 

2 .  Va cuum/ F i l te r  System fa r Con t i n ua l ly  Purgi n o  a n d  F i l ter i n g  the  Reacto r  
Ves s el Head 

In th � s  regard , we be l i eve th a t  i f  each o f  the C RDMs i s  vented and  
purged  to  the pl ant ' s  offgas sys t em ,  i t  i s  no t c l ea r  why the  proposed 
vacuum/ f i l ter sys tem i s  needed . I f  there i s  any ques t i on on wnethe r 
a l l  the nobl e �a s has  been removed from th 2 reactor coo l ant  sys tem , 
repres s ur i z e  and  cyc l e t he water l evel i n  the  reacto r  h ead up and  dovm 
a coup l e r �  t i mes , then revent the  mech a n i sms to con f i rm tha t nobl e 
gas i s  no  i on ger  a pro bl em.  I n  t h i s  re 9ard , v1e h ave  tv10 comments : 

a .  To do an i n - vesse l  i n s pect i on , B &W i s  propos i n g to l ower 
th e water down tu bel ow the reactor ves s el fl ange wh i l e  the 
i ns pect i ons a re be i n g  ma de . W i th th i s  approa ch , the head 
may be d ry fo r s ome t i me .  \-Je s u gges t  t ha t  the  1t1ate r l evel 
not  be  l owered out  of the h ea d  a reas fo r these i ns pect i ons . 
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Speci fi cal l y , we wou l d l owe r the water l e ve l j ust  bel ow the 
CRDM fl an9e and then do the i n - ves sel i n spect i on co�p l ete ly  
un derwate r.  Th i s  wou l d keep the h ead wet and  a vo i �  the i s s ues 
ra i s ed by dry i n a  out  the head and  the uppe t· po rt i ons of the 
reacto r i n tern a l s  ( i . e . , re l e ase of a i rbo rne parti cu l ate ma tte r ) . 
Wi th  th i s  approach , the water l evP� 1 n  the reacto r ves se l  wou l d 
on ly  be l owe re� j us t  pr i or  tn � tud detens i 0n i n g  fo r hear  remo va l . 

b .  I f  there i s  any ques t i on about the o ffqas i n o  o f  the reacto r cool ant 
once i t  is de pres s uri zed , i t  i s  s uqqes ied ( � f i t  hasn ' t  a l ready 
been done ) th at  a l aroe s i ze 1 0 - 30 na l l on  press uri s ed samol e be 
taken from the TMI rea cto r cool a n t  sys tem. The s ame can then be 
de p res s ur i z ed and  any gas co l l ected .::n d  meas u red to determi ne \..,rh a t  
k i nd o f  offgas p robl ems cou l d  b e  experi enced duri n g  s uch opera t i on s  
as  hea d  remova l . 

Ans . Du r i n g  Ph ase  I ,  B &l-1 pro po s ed a purge sy stem to enhance the 
s a fety of i ns pec t i on pe t·s on ne l . I n  Phase I I ,  B M� es tabl i s hed 
the reou i rement t ha t  the Pu rge Sy stem s ho u l d p re vent the 
re l ease  of qases and  pa rt i c u l ates ( i n  the a rea of i ns pec t i on 
pe rsonne l )  i n  the event that a prev i ous l y  i ntact fue l a s s emb l y  
v1as  ruptured . Th i s  requ i rement v1as es tabl i s he d  as a vJors t 
case a s s ump t i on . Th i s  req u i rement h as been accented by a l l 
pa rt i es i n vo l ved a nd has been re i ttrated i n  requ i rements 
p ro v i  dP.d to B&\-1 fo r the des i gn of the pu rge sys tern . The 
MPR comment does not address  th i s  concern . 

3 .  Cut t i ng  o f  Con t ro l  Rod Leads cre\·Js a nd  CRDt1 Hous i n gs 

Pres ently , the method fo r remov i n o  con t ro l  dri ve mech an i s m  s h a ft s  
that  a re s tuck  i n vo l ves ( 2 )  d i s connect i n g  the  CRrM a t  t he fl an ge and 
rai s i n g the con t ro l  rod mechan i sm up s eve ra l  i nches and  then cutt i n g  
i n  a i r wi th a p l asma torch , o r  ( b )  i n t h e  case o f  the  non - s c rammi n g  
mech an i sm ,  ac•ual l y  cutt i n g  the mechan i s m  hous i n g i ts el f j us t  a bo ve 
th e C RDM fl a n ge wi th a p l asma to rch . Th i s  opera t i on i s  bas i ca l l y  done 
i n  a i r  an d i t  wi l l  create s ome amount o f  a i rbo rne acti v i ty .  Si nce 
p l asma cutt i n g  norma l l y  vm rks equa l l y  \..,rel l unde n..,rate r ,  con s i de ra t i on 
s ho u l d be  g i ven to c u tti n g  s tuck  l eads cre\..,rs fo r e i th e t· a normal C RDt� 
o r  fo r a non-s c rammi r. g  CRDM by go i n g dm..,rn th ro u gh an adj acent C RDM 
port ( i . e . ,  one i n  wh i ch the l ea ds c rew can be  remo ved ) ,  a n d  then 
cutt i n g  th e adj acent stuck  CRDM s h a ft .  Th i s  woul d a l l ow the  c u tt i ng 
o perat i on to be perfo rmed unden..,rater and th i s  s ho ul d avo i d  any a i r
borne act i vi ty p ro b l ems . Th i s  type o f  cutt i n g  opera t i on may be a 
s i mpl e r  ta s k  than the  p res ent approach . Accordi n al y ,  i t  i s  s u gge s te d  
th at s uch  unde rvJa ter cutti n g  operat i on s  be  demo.-: s t rd t ed i n  a moc k u p  
to con fi rm feas i b i l i ty and pract i cal i ty .  Such underwater cutt i n g  
o perat i on s  may a l s o  be useful  i n  cutt i ng a ny s tuck  i n co re i n s t ruments 
so fuel a s sembl i es can b e  re� ved .  
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3 .  ( cant ' d ) 

An s .  Cu t t i n g  unden·1a te r coul d al s o  cause  a i rbo me ac t i v i ty 
probl ems - spec i f i cal l y  the p roduc t i on o f  rad i oact i ve 
qases and s team .  

8 8.\·! h as p ro posed an i n -head p l a sma a t·c cutte r ( s ee 
Pa ge 20 o f  t he repo rt ) as pa rt o f  C . O .  ::2 . Roth 
un derv1ate r  and in  a i r  cutt i n g  can  be eva l uated dur i n g  
moc kup  tes t i n c .  Th e act ual  procedu re to b e  used can  
be determi ned after mockup t: .: s t  i n  g .  

4 .  Un de r the  Head Exami n at i ors 

Th e underhead exami n a t i ons s ugges ted by B &W a l l s eem to be  pred i ca ted 
on l oweri n g  t he v1a ter l e vel dm·m to th e reacto t· ves se l  fl a n �e l evel , and 
thus  ra i s e  the ques t i on t ha t  part i cu l a te a c t i v i ty can b e  qene ra ted . 
Th i s  seems to he one  of  the reasons beh i nd the devel o pmen t  o f  the s pec i a l 
h ead p u ��1e an d va cuum/ fi l ter  sys tem that  B &H has  proposed . I f  the v1ater  
l e vel i s  ma i n ta i ned at  some nomi nal  d i s tance bel o1·1 the  C RDM fl a n ges and  
t h us t he reac to r h ead w i l l  not  be  dr ied  ou t ,  i t  woul d e l i mi n a te th i s  
ques t i on and the need fo r the vacuum/ fi l ter sys tem.  I f  an  i n - vessel 
i n s pect i on i s  to be d0ne befo re the head  i s  remo ved , i t  can be done unde r
water j us t  as many other  reactor repa i rs h a ve been s ucces s fu l l y  done 
h i s tori ca l l y .  

An s .  8 &\·J des i res to keep t he  11a te r  l e vel a s  h i gh a s  prac t i ca l . 
There i s  a t ra deo ff between the  advantaaes o f  a h i qh water 
l evel an d the ri s k  o f  sp i l l i ng t he  pri mary coo l an t . B &H 
has th ere fore recommended t ha t  the vtater  l evel  be ma i n ta i ned 
one foot  above the pl enum cove r .  

I mp l ementa t i on o f  the MP R s u g9es t i on v10ul d a l l ovt very 
mi n i ma l  Wdter  l evel chan ges . Al s o  w i tho u t  a purpe sys tem 
workers woul d not be pro tected from poten t i a l nobl e pas 
re l ease  from a p re v i ou s ly  i n tact fuel ass embl y ( see  
req u i rement l fo r the p urge sys tem , Sect i on I l . f . 

5 .  Di s connect i n g  Leads c rews on th e Mecha n i sms 

To obta i n  a ro u gh a s ses s ment o f  the  core qLd c kl y ,  i t  i s  S u 99es ted  that 
we s houl d f i rs t  a ttempt to d i s connect a l 1  the CRDM l eadscrews . Th i s  
s houl d g i ve  one assessment o f  wha t  the  s i tu a ti on i s  regard i n g  the  core . 
Fo r e xampl e ,  i f  mos t  of  the l eads c rews can be re l eased i "  the normal 
manne r ,  i t  wou l d be  an  i nd i ca ti on  that  there i s  not  gros s d i s to rt i on 
o f  i n te rn a l s  or  j ammi n q  o f  parts by l oose p i eces . Fo r d i s connecti n q  
th es e  l eads crews , i t  i s  s pec i f i c a l l y  recommen ded that  a p ro 9ram be  
undertaken in  moc kups a t  Al l i ance where  the  h u b  of  the  con tro l rod 
a s sembl y  i s  l ocked i n  p l ace , and then p rocedures and  tech n i ques 

I 
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5 .  ( con t ' d ) 

de vel oped to a l l ow the C RDM l eads c rew to be d i sconnected  from 
the h u b .  Th e procedu r·es fo r d i s connec t i n q  l eads c res for bo th 
no rn� l as  we l l  as  non -s cramni ng  mecha n i sms s hou l d be  deve l oped 
by th i s  p ro gram. ;h ere a n umbe r o f  d i s connect.  approaches tha t  
have been bu i l t  i n to  t hese  rJechan i sms , and there fo r·e \·re bel i eve 
tha t  the re is a very 00od c hance that s evera l  techn i ques can be 
de vel oped so th a t  a l l the l ea ds crews c � n  be  d i s connec ted from 
th e h ub of the con t ro l  rod as s embl y  w i thout  hav i n q  t cut the 
1 ea dscrew . 

Ans . B &W agrees t ha t  s uch a ro ugh es t i mate wou l d be  o f  va l ue .  
Pa rt  o f  Tas k Order  #8 mockup  tes t i n g  i nc l udes us e o f  
no rmal CRDM too l s .  

B &l l  .-ecornrnends t hat  i n  conj unc t i on \·t i th t he  i ns pect i on 
t a s k  no rmal uncoup l i ng of  a l l dr i ves by a t tempted . Th i s  
reco�.e nc! a t ion has  n o  curren t i mpact  o n  Tas k  Order # 3  
s i nce i rap l ementat i on i s  not c u rrent ly  i nc l uded i n  Tas k 
Orde r �8 . 

6 .  Avai 1 a b i  1 i tv o f  Crane 

I t  wo ul d ap pea r that one o f  the maj o r  e ffo rts r c  ga i n  ea rl y acce s s  to 
the reacto r  core s ho u l d  be i n  the react i va t i on of the pol a r  crane 
( e .  g . , th e crane i s  needed to 1 i ft th e h ead ) .  I f  at  a l l prac t i ca l , 
1·1e s uqqes t tha t " s pec i r , " effo rt be made to s ee i f  the c rane ca nnot 
be brou gh t i n to s e rv i c.: at an  earl i e r  date . It  i s  out  j ud gment  from 
oth er ty pe s o f  p robl ems we have expe ri enced w i th reacto rs over  the  yea rs 
an d from fa i l ed fuel i rra d i at i on tes ts , the rea cto r head s hou l d be ab l e 
to be  removed i n  t he normal manne r provi ded t hat  each o f  the  �echan i sms 
i s  properly ven ted . I t  i s  furth e r  ou r op i n i on th at  \'l i th  the va r i o us 
d i s connect t �chn i ques bu i l t  i nto the CRDM , the re i s  a very good cha nce 
of rea d i l y  d i s connec t i n g  a l l the l ea ds c rews . I f  t h i s  can  be done , then 
we \'IOUl d proceed i mmed i atel y to remove the  reacto r head a s  soon a s  the 
crane  i s  a va i l ab l e and make an a sses sment o f  the core dama ge w i th  the 
head o ff .  We bel i eve th i s  approach wi l l  a l l ow a better , q u i cker  and  
mo re r.1ean i n gfu l a s ses srrent  \'l i th l es s  probl ems \'l i th s tuck  o r  j ammed too l s 
than a th ro ugh -the-head exami nat i on . 

Ans . B &\·1 a g rees that  a spec i a  1 e ffort shou l d be made to 
refurb i s h  th e pol a r  cran e as soon as pract i ca l . The 
po l ar c rane woul d s i mp·l i fy the i ns pect i on tas k .  

8 &\·1 does hC'\'tever feel  that  ea t·l y i mp l ementat i on o f  
t he  i ns pect i on tas k i s  i mpo rtan t a n d  i s  t h e  fi rs t  s tep 
tm'lard u l t i mate core rerrova l . S i me o f  the advantages 
o f  e a rl y  th ru-head i n spec t i o n s  a re : 
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:0 .  ( con t ' d ) 

1 .  Th i s  proj ect wi l l  exerc i s e  a l l approva l  chann e l s 
� l t i ma tel y req u i red fo r th e l a r9e s c L 1 e  tas k o f  
h ead remo va 1 . 

2 .  An early l ook i n to t he reac tor ves s e l  may s how the 
deqree of s t ruct u ra 1 dama ge .  Th i s  \·ti l l  enab 1 e 
�etter pl an n i n q  fo r hea d removal  and core remo va l . 
Th i s  co ul d red u ce both co s t  and l ead t i me on  the co re 
rer.o va l  p roj e c t . 

I f  t he i n s pec t i on s h 01·1s cons i de rab l e damage the too l i n g 
e f fo rt can be rPo 1 1 ected and potent i a l l y  s a ve t i me and 
money d u r i n 9  the core remo va l . 

'· 


