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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 through a
Control Rod Drive Nozzle and manipulating it around the ple .um

and down to the top of the reactor core.
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INTRODUCTION

B&W was assigned the task to perform Phase I of the Three Mile
Island Unit 2 Nuclear Generation Station (TMI-II) Reactor Vessel
Inspection 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 II.

A. Objective

The objective of the In-Vessel Inspection 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-I1 reactor is not known, it is
important that information be obtained orn conditions inside
the reactor. This information will guide the development of

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

B. Task Descripticn

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 II, Tooling and
Systems Design. Phase I was completed September 15, 1980,
with the release of the P..ase2 I Report - B&W
Document. llumber 86-1121208-00. The Phase I Report



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 procedures and tocling
concepts presented in the Phase I report. Also, preliminary

procedures are presented in this report.

At the end of Phase 111, detailed procedures will be

prepared. These procedures will be finalized after

mock-up testing.

General Approach

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
Water 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. The locations for initial CRDM removal
are shown in Figure 1.1. The most desirable situation would

be 1f any set of three could be removed.

e L e o A A



General Approach (Con't.)

The video camera, once placed inside the head through the
CRDM nozzle, will inspect the plenum cover. A special
manipulator wil! be used to move the camera over to the

edge of the plenwn cover. At suitable locations the camera
will be lowered bcth inside and outside the plenum cylinder.
This will permit video inspections of the plenum 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 wiil be lowered
down the center of the guide tube brazement to inspect the

brazement and a portion of the top of ore 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 acceptable.

This general apprcach is summarized in Figure 1.2. A general
cross section of the reactor vessel and service structure is
shown in Figure 1.3. The inspection locations are summarized

in Table 1.1 and i1llustrated in Figure 1.4.

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.




D. Summary (Con't.)

Other secondary boundaries and radiological control procedures

are discussed in Chapter II.

Chapter III provides a detailed design of a primary Water
Level Sensing System. This system is inserted in a vent
valve thermocouple nczzle and provides for both high ard

low water level warning. This system wil. provide inspection
personnel with immediate warning of changes in the primary

water level.

Chapter IV presents detailed designs and procedures for
normal anc abnormal control rod drive mechanism removal.
The tools consist of cutting and lifting tools desianed

to remove a CRDM accounting for any difficulties encountered.

Chapter V has a detailed technical description of the video
camera chosen for this project. Designs of special lighting
designed to fit through a CRDM nozzle are also presented in

this chapter.

Chapter VI presents designs of manipulators, which will
nanipulate camera and lights to the various inspection

points required.

Chapter VII describes the concept for storage of radioactive

equipment removed from the reactor vessel.

Chapter VIII describes the necessary mcck-ups for testing

inspection equipment and for testing of cutting equipment.




Summary (Con't.)

Chapter X contains site interface requirements.
p q

Chapter XII presents designs cf the swipe sampling equipment.

Appendix I contains a list of all drawings, and documents
prepared for this project. The rest of the appendices
document tests performed by B&W and presents various other

material referenced in the chapters.

Tooling and Equipment Summary

Table 1.2 1s a summary of the tools and equipment needed

for this project.

0




INSPECTION AREA

Plenum Cover

Internal Structure of
Control Rod Guide Tubes

Fuel Assembly Upper
Structures

Core Region (possib.e,
probability uncertain)

Internals Vent Valve

TABLE 1.1

INSPECTION LOCATIONS

ACCESS ROUTE (See Fig. 1.4)

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

#1 & #4; typical of several

locations; camera is dropped
straight down. 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 elenents; ID.

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

42

1
INFORMATION ANTICIPATED

Presence, size, and distribution of debris;
if debris present, it's indicative of flow
paths & velocities (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 rnd guide brazements; indicative
of thermal distorticn of plenum and/or temper-
atures > 23OOOF (braze melting point); input
for plenum removal task.

Evidence of core "slumping", missing upper
structure(s), and/or accumulations nf debris
above the upper structi<es; input indicative
of flow velocities, inference of core damage
severity; input for plenum removal. I

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

Evidence of jammning or distortion cof vent
valve; input for plenum removal.

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



INSPECTION AREA

Plenum-to~Core Support
Flange

Nozzle-to~Plenum
Standoffs

TABLE 1.1 (Cont'd)

ACCESS ROUTE (See Fig. 1.4)

#2

#2

INFORMATION ANTICIPATED

Evidence of debris accumulation in flange area,
inference of size and quantity of debris swept
into outlet nozzles; input for plenum removal
and 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 EQUIPMENT SUMMARY

REPORT SEE
ITEM DESCRIPTION QUANTITY PAGES NOTE
1 Purge SysStem.......ceoieiieeneeieencccnnns 1 ..... 13-14.... 2
2 Manipulator Support Tube................. 3 ... 14 .... 2
3 Temporary Closure PlugS.......ccceeeeeenn 3 ... 14 .... 2
4 CRDM FlAnNgeS. ... eceeeeeeeeonneoaaasaanans 4 ..... 15 .... 2
5 T/C Tlanges (blind).............ccooa... 5 ..... - ... 2
6 T/C Mut RINgS....e. e eeeeenascncnnnnnns 1 ..... - ... 2
7 CRDM BOltS. ..t ieensooosassssasassans 8 ..... - ... 2
8 CRDM NUt RINGS.....tiieeineeennanaeennenn 1 ..., - ... 2
9 Flexitallic Gaskets (CRDM)........cccuec... 8 ..... 15 .... 2
10 Flexitallic Gaskets (T/C) c v eeeenennnn. 10 ..... - ... 2
11 Water Level Sensing SYySteM.......eeceeeaes 1 ..... 16-18.... 2
12 Normal P.I. Adjustment Tool.............. 1 ..... 21 .... 5
13 Normal P.I. Lifting ToOl.....eieeeeeeenns 1 ..... 21 .... 5
14 Normal CRDM Venting ToOl...........ceee.. 1 ..... 21 .... 5
15 "0" Ring Removal ToOOl.....ceieeeeeeaceens 1 ..... 21 .... 5
16 Alternate Uncoupling Tool..........ceuu.n 1 ..... 21 .... 5
17 Leadscrew Lifting TOoOl.....eeiieeeeneeans 1 ..... 21 .... 5
18 CRDM Lifting TOOl.. ..t iieeeeenannnnns 1 ..... 21 .... 5
19 Special Leadscrew Lifting Tool........... 1 ..... 22 .... 5
20 Special Leadscrew Nut TOOl......cceeacen. 1 ..... 22 .... 5
21 Contingency Bolt Removal Tool............ 1 ..... 23 ... 2
22 Contingency Stator Removal Tool.......... 1 ..... 24 ... 2
23 Plasma Arc Cutting System................ 1 ..... 19,25.... 2
24 Push/Pull Leadscrew SeparatoOr............ 1 ..... 25 ... 2
25 Leadscrew Support Clamp.......cececeeeeeas. 1 ..... 26 .... 2
26 Leadscrew H0lding TOOI....:eeeeeeneananan 1 ..... 26 .... 2
27 Leadscrew Lowering ToOl.......ceveeuennn. 1 ..... 27 ... 2
28 Under Missile Shield Hoist............... 1 ..... 30 ... 2
29 Extra Video Camera.....ueceeeceeeceeacenas 1 ..... 40,47.... 2
30 Spare Parts for Camerda.......ceeeeeeea. Table 5.1 40,47.... 2
31 Video RECOTAer. ... uiceeeeenrennennanennns 2 ..., 41,48.... 3
32 Video MONitoOr. .. .. ci it eennneeneenns 2 ..., 41,48.... 4
33 Small Underwater Light................... 2 ii... 43,48.... 2
34 Large In-Head Light............cccieie... 2 c.... 43,48.... 2
35 Murky Water Deployment System............ 1 ..... 4 ... 2
36 Manipulator. ... .. ci e eeeeeeeaeoaacannans 2 c.... 49,52.... 2
37 Fuel Swipe Sample TOOl......ciieeeeeenens. 1 ..... 62 .... 6
38 Plenum Swipe Sample ToOol.........cieee... 1 ..... 63 .... 2
39 MOCK=UP . st iieeeeeeneeeeacanannann e 1 ..... 57 .... 2
40 In-Head Plasma Arc System................ 1 ..... 20 .... 2
41 Radioactive Equipment Storag< P=27KS...... 1 «.o... 5 ... 2
42 Lighting (outside head).........ccciee... = eeeen 58 .... 2
43 Blind Flange Replacement Tool............ 1 ..... - ... 2
44 Lifting equipment for Equipment Ingress.. 1 ..... - ... 2
45 SPIING SCAlES . vt ieeeeeeeeeneeenannnnnns As Required - ie.. 2
2 This equipment is currently under the Phase III scope oif supply.
3 This equipment can be provided on a rental basis, however, new equipment procurement
is recomnended.
4 This equipment can be furnished on a rental basis.
3 This equipment is a recommended addition to the Phase II1 scope of suppiy.
6

Deleted from Phase III scope of supply.
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Figure 1-1 LOCATION OF CONTROL ASSEMBLIES




ESTABLISH WATER LEVEL. ESTABLISH RADIOLOGICAL CONTROLS
INCLUDING REACTOR VESSEL HEAD PURGE THROUGH THERMOCOUPLE

NOZZLES

INSTALL WATER LEVEL MONITORING EQUIPMENT

'

i

ATTEMPT NORMAL CROX REMOVAL UNTIL DESIRED ACCESS
IS OBTAINED

SATISFACTORY

' UNSATISFACTORY

ESTABLiSH ADDITIONAL RADIOLOGICAL CONTROLS

i

USE ABNORMAL PROCEDURES FOR CROM REMOVAL

1

INSTALL CAMERA, LIGHTS, AND MAN{PULATOR

1

REMOVE EQUIPMENT

'

CLOSE CRDM NOZZLES WITH BLIND FLANGES

i

REMOVE WATER LEVEL INDICATION SYSTEM AND CLOSE
THERMOCOUPLE NOZZLE WITH A BLIND FLANGE

!

REMOVE PURGE SYSTEM AND CLOSE THERMOCOUPLE
NOZZLES WITH BLIND FLANGES

Figure 1.2 GENERAL APPROACH
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II. RADIOLOGICAL BOUNDARIES

A. Purge System

The reactor vessel Purge System has the following functional

requirements:

1. Maintain a continuous air inflow throuah all reactor
vessel penetrations *that 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. Twice the average fuel assembly gas
inventory is to be assumed to account for the highest
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 during 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.




<)
.

10.

11.

12.

13.

14.

The biowers shall be nounted so as to facilitate

removal, including quick disconnect type nlugs for

power supplics. Blower inlet and exhaust connections
shall be flanged. All flange accessories shail be
provided.

The system shall have provisions for isclatina and dis-
connectina each blower indenencentlv. 7The blowers,
blower controls, and assocliated pipincg/duct ana cdampers

shall be skid mountec.

The blower skia dimersions shall be limited to 2 ft. x
3 ft. The skid shall be of rigid construction. Lifting
lugs shall be provided. The blower skid will be

locatecd on top of the service structure.

One flanged exhaust connectizn shall be provided at the
skid outlet. Flange accessories shall be providecd.
Static or total pressure at the exhaust connection, at
design flow, shall be specified.

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

application.
All eculpment shall be of commercial crade cualitv.

The System should be constructed in such a manner that

assembly inside the reactor building is minimized.
No component or skid should weligh over approximately 150 1lbs.

All components and skids must pass through the personnel

air lock.

A method to control the head vacuum should be available.
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A redesign of the Purge System is underway and this design

will be submitted separately for review.

B. Other Nauiological Boundaries

1. Manipulator Support Tube

This device shown in B&W Drawing Number 1121424E
replaces each CRDM once the CRDM is removed. This
manipulator support tube acts as a guide tube for

the manipulator and serves as a radiolugical boundary
since it lengthens the distance that particles must
travel (against the direction of airflow caused by
the Purge System) to escape the reactor vessel. This

tube can be sealed when not in use.

2. Temporary Penetration Closures

This device is an expandable plug that forms a temporary
seal at the top of the manipulator support tube. This
plus will prevent gases and particulates from escaping
and help prevent tools and other items from being droppecd
into the vessel. This device is not intended as a

pressure boundary.

3. Permanent Closure

The final closure used on the reactor vessel upon com-
pletion of the inspection task will be blind flanges
(B&W Drawing Numbers 1123010D and 1123011C).
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PRIMARY WATER LEVEL SENSING SYSTEM

During the reactor internal inspection, the primary water level

1s critical and i1t is important for the video inspcction team

to monitor this level. A ‘o in the water level could result

in a loss of shielding between the inspection personnel and

the reactor core. Also, a rise in the water level could render
the Purge System inoperative as well as lead to the spillage of
the primary coolant. If the inspection team has immediate warning
of changes in the water level, the personnel on the service
structure can be evacuated until plant operations stabilize

the water level.

The water level indicator to be used is commonly referred

to as the "Bubbler System". The Bubbler System is con-

structed by placing a pipe, which is open on both ends, in

the water. A constant flow gas source is attached to the top

of the pipe. This gas forces the water out of the pipe, and
releases gas bubbles out of the bottom of the pipe. A corre-
lation can be made between the pressure necessary to reach the
point of equilibrium (point where bubbles escape out of the bot-
tom of the tube) and the water level. The pressure in the pipe

is proportional to the difference in the water level and the level
of the bottom of the pipe. Hence, the water level can be directly
indicated by a pressure gauge. Further, since the gas flow rate
is slow, there is essentially no pressure drop in the pipe and

the pressure gauge may be placed on the top of the pipe. Also,
high and low pressure alarms will be installed or the top of the

pipe. The system is shown in B&W Drawing Number 1121396D.

A. System Requirements

1. An air bubbler system shall be provided for monitoring
water level in the reactor vessel during all pre-head
lift examination activities. Access to the vessel shall

be obtained through a thermocouple nozzle located on

the reactor vessel head. The system shall be capable of
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monitoring water level from the bottom of the thermocouple

nozzle to at least the top of the plenum.

A reference leg for the air bubbler shall be used. The
mating flange for the thermocouple rozzle flange shall

have provisions for both the reference and the sensing
legs. The reference leqg shall terminate 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 316L stainless steel. The

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

pressure fluctuations.

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.

A purge flow controller with rotameter shall be pro-

vided for the sensing leg.

A panel, suitable for mounting on the railing of the
service structure, shall be provided 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). 120 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 10-50 ma DC. It shall be provided with a junction

box for field terminations. Power supply remote

ot s
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indication and interconnecting cable will be supplied

by others.

Item b shall be provided with additional contacts for actuating
a remote alarm (supplied by others). The contacts shall open

in the alarm state.

6. Isolation and calibration valwves shall be provided at
the panel for each instrument. In addit on, valves which
permit the i1introduction c¢f highner pressure alr to remove

an obstruction in the bubbler shall be providad.

7. The tubing from the mating flange to the parel mav be
flexible tubing (tygon, nylon, etc.) provided that it
is 1) securely restrained, 2) radiation resiscant, and
3) capable of withstanding the higher pressure air re-

quired to remove an obstruction.

8. This system shall contain no PVC.

9. All components shall be of commercial grade quality.
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CRD!t REMOVAL

-
£i .

Deviations rfrom Procedur«s Presented I Phase [

The original approach for destructive CRDM removal was

discussed in the August 7, 1380 meeting and is shown 1n

Figures 1.2-1 and 1.2-3 of the Phase I Report. This

procedure has changed substantially during Phase II.

These chances are:

1.

Cuttina techniques - Origlnaily saws and abrasive
cutters were pronosed Zor motor tube and leadscrew
cutting. These metnods have rnot oroven feasible
during Phase II. Plasma arc cutting svstems have
proven to be an accentable wav to make tne required
cuts. Hence, the plasma arc 1s now the proposed

method to make all required cucs.

Destructive CRDM Removal ~rocecures - The Phase I
Report presents destructive CRDM remcval procedures,
which involve CRDM motor tube cuttinag. During Phase
II a procedure was cdeveloned, which would cause a
small separation between th> CRD}) motor tube and the
CRDM nozzle of a coupled drive without withdrawing
the control rods beyond the tripped position. This
separation will be large enough to inscrt the plasra
torch and cut the leadscrew and the leadscrew support.
This will permit CRDM remcval without motor tube
cutting even in the event the leadscrew coupling is
fused to the control rod hub. Since this proceduire
is faster, will reduce personnel exposure, and
does not require motor tube cutting, it has replaced

the originally proposed destructive CRDM removal

procedure.




3. In Head Leadscrew Cutter - Also proposed in the Phase
I Report (Figure 2.3-12 of the Phase I Report) was 3an
in-head leadscrew cutter. This tool would have used
a hydraulic shear or saw action to cut the leadscirew.
This has not proven to be a practical option in Phase
IT testing and it has been dropped as an option. The
plasma arc system has the capability to cut the lead-
screw from an adjacenc CRDM nozzle. A conceptual
sketch of this plasma arc in-head leadscrew cutter is
shown 1in B&W Sketch Number SKTDP103180. DNote that
prior to the in-head cutting, the leadscrew must be
captured below the cut location to prevent the lead-
screw and control rod from dropping (in the event the
fuel assembly is missing). To capture the leadscrew
holding tool, conceptually shown in Figure 4.1, will
be inserted from an adjacent CRDM nozzle with a
special manipulator (also shown in Figure 4.1). The
manipulator will be removed after the holding tool

is in place to allow access for the plasma tool.

4., Leadscrew Pin Torque Shearing Option -
Although this procedure was not presented in the Phase
I Report, it was discussed at the August 7, 1980
meeting as a possible abnormal leadscrew separation
procedure. Tests, documented in Appendix II, indicate
that this procedure will not work since the control
rod spider/hub connection will fail before the pins

in the leadscrew.

< A flowchart of the revised contingency plan for CRDM removal

is shown in Figure 4.2. .




B. lormal CRDM Recmovsal Procedurcs and Tooling

The normal CRBM removal procedures and tooling are described
in the CRDM Manual, B&W Instruction Book Number 620-0006-01-
0018-03. Minor modifications to the procedures (such as a
step to verify the weight of the torgue tube will be necessary
as it is locwered. The normal tooling 1is availlable inside the
TMI-II reactor buildi:ig and there is no reason to believe that
these tools cannot be made to function. However, these tools
were 1in the reactor building orn March 28, 1979, and they may
regquire decontamination before use. Since this could cause
delays and unnecessary personnel exposure, 1t 1s rccommended
that back-up tocls be available. Hence, BsW recommends that
replacements for th. following normal tocls be added to the
current scope of s.pply (i1f these tools cannot pc supplied

by the site):

1. Pc :tion Indicator (P.I.) Adjustment Tool. Note: 1In
order that this tool be capable of passing through the
personnel hatch, it will not be completeiv asseabled

until after being taken 1into the reactor building.
i 2. P.I. Lifting Tool
3. CRDM Venting Tool
4. "O" Ring Removal Tool
5. Alierrate Uncoupling Tool with Jumping Jack

; 6. Leadscrew Lifting Tool

7. CRDM Lifting Tool




liormal CRD!! Removai Procecdures anc Tooling (Con't.)

It should be noted that the Stator Installation/Removal
Tool and the Holddocwn Bolt Removal Tool are not inclucded
1n this list. The currently proposcd contingency tooling
can (in the event tha: the tools inside the reactor
building will not work) perIorm the function oI those two
tools even for norinal CRD! removal procedures. Also, not
included in the recommended replacement list 1s the Lead-
screw Installation/Rremoval Tool. This tool will not pass
tnrougn the personnel hatch and no currently proposed
contingecncy tool will perform the function of this tool
(1le. back the leadscrew nut off, uncouplc the leacdscrew,

and raise the leadszrew to the parked position).

B&Ww can provide two tools to take the place of the lead-
screw installation removal tool. The first tool,
conceptually shown in Figure 4.3, will back the leadscrew
~ut ofI and the second tool, conceptually shown in Figure
4.4 will uncouple and ralse the leadscrew to the parked
position. It should be noted that the special leadscrew
lifting tool can pbe 1inserted down the hollow shaft of the
special leadscrew nut tool to prevent the premature
rotation of the leadscrew to the uncoupled position while
the leadscrew nut is being backed off. Since these two
tools are only required if back-up normal CRD: tools are
added to the scope of supply, only conceptual designs

have been prepared.

Also needed 1s a special tool to lower a blind flange onto
lnaccessible CRDM nozzle flanges. B&W will supply this
tool under the current scope of supply. (See B&W Drawing
No. 1123010D).
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Contingency Toolina

Standard tooling and proccdures for leadscrew uncoupling
and CRD: removal may prove to be i1nadequate due to conditions
imposed during the t:ansient. Possible complicating conditions

considered are:

t. Corrosion of bolts and fittings.

2. Melting/fusing of lcadscrew to the control rod spider.
3. Varpage of leadscrew of CRD!l due to thermal stresses.
4. Melting or warpage of the guide tube brazements.

It has beca estimated that the leadscrews in the peripheral
CRDM's experience a minimum of 1500°F for a period of
approximately one hour before being quenched.l Although
this by itself would not have significantly changed the
metallurgical properties of any of the key components, 1t
could have beer sufficient to cause degrece of warpage. If
the temperature reached as high as 21000F, the rod quide
braze material could have begun to melt. It is possible
that the male coupling on the end of the leudscrew assembly
was damaged and will not uncouple from the swnider. Some
degradation of both components is expected due to the

transient and subsequent environment.

Contingency tooling has been designed to permit CRD!l removal
despite problems which may be encountered. Swecifically
these tools are: CRDM Holddown Bolt Removal Tool, Scator
Removal Tool, Plasma Arc Cutting System, a Leadscrew

Support Clamp, and a Leadscrew Lowering Tool.

1. CRDM Holddown Bolt Removal Tool -

The functional requirements of this tool are:

lBased on data from TMI-II Reactor Coolant System Component

Evaluation Task 27, May, 1980.
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e Produce 2500 ft.-lbs. of vtorgue with a 1.5 safety
factor. The 2500 fi.-1lbs. flgure 1is the worst

case estimate of the force necessarv to smear the
threads and remove the holddown bolts. Tnis number

is based on B&l field expericnce.

e lleet all geometric restricticns 1mposed by the CRDM's

and service structure.

S

® Pass through personncl hatch.

e unction below missile snicld.
The tool snhown 1in B&W Drawing Number 1121446F meets
all of these requirements. This tool cmploys two

torcgue multipliers to yield a mechanical advantage

of 12.

Stator Removal Tool

Tne functional recuirements cf this tool are:

e DBe capable of lifting 1000 lbs. (4 times the

welght of the stator)with a 1.5 safety factor,

e Mceet all of the geometric restrictions imposed by
the CRDM's and service structure.

e Function below missile shield.

® Pass through personnel hatch.

The tcol shown in B&W Drawing Number 1121432F meets

all of these requirements. This tool can be maneuvered

below the stator and then a crene or hoist can be used

to 1lift the stator.




Plasma Aarc duttinae Systoenm

The functional reguirements of this tool are:

e Cut up to 1% 1rnch thick 17-4 PhH stainless steel.

® Torch head must be small enough to f{it between

the CrD!t flarge separation of 1-1/2".

® lust make reqguired cut in just a few scconds.

e :lust be portab.ic.

® lMust operate off 4380 v, 3 puase circuic.

Tvwplcal plasma arc cutting systems meet these reculrenents.
available systems use nitrogen or argon mixed with hydrogen
to form the plasma gas. Thls gas 1s heated to its plasma
state by an electrical arc, forming a plasma arc. The arc
1s contained by a secondary fluid, usually carbon dioxide
or water. The cases needed can be brougnt into the reactor
building, 1n tanxs, tnrougih tiac personnel hatch and the
power regulrcnents for this system will be 100 amps at 480
volts (3 prhase). The succescsiul testing of the plasma arc

system is documented in Appendix III.

Pugh/Pull Leadscrew/Extension Sevarator

This tool has the following functional requirements:

e Fit around leadscrew and 1inside control rod guide

brazement.

@ Function under all geometric restrictions imposed by

other CRDM's and the service structure.

@ Generate 25 tons of force with a 1.5 safety factor

necessary to separate the leadscrew from 1ts

extensions. This figure is calculated in Document
Number 32-1122117




® Prevent control rod eut-motien.

e runctilon bclow missile shnleld.

e Pass throuch personncl natch.

The tool shown 1n 3&W Drawing liumbers 1121399F and

1121400C meets all of thesc regulrements. Tals tool
used a hollow tube to f1t around the leadscrew and in-
J1de the brazement. A seamented nut 1s used to apply
upward fcerce on the leadscrew, while the tube prevents
the control rec spider from rising. Strength tests of
critical components were performed during tool design
to verifr calculatlions. Test results are presented in

Avpendlx IV and V.

Leadscrew Support Clamp

Thls tool will be a chain wrencn or "C" tvpe clamp.

Its function 1s to prevent the leadscrew sunport tube
from dropplng inside the vessel whlle cutting the lead-
screw and lecadscrew —upport between CRDM flanges.
Standard chain wrenches and "C" clamps will be evaluated
during Phase III mock-up testing. If standard tools do

not prove acceptable a special tool will pe designed.

Leadscrew lolding Tool

This tool will be used to hold the leadscrew in the event
the fuel assembly upper end fitting is missing. There are
two obtions which will be evaluated cduring Phase III
testing before the design of this tool will ke finalized.
The first option (conceptually sihown in Figure 4.5) 1is

to cut a "window" in the leadscrew support tube and 1nsert
a swecial clamping tool. The secona option would consist
of "punching" a hole (with the plasma arc system) thirough

the leadscrew and leadscrew support tube without support-

ing the leadscrew. A "pin" could then be 1nserted to




6. Leadscrew liolding Tool (Con't.)
hold the leadscrew. This concept 1s 1llustrated 1n Figure
4.6. Other options will also be tested and evaluated

during Phase III.

7. Leadscrew Lowering Tool -

A tool will be necessary to provide controlled descent
of the leadscrew if the fuel assembly 1s missing. If
the "punch" metihed 1s used, this tool will simply be
a wire rope which is inserted through a groove 1in the
holding tool. If the window method 1is used, a special

tocl (conceptually shown in Figure 4.7) will be needed.

Contingency CRDM Removal Procedure

Preregulsites:

1. Lower primary water level.

0o

Establish purge system.

(€9}

. Establish primary water level monitoring.

4. Provide an acceptable hoist.

5. Vent CRDM.

6. Remove P.I. and stator.

7. Top closure and "o" ring removed.

8. Normal uncoupling prccedures attempted.

Procedure:

1. Using the plasma arc torch, cut a hole 1n the service

structure adjacent to the CRDM being removed.

2. If reguired, back the leadscrew nut off to the hard
stop.

3. If required, release the torque tube using the alternate
uncoupling tool with jumping jack.

4. Using the alternate uncoupling tool and spring scale,
raise the torque tube. If the spring scale reading
substantially exceeds the combined weight of torque
tube and alternate uncoupling tool, the precautionary
procedures presented in Step 9 must be followed to

prevent uncontrolled leadscrew descent.



Contingency CROM Removal Procedure (Con't.)

hote: Step 4 verifies that the weight of tiie leadscrew and

5.
6.

control rod asscmbly 1s being supported by something
other than the torcue tube.
Unbolt the CRDM. Force bolts if necessary.

Lift the CRDM approximately 1" with the chain hoist.

lote: Precautionary steps must be taken to prevent raising

o

10.

11.

12.

13.

the CRDM hignh enough to cause control rod withdrawal

beyond the tripped position.
Continue raising the CRDX until there is a sufficient
gap» between the CRDM flanges for the cutting oweration.
Do not raise the CRDM enough to cause control rod with-
drawal beyord the trippned position.
Clamp the lecadscrew support tube 1n place using a
clamp.ng tooul. Position the tool flush with the CRDM
nozzle.
If during Step 4 it was possible to verify that the
torgque tube was not supporting the weight of the leacd-
screw, cut the leadscrew and leadscrew support tube
between the leadscrew clamping tool and the CRDX motor
tube flange, then proceed to Step 14. 1If it was not
possible to verifv that the leadscrew was supported,
follow Steps 10-13.
Using the plasma torch, cut the leadscrew support
tube. Cut as much of the exposed tube away as possible.
Do not cut the leadscrew.
Attach the leadscrew holding tool to the exposed.
lcadscrew.
Cut the leadscrew above the holding tool and below the
CRDM motor tube flange. Provide sultable protection for
CRDM nozzle flange.
Attach the leadscrew lowering tool and remove the holding
tool. Carefully, at a slow rate, lower the leadsccew

until it reaches a hard stop.

i
H
}
3_
i




Contingency CRDei Removal Proceuure (Con':.)
14. Using the push/pull tool, separate ana remove the lead-
-3 b P i
screw.

This procedure applies only to CRDM's where the side of
the CRD: 1s accessible. Initially, this procedure applies
only to peripheral CRDM's. A center CRDM can, however, be
removed by first removing a peripheral drive and then re-
moving a drive one row in from the peripheral drive, using
the side.access provicded by the first drive removal.
Continulng inward, one row at a time will eventually
permit the necessary side access for abnormal removal

of a center drive. lHowever, as cach drive 1s removed

a closurec will be requirea ior the CRDM nozzle. A

total of four closures will be provided under the current

scope of supply.

Axrial Power Shaping Control Rod (APSR) Drive Mechanism Removal

The APSR's are in the same position as they were prior to the
reactor trip on March 28, 1579. The normal uncoupling procedure
will cause the APSR's to drop, resulting 1in the APSR's 1mpacting
the fuel assemblies. Since the condition oI the core is un-
xnown, 1t is 1lmpossible to evaluate the consequences of this

impact.
There are three procedures, which use the continagency tooling
presenced in this chapter, that will permit the uncoupling of

the APSR drive without dropping the APSR. These are as follows:

1. In Head Cutting ~ This procedure will use the in-head

plasma cutter and the in-head holding tool to remove
the drive without dropping the APSR. This method would
involve only a small APSR movement (if any) and will use

the same procedure as CRDM removal with in-head plasma.
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Axial Power Snhaping Conutrsl roa {(APSKH) Drowve Mechan:sm Removal (Coon
2. Leadscrew and Suppors Cutiing - This me thod would be
to unbolt the APSR drive, ralsce the drive a fow inches

to expose the leadscrew and support tabe, anc perform
Stepes 10-13 of tho contingency CRDM removal procedure.
Thilis procecure will 1nvclve bo:ih 1n and out motion of

the APSR.

methoa would be similar to

n

3. Motor Tube Cutting - Tial

the leadscrew and suppor: tubge method except that the
leadscrew will be expcsed by cutting a window 1n the

motor tube.

Although mock-up testling 1s recessary to resolve which
ced s recommended, the in-head a e 1]
rocecdure 1 ommended, the 1 Ca lasma method 1s
believed to be the preferred approach ané the motor tube

cutting 1s believed to be the least desired techaique.
The removal of APSR's will involve additional closures
not under the current scope of sugply. A flow chart

for APSR removal 1s shown 1in Figure 4.8.

Operation With Missile Shields In Place

All tooling designed under Phase II can be used for the
inspection under the missile shields. The normal CRDIM
tooling, which 1s requirea in support of the 1nspection
can also be operated under the missile shields. However,
an auxiliary lifting hoist or riggling will be necessary
for various operations during the 1nspection procedures.
This auxiliary hoist or ricging must be located under the
~lssile shields and allow transport of components to an
appropriate lavdown area, such as the canal floor. B&W

will design, fabricate, and test this lifting equipment

(expanded scope of supply) during Phase III.
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V. VIDEG EQUIDPMENT

~A. TPunctional Requirements

The functional requirements of the camera system are
divided into three areas: results, physical limitations,

and environment.

Under results, the foullowing characteristics were considered:

e Rcsolution - The system must have suifficient recsolution
to accurutely represent the complex shapes of any damage
2r unusual findings.

e References - The video system must have a field of view
(greater than 20°) sufficiently large so that enough polnts
of reference are includea to define the location.

® Recordable Output =~ The inspection results must be

accurately recorded by video tape.

Under physical size limitations, the following characteristics

were consildered:

e The camera head must operate at a minimum of 80 feet from

the control unit.

~-

® The camera head must be capable of passing through a 2.765"

diameter opening.
e The rigid length of the camera head should be minimized to

facilitat_. ease of entry via a complex path.

Under environment, the following reactor vessel conditions

were considered:

Maximum water depth of 80',
Maximum water temperature of l4OOF,

Radiation levels up to 1000R/hr.,
Low Light,

Possible opaque water.
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B. Camera

The video camera chosen 1is the vlestinghouse ETV-1250.
The purchase part drawing 1is B&W Drawing Number

1121417A.

l. System Description

The ETV-1250 is a complete underwater video system
specifically designed for nuclear reactor in-
spections. This system consists of two units.
These are: the camcra head and the control

unit. These two units are connected by a 125'
cable. The majority of the system's electronics
are 1n the control unit, thereby, minimizing the
components exposed to the harsh reactor environ-

ment.

The camera head is 12" long, and has an outside
diameter of 1.25." This unit contains a field
effect transistor video preamplifier, the camera
tube, lenses, and a remote focus motor. These
components are housed in a 316 stainless steel
case. The camera head can withstand a gamma dose

rate of 2 X lO6 R/hr for a cumulative dose of lOSR.

The camera control unit consists of a 4" (diagonal
measured) monitor and contains all electronics
not located in the camera head. These electronics
include video processing circuitry, light control
circuitry, rotating right angle viewing attachment

motor control circuitry, and focus motor control

1 MNote the ETV-1250 specifications sheet is included
in Appendix VI,



1. System Description (con't.)
circuitry. This unit is housed in an aluminum
case. All controls and connections are located

on the front panel.

2. Accessories

The LETV-1250 has a complete line of accessories in-
cluding a rotating right anagle viewing attachment
complete with a 150 watt :ungsten halogen lamp, a
lighted fixed right angle viewing attachment with
two 20 watt tungsten halogen lamps, and a lighted
axial viewing attachment with two (2) 20 watt

tungsten halogen lamps.

3. Recommended equipment and spare parts inventory

Table 5-1 shows the recommended camera, spare parts,
and accessories inventory. This inventory consists

of two complete camera systems, a spare head, and
assorted spare parts. The complete spare system 1is
necessary 1n the event the system is damaged beyond
immediate repair. By having an extra camera head,

the need to change the viewing attachments on a highly

contaninated head can be avoided.

Video recorder and monitor

In order to provide a permanent record of the inspections,
a video record is needed. The following list enumerates

the needed recording equipment:

This equipment may be supplied by GPU, however, B&W will
require an inspection (to ensure compatibility) early 1in
Phase III. Later in Phase III, B&W will require exclusive
use of this equipment for mock-up testing.




C. Vvideo recorder and monitor (con't.)

2 - Sony VG 3800 Video Recorder or equivalent
2 - Sony AC-340 AC Adavter
2 - Sony BP-20A Battery
20 -~ Sony 125 A60 video Cassettes ?
1l - Distribution amplifier i

The cassette recorder was chosen to reduce the tape hanrdling,

and thereby, decrease the risk of contaminating the tape. Two

recorders should be connected in parallel with a distribution
amplifler to avoid any possibility of recorder problems result- |

ing 1n an inspection not being recorded. These cassette

recorders are not owned by B&W, and cannot be supplied by B&W
on a rental basis. Reel to reecl recorders owned by B&W can
be supplied by B&W on a rental basis. However, procurement

of new recorders is recommended since there i1s a high
probability that equipment (including the reel to reel tapes),
will be impossible to decontaminate to an acceptable level.
This would necessitate B&W charging for the equipment. It is
felt that procuring equipment best suited for the task in the

first place is the most prudent approach.

Other equipment ncaeded is an acceptable video monitor, and
assorted cables required to connect the camera system with

the monitor and video recorder.

D. Lighting

Auxiliary lighting will be provided for two reasons. First,
the integral camera lighting output is not sufficient for

broad area viewing. The manufacturer states that these lights




Lighting (Con't.)

are not designed for viewing objects furth:r thau 2 feet away.
Second, the camera light will overheat if used 1in alr. Hence,
other lighting in the ubpper head of the drained reactor vessel

1s necessary.

Since a research of available equipment has not yielded
satisfactory lighting, it has been necessary to design
special lignting fixtures. Two lights have been developed

for use inside the reactor vessel.

The first light, shown in Babcock and Wilcox Drawing Number
1121431E, 1s a modification of a standard underwater light.
These modifications simply replace the large protective
lexan cover on the lignht with a wire screen and protective
braces. This modification reduces the diameter, and permits
the light to pass through the 2.765 CRDM nozzle with a 250 W
lamp. This light will be used for upper head illumination.
The second light that has been designed has an outside
diameter of only 1". This light is shown in B&W's Drawing
llumber 1121430E. This light uses ¢ 250 watt lamp. A
prototype of this light has been fabricated and tested

with satisfactory results. This light can be inserted in
the camera manipulator (behind the camera), or a separate

maninulator, and follow the camera to the reactor core.

Light controls will be necessary to control the intensity

of these two lights. Table 5-2 summarizes all video

equipment (except camera system) needed.




Murky Vater Viewiling

As discussed in the phase one report, the most success-
ful murky water viewing system tested consists of rlac-
ing a plastic bag in front of the video camera. Once
the bag 1s inflated with clear water and brought in
contact with the object iu be viewed, it is possible

to obtain clear video plctures even though the water

in the reactor vessel is murky.

The deployment mechanism for the plastic bag is shown
in B&W Drawing Number 1121433E. This mechanism
consists of a tube surrounding the camera. Clear water
is fed to the bag by a feed line, while air is released

by an air bleed line.

The vplastic bag is made of 10 mill thick poly and has
proven to be resistant to puncture and abrasions during
tesus. Also, the bags have been tested to 3 psi without
failure while inflation pressures above 1/2 psi pro-

vide sufficient bag expansion to obtain good results.

The system to maintain 1/2 to 2 psi in the plastic bag
will be evaluated during mock-up testing. This system
consists of injecting only a fixed volume of water and
having a feed and bleed system where the bleed tube 1is
a few inches above the water level in the reactor
vessel, causing 1/2 to 2 psi static pressure in the
plastic bag. The feed water will be supplied from

the top of the service structure.

The murky water video system will be employed only as a
last resort. B&W expects only limited results using this

technique. The field of view will be limited to the size

of the plastic bag.




OTHER INSPECTION EQUIPIIENT CONSIDERED

During Phase I, two other videco cameras (Diamond ST-6 and
Fzrsneh R-93) were considercd. The comparison o:f these
cameras 1s documented in the Phase I Report (B&W's Document
No. 86~-1121208-00).

During Phasc II, another camera was considered - thec EDO
Western 1800 Scrie< Underwater Camera. This camera was

rejected for the followlng reasons:
1. The t'ocus Projection Screen (FPS) tube required 20 times
as nuch light as the Westinqhouse ETV-1250 Newvicon tube.

2. The large diameter (2.0") of the EDO Western Camera makes
the manipulator design more complicated and climinates

the possibility of using the murky water viewing attachment.

(O3]
.

The EDO Western Camera does not have integral lights.

4. The EDO Western Camera does not have rigiht angle viewing

attachments.

5. The higher resolution offered by the FPS Tube (F™S=800
lines, Newvicon=525 lines) is of little value since all
resolution over 325 lines 1is lost once the video signal
is stored on a video type recorder. Since practically
all analysis of data will be done from the recorded

information, all resolution over 325 lines 1is wasted.

Also considered was the use of blue-green light. This option
was rejected since thallium (blue-green) lamps contain mercury,
which can damage the stainless steel parts of the reactor. The
only other practical way to produce blue-green light would be

to use an incandescent light and an optical filter. This filter

would attenuate the entire spectrum of light emitted and hence,

this is not a reasonable approach.




|

OTHER INSPECTION EQUIPMENT CONSIDERED (Con't.)

Ultrasonic systems were considered in Phase I and the problems
associated with ultrasonic inspection are documented in the

Phase I Report.
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TABLE 3>-1 CAMLZXA EQUIPMENT
QUANTITYl i QUANTIBY LWESTINGIOUSE
ON ORDER NEEDED DESCRIPTION PART MNO.
1 2 Jllnature Underwater TV Camera ETV-1250
for Muclear Reactor Insmection
2 3 Newvicon Tube for ETV-1250 WL:§173
1 Spare Cable (125') with 35-4463
connectors for ETV-1250
20 20 "o" Ring for ETV-1250 43-1016
1 1 Test 3tand for ETV-1250 359372
1 1 Rotating right angle viewing 35-4152
attachment
6 Lamps for 35-4152 35-4357
1 Lighted fixed right ancle mirror| 33916
1 2 Lighted axial viewing attach- 33915
ment
1z 12 Lamps for 33916 « 33915 2-790
0 1 Light control circuit board - 35-2505
: 1201 ’
[ 0 1 Sync. generator circuit board- 35-2976
! 1202
0 1 Deflection circuit bzara - 1203 | 35-2975
0 1 Video amplifier circuit board - | 35-2973
1204
0 1 Low voltage supply circuit board| 35-1974
- 1205
0 1 High voltage supply circuit ~5-8931
boara - 1206
0 1 Automatic light control board - | 35-2977
1207
Camera head cartage assembly 35-4467
Video preamplifier circuit 35-3465
board - 1208
0 1 Polycarbonate cover for 35-4152 | 40-4278
1 Motor control circuit board - 35-2967
1209
0 20 "0" Rings for 35-4152 43-1019
%This equipment has been ordered under Phasc 2.
This quantity 1is needed.
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TABLE 5-2 VIDEO EQUIPMENT
QUANTITY QUANTITY VENDOR
ON ORDER NEEDED DESCRIPTION VENDOR MODEL NO.
0 2 Video Recorder Sony VO 3800
0 2 Distribution Any -
Amplifier
0 2 Microphone Sony -
0 2 AC Adaptcr Sony AC-340
0 2 Battery Sony BP-20A
0 20 Video Casscttes Sony 125,.-60
0 2 Video Monitor Conrack| SNA-9
0 2 Sets Assorted length cables|B&W -
to connect camera
system, monitor, and
recorder
0 3 Power stat light Any -
control
0 2 Underwater lignt - -
0 10 Lamp 250 watt - -
0 2 Cable to be used on - -
B&W fabricated 1"
light

See Table 5-1 for camera equipment.




VI. MANIPULATORS

A. Functional Requirements

Manipulators must be designed to mancuver both cameras
and lighting irside the reactor vessel. Specific

| requirements are:

1. Cameras - Manipulator must be able to move a

camera to four desired points of observation:

a. Tops of peripheral fuel assemblies.

®@ To reach this area, the camera must travel
from point of entry, around the edge of the
plenum cover, then down along the inside of
of the plenum cylinder to a point directly

above the peripheral fuel assemblies.

b. The area betweenr the core support shielding

and the plenum.

e The camera rnust travel from point of entry
to the gap between the core support shield
and the plenum;, then down into this gap as

far as possible.

c. The interior of the control rod brazements.

@ The camera will be lowered straight down
from the control rod drive mechanism

nozzle into the guide tube brazements.
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A. Functional Reculrements (con't.)

d. The area on top of the plenum cover.

e The camera will be swept over the plenum
in the available open arez helow the entry

point.

2. Auxiliary Lighting - Manipuleator must be able to
position the auxiliary ligh*ing in the upper head
region for general illumination. It must be also
capable of positioning auxiliary lighting down in-
side the plenum cylinder to a point above the fuel
assemblies and down between the plenum cylinder

and core support shield.

In addition to maneuvering its particular device

to a desired location, each manipulator must also:

1. Be able to fit through the CRDM nozzle.

2. DNot encounter interference from existing

structures within the closure head.

3. 2llow the connecting cable for the device

to feed freely for both entry and exit

operations.
4. Operate reliably.

5. Fit below the missile shield and pass through

the personnel air lock.

6. Allow manipulator control from outside of

penetration in vessel h=2ad.

7. Allow coordination with visval observation

equipment for placement, sample gathering, etc.

—



Description

To fulfill all of these requirements, one manipulator
has been designed. This manipulator, which is shown

in B&W Drawing Number 1121431E (3 sheets) consists

of a hinged tube connected to a long tube. The concept

of how this manipulator works is illustrated in Figure
6.1,

The manipulator is constructed from aluminum tubing
sections with threaded ends for ease of assembly.
Once inside in the reactor lLuilding the manipulator
can be assembled from the service structure as it is
inserted into the manivnulator sunvort tube. The move-
able tube, as well as the lower offset tube, has
rollers to reduce friction of the cable as the camera
is lowered. These two sections are connected by an
oil-less bearing. The offset tube movement has a
range of 0°-90% The weight of the manipulator will
be supported by a shaft collar resting on the top

of the CRDM replacement motor tube. A stainless
steel cable is attached to the end of the moveable
tube and runs the length of the manipulator up to

a hand winch. The winch allows for controlled move-
ment of the lower tube as well as providing a lock-

ing mechanism to hold the tube in a set position.

The longest section of the manipulator is 12' 1in
length. This will fit into the personnel hatch with

the doors shut and will also fit under missile shield

during assembly. The overall weight of the tool with

camera does not exceed 85 lbs.




Description (Con't.)

The small light can be inserted behind the camera

and follow

the camera to the top of the core. A separate manipulator

for the light can be used 1f a second CRDM nozzle

1s available.

The murky water viewing system will have to be inserted before

the manipulator is placed inside the head. The combined length

of the murky water attachment and one articulated
the manipulator will reguire that a pull up cable
pull the camera with murky water attachment up to
interference with the brazement. This concept 1s

in Figure 6.2.

portion of
be used to
prevent

i1llustrated
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VII.

RADIOACTIVE EQUIPMENT STORAGE

During Phase III, B&W will design storage racks for radioactive

equipment removed from the reactor vessel during the inspection

task. The equipment racks will be designed to pass through

personnel hatch and be constructed in the refueling canal. The

radioactive equipment which wiil be stored in these racks falls

into three catagories: Rcactor components removed to gain access

to

the 1inside of the vessel, tools used to remove the reactor

components, and special equipment used for the inspection (camera,

lighting manipulator, water level system, replacement motor tube,

purge system, etc.)

A.

Reactor Component Storage

The major reactor components removed are the CRDM's. Racks
will be constructed to hold all parts (motor tube, stator,
leadscrew, etc.) for up to four CRDM's. Portable shielding
(not part of B&W's scope of supply), such as lead bricks
and lead blankets will be used to attenuate {he radiation
from potentially radioactive leadscrews. The leadscrews
will have highest activity as they are removed from the
vessel. Other CRDM components (motor tube, position
indicator, etc.) will have much lower levels of activity

and hence, will require only a minimum of shielding.

Tool Storage

The only tools which may become highly radioactive or have
highly radioactive material attached are the in-head plasma
cutter and the push/pull leadscrew separator. Both of these

tools can potentially have highly radioactive debris attached.



Tool Storage (Con't.)

Portable shielding will be used as necessary. Other tools

(stator removal, bolt removal, etc.) will be less active.

Special Equipment Storage

The only special equipment that has the potential to become

a radiation hazard is the video camera head (including murky
water and other attachments) and the underwater light. Since
those items will be in close proximity to the core, there 1is
the potential for highly radioactive debris to become embedded.
Other special equipment, such as manipulators, water level
system, and replacement motor tube may become contaminated

to low levels. Racks or containers will be used (with

temporary shielding if necessary) to store these items.

In all cases, B&W will rely on site Health Physics personnel to

establish shielding and decontamination procedures.



VIII.

MOCK-UPS

Inspection equipment will be tested on a full scale mock-up of
a segment of the reactor vessel. The cutting equipment will

be tested on scrap material in a separate mock-up.

The full scale mock-up of the reactor is shown in B&W Sketch
Numbers SKNEC92980, SKNEC10180, and SKNEC10280. This mock-up
consists of a steel tank with the reactor internals simulated

by wood. There are three CRDM nozzles included to permit full
simulation of inspection and sampling procedures. Also included
is a thermocouple nozzle and simulated missile shield. An under

missile shield hoist will be included.

Scrap material will be used to test cutting equipment and
procedures. A scrap motor tube and leadscrew have already

been obtained for this purpose.

In all cases, full radiological protection equipment and procedures

will be used.




IX.

MISCELLANEOUS TOOLS & EQUIPMEINT

All miscellaneous tocls and equipment will be identified and
procured during Phase III. This will include such items as
hand tools for CRDM work and long handle tools. The needed

tools will be identified during mock-up testing.

B&W will also supply all lighting for inspection operations.

This will be both in-vessel and outside vessel lighting.
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INTERFACE REQUIREMENTS

The following list enumerates areas in which B&W will need site

support to perform the inspections:

1.

Training - Site should supply all security, health physics,
and other training required so that B&W personnel may gain

site/reactor building access.

Electric Power - B&W provided equipment will require Ten

(10) twenty amp, 110 volt single phase circuits; One (1) 100
amp, 3 phase, 480 volt circuit; and Two (2) 50 amp, 3 phase,
430 volt circuits. These two 50 amp circuits should not be

supplied from a common circuit.

Portable shielding, personal radiation monitoring devices,
anti-contamination clothing, and forced air respiratcrs -
site should supply these items as well as any other radiation
protection equipment recuired by site health physics

procedures.

Health Phyvsics Coverage ~ Site should supply sufficient
health physics personnel to provide continuous coverage

during the inspection task.

Draindowrn equipment and personnel - Site should supply all
personnel and equipment to drain tne reactor vessel down to
the plenum cover. B&W's current proposal does not include
the lowering or maintaining the water level of the reactor

vessel.

Personnel - Site should supply all craft personnel
consistent with site/union agreements. B&W can supply this
labor if requested to do so. To minimize organizational
interfaces, B&W recommends that B&W's craft labor be
utilized. B&W - Special Products - will supply a continuous

coverage of three engineers to perform the inspection.



X.
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INTERFACE REQUIREMENTS (Con't.)

7.

10.

11.

12.

Audio communi.cations - Site should supply an acceptable means
fcr inspection personnel to communicate with personnel outside

the reactor building.

Service structure access -~ Site should supply an acceptabple
means to get personnel and equipment to the top of the service
structufe. All currently proposed equipment can be hand
carried or hoisted up to the operating floor. Site should
also supply an acceptable means for a person to get down

onto the reactor vessel head outside the service structure

to remove the thermocouple flanges. Site should also supply
an acceptable location where a 4 X 4 pallet can be hoisted
from the 305' level to the 347' level.

Normal CRDM tooling - Site should supply all normal CRDM
tooling. B&W does not currently plan to supply replacements
for the normal CRDM tooling. B&W will supply these tools

upon request.

Laydown area - Site should supply an acceptable laydown
area for the racks described in Chapter 7 - Detailed size

requirements will be provided later.

Tool assembly area - Site should supply an area inside
the reactor building designated for the purpose of
assembling CRDM tooling and inspection equipment. An
area on the 347' level, approximately 10' X 20' 1is

required. N

Air Supply - Site should supply the normal air supply for

the normal CRDM tools, which require an air source.



XI. INGRESS OF EQUIPMENT AND TOOLS

All tools and eguipment used on this project will be hand carried
through the personnel air lock and either hand carried or hoisted

up to the 347' level. Special rigging will be supplied by B&W

for this task.




XII.

SWIPE SAMPLING

The functional requirements of the swipe sampling tools are

as follows:

® Be capable of taking swipe samples of the plenum cover in

the vicinity of the access nozzle.

® DBe capable of taking swipe samples in the region of the

spider assembly of a normally uncoupled control element.

e Have swipe attachment that can be easily removed and

replaced.

Function below missile shield.

[ Sagad

e Pass through personnel hatch.

To fulfill! these requirements, two tools will be used.

The first tool, shown in B&W Drawing Number 1121348E, has
the capability to -ake swipe samples of the plenum cover.
This tool has three hinged tubes that are controlled by

two cables. The swipe taking material is deployed, and

retracted by a stiff wire.

The second swipe tool, shown in B&W Drawing lNumber 1121444FE,
is for taking swipe samples from the top of the control rod
spider assembly. This tool will be a straight manipulator

in which swipe taking material is inserted and retracted by

a stiff wire.
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APPENDIX I

This appendix contains a list of material prepared for this project.

DOCUMENTS

B&W NUMBER
52-21193829

86-1120493

32-1122117

32-1122349

32-1122350

32-1122507

32-1123476

86-1121208

86-1123137

86-1123484

32-1123902

DRAWINGS

B&W NUMBER
1121396D

1121399F

TITLE

Gamma Dose Rates in Upper
Plenum of TMI-2 After 6000
Hours

Various Doses and Dose Rates
Associated with TMI-2 Vessel
Inspection

Leadscrew Separation
Feasibility

Stator Removal Tool Design
Abnormal Removal Conditions

CRDM Hold Down Bolt Removal
Tool Design - Abnormal Removal
Conditions

Leadscrew Puller/Separator
Design

Flow Rate Requirements for
"Bubble" Water Level
Indicator

In-Vessel Inspection Before
Head Removal TMI-2 Phase I
(Conceptual Development)

Design Review Phase II Pot-
hole Tooling

Design of a Primary Water
Level Indicator

Bubble Pipe Clearance for
Water Level Indication System

TITLE

Primary Water Level sensing System

Leadscrew Puller/Separator Ass'y.

PREPARER/DATE

S.Q. Doggett
9/5/80

S.Q. Doggett
9/4/80

T.D. Platt
11/5/80

G.R. Lawrence
12/2/80

G.R. Lawrence
12/2/80

T.D. Piatt
12/10/80

D.W. Greenlee
1/28/81

N.E. Calloway
& others
10/28/80

T.D. Piatt
12/8/80

D.W. Greenlee
1/29/81

D.W. Greenlee
2/25/81



DRAWINGS
B&W NUMBER
1121400E

1121348E

1121444E

1121417A

1121424E

1121429E

1121430E

1121432F

1121431E

1121431E

1121431E

11214 33E

1121446F

1121447E

1123010D

1123011E

SKETCHES

SKETCH NUMBER

TITLE

SKNEC092980

SKNEC100180

SKNEC100280

SKTDP103130

Leadscrew Puller/Separator Detaills
Swipe Tool Assembly

Swipe Tool Assembly
(Fuel Assembly Top Area)

Camera for In-Vessel Inspection
Before Head Removal

Manipulator Support Tube

Underwater Light

Modified Hydro Light Ass'y. and Detaills
Stator Lifting Tool Ass’y. and Detaills

Camera and Light Manipulator Ass'y.
Sheet 1 of 3

Camera and Light Manipulator Details
Sheet 2 of 3

Camera and Light Manipulator Details
Sheet 3 of 3

Murky Water Viewing Attachment Ass'y.
and Details

Bolt Removal Tool Ass'y.
Bolt Removal Tool Details
CRDM Blind Flange and Replacement Tool

T/C Blind Flange

TITLE

Internals Mock-up
Reactor Head Mock-up
Reactor Vessel Penetration Mock-up

In-Head Leadscrew Cutter



APPENDIX II

LEADSCREW PIN TORQUE SHEARING TEST SUMMARY

This test was performed to determine if applying torque to
shear the 410 stainless steel pins is a viable option.

Specific items to be determined were:

1. How much torque is necessary to shear the pins? An
cstimate of this value is 1100 Ft. - 1lbs.

2. Do any parts fail before the pins?

3. Does the failure, regardless of where it is permit

removal of the leadscrew without uncoupling?
4. TIf failures occur (other than the pins), do these
failures preclude continuing to apply more torque

to shear pins?

DESCRIPTION

The test stand is shown in Figure A2_,1. The torque arm
was 3'-10" long, and a force of 200 lbs. was applied
producing a torque of 766 ft.-lbs. At this point, the
welds connecting the spider and the hub failed. Since
this permitted the spider to rotate on its hub, no further

torque could be applied, and the test was terminated.




DESCRIPTION (Con't.)

Prior to the spider hub failure, the spider and control rods

were deformed.

RECOMMENDATIONS

It is recommended that the torque shearing option be abandoned.

i
%
3
3
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APPENDIX IIT

LEADSCREW PLASMA CUTTING TEST

PURPCSE OF TEST

The purpose of this test is to demonstrate that plasma arc

cutting 1is a fast efficient way to cut stainless steel.

DESCRIPTION

The test consisted of cutting an actual leadscrew (17-4PH

stdinless steel), with a plasma arc torch.

RESULTS

A cutting time of approximately five seconds was required

for the leadscrew.




APPENDIX IV

LEADSCREVW PIN TENSILE SHEAR TEST

PURPOSE OF TEST

This test was performed to determine if applying tensile
stress to shear the 410 stainless steel pins is a viable

option. Specific items to be determined were as follows:

1. How much force is necessary to shear the pins?

Estimates of this value are 12 tons.

2. When the pins shear, is there any reason why this does

not permit removal of the leadscrew?

3. Does this procedure pose a missile hazard?
DESCRIPTIOMN
The shear block shown in Figure A4.1 was constructed to

test this procedure. The block was then placed in a 75 ton

hydraulic press, and force applied until the pins failed.




RESULTS

In each of four tests, the pins failed at approximately 12
tons. No missile problems were observed, and there were
no indications that this type of separation would cause

jamming of the pinned connection.
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FIGURE Al-1
PIil SHEAR TEST BLOCK




APPENDIX V

LEADSCREW PUSH/PULL SEPARATOR HUB TEST

PURPOSE OF THE TEST

To evaluate if the tube end will deform or expand, and
get wedged on the spider hub, thus preventing removal
of the push/pull tool.

PROCEDURE

The assembly was tested as shown in Figure A5.1, using
75 ton hydraulic press. The bottom part into which

Part 'A' set was the spider assembly.

First a part 'A', Figure A5,2, with outside diameter
1.625"was used with the 304 stainless steel, Part 'B',
Figure A5.3, in order to simulate ideal conditions of
perfect centering on the hub of the spider assembly.
The assembly was pressed at increasing forces of 5,10,
15, and 20 tons for approximately 15 seconds. After
each press, Part 'B' was removed and examined for any

deformations.

Part 'A' was then replaced with the smaller, 1.5 outside

diameter part, and the test was repeated, each time with

Part 'B', as far off center as possible to simulate worst
case. For the final test, the hardened 416 stainless
- steel, Part 'B' was pressed at 20 tons for approximately
15 seconds, and then examined. Using the small outside

diameter, Part 'A', and worst case off center, as before.

| |



RESULTS

The 304 stainless steel, Part 'B' showed a slight off
center indentation on its base where it contacted the hub
after the 20 ton off center test. Subsequent examination
showed that it was slightly out of round as it would no
longer slide onto the 1.625 outside diameter, Part 'A‘',
although this out of round condition could not be measured

with fairly precise calipers.

The hardened 416 stainless steel, Part 'B', showed no sign

of deformation, and still would slide easily over the 1.625

outside diameter, Part 'A'.

CONCLUSIONS

The 304 stainless steel, Part 'B', tube end is more than

adequate for 20 tons of force and no problems are foreseen,

however, the 416 stainless steel part will be used.
[
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DIM. "A"
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1. ONE PART AS SHOWN.
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AVAILABI E. NOT A LOAD BEARING MIMBER.
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APPENDIX VI

Contained in this appendix is the Westinghouse ETV-1250

specification sheet.




FEATURES

® Small Camera Head 1.25"" (32 mm) Diameter

x 12" (305 mm) Length

® Radiation Tolerant Camera Head

® High Resolution — More Than 550 TV Lines

® Remote Optical Focus

® Wide ®ynamic Range — More Than 10,000: 1

® [nternal Option For EIA RS170 (US) Or

CCIR {European) Sync
® Easy To Use, Easy To Maintain
® Built-In View Finder Monitor

® |nternal Light Source Power Supply

® Right Angle Scanning Attachment With

Integrat 150 W Light Source

APPLICATION

Closed circuit television cameras have found
increasing use in many aspects of nuclear
reactor vesse! internals inspection, mainten-
ance, and fueling supportoperations. TV
cameras allow remote viewing in environments

that are extremely hostile to a human observer.

They provide much greater flexibility of setup
than other optical equipment and facilitate
permanent record keeping through the use of
video tape recorders.

The ETV-1250 is a complete TV inspection

]

86-563T
Technical Data

Page 4

R

| Miniaturé Underwater TV Camera
For Nuclear Reactor inspection

system specificatly designed for nuclear reactor
use. It can operate :n high radiation environ-
ments, up to 100 feet underwater and over a
wide range of temperatures, making the camera
desirable for a variety of underwater applica-
tions,

The main feature of the ETV-1250 is the
miniature size of the camera head which allows
its use in areas not accessible to cameras used
previously. Miniaturization is achieved 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 lines resolution, has its peak sensitiv-
ity at 520 nm and produces a useable picture
with only 0.06 footcandles faceplate illum-
ination. This corresponds to a scene brightness
of approximately 2 foot lamberts when using
the standard f/2.8lens. For lower light level
operation, the camera is designed to accept
other 2/3" tubes such as Silcon Target Vidicon
or Newvicon® types.
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DESCRIPTION

The complete closed circuit TV camera system
consists of two units: a camera head and a
camera control unit (CCU) connected with a
125 foot (38 meter) flexible multilead under-
water cable of 0.57”’ (14.5 millimeter) diam-
eter, As an option, the camera head can be
eqe , .ed with a rotating right angle mirror
viewing head with integral light source, The
compiete inspection system is supplied in two
sturdy fiberglass ca rying cases, each 20"’ long,
19’ high, and 9" wide (520 x 490 x 220 mm).
The total weight is 44 and 51 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 FET video preamplifier,
and the remoie focus motor, This plug-in cart-
ndge is contained in a housing made of series
300 stainless steel with the outside polished for
easy cleaning, One end of the nousing is per-
manently attached and factory molded to the
cable. Threaded into the other end of the
housing is the optical viewing port assembly,
containing 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, 16 mm /2.8, providing a diagonal
field of view of 382 in air and 28° in water,

Right Angle
Viewing Attachment

The right angle viewing attachment is an
optional accessory to the camera head and is
specifically designed for underwater applica-
tions. It has the same small diameter as the
camera head (1.25") and provides 360° radial
scanning capability through 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 150 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 optical viewing

Exploded View of Camera Head

port, increasing the overall camera length to
21" (633 mm). Electrical contact is made
automatically.

Camera Control Unit

The CCU contains a 4’ diagonal viewfinder
monitor, all camera tube power supplies, con-
trol and video processiiag circuitry, and a power
supply for the integral light source. it is en-
closed in a st dy aluminum cabinet. All cable
connectors and operation controls are located
on the front panel, which s protected during
transport and storage by a hinged cover plate
With the cover plate closed, an integral carrying
handle makes the CCU an easily portable self-
contained unit,

Solid state circuitry is utilized throughout. Cir-
cuits are designed for high stability, low power
consumption, reliable operation, and long life.
All critical power supplies are 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 mounted on plug-in printed circuit
cards readily accessible from the top of the
CCuU.

The sync generator is crystal controlled and
provides composite sync in accordance with
ElA Standard RS170 (525 TV lines, 60 fields/
second). This allows optimum interface with
virtually ar y external monitor and video tape
recorder, A jumper wire connection on the
sync generator permits operation at 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 external 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 line-by-line 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

electrical focus are internally preset and require
no adjustment during normal operation. Auto-
matic light control (AL C) circuits sense the
average video signal and adjust target voltage
and video gain for varying light levels. The
video outnut sighal is kept essentially constant
over more than 1030. | change of light level
above the ALC threshold. The dynamic range
is in excess of 10,000:1,

The built-in 4* monitor is powered by the
main CCU transformer. Monitor controls
located on the front panel are Brightness, Con-
trast, Horizontal, and Vertical Hold.

The CCU cabinet contains a 150 watt DC
power supply variable from O to 24 volts to
power the light source and, through a control
circuit, the rotating right angle mirror motor.
Overcurrent of the light bulb is prevented by
protective circuitry. A green “Run’ light
located on the front panel indicates normal
ogeration of the light source; a yellow ““Max.”
light is activated at the rated current of the
bulb. Further increase of the lamp current will
trigger an automatic shutoff. The light source
is reactivated by reducing the current and
pressing the ““Reset’ button,

ENVIRONMENTAL
CONSIDERATIONS

The camera has been designed and tested for
operation at temperatures from -25 to +60°C
(-13 to 140°F) and underwater operating
depths in excess of 100 feet (30 m).

Spccial consideration was given to the radia-
tion environment by keeping the electronic
circuitry in the camera head to a minimum and
using radiation tolerant components. Gamma
radiation dose rate may be in exgess of 2 x 106
R/hr to a cumulative dose of 10° R. Faceplate
glass discoloration of the vidicon tube begins
near 10° R, Radiation hardened camera tubes
may be supplied as an option but, since the
standard tube is comparatively ine..pensive and
easily replaced, lower overall system cost will
ncermally 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-1250

ELECTRICAL SPECIFICATIONS

Sensor 2/3" Vidicon
ReSOIUtION 4 vttt eieeiieinneannanaranas 650 TV tines/raster
height minimum

Sensitivity for Signal to Noise Ratio
of 10 (20 db)

Faceplate lllumination. ........ccc0uuun 0.125fc
(2854°K )
Scene Brightness . ........co00veeennn 4 fL
£/2.8 lines — (2854°K)
Signat-to-Noise Ratio . ..o oo vvwnnn e 36db at maximum

(unweigh :a-C MHz bandwidth &
aperture .)20st)
Gray Scale .. ..coiveiintiiinnnnn.

light level

10 shades of gray,
minimum

8 Mh.

Overall signal

1.4 Vpp, 1 V vigeo,
0.4 V sync—75 ohms
6 db boost at 5 MHz
Less than 3 db
change of video out-
put for more than
1000: 1 change of
light level above
0.125 fc

EIA RS 170 (525
lines, 60 fields/sec.,
2:1 interlace) Crystal
controlled, Internal
option to CCIR
Standard (625 lines,
50 fields/sec., 2:1

Video Bandw.ith (3db)
Video Output.

Aperture Correction. . .o v.eeessesosananss
Automatic Light Level Compensation

SyNchronization. v ....oveeeecessscncess

interlace!
Sync Generator
INPUL/OUtPUL & ot ittt e e ncannnnnns Composite sync,
negative going
4 Vpp, 75 ohms
Scan Linearnty vo.vevrvececsocecnannnsas +2%
Aspect Ratio. v« venvuannns cecrrees eer.. 43
Power:
LineVoltage ......ccvvvevniennnnnanes 115/220 Vv, 60/50 Hz
Camera, Incl. Viewfinder Monitor ......... 37 VA nominal
Total when light sourceisinuse .......... Up to 220 VA
OPTICAL SPECIFICATIONS
LeNS . eeeueenenaeeesnsnasatsonnessansas 16 mm /2.8
radiation tolerant
Diaaonal Field Of View «......c.oovvieennn 38%in air; 28°%in
water
Remote Focus Range:
Straight Viewing .....cceveeeeeeceanaes 2" (50 mm) to
infinity
Right Angle Attachment ...........cc00.. 1" (25 mm) to
infinity

Weastinghouse Electric Corporation
industrial and Goverament Tube Division
Westinghouse Circle

Horseheads, N. Y. U.S.A. 14845

Printed in U.S.A.
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Minature Underwater TV Camera
for Nuclear Reactor Inspection

ENVIRONMENTAL SPECIFICATIONS

Camera Head and Right Angle Viewing Attachment

Operating Temperature «.......eoeeeeennn -25° to +60°C (-13
to 140°F)
OperatingDepth . ... ieineeeeneennnanas 100 ft. (30 m)
Radiation . oo vv i i eneeiennnneaneanns Gamma dose rate
2 x 10° R/br

Cumulative dose 108 R
Camera Control Unit

Operating Temperature «....eeeeeeeeeeens -25°C to 50°C
(-13 to 120°F)

Relative Humidity ...ovviiiiineniennenns 0t095%

MECHANICAL SPECIFICATIONS

Camera Head:

DIBMELEr oo veveeanceernnnnananoassanns 1.25” (32 mm)

Length . v i ittt iieeeeeeeeeenaaanannnens 12" (305 mm)

Weight includingcable). .. ..o vvievaen.. 301b (14 kg)

HouSINg « o e vviiiinreernnnsncenanananans Polished 316 stainless
steel

Camera Control Unit:

RT3 T+ 1o 18.0" (457 mm)

Width. ettt ieieneernscnecnrecnasanas 11.5" (292 mm)

Height v oviiietenennceenenncnanecannnas 5.25" (133 mm)

Weight cevireencneeencancanacaanne v... 331b. (15 kg)

Cable:

Length oo eieeeeens snvennnnnnncnanns 125’ (38 m)

DIiBMELEr v v eve ce e sanacaonannnananans 0.57" (14.5mm)

Connectors:

Video and SYNC « v et vvvnennnececnanannss BNC

Head/CCU ... iiiiiiiiiitieeearnnnanes Bendix LJT 06
RP 17-26P

RIGHT ANGLE VIEWING ATTACHMENT

LamMpPecsccessceasassssonnnns v.ess00.. LOw Voltage Halogen
ANSI FCS
(24 v, 150 W)

.. 45° front surface
polished metal

.. 1 RPM nominal

MirfOr ieieeececececccccccccscsnsnes

Rotation Speed «cceescsscsssss-asaans

DidMeter. s e vt oeesesesssscnsrassscnnnns 1.25 (32 mm)
Length....ocveunnns Ceeessessseaeran .. 9" (229 mm)
Length (incl.camerahead)s e coeeeeneeeneans 21" (633 mm)
Weight .. ..o iiiirerecnsscassoscnssans 11b. (450 g)



APPENDIX VII

This appendix consists of responses to the comments by
reviewers of the draft report. Comments were provided

by :
EGG/TIO January 14, 1981
Bechtel, National December 11, 1980
Bechtel, Northern January 29, 1981
MPR Associates January 7, 1981

- 82 -




- 83 -

BaW'S RESPONSE TO COMMENTS OHN
IN-VESSEL INSPECTION BEFORE HEAD REMOVAL
(PHASE 11 REPORT)

Comments on meeting report (December 11-12, 1980) as prepared by EG&G
dated January 14, 1981.

OBSERVATIONS

1. The purge system design must be modified (e.g., blowers should be down-
stream of HEPA Filters, etc.).

Ans. Design will be modificd to meet BNC requirements listed in Section
IT.A.

2. The water level system design in the Phase II report has been scrapped.

Ans. Page 195 of the report provides a description of the water ievel
system that was designed during the Phase II work. Based on
| concerns raised during the December meeting, it was decided
| to eliminate this system from the scope. Calculations made
' prior to and subsequent to the December 11 meeting has however
convinced B&W and BNC that the bubbler system will work satis-
factorily. Appendix I of the report lists the B&W documents
| which relate to the design of this system; specifically Nos.
32-1123476, 86-1123484 and 32-1123902.

B&W will supply a system meeting the requirements in Section II.A.

3. A stackup clearance study to verify that the CRDMs can be removed with
the missile shields in place should be performed.

Ans. B&W has performed the tolerance s ackup study. The tolerance
stackup clearance shows that the motor tube can be removed from
the reactor vessel in one piece with the missile shields in
place, however, the leadscrew and the leadscrew support tube
may have to be cut, if the control rod has been uncoupled in
the normal manner and parked within the motor housing.

4. A clearance study should be performed to determine if burrs formed
during plasma arc cutting operations could prevent, 1) latching on to
the leadscrew for lowering, or 2) sliding the compression tube over
the leadscrew for tensile separation. A

Ans. Further work with the plasma arc cutter has shown that the
burrs generated are minimal, however, mockup testing will
further evaluate this problem.




5.

10.

11.
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Design safety factors were not established.

Ans. The design safety factor for most tooling has been established
as 1.5. This has been applied as follows:

a. Bolt removal tool - field experience has shown that 2500 ft/
1bs of torque at the bolt is sufficient to strip the threads.
The bolt removal tool has been designed for a torque of 3750
ft/1bs without exceeding yield.

b. Stator 1lifting tool - this tool has been designed for a nominal
1ift of 1000 1bs. The tool is designed to handle 1500 1bs
without exceeding yield.

c. Push/Pull tool - the expected load on the push/pull tool is
25 tons to shear the pins. In test, the load needed to
shear the pins was only 12 tons. The tool is designed for
a load of 37!, tons with out exceeding yield.

B&YW's engineering approach is to settle many of the design details during
fabrication and testing of the hardware.

Ans. B&4W agrees that these developmental details are best settled as
the prototype tools are fabricated and tested.

If the brazements are substantially damaged or if the leadscrew is stuck
(won't move up or down) then the leadscrew pin shearing technique won't
work.

Ans. B&ll agrees that damaged brazements could prevent operation of
the shearing techniques by preventing entrance of the tool.
Leadscrews which are stuck at or near the interface with the top
of the active fuel should not themselves prevent utilizing this
technique for separation leadscrews fror: control rods. Vertical
moving of the leadscrews is not required in utilizing this tool
except after pin shearing.

Under head plasma arc cutting of the leadscrews represents an alternate
contingency method of non-destructive CRDM removal (this would take care
of Item 9).

Ans. The plasma arc cutting inside the head does reprcsent another
method at CRD uncoupling and removal. If approved, the in-head
plasma arc cutter will be designed, built, and demonstrated in
Phase III. However, the push/pull tool may also be required
if none of the leadscrews uncouple in a normal manner and no
open CRDM is available for installing the in-head plasma arc.

No studies have been performed to estimate the additional man-rem ex-
posure cnsts of performing through head visual inspection prior to
removing the missile shields and decontaminating containment.
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Ans. B&4 will record data during mockup testing to determine the
estimated time required for each task. Since radiation surveys
have been performed and many future ones are piauned, calculations
of man-rem exposures could be made. At this time, B&W does not anti-
cipate performing these calculations since they are dependent
upon field conditions.

12. DOE-HQ (H. Feinroth) - the Mockup (Phase III) should be realistically
established that all rigging, CRDM removal and inspection operations
are fully tested prior to performing work incontainment.

Ans. It is B&W's intention to, as realistically as possible, establish
that all rigging, CRDM removal and inspection operations are fully
tested on a mockup. During the course of Phase III B&W expects
significant input from the other participants in the demonstration
of these techniques.

AGREEMENTS & COMMITMENTS

BN will:

1. Write what they think the quality assurance program ought to be
as ‘nput to Bechtel Northern.

Ans. This information was forwarded to Bechtel and others
on January 9, 1981, and again on March 11, 1981.
Agreement has been reached between B&W and BNC relative
to the QA program.

2. Refine the water level system and submit it to Bechtel Northern
for review.

Ans. At the February 5 meeting at BNC, B&W presented the
"bubbler" water level measurement system and described
how B&W will address previous concerns. Requirements
were forwarded to B&W in BNC letter BLBW-0028 dated
February 20, 1981. A new design is being prepared in
accordance with these requirements.

3. Make a stack-up c'earance drawing to assure that the push-pull
tool can be maneuvered under the missile shields. If it can't,
then redesigr it.

Ans. The stackup clearance has been analyzed and B&4W is assured
that the push-pull tool can be maneuvered under the missile
shields in its present configuration. Further information
will be found in our information package referenced in
Appendix I of the report.
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Assure that the leadscrews are captured so that they cannot fall
into the core.

Ans. B&W intends to make this an objective of our tool develop-

ment. A conceptual design of this equipment has been pre-
pared (See Chapter 4).

Review the Phase II review comments, revise and issue the Phase II
report with subtitle changed from "Detailed Design" to "Tooling
and System Design."

Ans. This had been done.
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R&M'S RESPONSE TO COMMENTS ON
IN-VESSEL INSPECTIOM BEFORE HEAD REMOVAL
(PHASE 11 REPORT)

Comments on Technical Integration Office review of Task Order #8 Phase II
dated January 14, 1981.

A. GENERAL COMMENTS

1.

Document doesn't address the ability of the camera manipulator to
insert the camera into an occupied (i.e., leadscrew still in place)
CR brazement.

Ans. It was B&W's opinion durina the Phase II design work that
lowering the camera through a brazement with the leadscrew
still in place would be very difficult. B& did not address
this in the Phase II work but B&W can mock-up this con-
fiquration and ascertain the capability in the niockup demon-
stration at the end of Phase III work. (not currently
included in planned scope of vork)

Figure 1-2, General Approach (block diaaram) is incomplete. No
reference to dummy flange covers, dummy nozzles, etc.

Ans. Figure 1-2 has been changed to include these items.

Space and weight limitations - the only restrictions in the document
are: (1) small enouah to pass throuch the personnel airlock, and

(2, less than 300 1bs. llhat about stairways? Can personnel really
maneuver 300 1b. packages up the stairwells? If the packages are
going to be hoisted, then what with, where in containment, and where
are the lifting eyes on the skids? If moving "machines" (powered
"Stair-Climber"?) are going to be used, what are they, where are
they, commercially available, how much, etc.?

Ans. The allowable weight has been chanaed to 150 1bs., which can be
carried by two men into the buildina. If the configuration
of 150 1bs. is such that two men cannot carry it up a stairwell,
then arrangements will be made for a hoist (not current B& scope,
but identified as interface reuirement) to raise if from the
personnel hatch area to the 347' level via the handling areas
available with the removal of the deck plating.

"Shielding laydown area" - Whay constitutes "shielded"? How much
shielding? How hot are the sources?

Ans. The shielding requirements will be addressed during Phase III.
B&W has the responsibility (pending change in scope of suoply)
for recommending shielding provisions associated with tooling
equipment and removed reactor component storage.
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GEMNERAL COMMENTS (cont'd)

5. "Tool Assembly Area" - “here? What level? How close to airlock or
workstation? llhat about a contamination control area for handling
CCTV cameras, lights, swipes, etc.?

Ans. The tool assembly area will be desigrated in Phase III,
however, Page 60, Item #11 describes the space needed
on the 347' level. B&! will work with 3MC/GPU to more
fully define the specific requirements.

GAS PURGE SYSTEM

1. Yhat "twice the averaae fuel assembly cas inventoury?" 'YJhat is basis?

Ans. Twice the averaae fuel assembly aas inventorv was used
as a desian basis because the burnup patterns in the core
could result in hicher gas inventory in fuel assemblies
which received maximum burnup. The desian basis assumes
release of fission oas from one fuel assembly to constitute
the maximum risk in this reaard.

2. "Maintain a necative pressure...." How much? 'hat rance? lhat
assumption? Basis?

Ans. Reoort has been modified. The requirements for the aas
purge system have been received from BIC and will covern
the desian.

(93]

The intent of the system is to provide in-flow cf air to prevent
uncontrolled release of radioactive agases and/or oparticulates.

"Negative pressure" is a secondary consideration - Flow velocity
is the controllina parameter.

Ans. Report has been modified to reference the new criteria.

4, Use of the TC nozzles to withdraw air from the reactor head in-
troduces a significant "choke" in the flow route. There is a ?
20:1 reduction in the flow gath between the CRDM nozzle (6 in.")
and the TC nozzle (~0.3 in.%).

Ans. In order to decrease the nressure drop and increase the

potential air flow allowance has been made to connect to
as many as seven (7) thermocoupnle nozzles.

5. "....venting is (i.e., puraed gas) to the coatainment atmosphere"
(Page 9, Item 3) does not soiiid radioloaically prudent if noble
gases are involved.

Ans. Per BNC requirements B&W will provide a flanced connection
for interface with equipment supplied by others.
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GAS PURGE SYSTEM (cont'd)

6.

~J

Syster: makes no provision for chance out or baqaira of "hot"
HEPA fiiters.

Ans. The filter has been eliminated from the desian per
requirements 1in Chapter I1I.

HEPA filters require protection from condensate, sensible moisture,
and high levels of humidity. The combination of heat, water, and
nressure drop urder the head will load the HEPA filters with water
almost immediately. A moisiure separator is mandatory.

Ans. The filter has been eliminated from the desian per requirements
“in Chapter II.

The use of a "vacuum" pump (ref. dwa; no encineering data sunnlied)
sounds like a poor choice. The application requires high air fiow
0ot > vacuum capability. Sugaest use of a blower.

Ans. The current desian anticipates the use of & rina compressor
for air movement.

Placina tie pumps and the “plumbing" panel between tne reactor
head and the HEPA filters provides a staggering amount of area and
numbers of '"crooks and crannies" for plateout and entrapment of
particulates. Pumps and pane! will become quite "hot". o
unfiltered air should pass through either pumps or panel.

Ans. The filter has been eliminated from th: design per require-
ments in Chapter II.

WATER LEVEL SENSING SYSTEM

1.

The "bubbler" tyoe system specified will not function as shown.
Reference pressure must be that under the head, nct atmospheric
pressure. Otherwise, the sysiem measures the water head plus
the pressure drop created by the purqe syste.

Ans. Tue reference pressure will be teken under the head.
However, the maximum pressure change while havina one
open CRDM to all open is less than 1" H20.

The pressure drop created by the purae system will vary from
zero (i.e., purge system not operating) to some fairly high
number. That variation will change frequently and rapidiy.
Can the "bubble" system respond rapidly enouah to avoid false
alarms? :

Ans. Response time is calculated in B&W Document 32-1123476,
Rev. 1.




C.

D.

E.
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WATER LEVEL SEN3ING SYSTEM (cont'd)

3. lhat is system sensitivity? Accuracy? Range?

Ans. The system sensitivity will be +2", the accuracy
+2" and the range +31".

4. How does the system readout, which is in containment, tie into
the PCS water level control, located in the control room? Does
the system have to be monitored in containment 24 hours a day?

Ans. There is no connection between the level se sing system
and the primary coolant system water level control. The
water level sensina system must also be monitored when
the vessel is open (i.e., open CRDMs) and workers are on
station. Remote level indication is a proposed addition.

IN-HEAD LEADSCREVY CUTTER

1. How is torch tip-to-work piece standoff established and maintained?

Ans. The Phase II report described a design concept. The
standoff distance will be determined and the tooling
used to set it will be developed during the detail
design in Phase III.

2. "Swing" control knob will only move torch through half the arc
required. (Push-Pull Mechanism)

Ans. The control will be designed to move the mechanism the
full distance required.

3. Yhere is the leadscrew support sleeve in all this?

Ans. The cutter will be positioned below the leadscrew
support sleeve and above the quide tube.

4. How is lower portion of leadscrew supported to prevent it from
drooping into the core? MNot droppina the leadscrews is a
requirement.

Ans A leadscrew holding tool (see Fig. 1-4 in report) will be
provided (pendina approved change in scope of supply).

LEADSCREW PULLER/SEPARATOR

1. No supporting information/data supplied.

2is.  As requested from the meeting, Appendix I, Tists the
packages of the support information.

A brief description of the leadscrew puller/separator
is presented for clarity.
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£. LEADSCREY PULLER/SEPARATOR (cont'd)

The push/pull tool consists of three basic sections.

a) A push tube designed to fit around the
leadscrew and push on the control rod
spider hub.

b) A segmented nut designed to engace the
existing threads on the leadscrew.

c) A hydraulic jack.

The segmented nut encaages the leadscrew and the jack

is used to pull up on the seamented nut. The leadscrew
is prevented from rising by the push tube holding the
spider hub down. This puts the leadscrew in tension.
The pins holding the leadscrew together are the weak
link and will shear as the axial load increases.

2. [Effects of compressive column-loading on 16-foot pipe (up to
25 tons)?

Ans. The pipe will be in compression and will be supported from
collapsing by the leadscrew. To design the pipe to withstand
this compressive force without the leadscrew support would
increase its cross-section and make the design impractical.

3. Wing-nuts and attached 1/2 in. bolts are very long. ‘'hy? UWhat
do you use if you have to torque off the CRDM holddown bolts?

Ans. These bolts have been deleted frum the design.

4. How is locking sleeve (part #1) moved? Complete disassembly and
reassembly of upper components? (Time consumina)

Ans. The locking sleeve is moved by hand. The time to handle
the upper components will be determined from the mockup.

5. Where is the center of gravity relative to the sling eyes?
Ans. The center of aravity is on the center line.

6. The 1/8 in. down pins (2) used to limit engaaement of the puller
on the leadscrew should be heavier; they'l1l bend over with repeated
use. How does operator know he's fully engaged and not just
"hung up" on the threads?

Ans. The dowel pins have been chanoed to 1/2 in. and the
operator will know he is fully enaaaed when he has
the ability to slip on the locking sleeve.
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7.

Is some anti-rotation necesssary to prevent the puller from
turning the leadscrew (double helix, steeply pitched threads)?
Or vice versa? No engineering data.

Ans. The design is self-locking. Under the load the leadscrew
will not rotate on the leadscrew puller assembly. The
calculations supporting this are in B&! Document Mo.
32-1122507.

lthy is a Type 304 collar used, when the report says it failed
the tests?

Ans. The 304 end collar did not fail the test but merely deformed
slightly under the 1cad. B&Y has chanqed the material
toa 416 SS to miniwmize deformation.

F. BOLT REMOVAL TOOL

1.

[s this a modification of an existing desion or is it totally new?
Ans. This design is totally new.

No enaineerina data supnlied; no explanation or illustration
of the adapter for mountina paired torque multipliers (the plate
is shown, but nothing else).

Ans. The drawing has been modified. A description of the
operation of the CRDM Bolt Removal Tool follows:

The CRDM Bolt Removal Tool consists of three major parts;
the bolt removal tool plate, main bolt removal tool, and
the torque multiplier assembly. During bolt removal
operations, the main bolt removal tool is assembled and
lowered onto the bolt to be removed. The pilot on the bolt
1ifter on the main tool enters the bolt head first and
alians the tool. Depressing a plunager at the upper end

of the tool unlocks the bolt capture mecharism and allows
the tool to slip down and over the bolt. The pluncer is
then released and the bolt removal tool plate is now
slipped over the top portion of the main bolt removal tool
and secured to the service support structure by hand-
tightened bolts placed in existina threaded holes. The
torque multiplier assembly is mounted on top of the main
bolt removal tool and inside the C-sleeve of the bolt removal
plate. [llith all torque multiplier reaction bars resting
against the reinforced sleeve wall, sufficient torque is
applied to remove the CRDM bolts. After the bolt has been
completely unthreaded, the bolt removal tool plate and
torque multiplier assembly are removed. The main bolt
removal tool is lifted to a level where the bolt may be dis-
engaged and removed from the tool.
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F. BOLT REMOVAL TOOL (cont'd)

3. Does the CRDM flange bolt have a recess for the "Bolt Lifter"
to engage in? If so, show dotted on drawina.

Ans. The recess is in the bolt. The drawina has been modified.

4. ‘lhy such a complex, one-off design for the 1ifting sling? The
desian is expensive to build, the slina cable will break just
above the brazement, the small tabs weided to the tube won't
take much load. ‘Uhy not use: (1) commercially available hardware;
(2) bolt the slina mountina into the block shown 2 in. below the
current mounting position, and (3) leave the sling permanently
attached?

Ans. The design has been modified in accordance with sunaestions
made herein.

5. "Smear threads"? Won't the bolt head torque off instead?

Ans. Field experience has shown that the bolts will not
torque off as suaaested.

G. STATOR LIFTING TOOL

1. Ho engineering or application information orovided.

Ans. Engineering data is referenced in Appendix 1. A description
of the operation of the stator lifting tool follows.

The stator 1ifting tool consists of three major com-
ponents: the lower, intermediate and top liftina

plate assemblies. To remove a stator the intermediate
liftinag plate is slid up the lifting cables until it is
directly under the top lifting plate and locked there.
Both the plates are then laid on the service support
structure near the openina for the stator to be removed.
Using manipulator of the 1iftina cables, the lower lifting
plate is maneuvered under the stator. The top liftina
plate is attached to the crane and lifted to bring all
1ifting cables taut. Sufficient lifting force is now
applied to free the stator and it is lifted to the limit
of the crane beneath the missile shield. The intermediate
liftina plate is positioned on top of the motor tube and
the 1ifting cable locks on the intermediate plate are
engaged. The top 1ifting plate is lowered, allowina all
stator weight to be taken by the intermediate plate, and
the top plate is removed from the crane. The intermediate
1ifting plate is then attached to the crane and the stator
is lifted completely out of the service support structure.
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G. STATOR LIFTING TOOL (cont'd)

2. ‘Yhere is the center of gravity (CG) of the stator relative
to the lower plate (Item 4)? Overturning problem?

Ans. The stator is around the motor tube and overturninqg
cannot occur. Once the stator gets to the top
of the motor housing it may be guided by hand.

3. Vhy three 1liftinag eyes (especially so closely spaced) on the top
plate and only one on the intermediate plate? How is the handoff
of rigging from one plate to the other handled since you can't
set the stator down?

Ans. Three 1ifting eyes have been provided to obtain an
even vertical lifting force for the initial uostagina
of the stator from the motor tube. The handoff of
rioqing from one plate to the other is accomplished
by settina the plate on top of the motor tube once
the cables are properly clamped to the upper plate.

4. Load rating and proof test on the clamped cables (intermediate
plate)? Seems like a risky and expensive way to do it.

Ans. The design has been modified.
5. Is this a modification to an existing design?

Ans. This is a new design.

H. STRAIGHT SWIPE TOOL

Since this swipe tool has been deleted from the scooe, response to
these comments have not been prepared.

I. ARTICULATED SWIPE TOOL

1. Will the articuiations allow the tool *to reach the plenum
cover and still clear the control rod guide tubes?

Ans. Yes.
2. VYhat is samplina ("Swipe") material? Cloth? Sticky "coo"?
Ans. Cloth.

3. The cable loops are going to be difficult to use with aloves.

Ans. Mockup testing will identify any problems.
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I. ARTICULATED SHIPE TOOL (cont'd)

4.

The articulation-control cables don't seem to be restrained
such that they can lock a joint in the flexed pcsition.

Ans. Although not shown on drawing, cable lenath will be
sized to lock in right position. This will be
demonstrated on the mockup.

The insert and insert holder seems like an expensive creation.
Since both parts are custom machined anyway, why not machine

the connectina link as part of the insert (ball and post mushroom
design)?

Ans. The B&W design involves less machine work.

11111 the hose clamp at the end of the tool create a snaocaing
problem? It seems so.

Ans. The desian will be modified.

J. CCTV SYSTEM AND LIGHTS

1.

Air-water interface in RV head will hamper viewing of plenum
cover. Comment on Phase I report also.

Ans. In field experience, B&W has found that air-water interface
viewing can be accomplished by controllina the light
intensity and the position of the light relative to the
camera. B&! experience indicates that useful results can
be obtained with good water clarity.

i1l the 250-watt lights run in air? (Not if they have Lexan covers...)

Ans. The 250-watt lights can be run in air provided one
removes the lexan covers.

In the underwater light housina, how do you keep water out of
the 1light socket and cable housina?

Ans. 4Yater is kept out by gasketina - to be suppled.

Video tapina system should use two VTRs wired in parallel with a
"splitter". If one VTR develops difficulty, (1) the proceeding
exam is not recorded and must be repeated (2) you won't find out
until you try to run the tape, and (3) you'll pay day's downtime
for the delay while you buy another one.

Ans. Two VTRs will be wired in parallel. (See Page 42 of the report).
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J. CCTV SYSTEM AND LIGHTS (cont'd)

5.

Table 5-2, Video Equipment: {1) 2 video tape recorders; (2) two
extra batteries (minimum) for battery operated equipment; (3)

at least one complete set of spare cables for connecting electronics
equipment, and (4) at least two complete assemblies of each type

of auxiliary light, plus spare bulbs.

Ans. B&!Y agrees with this scope of supply. See Page 42 of the report.

Murky ‘later Viewing Attachment - o answers to previous questions
and comments from Phase I review; technique not tested with complex
parts like the top of a fuei assembly with a spider in it; 2-5/8 in.
diameter housing won't fit in camera manipulator (interface with
articulation swing clearance)?

Ans. No complex narts were tested in the investiqation
of murky water viewina attachrients which was similar
Lo the top of the fuel assembly. However, in B&li's
in-house demonstration, B&Y was able to pick out
various objects in the bottom of the test tank, such
as a bolt or nut or similar workshop hardware.

Fig. 6-2 better demonstrates how B&l will aet the
murky water attachment into the areas to be inspected.
B&W will demonstrate this technique in the mockup.

K. CAMERA AND LIGHT MANIPULATOR

1.

Does the winch provide the fine enough control over the angle of
the arm to permit placement of the camera?

Ans. VYes, it does.

Where is hinge pin detail? L/D ratio for hinge pins would seem
to indicate that the hinae is susceptible to damage if force is
applied at right anales to plane defined by main tube and
articulated joint.

Ans. tlhile it is true the hinge pins would be susceptible
to damage by a force applied at right angles to the
center line of the pin - B&HY demonstrated that a strona
200 1b. man could not bend the pin.

Exit/entrance hole for cable should not have a sharp breakout
as shown (outside of 20° hole in Part 3). Provide a generous
radius to protect cable and forestall kinkina.

Ans. B&Y has modified the manipulator as suggested.
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K. CAMERA AND LIGHT MANIPULATOR (cont'd)

‘4, Why a square shouldered, 1/8 in. aroove in Part 2? Why not

taper the sides of the qroove to facilitate the return of
the cables?

Ans. B&i has chanaed the drawing as suagested.

5. Are you certain that the camera can exit through the tilted tube?
Can you rely on pushing it out via an 18 foot, 5/8 in. diameter
cable?

Ans. B&' believes that the camera can exit properly
throuah the tilted tube. B&Y has demonstrated
this in tests with the prototype manipulator.
The ability to push the camera with the cable must be
demonstrated in the mockup or some weiaht may have to be
added to the camera. B&/ believes that no weight will
be required.

6. Do the camera cable rollers conform to the minimum-bend-radius
recommendations of the cable manufacturer? Why isn't there a
cable roller at the top of Part 2?

Ans. The small weight of the camera will not force the cable
to bend under the rollers to conform to the minimum-bend-
radius .
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B&4'S RESPONSE TO COMMENTS ON
IN-VESSEL INSPECTIOM BEFORE HEAD REMOVAL
(PHASE I1 REPORT)

Comments in accordance with BMI's l2tter, R.0. Sandberg to G.E. Kulynych
dated December 11, 1980.

GENERAL

The Phase Il detailed design of inspection tooling and eouipment does not appear
to be complete or is net provided (design of the in-head 'eadscrew cutter,
special leadscrew nut tool, special leadscrew lifting tool, leadscrew holding
tool, leadscrew lowering tool, leadscrew support clamp, murky water viewing
equipment, and under missle shield hoist was not provided).

The handling, packagina, storace, and disposition of removed components should
be addressed. Any special shielded containers for removed leadscrews, and any
special storage stands for removed CRDMs and components should be included.

Drawings provided with the Phase II report were preliminary with no approvals
identified. MNc references to related drawinas or documents were provided to
identify interfacing dimensions and constraints. No detailed design information
was provided (design criteria, specifications, design parameters, etc.) for

most of the inspection equipment to allow a complete engineering review. A
complete engineering review of the Phase Il design documents shculd be completed
prior to issuance of the final Phase Il report and prior to iniciating Phase III
(fabrication).

Ans. Of the tools and equipment mentioned in the first paraaraph, the murky
water viewing equipment represents the only piece of hardware that
was part of the scope at the beginning of Phase II. All of the re-
maining items mentioned were included in the scope (verbally) at the
end of Phase Il or were addec during discussions witk the principles
in the week just prior to our December meeting. In most instances,
only conceptual designs or even more fraamentary designs were available
at the time of the submittal of this report. The need, for instance,
of not allowing a severed leadscrew to drop into the core was discussed
cnly briefly prior to our December meeting and only became an official
requirement at that meeting. The conceptual basis of most of this
tooling and/or equipment made it very difficult to provide many of
the types of information asked for.

The murky water viewing equipment, however, was designed in sufficient
detail to produce our Drawing 1121433E-00 which was part of the
drawing packaae submitted in conjunction with this report.

The disposition of removed components was not addressed because B&!
did not understand that it was intended to be part of Phase Il scope.
The results of the December 11 meeting have added these needs to

B&l scope. Pages 55 and 56 of the revised report addresses B&W in-
tentions in this area.



- 99 -
GEMERAL (cont'd)

The drawings provided with the Preliminarvy Phase II report were
also preliminary. B3&9Y's intentior was to nrovide oreliminary
drawings and preliminary report, receive comments and revise
them in accordance with these comments.

Appendix I in the revised report lists the enaineering
data packages for our desian and the apcropriate drawinas and
sketches. B&ll considered that the demonstration of acceptable
desian would be made on the mockup to be constructed in Phase III.
This approach is used in our shop because of the very nature
used to develop much of this toolina. In many instances, B&4 felt
| it was cost effective to utilize their design methods as opposed
| to extensive enaineering calculations.

The material packaces of design information are catalogued and are
available for review to any authorized reviewer.

B&l considered the December 11 meeting plus the preliminary drawings
and report issued prior to the meetina to constitute a review of

the Phase II work. This was similar to that which was followed in
the conclusion of the Phase I work.

I[. INTRODUCTIOHM

A. General Approach

No inspection criteria or objectives are identified that justify
the need to remove three adjacent CRDMs. Removal of a central
CRDM will be more likely to provide more valuable data on fuel
condition. Statements are made that identify "most desirable"
locations, but no criteria are established for the necessary
conditions for successful inspection. Statements are made that
cameras will be lowered at "suitable locations" with no criteria
for what is necessary.

Ans. The revised reoort, Table 1.1 identifies each of the
inspection areas, the camera access route and the
information expected to be obtained at that location.

As stated at our December 11 meetina, the removal of

three adjacent CRDMs at the periphery of the core is an
objective. Three adjacent CRDMs will provide sufficient
flexibility for camera entry and manipulation, general
irea lightina, and an additional spare nozzle should other
probing be required during the course of this investi-
gation at the peripheral of the core.

AT
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Radiological Boundaries

A.

Purge System

1.

Rather than maintaining a negative pressure under the
reactor vessel head, a more eppropriate functional re-
quirement would be to maintain a minimum air inflow
velocity through penetrations in the head.

Ans. Refer to the revisions in the design criteria
(Section II.A of revised report).

The criterion that the system connect to no more than
four thermocouple nozzles is not justified.

Ans. Refer to the revision in the design criteria
(Section II.A of revised report).

The criterion that the system vent to the contairn.sent at-
mosphere might be justified by an assessment of the radio-
logical hazards associated with release of radioactive gases
into the containment.

Ans. BNC has assumed responsibility for gas exiting from the
purge system.

A system or device to regulate or control the head vacuum
should not be required if purge system components are properly
selected to accommodate all expected flow conditions.

Ans. This matter will be resolved in the purge system
design.

The criterion that the system provide an accessory connection
is not justified unless the associated equipment to control
airborne contamination from cutting operations is also pro-
vided with the system.

Ans. The system will be redesigned. B&W will not include
a provision for conditions of ex-head cutting gases.

The selection of components for the purge system does not ap-
pear to be appropriate; the two pumps listed are presumed to
be vacuum pumps which may not provide sufficient purge flow
volume, and the filter(s) shcwn on the purge system assembly
drawing appears to be too small.

Ans. The system will be redesigned per requirements in
Section II.A.
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7. The purge system filter(s) should be upstream of the blower(s).

Ans. The system will be redesigned accordingly per requirements

in Section II.A. Filters are not now part of the system to
be supplied.

Other Radiological Boundaries

1. The permanent closure for the CROM nozzle on the reactor vessel
head should be designed to accommcdate conditions to be ex-
perienced during recovery, such as RCS decontamination.

Ans. B&W will supply flanges that are dimensionally similar
to the code flanges. B& will not perform any QA
activities on these flanges and hence, B&W cannot certify
these closures.

Primary Mater Level Sensing System

Rather than stating that "the primary water level is critical, and it
is important to monitor this level", the purpose of the system should
be described (i.e., the primary water level is monitored to ensure that

the

level is high enough for shielding and low enough to allow operation

of the head ventilation system, etc.). The existing statement is
ambiguous.

The intended installation of the system after the water level has already
been lowered does not appear appropriate.

Ans.

The job of the water level sensing system was described at the
December 11 meeting. lle have revised our description to satisfy
these needs (Section 1I11). As stated at our review meeting in
December, this level sensing system was not intended to provide

data or information while the RC system water level was being

lowered to the operational level for the work on in-vessel
inspection. We had expected this lowering of the water level to
have been performed by cthers and with other equipment. The

purpose of this water level sensing system was to provide some

backup protection for the personnel performing the inhead inspection.

System Functional Requirements

1. The range of water level to be monitored is not stated.

Ans. The reference level will be established approximately
1 ft. above the plenum cover and operational variations
of + 6 in. would be allowable.
2. The required accuracy of the system is not stated.

Ans. The required accuracy is + 2 in.
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The criterion that the system function below the missile
shield is not justified.

Ans. Based on many discussions with Bechtel/TIO/GPU during
the course of the Phase II work, it became clear to
B&4W that this work (in-head inspection) might have
to be performed without removing the missile shields.
In fact, some expectation existed that the work might
be advanced a year or more if it could be performed
with the missile shields in place. A review of the
tooling equipment needed to do the work revealed that
with the exception of a hoist or crane, all the tools
could be designed <o that they could be used under the
missile shield. T7This investigation indicated to

3&l that it would be prudent to design the tools accordinqly.

No redundancy criteria are established.
Ans. As stated above, this water level sensing system is a
vz 1undant system.

The system may operate with varying pressure under the reactor
vessel head.

Ans. B&W agrees. Design will meet requirements in Section III.A.

B. System Description

1.

The statement that "the pressure in the bubbler pipe is pro-
portional to the difference in the water level and the level
of the bottom of the pipe" does not take into account any
pressure variations under the head.

Ans. BS&W agrees. Design will be modified to meat requirements
in Section IIT.A.

The air supply to the system should be instrument-quality air
rather than service air.

Ans. BNC has assumed responsibility for air supply.

Please explain the air connection to the pressure indicator
(the reference pressure should be under the head).

Ans. This has been changed and pressure now referenced
under the head. :

The bubbler tube as listed (9/16" 0.D. stainless tubing) may

be difficult to obtain; 1/4" 0.D. stainless tubing is suggested
(easier to obtain and if redunduncy is needed, both tubes will
fit through one thermocouple penetration).

Ans. The design has been revised to utilize 1/2" 0.D. pipe
with a 1/2" 0.D. nipple. The drawings have been changed
accordingly. Redundancy is not needed. B&W Document
Number 32-1123902 evaluates the bubbler pipe clearance.

AR A E
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Steel or copper tubing may be more appropriate rather than
PVC hose. Brass fittings and copper tubing for panel
bcird connections may be more appropriate than stainless
steel.

Ans. B&W will meet requirements stated in Section III.A.

&
é IV. CRDM Removal

A. Deviations from Pl ase I

1.

The advantages of the rioposed method for destructive CRDM removal
may not be realized for removal of CRDM's that are not on peri-
phery, since it may require removal of many CRDM's to provide
access. The selection of the method for destructive CRDM removal
(involving separation of the CRDM motor tube and nozzle and cutting
the leadscrew support and leadscrew with plasme arc torch) does

not appear to be appropriate without considering other feasible
methods and weighing the advantages/disadvantages.

Ans. The removal of CRDM's not on the core periphery will
require the removal of many CRDM's to provide access.
During Phase I and further in Phase II, B&W looked at
eleven (11) different methods of separating the leadscrew
from the control rods. (Pages 27 & 28 of the final
Phase I report). It is possible that other potential
separation methods are available which were not pursued.
A study of other possible methods is included in the proposed
C.0. #2.

The plasma arc in-head leadscrew cutter shown in the conceptual

sketch cannot be installed or used under the missile shield.

Ans. The plasma arc in-head cutter was only a concept. Final
designed tool will fit under missile shield.

B. Normal CRDM Removal

1.

The normal tooling that require decontamination to support the
inspection program should be listed such as the CRDM lifting
tool).

Ans. The normal tooling is listed in Table 1.2 and the des-
cription on Pages 21 and 22 of the report.

The contingency tools that replace the leadscrew installation/
removal tools have several disadvantages: 1) the special lead-
screw nut tool apparently does not provide a restraint to
prevent rotation of the leadscrew into the uncoupled position,
and 2) the special leadscrew nut tool apparently does not pro-
vide for torque monitoring or control.
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2. (cont'd)

Ans. The designs presented were only concepts. The leadscrew
nut tool will be designed to prevent rotation. The operator can
manually measure the torque by hand if needed durng the
use of this tool. Final desiagn of this tool is included in the
proposed C.0. #2.

C. Contingency Tooling

1. The statment is made that "the rod guide braze material could
have begun to melt." This material was not identified, and the
possible consequences that complicate leadscrew uncoupling or
CRDM removal viere nct identified.

Ans. If braze material melted, there is a possibility that
the control rod guide brazements have become distorted.
Access to the top of the control rod spider would be
impaired.

2. The additional features provided by the new proposed CRDVM Hold-
down Bolt Removal Tool and Stator Removal Tool that are not
provided by the existinag tcols were not clearly identified.

No "torque multiplier"” is apparent in the bolt removal tool
design. These tools apparently cannot be installed or used
under the missile shield.

Ans. A "torque multiplier" is included in the design. A
tolerance study has shown that these tools can be
installed and used under the missile shield.

3. The plasma arc cutting system funciional requirements to make
required cuts in just a few seconds is not justified. Rate
of cutting should be controlled to reduce burrirng and to reduce
the potential for damage to other components.

Ans. The use of a plasma arc cutting system was utilized because
B&!l performed some in-house testing of the system. During
the course of this testing, B&lW determined the speed that
it took to do the cutting required. These cuts took but
a few seconds. Since cutting time is related to man-rem
exposure and since B&W had equipment which would cut auite
rapidly, a conclusion of a requirement of short cutting
times appeared obvious. No analyses was performed to
ascertain the best cutting time but we merely utilized
the times nbserved.
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The requirement that the cutting system operate with 220 volt
electricity is not justified, since equipment can be readily
purchased for any conventional supply voltage.

Ans. The cutting system will be designed to operate off
480 volt .

A means to provide remote torch positioning and indication should
be provided.

Ans. BA&W expects to use the plasma arc cutter for all cutting
external of the reactor vessel in a normal mode. The
versatility of the equipment and the skill of the operators,
B&W has observed has convinced B&W that this is the easiest
and most effective method of operation. This is partly
so because of the very short times required to perform
the cutting.

A visual inspection of the cut leadscrew may be appropriate
before attachment of the leadscrew pulling or lowering tools.

Ans. Visual inspection will be incorporated into this procedure.

The relationship between the "plasma arc cutting system" and the
"in-head leadscrew cutter" is not apperent.

Ans. With the exception of the adaptors and the lead in cable
and the tubing, the external hardware of both plasma
arc cutting systems, should be the same.

The cables for the in-head vessel cutter should have registering
calibration and locks to remotely position the torch.

Ans. B&W agrees and a comparable design will be incorporated.

The purge system should be designed to accommodate the volumes
and types of gases generated by th- plasma arc cutting system.

Ans. B&W's design will meet requirements in Section II.A.

The push/pull leadscrew separator apparently cannot be used below
the missile shield (the separator is about twenty feet long).

Ans. B&W's tolerance analysis has convinced B&W that the tool
may be used below the missle shield.

The leadscrew puller should be tested to confirm that 1) the nut
fingers can be expanded to fit over any burrs resulting from a
plasma arc cut of the leadscrew, 2) the helical angle of the nut
is self-lccking on the leadscrew when the maximum pull force is
exerted, and 3? the segmented nut can be remotely disconnected
from the leadscrew.

Ans. This will be done.
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The possibility of shearing of leadscrew dowel pins at
locations other than desirable should be addressed.

Ans. There are only two leadscrew dowel pin locations
uncer tension with the tooling d- .cribed and
shearing at either location is acceptable for plenum
removal. Viewing of the top of a fuel assembly would be
impaired if the upper pins failed. B&Y has no plans
to remove the lower leadscrew extension should the
upper pins shear.

The inner diameter of the lcadscrew puller does not allow
room for burrs resulting from cutting.

Ans. Experimentation with the plasma arc cutter has convinced
B&\ that the burr size can be kept to less than the .040"
clearance available in the leadscrew puller. B&W has
also been able to file off some burrs to improve clearances.

The stainless steel to stainless steel interface between the
segmented nut and the spreader may ogall.

Ans. Design has been modified.

The spreader may need to be pushed down to allow segmented nut
to close.

Ans. This could be true, but the desian should provide
sufficient versatility to allow the operator such
control.

The technique for positioning the cylindrical part over the

segmented nut is not evident.

Ans. This is a manual operation and will be detailed in the
Phase III procedures.

The use of the leadscrew puller should be considered to provide
the function of the leadscrew lowering tool, and redesigned
accordingly.

Ans. This would complicate designated tool operation.
The design of the stator 1ifting tool involves press fit of 304
stainless steel to 304 stainless steel which can lead to galling.
Ans. B&H will redesign this press fit to eliminate this

problem.

The leadscrew holding tool shown in Figure 4.4 will bind as soon
as the tool arms move.

Ans. Figure 4.4 was only a concept.
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D. Contingency CRDM Removal Procedure

1. This procedure does not apply to CRDM's that are not on the
periphery.

Ans. The increased scope suqggested at the December 11 meeting
addressed the potential removal of all CRDMs with some
or all of the various such toois provided in this task.
These are in the pronosed C.0. #2.

2. This procedure results in consecutive insertions and withdrawals
of the control rod by about 2-1/2 to 5 inches.

Ans. The procedure will allow the rods to move however rod
movement is not required if the rods are stuck.

3. This procedure does not account for the contingency of a stuck
leadscrew nut or stuck torque tube.

Ans. This procedure will work if either the leadscrew nut
operates or the torque tube can be released, The pro-
cedure will also work with stuck rods.

4. The size of the gap at the CRDOM flange required for cutting
should be defined in order to justify tooling design.
| Ans. Experimentation has shown that the 2-3/8" available
gap will be sufficient for the cutting intended.

5. The m2thod for removing the CRDM motor tube and leadscrew support
is not addressed.

Ans. The procedures developed in Phase III will address
these details.

E. Operation with Missile Shields In-Place

No conceptual design or discussion of the auxiliary lifting hoist re-
quirements were provided to justify operation under the missile
shields. In addition, no tooling to support assembly of inspection
equipment under the missile shields was described, such as clamps,
tools supports, storage racks, etc.

Ans. An auxiliary lifting hoist as would be needed for working under
the missile shields was sugaested to be added to the scope
at the December 11 meeting. The detailed design procurement
and testing of this equipment can be accomplished in Phase III.
This has been included in the proposed C.0. #2.
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Manioulators

1.

The combination of a 21" long camera (with richt anale viewing
attachment) and a 25-1/2" long maripulator arm may result in
problems with accessability and maneuvering of the camera.

Ans. The potential for problems is recoanized. However,
based upon work to date, B&W believes there is
sufficient room and maneuverability to allow this
equipment to oroperly perform as intended.

Involvement of a manipulator manufacturer in the design of
this toolina may be beneficial.

Ans. R&W is designing the manipulator and manufacturina the
parts. !e are not subcontractina to a manipulator
manufacturer.

The manipulator support tube aluminum to aluminum pipe threads may
@all. A full penetration weld at the support tube flanoe may be
more appronriate rather than a 1/4" fillet weld. The tolerances
on the 5/8" diameter dowel hole and pin are not compatible.

Ans. The weld has become modified as sugaested. The hole
in the flanae will be made sufficiently larae so
that the dowel pin will easily fit inside thereof.
The coupling material has heen chanaed to stainless
steel.

The murky waler viewina equipment does not appear to be compatible
with the manipulators.

Ans. Bf%W's intended procedure for manipulatina the murky
water viewina equipment under the reactor head is des-
cribed on Fiqure 6.2 in the revised reoort.
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B&4W'S RESPONSE TO COMMENTS O
IN-VESSEL INSPECTION BEFORE HEAD REMOVAL
(PHASE 11 REPORT)

The need for radiological boundaries, especially the concect of a purae
system, has not been adequately justified. Primary radiological pro-
tection to the workers will be oarovided by air packs/respirators as
determined at the time; the Re. ctor Buildina Purce System will nrotect
the public. A meeting to redefine functional requirements for this
subsystem is suqgested for unuary 27, 1981 followino the proposed
mockup meeting in Gaithersbura, MD.

Ans. B& will design system per requirements in Section II.A.

Duplication of existing toolina has not been adequately justified.

The cost of new tools versus the cost of checkout and decontamination

of existing tools was not evaluated. Duolicate toolinn is not justified
since this task is not scheduled for immediate implementation. In
addition, some new tools have been proposed because of operating
limitations *mnosed by the missile shields, even though some operations
(e.qg., complete with CRDM (with leadscrew) removal) will not be possible
with the missile shields in place.

Ans. It is not B&HW's intent to duplicate existina tooling. As B&NW
understands the situation, GPU is expected to examine the tooling
for normal CRDM removal which is presently in the TMI-2 building.
This examination should determine if that tooling is satisfactory
for the work on this task. B& wiil not provide duplicate sets
of tooling unless directed to do so.

Some of the proposed video equipment (video recorder, monitor, microphone
etc.) can be deleted; these items are available through the data ac-
quisition program.

Ans. This equipment has been deleted from the scope.

The benefit of the murky water viewing system should be demonstrated or
explained; light source requirements and the method identifyinqg what is
being viewed (with respect to the loss of reference points due to the
proximity of the camera) should be defined. In addition, the murky water
viewing assembly should be capable of functionina with the proposed
manipulator.

Ans. The murky water viewing system is intended to be used only if
the turbidity of the water is such that the other viewing equip-
ment does not produce satisfactory imanes. Experience by B&W with
this type viewing equipment in various reactor coolant systems and
spent fuel pools has illustrated that clarity of the water is
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essential to qood oictures. The murky water viewing system is
an innovation to provide a method which may allow the taking
of some pictures in a dirty or murky reactor coolant system
water environment. The light source will be the ETV-1250
internal lights. Figure 6.2 describes how B&W will manipulate
this equipment under the reactor vessel head.

Detailed interface requirements (e.q., service air flow/pressure,
water flow pressure/quality, shieldino, vent aas rerioval system flow
capabilities, hoist ratings, etc.) hive not been provided.

Ans. B&W has received interface information requirements from

BNC. B&Y is currently workina out a plan of action with

BNC to provide the requested information.
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R&''S RESPQMNSE TN COMMENTS ON

IN-VESSEL IMSPECTION REFORE HEAD REMOVAL
(PHASE 11 REPORT)

Comments in accordance with MPR's letter, Noman Cole to D. Buchanan, January
7, 1981.

1. Remote Smear Sample Equipment

Remote equipment was proposed for takina smear samples from the top

of the core and from the top plate of the upper plenum assembiy. The
stated purpose for these smear samples 1S to determine the activity
level of the fuel and internal components, and accordingly, define any
special handlina provisions which may be required for the recovery
effort. "“e do not believe this equipment is necessary or warranted,
and it could potentially Tlead to =roblems. 'le believe that if smear
sarmples are desirible, the CRDM leadscrews can be removed from the
mechanisme an<d smears can be taken alonc their length. In this regard,
it is not clear why such samples are needed or required. There have
been fuel irradiation test loops in which oxide type fuel elements such
as at TMI have undergone gross failures at much higher burnups and
servicing of the test loops did not require ultraspecial handling methods.
Basically, these test loops were handled with the normal service
equipment which was used for handling unfailed fuz1 elements and that
proved quite adequate.

Ans. Both the B&Y and MPR croposed samplina methods will require
special tools. M remote leadscrew sampling too! would be required
because of potentially highly radiocactive leadscrews.

B&l can supply one or both tools. B&W's current direction is
to supply a plenum sample tool only. BR&4W believes that the
developina of the sampling equipment is not a sianificant
effort and that data from these samples will be useful.

2. Vacuum/Filter System for Continually Purgino and Filtering the Reactor
Vessel Head

In this regard, we believe that if each of the CRDMs is vented and
purged to the plant's offagas system, it is not clear why the proposed
vacuum/filter system is needed. If there is any question on wnether
a1l the noble aas has been removed from th2 reactor coolant system,
repressurize and cycle the water level in the reactor head up and down
a couple rf times, then revent the mechanisms to confirm that noble
gas is no ionger a problem. In this regard, we have two comments:

a. To do an in-vessel inspection, B&4 is proposing to lower
the water down tu below the reactor vessel flange while the
inspections are beina made. ith this approach, the head
may be dry for some time. \le sugaest that the water level
not be lTowered out of the head areas for these inspections.
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Specifically, we would lower the water level just below the

CRDM flanae and then do the in-vessel inspection completely
underwater. This would keep the head wet and avoid the issues
raised by dryina out the head and the upper portions of the
reactor internals (i.e., release of airborne particulate matter).
With this approach, the water level 1n the reactor vessel would
only be lowered just prior to stud detensivning for hear removal.

b. If there is any question about the offgasina of the reactor coolant
once it is depressurized, it is suagqested (if it hasn't already
been done) that a larae size 10-30 aallon pressurised samole be
taken from the TMI reactor coolart system. The same can then be
depressurized and any gas collected ¢nd measured to determine what
kind of offgas problems could be experienced during such operations
as head removal.

Ans. During Phase I, B8 proposed a purge system to enhance the
safety of inspection personnel. In Phase II, B&W established
the reauirement that the Purqe System should prevent the
release of gases and particulates (in the area of inspection
personnel) in the event that a previously intact fuel assembly
was ruptured. This requirement was established as a worst
case assumption. This requirement has been acceoted by all
parties involved and has been reiterated in requirements
provided to B&W for the design of the purge system. The
MPR comment does not address this concern.

Cutting of Control Rod Leadscrews and CRDM Housings

Presently, the method for removina control drive mechanism shafts

that are stuck involves (2) disconnecting the CR[™ at the flange and
raising the control rod mechanism up several inches and then cutting
in air with a plasma torch, or (b) in the case of the non-scramming
mechanism, actually cutting the mechanism housing itself just above
the CRDM flange with a plasma torch. This operation is basically done
in air and it will create some amount of airborne activity. Since
plasma cutting normally viorks equally well underwater, consideration
should be given to cutting stuck leadscrews for either a normal CRDM
or for a non-scrammirng CRDM by going down throuch an adjacent CRDM
port (i.e., one in which the leadscrew can be removed), and then
cutting the adjacent stuck CRDM shaft. This would allow the cutting
operation to be performed underwater and this should avoid any air-
borne activity problems. This type of cuttina operation may be a
simpler task than the present approach. Accordinaly, it is suqgested
that such urderwater cutting operations be demonstrated in a mockup

to confirm feasibility and practicality. Such underwater cutting '
operations may also be useful in cutting any stuck incore instruments
so fuel assemblies can be removed.
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(cont'd)

Ans. Cutting underwater could also cause airborne activity
problems - specifically the production of radioactive
gases and steam.

B&! has proposed an in-head plasma arc cutter (see
Page 20 of the report) as part of (.0. #2. Both
underwater and in air cutting can be evaluated during
mockup testinc. The actual procedure to be used can
be determined after mockup testing.

Under the Head Examinatiors

The underhead examinations suagested by B& all seem to be predicated

on lowering the water level down to the reactor vessel flance level, and
thus raise the question that particulate activity can be qenerated.

This seems to he one of the reasons behind the development of the special
head purge and vacuum/filter system that B&\ has proposed. If the water
level is maintained at some nominal distance below the CRDM flanges and
thus the reactor head will not be dried out, it would eliminate this
question and the need for the vacuum/filter system. If an in-vessel
inspection is to be done before the head is removed, it can be done under-
water just as many other reactor repairs have been successfully done
historically.

Ans. B&W desires to keep the water level as high as practical.
There is a tradeoff between the advantaces cf a high water
level and the risk of spilling the primary coolant. B&Y
has therefore recommended that the water level be maintained
one foot above the plenum cover.

Implementation of the MPR sugaestion would allow very
minimal water level changes. Also without a puroe system
workers would not be protected from potential noble aas
release from a previously intact fuel assembly {see
requirement 1 for the purge system, Section Il.;.

Disconnecting Leadscrews on the Mechanisms

To obtain a rough assessment of the core quickly, it is suaaested that
we should first attempt to disconnect ali the CRDM leadscrews. This
should give one assessment of what the situation is reaarding the core.
For example, if most of the leadscrews can be released in the normal
manner, it would be an indication that there is not gross distortion
of internals or jammina of parts by loose pieces. For disconnecting
these leadscrews, it is specifically recommended that a proaram be
undertaken in mockups at Alliance where the hub of the control rod
assembly is locked in place, and then procedures and techniques
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developed to allow the CRDM leadscrew to be disconnected from
the hub. The procedures for disconnectinag leadscres for both
normal as well as non-scramning mechanisms snhould be developed
by this program. There a number of disconnect approaches that
have been built into these mechanisms, ard therefore we believe
that there is a very good chance that several techniques can be
developed so that all the leadscrews can be disconnected from
the hub of the control rod assembly without havina t cut the
leadscrew.

Ans. B&V agrees that such a rcuah estimate would be of value.
Part of Task Order #8 mockup testina includes use of
normal CRDM tools.

B&I recommends that in conjunction with the inspection
task normal uncoupling of all drives by attempted. This
recormendation has no current impact on Task Order #8
since implementation is not currently included in Task
Order #8.

Availability of Crane

It would appear that one of the major efforts te gain early access to
the reactor core should be in the reactivation of the polar crane

(e.g., the crane is needed to 1ift the head). If at all practical,

we sugaest that "specie" effort be made to see if the crane cannot

be brought into servic. at an earlier date. It is out judoment from
other types of problems we have experienced with reactors over the years
and from failed fuel irradiation tests, the reactor head should be able
to be removed in the normal manner provided that each of the mechanisms
is properly vented. It is further our opinion that with the various
disconnect techniques built into the CRDM, there is a very good chance
of readily disconnecting all the leadscrews. If this can be done, then
we would proceed immediately to remove the reactor head as soon as the
crane is available and make an assessment of the core damage with the
head off. We believe this approach will allow a better, quicker and
more reaningful assessment with less problems with stuck or jammed tools
than a throuah-the-head examination.

Ans. B&!Y agrees that a special effort should be made to
refurbish the polar crane as soon as practical. The
polar crane would simplify the inspection task.

R&4 does however feel that early implementation of

the inspection task is important and is the first step
toward ultimate core removal. Sime of the advantages
of early thru-head inspections are:
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This project will exercise all approval channels
ultimately required for the larae sccle task of
head removal.

An early look into the reactor vessel may show the
dearee of structural damage. This will enable

tetter planning for head removal and core removal.
This couid reduce both cost and lead time on the core
reroval project.

[f the inspection shows considerable damage the tooling
effort can be reairected and potentially save time and
money during the core removal.



